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We Are Qorvo°’

Innovative RF solutions for everything that connects our world

* We provide innovative RF solutions at the
center of connectivity

Mobile
Devices

« 8,000+ global employees
* FY2022 revenue: $4.6 billion
 An S&P 500 company - Nasdaq: QRVO

Defense &
Aerospace

Network
Infrastructure

* Active-Semi is now “Programmable Power
Management” and Intelligent Motor Control

at Qorvo QoONrvo

all around you
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PPM Overview

» Active-Semi is now “Programmable Power
Management” Group

* Mixed signal semiconductor provider focusing
on Power Management and Intelligent Motor
Control

» 175 Worldwide patents & pending in analog
power & motor drive

* Multi-foundry strategy: SMIC, TowerJazz,
Dongbu...

* Multiple Assembly/Test: Unisem & JCET...

Qorvo
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PPM Product lines

Intelligent Jtn Power Loss
Motor Protection
control

Qorvo



Structures of Motor Control
/ Discrete ) /ASIC \

Advantage: Advantage:
Versatile Single chip
Flexible  Simple circuit
Controller Applications n
Weakness: Weakness:
« Bag of chips Fixed function
 Bigboard size  Limited
\ \ voltage/Speed rany

4 Integration )

Advantage Weakness:
Less components Difficult to replace

Optimized circuit High cost to repair
Relative flexible Fixed voltage range
Creative systematic
features

\_ PAC Y,

Qor‘\/o © Qorvo, Inc.



Power Application Controller

A Up to 600V Traditional
\V4 °
Vbus+ [, ) Solution of
LDO DC/DC I Motor control

o Power Stage BLDC
! e et
g =)

vV Vv

MCU OMP !
s ] | D
i ‘ | Hall |
=P AMP : 3 % { L
: | Estimator{ QEP |
° “PAC R
Discrete Extra DC/DC, LDO, MCU, Gate Driver x3, OpAmp 7 Medium
Integrated Power Module Extra DC/DC, LDO, MCU, IPM, OpAmp 5 High
PAC enabled solution One PAC device 1 Low

© Qorvo, Inc. K:] ’ '
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PAC™ Family

Provides scalability across voltage and processing power

Arme®
Cortex®-M4F

150MHz
128kB FLASH
32kB SRAM
12b 2.5MSPS ADC

Arme®
Cortex®-MO

50MHz
32kB FLASH
8kB SRAM
10b 1MSPS ADC

Qorvo

Programmable Gate Drive
/

?ﬁ)QQZ? 48V Charge Pump DC/DC
YN ryd 6x6 48L QFN

° 1.5A Gate Drive
[a]e]ad%s] 70V Buck/SEPIC DC/DC
YN YYN /ncreased # of GPIOs
8x8 64L QFN

[ ] .

1.5A Gate Drive
[ellde] 70y Buck/SEPIC DC/DC
el 6x6 48L QFN

2A Gate Drive
el 160V Buck DC/DC
el 8x8 51L QFN

[ J

600V Buck DC/DC
(el ) 5/0.25A Gate Drive
Al 10x10 52L QFN

° 600V Flyback DC/DC
(ale]ad¥s] IPM Controller
PAC5511 8x8 56L QFN
(Roadmap Device)

Yol 7ELR 6X6mm 40L QFN

1.5A Gate Drive
alelpaldel 44V Buck/SEPIC DC/DC
Xl vvvE 6x6 48L QFN

I Yol 7¥XQ 1A Gate Drive
70V Buck/SEPIC DC/DC

6x6 48L QFN
Qorvo

PAC5225

2A Gate Drive

LYY 8x8 51L QFN

elelpagel 460V Buck DC/DC

¢ 600V Flyback DC/DC
ale]padel P\ Controller
X720 8x8 56L QFN

o 600V Buck DC/DC
alelpaldel  5/0. 25A Gate Drive
IXTYIIN 10x10 52L QFN

o 600V Flyback DC/DC
alelpaldel  5/0. 25A Gate Drive
IXLYILXN 10x10 43L QFN

600V Flyback DC/DC

[ ]
(S NAY 0.5/0.25A Gate Drive

PAC5250
pespad 10x10 57L QFN

48V

70V

© Qorvo, Inc.

160V

600V (AC Powered)
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PAC™ System Block Diagrams



Qorvo

PAC™ 40V/20W BLDC Solutions

PAC5285 - World’s Smaller High Voltage,
20W Motor Solution

ooooooooooo



PAC5285 Integration for Motor Control Systems

Control, Power Management, Signal Chain, Gate Drive and MOSFET Inverter

« PAC5285 Integration: —
- FLASH-programmable MCU Lt | [ peme
- Power Management: T
_ Charge Pump DC/DC, LDOs A o |
! Gate |——
- Signal Conditioning: | Drver Kimere
— Differential PGA, DACs, Comparators e ‘
, : —
- Gate Drivers/IMOSFET Inverter MCU = '
- Voltage and Clock References ' | A
AMP 3
- Small QFN Package (6x6mm, 40L) }l

Qonrvo



PAC5285 Architecture
FLASH-based MCU with 40V Power Supply Input, Power MOSFETSs

° . PWM
M C U * IN?IIEEEII::E:E ENGINE POWER MANAGER
- 50MHz Arm® Cortex®-M0 MCU UARTISP! 4 16-bit Timers
, Up to 14 Channels Charge Pump,

12C HW dead-time control Linear Regulators

° 32kB FLASH, 8kB SRAM 10ns resolution
- 10-bit 1MSPS SAR ADC

50MHz ARM CORTEX-MO APPLICATION

MICROCONTROLLER CORE + MEMORY SPECIFIC
POWER DRIVERS

Integrated Power Management

32kB FLASH, 8kB SRAM ST—
- 40V Input Charge Pump DC/DC B ol SIS et T S
- LDOs for MCU core, |10 and analog

DATA ACQUISITION CONFIGURABLE ANALOG

Integrated 40V/300m<Q Power MOSFETs AND SEQUENCER T D A

Motor Current Sense and

Integrated Differential PGA " Dual Sequencer L.

Power Monitor

© Qorvo, Inc. |13 ’ Py
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PAC5285 System Block Diagram

40V BLDC Motor Controller/Driver with Power MOSFETSs for Low-Power Applications

Sub-system Details )
Vsys Vear
50MHz Arm® Cortex®-M0 _]_1 _]_
- MCU + 32kB FLASH, 8kB SRAM I
* 10b 1MSPS SAR ADC with Trigger and Sequence engine ; = =
. 10 8 x3.3V/I5V IO T
4x3.3VI0 ] 5—‘5—‘5—&& SEET " 71]7 N\
§ g & & 5/ outu
- Serial - UART/SPI, 12C
Communications * SWD FLASH programming OUTV [
1 40V Input Supply Charge Pump DC/DC 1 OUTW [ }—
- Power + 5V System Supply Regulator >——<
Management * Integrated LDOs for MCU Core and 10, Analog VM
* Integrated high-accuracy ADC VREF PAC 5285 l
VSRC [}
+ 3 high-side gate drivers with level-shifters ISNSE W_|
* Gate Drivers * 3 low-side gate drivers [sINSN = y
+ | 3 phase BLDC Inverter with Power MOSFETs (300m<) | B T
_ - UDifferential PGA (x1 to x8) for current sense | POCLIE—> Vet Vrew
’ gg:c?iltioning * Integrated power supply monitoring using ADC PB ~=—_ Push-Button Wake-up
* Over-current protection for inverter h
. Phvsical * T, =-40°C to 105°C
y « | 6x6mm, 40-pin QFN with wettable flank and power pad}
QOP\IO © Qorvo, Inc. |14 ’ P




PAC5285

FLASH-based MCU with 40V Power Supply Input, integrated power MOSFETs

e 50MHz Arm® Cortex®-MO0
- 32kB FLASH, 8kB SRAM

- 8x3.3V/I5V IO
* 4x3.3V/IO or ADC input

- UART/SPIO, I12C
- SWD for debugging
* Field FLASH update using UART

* 10-bit 1MSPS SAR ADC with Dual
sequencer engine

» Configurable Sequencer

+ ADC Pre-MUX used with front-end for
switching between ADC channels:

Qonrvo

SWDIO, SWDCL 4=}

PWMAX, PVWMBX, D
PWMCx, PWMDx A

PCx, PDX, PEX 4=

UARTRX,
UARTTX

SPICSx, SPIMOSI,
SPIMISO, SPICLK

12CSDA, 12CSCL

POWER
MANAGER

HVCP

TTIT

LDOs

§

MOSFET
ASPD INVERTER

N/

-45
ol

CAFE

DIFF-PGA|

s

SYSTEM

PAC5285
Power Application Controller
DEBUG
32kB FLASH I
ARM
2508 FLAGH ¢ | CORTEX-MO
CORE
8kB SRAM ¢
m
ag
<
m
e PWWM ENGINE
cLocK N
CONIROT TIMERS (4) || 2
Q
0
(%]
PWM/CC (14) |»—0
RTC
DEAD TIME | —
@)
J—|  GPIO
BRIDGE
UART
WDT
SPI
DATA ACQUISITION
AND SEQUENCER
12¢ 70-bt X
ADC E

AUTO

CONTROL

SAMPLING

PCMP

PBTN ‘_

%

© Qorvo, Inc.

VM
VCP
CPL
CPH

VSYS
VCORE

VCC33
VCCIO

OUTx

VSRC

ISNSP
ISNSN

L]

L]

40V Charge Pump DC/DC for HS Gate
Drive

Integrated 3 LDOs for IC supplies
VSYS for 5V(100mA) system supply
VCC33 for 3.3V Analog Logic and IO
VCORE for digital logic

Integrated High-accuracy VREF
2.5V ADC reference

Comparator reference
Integrated power supply sensing without
external components

Very low hibernate current:
8uMA @ 12VDC

3 high-side gate drivers
3 low-side gate drivers

Programmable HS and LS sink/source
current

Integrated 6 x 40V/300m<Q MOSFETs

Configurable Analog Front End

1 x Differential Amplifier

* Integrated power supply monitoring using
ADC

Push Button for Hibernate mode wake-up

115 ﬂ



PAC5285 ADC with Sequencer

Current, Voltage and Temperature Sampling

- 10-bit 1IMSPS SAR ADC

AFE MCU
- Configurable Dual Sequencer ST |_|,: 7 —
- ADC Pre-MUX used with front-end for rom0 NG [ ADCETLMODE | SEiQ
. . . VCORE —— '_l’
switching between ADC channels: vecss — AD i =
— S&H configured by firmware and through & [ N
sequencer Vy —— é § < 10-bit
Vw S ADC
— Dedicated serial channel (EMUX) for fast MUX D
switching and S&H enable/disable N — L —
|~
© Qorvo, Inc. |16
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PAC5285 Pin Configuration

6x6mm QFN with Thermal Pad

0¥ | ¥AV/¥2d
6¢ | SAV/SDd

EEes))

_LE | OIDA

_9€ | £3d
S¢€ | ¢3d
e | T3d

6x6mm QFN )

PC3/AD3| 1 | 30 NC
40-lead pca/n02 ]
0.5mm pin pitch veess |

NC |

e ﬁﬁfﬁﬁjﬁﬁjﬁﬁ;s,fﬁﬁjﬁﬁfﬁﬁf;% PAC5285
VSS 6 | TQFN66-40

PB 7 | e m

29 | PA7
28 PAS

N

Power Pad for thermal management

ISNSN. 8

ISNSP |
SRC

12
13
19

VM
VM | 20 |

SRC | 16
SRC | 17

VM | 13

OuTW | 18

© Qorvo, Inc. |17 ' Py
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Reference Schematic
Very small BOM and footprint

PAC5285 12V720W BLDC Motor Controller/Driver

:-:“FIIE.S‘;'
11CT
uF) 6.3V
12
Bl 9 = 2 :'_| :'-‘ =
ol & ‘ ‘ U
= A = SE R e = PACS285
@D O 2 2 E g EELEEER
o S
—Iloczam e 2 = 7 we Lz
2§ pc2am o
22F| 63V veess 3 s -
11C3 VICC33 o
4 ¥ we o
—3 2
H PAC5285 el
5 8 ss TQFNES-40 o Bl
. vsys |24 VS¥S
Rl ‘
Wit 5§ s CFL 4|
100 ) 01Fll
= €5 ISNSP oE
—_ 0.2 obm =
= i 10 - B
[esdin) B3 T SRC . VP
18 sEzzBggbzz ]
B D & 5 5 2 BG5S e .
T = GND
= ) TuF
= ™ aToi - e e s e et S0V
Cs ||
4.7 uF! [50V
= = = + oo
b —Cl0 —=;
2 al 3 01w | 0
-:\_' Faal
I bE] 14

ouUTU OUTV OUTW

5

Qonrvo
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40V Supply Input
5V System Regulator
Integrated LDO for Analog, MCU Digital

Amplifier for Current Sense

40V/300mQ Motor Output
OC, OV and UV Protection

Quantity Designator Walue Description
2 C4, C10 0.1 uF Capacitor

1 R2 0.2 ohm Sense Resistor

1 c7 1 uF Capacitor

3 C1C2,C3 2.2uF Capacitor

2 C6, C8 4.7 uF Capacitor

1 c9 10 uF Polarized Capacitor (Radial)
2 R1. R3 100 ohm Resistor

1 C5 3300 pF Capacitor

1 u1 PAC5285 TQFMBGE-28

°

Integrated High-Speed Differential

118 ﬂ



.
A2 ramas2d
(A

PAC5285EVK1 —~—
o, W o g Clomr4s ||

For evaluation of low-power BLDC motors
- Up to 40VDC absolute maximum

- Optimized for 5.5V to 27V input

SWD/UART headers for debug and GUI
Support for Sensored or Sensorless BLDC or FOC

Support for IAR, Keil or Eclipse IDEs { Q S

Integrated Motor Control Peripherals:
- Arm® Cortex®-M0 FLASH-programmable MCU

- 40V Charge Pump DC/DC Controller, LDOs;

- Programmable current HS/LS Gate Drivers;

oo :: ET-UARTSWD
Amplifiers/Comparators 7% | USB-to-UART board with
. . . SWD debugger connector
« Schematics, BOM, Layout Drawings available & Isolation )

Qor\\lo © Qorvo, Inc. |19 ﬂ




PAC5285EVK1

Hall Sensors Power In

S E[‘II D ;] &

OF 3B doo (4l

SWD Debug e 31 | 2 T 14 by = g
I Pa7 * | . o

Motor Outputs

g =

UART Debug

------

PAC Integrated

MCU/Driver RS .

QOPVO © Qorvo, Inc.



PAC5285EVK1

Overview Parameters | Docurments

: Data Sheets
PAC5285 E Product Data Sheet

40 Volt / 20 Watt Low-Power BLDC Controller and Driver with
Integrated FETs

Qorvo

all around you

Entire Site

Production > User Manuals
: w  PACS5285 User Guide
D Product Data Sheet Key Features : O Bt e
- Rev0.14 : il -
« Integrated FLASH programmable MCU : CAOECVIET 1w T A
% « 50 MHz Arm® Cortex®-M0 with 32 kB : D PAC5285EVKT User Manual
FLASH Rev A
Qor\\’o 10—1' MSPS SAR ADC with dual
- it 1 AR A Wi L
PAC5285 sequencer :
« PWM Timers, Serial Communication ﬂthEF

INRNENNNNN]

« Integrated Power Management

« 40V Input Charge Pump DC/DC, LDOS |:. PACS5285EVKT Altium Files

+ 8 yAlow-power hibernate mode

» Integrated Gate Drivers and MOSFETs : el P
» 40V/ 300 mQ MOSFETs for BLDC 3- : D PAC5285EVK1 Output Files
phase motors
« Integrated Signal Cenditioning D Video: PAC5285: The Smallest Single Chip Motor
» Integrated Differential and Single-ended : I 2 e = O
Pl i Controller and Inverter Solution for Brushless DC Motors

Qor\\,o © Qorvo, Inc.




Qorvo

PAC™ 48V BLDC Controller

PAC5526/5527 - Advanced BLDC Controller

ooooooooooo



PACS5527

48V BLDC Motor Controller and Driver with Advanced Gate Driver
i

- Vv
. WEOMHZ Arm® Cortex®-M4F 1 Ve Vsys ARl
+ MCU + 128kB FLASH, 32kB SRAM with ECC
* 12b 2.5MSPS SAR ADC with Trigger and Sequence engine F ; L =

+ 10 + 16 x3.3VI0

|||—“=—<
|_4

iy

+ USART (3), I12C, CAN, QEP = &l é

+ Serial ;
Communications + SWD/JTAG for debugging

po—| I 2
a a
Q (@) >

SW1
SW2
VP

VSYS[

‘\
J

* Field FLASH update using UART DRH([2:0]

DRS[5:3] o UIVIW

6V-48V Supply Input

. lCharge Pump DC/DC for HS Gate Drive DRL[2:0]

- Power * Buck-Boost DC/DC for LS Gate Drive AlO[9:7]
Management + 5V/100mA System Supply Regulator AlO

(51311]

* Integrated LDOs for MCU Core and 10, Analog PAC5527

* Integrated high-accuracy ADC VREF AIO[4(2]0]

3 high-side gate drivers K j

* Gate Drivers * 3 low-side gate drivers
Programmable HS and LS sink/source current Pex.y> [J6—— USART (3), 12C, CAN, GPIO

ITL | ITT

IH—W
I—A

AlO®6, PF[7:4] [ ]¢— VpaT1, VTEMP
» 3 x Differential, 4 x Single-Ended PGA

- e Integrated power supply monitoring using ADC B QEP
Conditionin ’ A ] ;
g Cycle-by-cycle control, OCP AlO6 —L Push-Button Wake-up
. « Tpo=-40°C to 125°C
Physical - 6x6mm, 48-pin QFN
Qor\\lo ® Qorvo, Inc. | 23 ﬂ




PAC5527EVK

48V BLDC Evaluation Kit (EVK) with PAC5527

L)
L( ABS MAX 48V
WR35

* For evaluation of low-voltage BLDC motors
- Up to 48VDC absolute maximum

- Optimized for 10VDC to 24VDC input

« SWD/UART headers for debug and GUI
» Support for Sensored or Sensorless BLDC or FOC

IMA3LESSOVd

» Support for IAR, Keil or Eclipse IDEs

* Integrated Motor Control Peripherals:
- Arm® Cortex®-M4F FLASH-programmable MCU

- 48V Charge Pump DC/DC Controller, LDOs;

- Programmable current HS/LS Gate Drivers;
Amplifiers/Comparators

- ET-UARTSWD

+|  (USB-to-UART board with

-~ SWD debugger connector
& Isolation )

 Schematics, BOM, Layout Drawings available

Qor\\lo © Qorvo, Inc. | 24 ﬂ



PAC5227EVK1

INVESTORS

Qorvo

all around you

PAC5527

48V BLDC Motor Controller and Driver

Production =

& Em d;:;t Data Sheet Key Features CONTACT A SALES REP >
ev i

Fully programmable 150 MHz Arm® Cortex- SIGN UP FOR ALERTS =
L ] MAF®

qorvo + 01e e 10

PACB527 Integrated 48 V charge pump DC/DC

Integrated buck-boost DC/DC for regulated
e low-side gate drive
T

.

.

REQUEST SAMPLE =

DISTRIBUTOR INVENTORY

Integrated programmable-current gate
drivers (60 mAto 1 A)

Integrated PGA (3 differential, 4 single-
ended)

Integrated DACs and comparators

« UART CAN, 12C and SPI serial interfaces
Extremely low total hibernate mode
Minimal external components

« GxBmm, 48-pin QFN

Overview Parameters Documents Evaluation Tools

PAC5527EVK1 Evaluation Kit

Qorvo's PACS52TEVK evaluation kit is a complete hardware solution enabling users fo evaluate
the PAC5527 device, but also develop motor control applications revolving around the poweriful and
versatile 150MHz Arm® Cortex® -M4F based MCU. This evaluation kit is a motor controller and
driver evaluation PCB, fhat uses the PACS52T Power Application Controllerg.

.

.

To aid in evaluation and application development the PAC552TEVK offers access to all of the
PACS5527 device’s signals by means of a series of female header connectors.

Qor‘\lo © Qorvo, Inc.



PAC5526

48V BLDC Motor Controller and Driver with Advanced Gate Driver

Sub-system Details
- \Y
- [150MHz Arm® Cortex®-M4F 1 Ve Vsys Bal T 1
+ MCU + 128kB FLASH, 32kB SRAM with ECC I
- 12b 2.5MSPS SAR ADC with Trigger and Sequence engine F A T — — [
- 10 +120x3.3VIO - 15
+ USART (3), 12C, CAN, QEP L 'ﬁw é @ T s
+ Serial ; = 2 = o & =
T T SWD/JTAG for debuggl.ng L =
* Field FLASH update using UART DRH[2:0] IE
6V-48V Supply Input DRS[ng] . © ulviw
Charge Pump DC/DC for HS Gate Drive DRL[2:0] 15
- Power * Buck-Boost DC/DC for LS Gate Drive AlO[9:7]
Management + 5V/M100mA System Supply Regulator AIOS
* Integrated LDOs for MCU Core and 10, Analog PAC5526 %
* Integrated high-accuracy ADC VREF AlO4 ==
=

3 high-side gate drivers
* Gate Drivers * 3 low-side gate drivers

. P<x.y> [J——— USART (3), I2C, CAN, GPIO
Programmable HS and LS sink/source current

A|06, PF[7!4], PG[65] — VBATy VTEMP
|1 x Differential, 4 x Single-Ended PGA P<x.y> [[&—— QEP

- Signal = — - —
anditioning * Integrated power supply monitoring using ADC AIOE - Push-Button Wake-up
Cycle-by-cycle control, OCP =
: * Tao=-40°C to 125°C
Physical - 6x6mm, 48-pin QFN
QOP\IO © Qorvo, Inc. | 26 ﬂ




PAC5226EVK1

QONrvo

all around you

48 Volt Charge Pump BLDC Motor Driver with Programmable Current designs

PA05526‘ 1 Try our Design Tools to
J help support your latest

Production =

D E"G%“gt Data Sheet Key Features CONTACT A SALES REP >
ev i

s Fully programmable 150 MHz Arm& Cortex- SIGN UP FOR ALERTS =
® M4F®

qorvo 2048 2218 s
PACBES26 Integrated 48 V charge pump DC/DC

Integrated huck-poost DC/DC for reguiated
low-side gate drive

REQUEST SAMPLE =

DISTRIBUTOR INVENTORY

(ENNNNRNNNN])

Integrated pregrammable-current gaie
drivers (60 mAfo 1 A)

Integrated PGA (1 differential, 4 single-
ended)

Integrated DACs and comparators
« UART, CAN, I12C and SPI serial interfaces
Extremely low total hibermate mode

Minimal external components
s Gx6 mm, 48-pin QFN

Overview Parameters Docurments Related Products

Qorvo's PAC5526 belongs to Qorvo's Power Application Controller (PAC) family. This family
features highly-optimized SOC devices that can implement BLDC or PMSM programmable
motor controlier and driver functionality in a single integrated IC.

Typical Applications

« Power Tools

The product integrates a high-performance, high-memory FLASH-based 150MHz Arm& Corlex- « RC/Drones
W iah-si W-si i ignal itioni
Taﬁfﬁnpeor;t;eirr:“aagiig?emoergtdzré?h side and low-side gate drivers and signal conditioning « Battery powered BLDC motors up to 24V

PACS528 is optimized for high-performance battery-powered ELDC motor control applications

up to 24V
Product Categories Application Categories
o Products = Power Management > Intelligent Motor Controllers » Applications > Consumer Goods & Electronics > Drones / RC Devices

» Applications > Consumer Gooeds & Electronics > Power Tools

Qor\\/o © Qorvo, Inc.




PAC Motor Control Firmware



PAC Features for Motor Control

FOC Control

FOC control features and performance:
 Use LBG estimator observer

 Up support very high speed

« Support 1/2/3 shunt FOC

 Support Hall sensor

 Support QEP sensor(just PAC55xx)
 Support L&R measure and Pl auto tuning
« Support Start In Motion

« Support Initial Position Detection

« Support Over Modulation

« Support Speed Control

 Support Torque Control

 Support Power Control

 Support Stall Detection

« Support Open Phase Detection
 Support Field Weakening

* More features is coming...

Qonrvo

Trapezoidal Control

Trapezoid control features and performance:

© Qorvo, Inc.

Use Phase comparator commutate
Can support ADC find zero point
Up support very high speed
Support Hall sensor

Support Start In Motion

Support Initial Position Detection
Support Speed Control

Support Current Control

Support PWM Control

Support Power Control

Support Stall Detection

Support Open Phase Detection
Support advance commutate
Support Sine start-up

More features is coming...

| 29



PAC Firmware for Motor Control
FOC Control Trapezoidal Control

IAR : Keil : :  |AR: Keil :

Files g = Project o | Files r. S Project Ll x |
= @foc_iar - Debug o =¥t Project: FOC_KEIL E @ project - Debug 4 =T Project: blde_keil -
B pachoo_sdk & s Target 1 M CMSIS s Target 1
—£1 W src m-d emsis_core -: pachos_sdk ° -3 src

i app #-[d pachoo sdk sl - # [ device

B board E : B braking s

B comm ;e S i debug @ protect

B contral = board W ouics % [J sensored

Bl debug Hd comm B isr -5l cim

M device # 3 control B math 5 3 math

Hl featuras -0 debug M parameter w03 parameter

-:isr + [ device -_ppd =-CF isr

B math o B protect _

B mpos - Tedtures B sensored 5y ppd

Bl param 2L isr B sensorless #-[d sensorless

Bl startup - math M sim -1 braking

— [kl config_app.h # E3 mpos E: speed_cmd 3 debug

— [&] config_board h w3 param M state_rnachine - speed_cmd

— &1 config_debug.h B s i uart = 03 uart

— [1] config_features h s : — [] config_appliction h o _

— [ config_options h -l startup — [ canfig_hoard. h - Sl -state.machine I

rmain.c — [&] config_options h ] - pacioo_sdk

aroject_wersian.h o : e P = — [l include.h 4 CMSIS
B Output %@ i bR | Dadem main.c |
) L B wersion.h T T
i Ottt [ projec] @ sooks | {3 Func..| Oy Temp

© Qorvo, Inc. | 30 ’ Py
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PAC GUI for Motor Control
FOC Control GUI

Q Gonve - FOC GUIv2019.10.08 — O -
File  Config Tools  View
Status Operation Corfig Tuning Features Plots
Motor ICL Mode : | © Hall Tuning
Enable ' Current Control LBG1 Estimator
[] Reverse 4 Iq BW (Hz) |2.0 = Kpe 7]
Kp |0.0000 =] lo_oooo = DF a.7071 = Kpi | ]
R clear Speed setpoint (Hz) |0.00 = Ki |0.0000 2| [o.oo00 gl AutoBW Fcspeed (Hz) [750 z
Speed (eHz) | || | RPM) ldref CL (&) |0.00 4 Fiter (Hz) |0 =1 g - Angle Comection
; ; T . ) (Offset {deq) Factor {deg/Hz)
Target (eHz) | | | (RPM) lqref CL{&) |0.00 : apr 5 lo.oo00 B
Pawer (W) | ! [ g.a0 =
| Id & Iq ramp (Avs) = A W
Ute ) I—‘ Align & Go
i Write All =
R L | Parameters Align time: {3} |0-00 o
R W =
L .l |dref OL{A) |0.00 5
Speed Control
| total ref OL {A) |0-00 =
Speed ) T =
R . OL speed ramp (Hz/s) |9- =
imt (H=} [0 _00 =
— K |0.oo00 - 0L speed setpoint (Hz) o
Emors [] Close Loop {Auta)
Emor reading commutation mode CL speed ramp {Hz./s} [0-00 - R W
clear
R W
UART: COM3
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PAC GUI for Motor Control
Trapezoidal Control GUI

@ PACSXXX BLDC GUI V3.1.0 2018-1-8 = x
File View OC Reset
Motor Control Configuration
[] Enable Motor Mo Res Motor Control Settings & «®
ponse i m
Auto Close Loo PWM F kHz): 16 = ac Ive -se I
P epiciicy iy = Solutions for Sustainability
R ivide: 2 = . =
L] Reverse . . Frequency Divide / PID Setting PPD Setting Angle Advance
[1 Polling !D Speed Vl ) Control Frequency (kHz): a =
———————— Speed Current
Statiis Over-Current (A): 700 3 Kp: (050 [2 2000 2
Measured Speed (Hz) : 000 | Bus Resistor(m0)):  20.0 = Ki: [1.00 £ 150,00 |2
Speed Reference (Hz): 000 anikiiar Gt < 11 : Ke: |2.00 = 1.00 =
Speed Pl Qutput: 000 : = =
Cutoff Filter(Hz): 1000 |2 min: 0.00 4 -
Vbus Voltage: 000 v max: 10.00 = 1000 =
Pwm Duty / Period: 000 / 781 Zero Cross Blanking %: |30 =
Hall to Mos Array: 91234569 Number Of ZC Samples: 1 2
Dac Debug
R b St Align and go Control
w BRrins Hine bt 0.1 2 Bemf Mode Control
Dac_Debug_1 Scale: Dac_Debug 2 Scale: Start Speed (Hz): 1.0 = Speed CL Control
- a CLS d SetPoint (Hz): |500.0 =
20 : 20 2 OL Ramp Rate (hz/s): 500 |2 ERet et Uk
CL Ramp Rate (hzfs): 2000 =
: Switch Speed SetPoint (Hz): 30 z 5 the/e)
Debug Read Debug Write Torque CL Control
debugl] 000 Box1_int32 0 - OL Ig Current Ref: 1000 |2 CLIq SetPoint (A): [1.00 2
T : - OL Ig Ramp Rate: 1000.00 5
debug2| 000 Box2_int32 (0 e q P Pasly Eyjcle Conteal
|debug3| o000 Box3 fix16 |0 : Align PWM Max Duty/1000 : 4000 |2 PWM Duty/1000 : 2000 2
debugd| 000 Boxd fixl6 0 o Coasting TimeQOut(ms): 0 : IR Dty K hengs Dely £ 11000 z
COM Port Detecting... Version Detecting...
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PAC Document for Motor Control
FOC Control Trapezoidal Control

Application Note : Application Note :

Iia_ Ceiling Fan with Braking.pdf

lﬂl AN1001 PACS52xx OverView & BLDC Tuning Guide.pdf
Iﬁi_- Guide_Auto Tuning.pdf

li!l AN1002 Brief introductions of square wave control theory.pdf
Iﬁi Guide FOC Firmware Overview.pdf

Ea_ AN1003 PAC peripheral configurations & Firmware Process.pdf
I!i Guide FOC Getting Started.pdf i

l’-'E/iL- AN1004 PAC52x¢ BLDC GUI Guide.pdf
lia_ Guide_FOC_Tuning.pdf i

Ei_’ Guide_MPOS, Estimator g Ejh AN1005 Hall Mode Tuning Guide.pdf

ml Guide MPOS_HallFOC.pdf l’-'El AN1006 Start In Motion Function Guide.pdf
IE;_ Guide MPOS_QEP.pdf Eﬂ_ AN1007 Offline Tuning Guide in GUI.pdf
Ea_ Guide_SIM.pdf

Iﬂl IPD Tuning.pdf

Iﬁi_- PAC FOC v4.1.0 Release Notes.pdf

ﬁa_ Stall Tuning.pdf

Iia_ Guide_1Shunt.pdf

Iﬁi_- Guide_PowerControl.pdf

© Qorvo, Inc. |33 ’ Py
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AC Structure for Motor Control
FOC Control Trapezoidal Control

Torque

Iqg_ref CL One:
1 — \]‘EJ:-]':-|:JJ:[J Open loop Align
I e 'qir?fi position
+ + PWMA = —
Speed ™ Jo_ref, Vg [ ] Valfa -PWMA +
N 1 Inverse PWMB speed ¥, ;W et pp |—¥@ PV dut
= B sV P | P PIC _ v
oo Park PWM -PWMB - = Commut —
Id_ref © - ‘ | Vd | Transform | vpeta PWIMC 3-Phase ate | -PWMB |
N A Inverter I pwmc | 3-Phase
- -PWMC - — o Pwmc | Inverter
‘Foc_digital_filter“ Digit a-Fli_lLtE:::pass_ P
Ig lalfa 1 A I|_Total
l Park Clarck l T
Id_|Transform |lbeta Transform 2
VA |VB|VC i WA WE WiC
P S Delay 30° - TU.;,.I'E]&S A
¥ gle = position -
3] Motor start up LR detect T
Estimate
Theter Angle & P B E— P W
= . Speed / \\\ i | PMSM
\ ] [ Speed Calculate Y, /
~ (Observer| | PMSM | o " j
Speed \ / —
B Estimate) \\\\ //»‘ speed

00 000000000000000000000000000000000000000000000000000000000000000000000000000000000scssssesscsscsscssssssscsse
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PAC™ Ecosystem
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Helpful Website Resources
PPM Motor Control Collateral

PAC5256EVK1

@ active-semi
......... P Aoy St

* Get helpful PPM Motor Control
reso u rces : PAC5256 Data Sl-aeet

- Data Sheets, Programming Guides

ConSgusi Anaksg Froa Ere
ppheaian Sgacke Penar ricna™
A o3 Conler Com

- Evaluation Kit (EVK) and Reference Designs
- Application Notes Sactveszemt
- Software Development Kit (SDK)

- Reference firmware and GUIs for BLDC and
PMSM motors

- Certifications

© Qorvo, Inc. | 36 ’ P
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PAC Hardware support for Motor Control

Documentation support PCB design and layout

PAC PCB package LIB: Application note:
= PAC_IntLib.LIBPKG K- AN1202 PCBAZHIN - PCB Layout Rules v1.4.pdf
=14 Altium Integrated Library Package a
4 PAC_IntLib_RevA.zip K- AN1205 PACS25x BRI pdf
= 17 7IP i
P PAC.Plb ool 53 AN1206 $HIPACFIHLIRIPCBLE S TRt pdf
SEHL . Altium PCB Library
PAC Schlib.SchLib . .
=3 AN1207 PAC Hard Tips -PAC S pdf
ﬂ 2 Altium Schematic Library - Sl SRS
2 2 PAC52xx_Lib_Rev1p2.Pcblib £J- AN1208 QFN PCB Layout Guidelines RevS.pdf
2l: Altium PCB Library

IE?_ AN1209 PAC5232 EBiFi=ThEESm.pdf

© Qorvo, Inc.
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Hardware Tips:

PAC Hardware Tips -English.pptx
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PAC Support Active-Safe for Class B Safety (UL/IEC 60730 )

Support PAC52xx and PAC55xx

PACS2xx

PACS55xx

PAC52xx:

Qonrvo

installer-pac_foc v4.0.1_active_safe v1.1.0.exe
= NAERF

nstaller-pac52xx_active safe v1.1.0.exe
=5 pFITRRR

installer-pac52xx_foc v3.1.5 active safe v1.1.0.exe

installer-pac_foc v4.0.1 active safe v1.0.0.exe
R WFRR

installer-pac55xx¢_active safe v1.0.0.exe
=7 NFTERF

PACS55XX ActiveSafe.pdf

© Qorvo, Inc.

CERTIFICATE OF COMPLIANCE

Certificate Number ~ 20180907-E502048
Report Reference  E502048-20180907
Issue Date  2018-SEPTEMBER-07

Issued to:  Active-Semi Inc
700 Cenfral Expressway South
One Allen Center
Suite 330
Allen, TX, 75013

This is to certify that COMPONENT - SAFETY-RELATED PROGRAMMABLE
representative samples of  COMPONENTS AND SOFTWARE FOR AUTOMATIC
ELECTRICAL CONTROLS

See Addendum Page

Have been investigated by UL in accordance with the
Standard(s) indicated on this Certificate.

Standard(s) for Safety:  See Addendum Page

Additional Information:  See the UL Online Certifications Directory at
www ul.com/database for additional information

Cnly those products bearing the UL Certification Mark should be considered as being covered by Ul's
Certification and Follow-Up Service.

The UL Recognized Component Mark generally consists of the turer's identification and catalog
number, model number or other product designation as specified under “Marking” for the particular
Recognition as published in the appropriate UL Directory. As a supplementary means of identifying products
that have been produced under UL's Component Recognition Pregram, UL's Recognized Component Mark:
"M, may be used in conjunction with the required Recognized Marks. The Recognized Component Mark is
required when specified in the UL Directory preceding the recognitions or under “Markings” for the individual
recognitions.

Recognized compeonents are incomplete in certain constructional features or restricted in performance
capabilities and are intended for use as components of complete equipment submitted for investigation rather
than for direct separate installation in the field. The final acceptance of the component is dependent upon its
installation and use in complete equipment submitted to UL LLC.

Look for the UL Certification Mark on the product.

Eruce Mshrbolz, Dimcter Morth Americar Cartfizafian Progeas
mue
Dt of UL L0E UL otuL

Any intcemenon UL M sarvice
Eortact a local UL Custormer Serdce Aeprasstasie at 23piul comishoutiior stons

Page 1 of 2




PAC Support Active-Flash-Light for UART Bootloader

Support PAC52xx and PAC55xx
&> ACTIVE FLASH

bootloader MO

bootloader M4

PAC52xx:
+ improved interrupt_handling

ActiveFlashLight.exe
config.xml
PACS52xx ActiveFlashLightTM Bootloader.pdf

PACS2xx ActiveFlashLightTM Integration Guide.pdf

i e ©

File Config Help
active-semi”
Read/Write Solufions for Sustainabilihy
COMUNICATION PROGRAMMING
e Port: COME Image: |E:\PAC-Base-Project'PAC-Important-Data\ 2t F-BEMF-Application' BLDC-PACS2: Browse...
Statue: Dizconnected Auto [ Full Erase Erase Affected Program Venfy Execute
Status: N4 Progress:
DEVICE INFORMATION Individual Operation Execute
Part Number. Blank Check | | FullErase | | EraseAffected Program Verify Start Execution
Part Revision: (® User Application
_ Manual Erase (O) Power on Resat
Eootloader Version: %
Erase Flash (O By Address (@ By Page O Address
Erase Status: Start Addr: x| |
o Start Page (0-31) | EndPage03D] | oo —]
pRE Console Information Level: O Low O Medium O High
ONS0I8
Active-semi FFEEEEE 2010/5722 21:05:4(Frerres

= pc_cmd line_app.exe

PAC55xx:

ActiveFlashLight.exe
Z=E: AR

config.xml
PACS55xx ActiveFlashLightTM Bootloader.pdf

PACS55xx ActiveFlashLightTM Integration Guide.pdf

1N IS T ®

pc_cmd _line_app.exe

E‘IJ =5 AR

Qonrvo
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IDE & Debugger for PAC

IDE: IAR Workbench v7.5 & v8.2 @I AR
Programmer: Segger J-Flash v6.11a and above T -

HW Debugger: J-Link V8/V9/V10 SYSTEMS
IDE: Keil uVision v 5.15 & v5.26 STKEIL

Programmer: Segger J-Flash v5.11a and above |@,uvisions
HW Debugger: J-Link V8/V9/V10 v

Qor\\lo © Qorvo, Inc. | 40




Mass-Production Programmer & Tools

Name Location Logo
Slf;EFIE’TOE?OO Nanjng B ELTEK
Leaption®  Tawan | IR

wipestoces  Shenzhen QKD Techmology

37Pr<;g;%£“mer Qingdao &) BH=+tEAFREARAR

Elprotronic
Gangpro-X

Canada

www.elprotronic.com

Qor‘\lo © Qorvo, Inc.



PAC Ecosystem

Customer-Programmable Motor Control Solutions MCU SDK

« ARM CMSIS Library

* Peripheral Firmware Example Projects

» ActiveSafe IEC60730 Class B Safety
Libraries

» ActiveFlash Field Update Boot-loader

* Motor Control EVK
* Application Expertise Design

IDE/Programmer
« |AR/Keil
« J-Link
3 B
+ Sensored/Sensorless BLDC o 4+ O
- Sensored/Sensorless FOC - 3rd Party Support

* PC GUIfor Debugging * Production Programmer Support

« Advanced Algorithm and Support
« Total Solution

| 42 ﬂ
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