Digital Power Conversion with STM32G4

7 Qe s SN
i l ! i B ] '\,.".3?
l | iy oK 2 ) _||| Nl
. $1 %} @ S J \ v, |§%a.:~
Sy s i) TR
9.-}@ 0g ® : l |||[|‘;§F~_<-.,f‘i'
o - DQ By @E"\Fw i;'
' D:%a i;ﬁ ||| ,,,,,,
o ‘= .‘<:=\~;'i
B:'-la &«? | -::\" lll
—-— "l o oo oo 0
Hel ol Biricha Digital design tools for STM32 »
02 ag
7/ Ga oo - T -
] L ; == @y 5 e || T
3 ki H s
T I T i wontill] N
Slciaky =;/\:K o | ale-d . . .-
{1 E'ﬁ’,\g o | ! STM32Cube firmware for Vienna Rectifier »
= e gl
-] = §3300E i [ i I
STM32G4 mixed signal MCU °

life.augmented



7010
20111

GTE Digitally controlled synchronous buck converter
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Lys

STM32G4 synchronous buck converter demonstration STM32G4

Implements a 3p3z compensator using the FMAC
accelerator and fine control with the HRTIM (184ps)

Runs on the STM32G4 digital power supply
discovery kit (B-G474E-DPOW1)

STM32CubeG4 firmware package includes the
synchronous buck converter example
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GTE Synchronous buck converter demonstration
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Demo specifications: Vs .
* Input supply voltage: 5V 14T YT
 Qutput voltage: 3.3 V —
* Maximum current: 0.5 A

* Target ripple: 0.5% (16.5 mV)

« Overshoot (50% load step): 5 mV
 Control mode: Voltage, digital = = =
« Switching frequency: 200 kHz |
- Sampling frequency: 200 kHz PWM cumEpFiamr HI - d
 Crossover frequency: 8 kHz }l
* Phase margin at crossover: 50 degrees 1 REF
« Duty cycle limit: 90% L,
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Lys STM32G4 implementation
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Lys 3p3z compensator coefficients

STM32G4

Interrupt|  CPLU
request

Generated using the

Y

FMAC > e BIRICHA
0 — ) Zp3zIR A W ST WDS tool from
- ,.%r vo L Biricha Digital
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A3 | .0.16509993279 -1.5476 12874966
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Digital power discovery kit (B-G474E-DPOW1) I

On-board STLINK-V3E S~y
debugger/programmer

-l
~

‘,_ STM32G474RET6 microcontroller
170MHz Arm® Cortex®-M4 core
SINEZeRY 512KB Flash & 128KB SRAM

Sync Buck converter circuit
with onboard resistor loads

Y/ 4 )
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[ STM32CubeMX Untitled

2
STM3! ‘f." File Window Help

CubeMX

Existing Projects

Open Existing Projects

New Project

E; | need to :

Start My project from MCU

ACCESS TO MCU SELECTOR

Start My project from STBoard

ACCESS TO BOARD SELECTOR

Start My project from Example Selector

ACCESS TO EXAMPLE SELECTOR

Manage software installations

STM32CubeMX
example selector

Check for STM32CubeMX and embeddd
CHECK FOR UPDATES

Install or remove embedded software pa

INSTALL / REMOVE )
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Features

[ =5* Start Project

Projects/B-G474E-DPOW1/Examples/FMACFMAC_Buck_VokageMode_HW_ANS30S/

® FMAC_Buck_VoltageMode_HW_AN5305

STM32G4
V130
Required Software Package
STM32Cube_FW_G4_V1.4.0 e
STMicroelectronics Bows
(size: 197.0 MB -G474E-DPOW1 Mounted cevice

TM32G474RETx
STMI2CubeMX Minimum Compatidle 4‘

Supponec Toolchain1DE Veruon B

EWARM, MDK-ARM,

STM32CubelDE 620

LOFPS4

Fepaceas

ANS5305 DMA mode, FMAC, Filter HRTIM, IIR, [T mode, Oscilloscope, Polling mode, Voltage mode controller

How to use the FMAC peripheral to implement a 3p3z controller.

This example implements a voltage mode controlier for a synchronous buck
converter. The compensator is a 3-pole 3-zero (3p3z) IR filter

Buck Vaolaoobiode L

TMI0G4
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STM32CubeMX code generation,
ompile and program from IDE
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Lys

STM32G4

200Khz switching frequency, 5uS period
ADC triggered on high-side rising edge
200v/ § = 5 & 20008 1000V Trigd F @ TTL

r

High side switch drive

Synchronous buck converter example

AN5303 measurements

e e _
Il N
Tn r .
//j i e Hardware
s’ ADC - , | ADC & FMAC
' 460ns
FMAC | '
Interrupt request o
e || Software (CPU)
Low side switch drive I lSR | 223ns

Idle

|
CPU idle loop

£ >
FMAC interrupt handler

Less than 5% CPU bandwidth at 200kHz switching frequency
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Design tools and workshops using the STM32G4

BIRICHA
DIGITAL

ST WDS free design tool to quickly stabilize a digital
power supply controlled by a STM32

ST PLD free design tool to quickly stabilize a digital
PFC controlled using a STM32

D\ J ¥ R

% n=4 Hands on 4-day workshops take you step by step
§ from theory to design using the STM32G4

AN

> A
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y.ion Biricha design tools for STM32
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ST WDS free digital power supply design tool
available from Biricha Digital for all STM32 MCUs

BIRICHA
DIGITAL

ST PLD free digital power faction correction design _[\_ .
tool from Biricha Digital available for all STM32 MCUs A'E

Examples provided for use with the STM32G474
Digital Power Discovery kit (B-G474E-DPOW1)
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Workshops

May 10th 2022

Schaumburg, IL
USA

Agenda:

Day 1: Introduction to Digital Power
Programming

Day 2: Digital Power Supply Design
Day 3: Peak Current Mode Control and
Running Multiple Control Loops

Day 4: Digital PFC Design &
Implementation

‘Yl

life.augmented

Upcoming Biricha Digital 4-day hands on workshops

STM32 PSU /PFC design workshop
Step-in Digital Power technology

BIRICHA
‘ , l DIGITAL
life.augmented
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New design approach uses the eDesignSuite and
STM32Cube ecosystem

3 e

A . bt _ STM32CubeMX and new STM32 digital power
o 200 e S T ICES i B - conversion function pack can generate code for a
“ﬁ‘hi?m e TQ ol == \/ienna Rectifier converter

— e [} e s/ e Generated code runs on the STM32G474 mixed
signal MCU for a fully digital controlled solution
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Vienna Recitifier solution description

The STDES-VRECTFD reference design is a complete solution for high-power three phase AC/DC rectifier
applications based on the Vienna topology.

It features full digital control through the STM32G474RET3 MCU and provides both digital output voltage
regulation and continuous conduction mode (CCM) current regulation for the maximum power quality related to
total harmonic distortion (THD) and power factor (PF).

The high switching frequency of the SCTW35N65G2V SiC MOSFETs (70 kHz) and the multilevel structure
allow a nearly 99% efficiency as well as the optimization of passive power components in terms of size and
Ccost.

This high efficiency Vienna rectifier is designed for several end applications, such as electric vehicle (EV) and
industrial battery chargers, and industrial equipment that requires a very high PF and a low THD.

The STDES-VRECTFED is a fully assembled kit developed for performance evaluation only, not available for
sale.

Lys 4 > A
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Vienna Redctifier solution (STDES-VRECTFD)

Main specifications

400 Vac e ; -
800 Vdc AT T F] e ‘
o ﬁ =12 ‘ ! 9-» mu m; Sy
15 kW 1 L 3 , I 2t

DRIVER PHASE C
258 a1

70 kHz
Lipple 2.5A
Vout_ripple 10 Vpp
PF >0.9
< 5%

Dg
+ Cop
B! =
LIl L1
1 2
[ P |
LIl Lixl
T3 4
+ con
LIl L1 —
G 3 ——
D

STM32G4ontrol board
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Digital power conversion for Vienna Rectifier

Vienna Rectifier design flow

—

Vienna Rectifier

eDesignSuite » Release
g‘ STM32 ." STM32 "' STM3?2 .” STM32 ."

v

CubeMX CubelDE CubeProgrammer CubeMonitor FW/HW

Digital Power - Vienna Rectifier in eDesignSuite

* New approach to Digital Power Conversion software architecture

 For digital power applications based on Vienna Rectifier topology it provides:
 electrical schematic
« BOM and Analysis Diagrams

« STM32G4 Firmware Package code according to the Digital Power Software
Architecture

life.augmented



eDesignSuite design flow

|
Passive Power .
. Protection
elements devices
| | | | | | |

Input

eDS | Vienna topology

Output 3

HW design CubeMX VR Pack
(.ioc file) (-pack file)

Source Code

(BOM)

(STM32CubelDE, EWARM, KEIL)

DPC VR Design
(HW & SW)

Lys
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Vienna Rectifier STM32Cube design flow
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Voltage & Power Factor - Control

Boost
Inductor Value

Control
Duty

Current @
Reference Voltage PWM
VN —
o Q :> |:> QQ »
Vp feedback

Q =

VAC IAC VDC
AC Voltage

V, feedback S |
<

AC Current

Vp feedback J

POWER
CONVERTER

I5c feedback

Lys
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Control implementation

Sensing

Current&Voltage
Clarke Park

Phase
Estimation

Voltage
Regulator

Decoupling
Current
Regulator

MOT4 43T1041LNOD

Voltage
Inverse
Clarke Park

Duty
Modulator




High Priority
ADC cooking

Load
Monitoring

Source
Monitoring

High Priority
RF transformation

Control

Actuation
Update

Ly
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STM32G4 control implementation

Low Priority
ADC cooking

Timeout DPC FSM Appl.
mgmt.
Low Priority

RF transformation

Telemetry

PLL

Priority Level
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Mixed signal MCUSs for digital power conversion

STM32G4 mixed signal MCU

High performance Arm® Cortex®-M4 at 170 MHz
wm = and math accelerators

D A )
OO
OO0
QOO
OO0
.1

Rich integrated analog and digital peripherals

"" B * S

STM32Cube ecosystem and extended digital power
conversion ecosystem to simplify development




STM32G4 mixed-signal MCU
for digital power conversion

V4

/ . . NS
lll High performance High robustness
ARM Cortex-M4 + FPU @ 170Mhz Highly immunity to fast transients
ART Accelerator, Routine Booster(CCM) Robust IOs against negative injections

Math Accelerators (FMAC, CORDIC)

\ I Rich Analog Peripherals
X7 comparators19ns prop delay

x5 12-bit ADC 4MSPS

X7 12-bit DAC 15 Msps

— Safety Safety
Checksum by hardware Ready

ECC on Flash, Parity on RAM
FuSa SW library (SIL)

— High temperature £
from -40°C up to +125°C

High-resolution Timer
12 channels up to 184 ps resolution
Flexible PWMs & event handler
Various topologies (triple interleaved LLC)

Gl\)'

7,101
P1oi:a  Digital power supply boards, examples
01.01101

’,5212 Digital Power Ecosystem

Power factor correction boards, examples
Biricha Digital WDS & PLD design tools

STM32Cube tools & firmware
‘Yl <
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Lys High performance CPU with accelerators

STM32G4
Code execution performance Arm Cortex-M4 with EPU
4
i Up to 170 MHz CPU frequency
3 Up to 213 DMIPS and 569 CoreMark®
>5 2‘;’ results
> 5 3 different HW accelerators:
——CCM-SRAM - Routine Booster 3
—ART ON 15 3 ART accelerator (~dynamic cache)
_i':{‘:MOFF 1N - Full code acceleration (average)
0.5 Routine Booster CCM-SRAM
0 (~static cache) - determinism
Number of
Wait States preserved
CPU Clock Mathematical (Cordic + FMAC)

(MH2z)

4 > A
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1S72 Mathematical accelerators

STM32G4

Vector rotation (polar to rectangular): Sin, Cos

Cordic (Trigo) « Vector translation (rectangular to polar): Atan2, Modulus
Very helpful for Field - Sinh, Cosh, Exp
Oriented Motor Control <
method (FOC) * Atan, Atanh

e Square root
\_* Ln —~ FIR filter

0]

IR filter

] 2

Filter Math Accelerator (FMAC)

Can be used to create <
3p3z Compensator (- Digital power)
Sigma Delta modulator
Noise Shaper

Ly
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Lys Rich advanced analog peripherals

STM32G4

Op-Amp (up to 6) Values

ADC (up to 5) Values
Topology SAR 12-bit GBW 13 MHz
+ HW oversampling = 16-bit Slew rate 45 V/ps
Sampling rate Up to 4 Msps Offset 3 mV over full T° range
| _ : _ 1.5mV @ 25°C
nput Single-ended and differential PGA Gain (accuracy) 2.4,8,16,-1,-3-7-15 (1%)
Offset and Gain Auto calibration to reduce gain and 32, 64, -31,-63 (2%)
compensation offset
DAC (up to 7) Values Comparator (up to 7) Values
Sampling rate 15 Msps (internal) Power supply 1.62..3.6V
_ _ 1 Msps (from buffered output) Propagation delay 16.7 ns
Settling time 16 ns Offset 6..+2 mV
Hysteresis 8 steps:
0,9, 18, 27, 36, 45, 54, 63 mV

Ly 4 > A
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—{'/) High-resolution timer peripheral (HRTIM) I

High resolution PWM M
12 channels with 184ps resolution on frequency and duty cycle W
184ps is equivalent to 5.4GHz timer clock | —

o =y
Flexible PWM generation L Uu{ LMLJ: LﬂU\—,I—,UL
7x independent time base to create various shape of PWM bl IR
! 1 T

TA1 PWM output

6x complementary pair PWM outputs
Up to 32 set/reset transition per PWM period thx to the built-in crossbar
Master/Slave configuration for multi phase converter

Multiple Event handler

6x Digital and Analog fault input
10x events cycle to cycle current control or PWM restart (constant Ton/Toff)

Blanking, windowing and digital filter

12 independent channels

Any topology supported from 1x 12 PWM (triple interleaved LLC (server application)
"l up to 12x1 PWM (multiple independent buck converters (lighting) 4 > /ﬂ\

life.augmented



STM32G474 block diagram

PARD S * Rich Advanced Analog

2x 32-bit timers

1x 16-bit LP timer + 3x CAN Flexible Data rate

1x HR timer (D-Power) .
12-channel w/ 184ps « USB-C Power Delivery3.0

2x 128 half duplex, SAl

+ 32-bit Arm Cortex-M4 core Gongectivty TisEs - High resolution timer
with FPU
X USB 2.0 FS, . 3.X Advanced Motor Control
. + - + 1x USB-C PD3.0 (+PH
ART CCM SRAM X (+PHY) ALm@; c?gng_Hm T timers
Mathematic Accelerators 3x CAN-FD Do £ motor control timers

« Dual Bank Flash with ECC

- SRAM with Parity bit Floating Point Unit

Memory Protection Unit

External interface

- +/- 1% internal clock FSMC 8-/16-bit (TFT-LCD, o {8 delay line) _
SRAM, NOR, NAND) Macrocell — - Advanced Security and Safety
« 1.72to 3.6V power Supply Quad SPI 16-channel DMA + MUX e features
Up to 2x 256-Kbyte 5x 12-bit ADC w/ HW overspl
* Up to 125°C O S— F|asthe||-?30ryk/Ecc e * Robustness: highest level 5 /
ual ban

FTB/ESD - IEC 61000-4-4

ART Accelerator™ 7x DAC (3x buff + 4x non-buff)

96-Kbyte SRAM

32-Kbyte CCM-SRAM

6x op-amps (PGA)

Math Accelerators

Cordic (Trigo)
Filtering

1x temperature sensor

Internal voltage reference

Lys
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STM32G4 portfolio

Flash memory / RAM size (bytes)

STM32G474CE Bl STM32G474RE BSTM32G474ME | STM32G474VE Bl STM32G474PE l STM32G474QE
912K/128 K STM32G473CE Jll STM32G473RE BSTM32G473ME | STM32G473VE ll STM32G473PE l STM32G473QE

STM32G491KE g STM32G491CE g STM32G491RE @ STM32G491ME STM32G491VE

STM32G474CC il STM32GA74RC I STM32G474MC STM32G474VC | STM32G474PC 8 STM32G474QC

256 K/ 128 K STM32G473CC Il STM32G473RC lSTM32G473MCll STM32G473VC ll STM32G473PC [ STM32G473QC

|STM326491KC i STM32G491CC Il STM32G491RC I STM32G491MCH] STM32G491VC

STM32G474CB g STM32G474RB @ STM32G474AMB STM32G474VB @ STM32G474PB @ STM32G47408
STM32G473CB il STM32G473RB §STM32G473MB) STM32G473VB | STM32G473PB @ STM32G47308

V20 Oy G STV32G431KB il STM32G431CB il STM32G431RB g STM32G431MBR STM32G431VB

LR S QI STV32G431K8 Il STM32G431C8 I STM32G431R8 [ STM32G43 1M STM326431V8

k22K | SIEEE

128 K/ 128 K

32-pin 48-pin 64-pin 80-pin 100-pin 121-pin 128-pin  Pin count
LQFP/UFQFPN  LQFP/UFQFPN  LQFP/UFBGA LQFP LQFP/TFBGA UFBGA LQFP
49-pin (0.5 mm pitch) (14x14* & 12x12) (0.8 mm pitch) (0.5 mm pitch)
WLCSP WLCSP* 81-pin
(0.4 mm pitch) (0.4 mm pitch) WLCSP
(0.4 mm pitch)

Legend: . Crypto AES-256 version is available on this package *Available soon

Lys
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STM32G4 software tools

= All-in-one STM32 prograomming tool
armekeiL % Multi-mode, user-friendly
= = oclipse | e "
SEMS’Z“}; Seclpse . e - o ’
ube N~ STM3?2
STM32 .’ CubeProgrammer
— CubelDE =
IDES :
STM32CubeMX : STM32 Programming Tool
Compile and Debug
STM32CubeMX Flexible Solutions STM32CubeProgrammer
» Configure and generate Code « Partners IDE, like IAR and Keill » Flash and/or system memory
» Conflicts solver » Free IDE based on Eclipse, like * GUI or command line interface

STM32CubelDE

Lys 4 » A
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STM32G4 hardware solutions

64-pin

: Motor Control : .
STM32 Nucleo Evaluation boards Pack Discovery kits
Flexible prototyping Full feature STM32G4 Full feature for Motor Key feature prototyping
« NUCLEO-G431RB evaluation Control and Analog
« NUCLEO-G474RE « STM32G484E-EVAL * P-NUCLEO-IHMO03 [ B-G474E-DPOW1 ]
« STM32G474E-EVAL * B-G431B-ESC1

NUCLEO-G431KB*

NUCLEO-G491RE « STM32G474E-EVAL1L

Lys 4 » A
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Extended ecosystems for key applications

« Complete ecosystem (HW boards, SW Development Kit

(SDK), docs and trainings)
+ X-CUBE-MCSDK (v5.4)
* Motor Control FW library based on STM32Cube HAL and LL

* Motor control workbench: Graphical configurator of the motor control
library linked with STM32CubeMx

. P NUCLEO-IHMO3: Motor Control Nucleo pack
NUCLEO-G431RB Nucleo-64
* X-NUCLEO-IHM16M1 motor driver
expansion board
* Low Voltage motor

- State of the art algorithms (FOC, 6-step, sensorless...)
* Motor Profiler: Plug and spin your motor Sk
within less than one minute %

« Complete ecosystem (HW boards, FW examples, SW
tools, docs and trainings)

* Dedicated HRTIM Cookbook - AN4539: How to operate the
Hi-Resolution timer in different topology

 Digital Power training (PSU and PFC) — based on STM32
G4 series — done in collaboration with Biricha

e
O
N .
N .
N .
.
! .
- L]
.
.
. g
. @
"

WWW.St.com/stma2-motor-control

Lys
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WWW.St.com/stma2-digital-power
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http://www.st.com/stm32-digital-power
http://www.st.com/stm32-motor-control

