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http://www.freescale.com/motorcontrol
http://www.freescale.com/motorcontrol

New Levels of Performance, Reliability, Power Efficiency
for Motor Control and Digital Power Conversion
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.MX 6RT
500Mhz CM7
0 flash / 512K RAM
EMMC//Ethnet/PXP

KV5x MCU 240Mhz CM7
High-performance motor.
connectivity & security.
Advanced digital power

ook 266 ova, [ MICSBFEATXX
G ERRi e AEC-Q100

HS ADC, HR PWM

KV4x MCU KV4x
DSC 4} # + ARM A4 # KMS

168Mhz CM4
MCS56F845xx MC56F845xx | MC56F845xx
80MHz, 256K Flash

KV3x MCU
Mid-range PMSM, UPS power
100M/120Mhz CM4

MC56F827xx MC56F827xx MC56E827xx

50/100MHz, 64K, Xbar, | 125 degree
DAC, HR PWM, CAN 50/100MHz, AEC-Q100

MC56F823xx
50MHz, 32K Flash
PWM, ADC12, XBar, ACMP

Feature Integration

CM7 + CM4
CM7 + CM7

o

| ek |

NXP IDE, RTOS, Software Libraries and Motor Control Development Tools
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Kinetis V-Series: Motor Control

High Multi Domain
Entry Level Integrated  Scalable Mid High Performance Motor
FOC Motor Motor Range Motor  Performance MC & Control w/
Control Control Control Motor Control ~ extended Comms
Solutions memory w/

comms

+ Management Core

+ ENET

+2 CAN

+ HighSpeed ADC

+ Advanced Timers

+ Flex bus

+FPU

+ HW divider / sqrt

Baseline

Core: || ARM® Cortex™-MO+ I ARM® Cortex™-M7

B ARM® Cortex™-M4 B Dual ARM® Cortex™-(open)
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KV10 : AR 2 ADC, TERREER
KV11l: Kflash, /N5, # CAN

*Hardware Divide & Square Root MKV11Z128VLH7 64LQFP 128KB 16KB 2x6c¢h; 4x2ch 1
* 4ch DMA MKV11Z128VLF7 48LQFP  128KB  16KB  2x6ch; 4x2ch 1
. 16/32KB Flash . 8KB SRAM MKV11Z128VFM7 32Q0FN  128KB 16KB 2x6¢h; 4x2ch 1
« 64/128KB Flash , 16KB SRAM MKV11Z128VLC7 32LQFP 128KB 16KB 2x6¢h; 4x2ch 1
MKV11Z64VLH7 64LQFP  64KB 16KB 2x6¢h; 4x2ch 1
«2 x 8ch,16-hitADC _
+1.2Msps in 12-bit mode (835ns) MKV11Z64VLF7 48LQFP  64KB 16KB 2x6¢h; 4x2ch 1
«1 x12-bit DAC MKV11Z64VFM7 32QFN 64KB 16KB 2x6¢h; 4x2ch 1
«2 x ACMP with 6-bit DAC MKV11Z64VLC7 32LQFP  64KB 16KB 2x6¢h; 4x2ch 1
1/2 x 6¢h FlexTimer (PWM) MKV10Z128VLH7 64LQFP  128KB 16KB 2x6¢h; 4x2ch -
-2/4 x 2ch FlexTimer (PWM/Quad Dec.) MKV10Z128VLF7 48LQFP  128KB 16KB 2x6¢h; 4x2ch -
*Low Power Timer MKV10Z128VFM7 320QFN 128KB 16KB 2x6¢h; 4x2ch -
+Dual Watchdog MKV10Z64VLH7 64LQFP  64KB 16KB 2x6¢ch; 4x2ch -
Other MKV10Z64VLF7 48LQFP  64KB 16KB 2x6¢h; 4x2ch -
«CAN MKV10Z64VFM7 32QFN 64KB 16KB 2x6¢h; 4x2ch -
«32-bit CRC MKV10Z32VLF7 48LQFP  32KB 8KB 1x6¢h; 2x2ch -
*Up t0 54 1/Os MKV10Z32VFM7 32QFN  32KB 8KB 1x6¢ch; 2x2ch -
«1.71V-3.6V; -40 to 105C
MKV10Z32VLC7 32LQFP  32KB 8KB 1x6¢h; 2x2ch -
Packages MKV10Z16VLF7 48LQFP  16KB 8KB 1x6ch; 2x2ch -
*32QFN, 32LQFP, 48LQFP, 64pin MKV10Z16VFM7 32QFN 16KB 8KB 1x6¢h; 2x2ch -
MKV10Z16VLC7 32LQFP  16KB 8KB 1x6ch; 2x2ch -

From $0.99/$1.1x at 10k units
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KV3x : HEH LB EFICM4 B P B KMS 2k

Cortex-M4 @ 100/120MHz with FPU
* 4 or 16ch DMA

*64/128/256/512KB Flash, MKV31F512VLL12  120MHz 100 512K 96KB 16-ch  PLL 22’:(22?] 2
*16/24/48/96KB SRAM
*FlexBus (512KB version only) MKV31F512VLH12 120MHz 64 512K 96KB 16-ch PLL ZXBCT{ 2
*Bootloader 2x2¢
MKV31F256VLL12  120MHz 100 256K 48KB 16-ch pLL  x8ch: 1
Analog 2x2ch
2 x16-bit ADC: 1.2Msps in 12-bit mode 1x8ch:
+Up to 2 x12-bit DAC MKV31F256VLH12 ~ 120MHz 64 256K 48KB 16ch PLL o0 1
*2 x ACMP with 6-bit DAC F—
MKV31F128VLL10 100MHz 100 128K 24KB 4-ch  FLL xocn, 1
. 2x2ch
Timers
*Up to 2x8ch FTM (PWM) MKV31F128VLH10 100MHz 64 128K 24KB 4-ch  FLL 1"80?{ 1
«2x2ch FTM (PWM/Quad Dec.) 2x2¢
~Programmable Delay Block MKV30F128VLH10 100MHz 64 128K 16KB 4-ch FLL &M
Low Power Timer 2x2ch
1x8ch;
Other MKV30F128VLF10 ~ 100MHz 48 128K 16KB 4<ch FLL o’ 1
*Up to 70 I/Os F—
+6 high-drive I/0s (20mA) — SPI/I2C MKV30F128VFM10 100MHz 32QFN 128K 16KB 4-ch  FLL 2)>(<20ch' 1
«1.71V-3.6V: -40 to 105C
MKV30F64VLH10  100MHz 64 64K 16KB 4-ch  FLL  x8ch 1
Packages 2x2ch
«32QFN, *48LQFP, 64/100LQFP 1x8ch:
“Altornative, non committed package MKV30F64VLF10 ~ 100MHz 48 64K 16KB 4<ch FLL ) o°f 1
1x8ch;
From $1.19 1o $2.76 at 10k units MKV30F64VFM10  100MHz 32QFN 64K 16KB 4<ch FLL o' 1
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KVax : BtEHE (DSCHME + ARMPAE)

Memories Clocks
*168MHz Cortex-M4F, FPU

ARM Cortex-M4 Program Flash SRAM
*64/128/256KB Flash 150MHz Up to 256KB Up to 32KB

@ 128bits wide w/ 128Byte cache

Deb
*Upto 2 x CAN Int
|

*2 x 8ch 12-bit ADC

*Sampling at up to 4.1MS/s

*PGA X1, X2, x4
*12-bit DAC
*4 X ACMP with 6-bit DAC Security Analog Timers Communication Interfaces HMI

. and Integrity
Timers

*12ch eFlexPWM

*Up to 312ps PWM and PFM
+2x8ch + 1x2ch FlexTimer (PWM)
*Quadrature Encoder
+2 X Programmable Delay Blocks

12ch
eFlexPWM

FlexTimers

Programmable

Delay Block

*Dual watchdog —
Interrupt
Other Timers
*32-bit CRC Low-Power
eInter-Peripheral Crossbar with AOI Timer
.Up tO 56 I/OS Quad Encoder/
*1.71V-3.6V; -40 to 1050C Decoder
Packages First MCU of industrial with DSC peripheral + ARM core.
*48LQFP, 64 LQFP & 100LQFP
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MKV46F256VLL16
MKV46F256VLH16
MKV46F128VLL16
MKV46F128VLH16
MKV44F256VLL16
MKV44F256VLH16
MKV44F128VLL16
MKV44F128VLH16
MKV44F128VLF16*
MKV44F64VLH16
MKV44F64VLF16*
MKV42F256VLL16
MKV42F256VLH16
MKV42F128VLL16
MKV42F128VLH16
MKV42F128VLF16*
MKV42F64VLH16
MKV42F64VLF16*

PUBLIC

100
64
100
64
100
64
100
64
48
64
48
100
64
100
64
48
64
48

256/ 32
256 /32
128/ 24
128/ 24
256/ 32
256 /32
128/ 24
128/ 24
128/ 24
64 /16
64 /16
256/ 32
256/ 32
128/ 24
128/ 24
128/ 24
64 /16
64 /16

KV4x: Family Overview

18ch
13ch
18ch
13ch
18ch
13ch
18ch
13ch
1ich
13ch
1lich
18ch
13ch
18ch
13ch
1lich
13ch
1ich

20ch
16¢ch
20ch
16ch
20ch
16¢ch
20ch
16ch
10ch
16ch
10ch
20ch
16ch
20ch
16ch
10ch
16ch
10ch

1x8ch
1x8ch
1x8ch
1x8ch
1x8ch
1x8ch
1x8ch
1x8ch
1x8ch
1x8ch
1x8ch

1x4ch

1x4ch

1x4ch

1x4ch

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

1x8ch
1x8ch
1x8ch
1x8ch

1x8ch
1x8ch
1x8ch
1x8ch
1x8ch
1x8ch
1x8ch

1x8ch
1x8ch
1x8ch
1x8ch

1x8ch
1x8ch
1x8ch
1x8ch
1x8ch
1x8ch
1x8ch

1x2ch
1x2ch
1x2ch
1x2ch

1x2ch
1x2ch
1x2ch
1x2ch
1x2ch
1x2ch
1x2ch
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KV5 : &l

« 240MHz Cortex-M7

2| R BEMCU

VA W |

Memory System Memories Clocks
512KB/1MB Flash, T
@256hits wide, 128 Bytes cache 240MHz FEgEmn e 556?(%
128/256KB SRAM

Debug /

BOOT Flash External Bus

Communications ('Irz‘lt:;fé"lfse)
Multiple serial ports
3 x FlexCAN,
16KB | Cache
Ethernet
Analog 8KB D Cache
4 x 8ch 12-bit ADC -- 5Msps Sample Time
1 x 16-bit SAR ADC Security Analog Timers Communication Interfaces HMI
1 x12-bit DAC and Integrity
4 x ACMP w/ 6b DAC
. 2x12ch
Timers eFlexPWM - - GPIO
1 x 12ch Nano edge timer 2x8ch
- 312ps PWM and PFM Resolution FlexTimer - -
1 x 12ch eFlexPWM F|2X$f>h
. exlimer
2x8ch + 2x2ch FlexTimer (PWM) -
Quadrature Encoder 2x PDB
. 2 x PDB, Low-Power Timer
Others PIT
- MMCAU & RNG
- 32-bitCRC, MPU QuEs
. . Encoder
« Inter-module Crossbar Switch with AOI

+ 1.71V-3.6V;-40 to 1050C
Packages
+  100LQFP, 144LQFP, 144AMAPBGA
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KV5x: Family Overview

MKV58F1MOVLQ24

MKV58F1MOVLL24

MKV58F1MOVMD24
MKV58F512VLQ24
MKV58F512VLL24

MKV58F512VMD24
MKV56F1MOVLQ24
MKV56F1MOVLL24

MKV56F1MOVMD24
MKV56F512VLQ24
MKV56F512VLL24

MKV56F512VMD24
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144

100

144

144

100

144

144

100

144

144

100

144

LQFP
LQFP
MAPBGA
LQFP
LQFP
MAPBGA
LQFP
LQFP
MAPBGA
LQFP
LQFP

MAPBGA

1024/ 256

1024/ 256

1024/ 256

512/128

512/128

512/128

1024/ 256

1024/ 256

1024/ 256

512/128

512/128

512/128

<

<

z =z Zz Zz2 Z2z Zz < << <

111

74

111

111

74

111

111

74

111

111

74

111

h

P



KV series product overview

Core

160MHz
CMm4

DSP +
FPU

100/120MHz
CM4
DSP + FPU

75MHz
CMO+

H/W DIV &
SQRT

Key Peripherals for Motor and Power Control Applications

Memory

64-256kB
Flash

64-512kB
Flash

16-32kB
Flash

Motor Control Timers

Flextimer

2 x 8ch
1x 2ch
FlexTimer

2 x 8ch
1x 2ch
FlexTimer

2x 8ch
2x 2ch
FlexTimer

1x 6¢h
2x 2ch
FlexTimer

eFlexPWM

2x 12ch
eFlexPWM
+ Nano-
Edge

12ch
eFlexPWM
+ Nano-
Edge

ADC

4 x 12bit
5Msps,
1 x 16bit

2x 12bit
4.1Msps /
1.9Msps

2x 16-bit
1.2Msps

2x 16-bit
1.2Msps

DAC

1x 12-bit

2x 12-bit

2x 12-bit

1x 12-bit

ACMP

4x ACMP
with
6-bit DAC

4x ACMP
with
6-bit DAC

2x ACMP
with
6-bit DAC

2xX ACMP
with
6-bit DAC

Comms.

Ethernet,

3 x CAN

Packages

100 pin 64
pin 48 pin

13 PUBLIC

Scalable performance, timing and analog functionality
based on application need
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PGA: /MESHIKGS
ADCHE (L RS i i N

56800 V3 FHADC, Wik
HAZ T 3005 % FERZIETDRE, W2
— /NI P A
T [ 8ch 12bit ADCA
8ch 12bit ADCB
32kB RAM
CRC

32kB Boot/Data
Flex memory

56800E
V3 Core

100MHz

JTAG/EONnCE

System Integration
Module (SIM)

Interrupt Controller

Crystal Oscillators
(8Mhz & 32.768KHz)

8-ch PWM /W Capture
1 Quad Decoders

PLL

1ch 12bit DAC

OSC 8Mhz / 32KHz

R PWM: SR SR 4 4
1 2R G DR 3 1 RE o

FE RS b, AR U ) 7 A 1A
MR ]

i, $e

AR AL, B A 3R

FRAEPWM: 7] DA% )55 — N Toft

Z OBRRE, B E

TS AR P A L

3ch 6bit DAC
2x PIT (RTC) 3ch ACMP
Inter-Module 2ch PDB
CrossBar 8ch 16bit Quad Timer
2 x QSPI
Voltage Regulator 2% 11C/SMbus
COP 1 x FlexCAN
8ch 12bit ADC /w Tem

I GPIO |

BRAR AT AE IR, A e o3
FEIRT}40%. M3ERTOS Y Hf,

AR LA B AT 3 557 50

DMA Controller

/

DMA SN AL R ES (A it 5
(EEE G AP

) 1oRDACHE AMEI

::::::I%fi%E%ﬁM&%

61ZDACTH LI AL
AR I vE

WAL RS : Rl %, i
Hodiit, RGeS, BE

A LUCYADCHLE DA,

LA A] BL3R B PW M

PDB (r]4mfR iR fiH)
faT ARG B ZE ST 5 5f1), T
JoFECPUT-Fi

BNy EAR, Thee
Wik, @H, IER, i
5, ik, 2Bk, Al

R, HE




NXP DSC Roadmap

AR STEREILAL .
[ C BTN RS
R SRS B

- WA
iR 2 FLAIL A%
KBHBEY A2

ki — ¥ HUPS

»

- ———

| MC56F802x/3x

______________

MC56F801x

32MHz 1
Hi Res PWM, ADC :
1

32MHz
Hi Res PWM, ADC,

e

DAC, ACMP

-

MC56F800x

32MHz

—— - ———

Hi Res PWM, ADC,

. PGA, ACMP

| MC56F803x — 32MHz
il Hi Res PWM, CAN,
| ADC, DAC, ACMP

[ U

4
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MC56F84xxx

56F847xx — 100MHz, 256K Flash
DMA, HS ADC, Hi Res PWM,
XBar, DAC, ACMP, CAN

56845xx — 80MHz, 256K Flash
DMA, HS ADC, Hi Res PWM,
XBar, DAC, ACMP, CAN

56F844xx — 60MHz, 64K Flash
DMA, HS ADC, Hi Res PWM,
XBar, ACMP, CAN

MC56F827xx

50MHz/100MHz, 64K Flash
Hi Res PWM
ADC12, XBar, DAC, ACMP, CAN

MC56F823xx

50MHz, 32K Flash
PWM, ADC12, XBar, ACMP

DSC + ARM

- —

A DSC#E AT+
Tl EDSC#t T

GEIEESES
el B

A 4
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MC56F827xx *

Program Flash

Data RAM

Memory Resource
Protection

56800EX Core
100/50MHz

JTAG/EONCE

Memory
Options

System Integration
Module (SIM)

- (50/100Mhz)

i

PLL

4Ch DMA

Crystal OSC

CRC

8MHz OSC Band-gap Ref

32KHz OSC 2 x 12bit DAC

8-Ch 12bit ADCA

w/ PGA
8-Ch 12bit ADCB
w/ PGA
Inter-module 8-Ch PWM
Cross Bar

4-Ch 16bit Timer

4x Analog Comp

1 x MSCAN

2 X HS SCls

2x SPI

11C/SMbus

32QFN, 32LQFP, 48LQFP & 64LQFP

17 PUBLIC

2.7~3.6V #1E, 5V IOHE
cache & RAM 100MHz iz4T

E I 28 F1SCIAMsEiZ 4T T 100 MHz
& Ell B64KB / 8KB

2 x12ff ADC (¥4 PGA)
800ns % s K

W PRI UE S
JVEIENano#HPWM (312ps)
B 22 A ] P R U ORI BN

%S BRI

W&k cross-bar

2x BWHETIN, HMESET GBS
4 x 164 38 5 T 22 T §e 7 I 2%

2 x 12/ DAC

4 x P ER GFrEMNBEES®)
2 X =i#SCI, 2 x SPI, 1x 12C
BT g AEPLL

Z AN BhR

- SMER AR IRAE RS

- 8MHz/200KHz 7] i N #B k7% o
- 32KHzW#RC K ithiRk% 2
RIS 2 1
TEfig7s THIR AR T

HAh
TR REESEg,. -40C £ 105C @ 50MHz
Y RIEES%%. -40C £ 125C @ 40MHz

NX



MCS56F84XXX (256kB Flash, 100MHz)

56800EX
Up to 100 MHz

Instruction Fast Nested
Shadow Registers Interrupts

32bit Instruction Parallel Instruction

Set Moves
s2b Ig?gfe(tzsﬁ he & eOnCE Interface
Security & .
Integrity Timers

System

eFlexPWM
Deadtime
Input Capture
Fault detect

NanoEdge
Placer

4Ch 16b Timer

2x PITs
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Memories

Clocks

Program Flash
Up to 256KB

SRAM
32KB

FlexMemory
32KB Flash/
2KB EEPROM

Communication
Interfaces

Analog

At

IZ4T @100MHz , B4R B o by iy o7
2.7~-3.6V #:1E, 5V IOFHE
FlexMem R i 176t 77 20 CRAMN AL

2 x1267 ADC (5 PGA)
300ns ¥ ig F
16 x16fL ADC

- BRSNS

12i@EeFlexPWM (312ps) +12ch PWM
R R E R E
R U VRI) 2 00 R 1 B B DD RE
WiBcross-bard] LEBFTA KA, H3Z
FriZ 8 TR (AND/OR/XOR/NOR)
1At DR B oo m DA o 22 42 25
2X @WIETIM, ANEET T EAL
8 x 16471 5m T £ T RE 2 i) 4%
2 x 121ii DAC
4x LB SR (FHEES®)
3 X E#SCI, 3 x SPI, 2x I12C, 1xCAN
EAN K

- AMER AR IRAE IR AT

- 8MHZz/200KHz Wi N #HE 7% 7%
- 32KHzW#RC kiR 28
FEARARAS 2 IE

48LQFP, 64LQFP, 80LQFP, 100LQFP
TR ESZ%. -40C & 105C

NX



WERRIPWM (eFlexPWM)

o DU IRST R ERAN —  p  E

R N o N n EXT SYNC E b_j
> WAPWMHIH + — AN BIPWMEI A [ % EXT_FORCE > > PWMAO,
AN o o 7 323 <+ Sub-Module 0 («EWMBO
. NPW M%i H ) XS A 37 44 i -~ PWMXO0
. R N EEPE =
e 1BHAR FRPWMSE R ri St 35 RIS 5 pavtos| Faun
N NS . — Channel 0 Bt ZZZ1 0= -
o RERAEIN AT LU SR PW M IRV ) 23 , > PWALAL
" E%EIU\EEXULE?H%VE, &ﬂuf/ﬁy\j@jﬁéﬁ E : Sub-Module 1 < EVMBL
FAULT4-7 Fault - PWMXI1
« 1] DL AR A Bl H A PW M- R B[] 2 P Channel 1 [ 444-_*
» BHEBRELEL6, OFEF R ER >
N PWMELITT L B M l, S e,
o CHREPWMETH XU CRIIAAD 522 EE) <t = PWMX2
- SHEPWMH fdouble switch (=4 H37 B 44) g
T DL R R PW MBSt 3 e
- R T SRR E IR B < A
o T S K PW M H B pEs
Yyvyyvvvvy

R VA T N AR N FIE DN
= JHIEFORCE_OUT S35 1 A 45 1| AN AZ # R AIE

N 2E8 AN4429 -- Using Motor Control eFlexPWM (mcPWM) for BLDC Motors
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http://cache.freescale.com/files/microcontrollers/doc/app_note/AN4429.pdf
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d

Quad Timer A3

TMRAO T AE T 1IE A 10 H
®, HFRINEEFALE

TMRALLAETid Fd =X,
5 TMRAO, i i
TMRAO/ LI T E 238 KA
W3 T

TMRA2 LAE 12 8=,
FH A8 I 7 T e 1) PBL 5

TMRA3 LAE 12 8=,
F 42 (R L S AG RS JE

PUBLIC

VAR STl 23

from counter value
Primary
T M R AO OFLAG

.44

Rotor position:

i

fays/128

fsys/1268

Primary
Secondary ] Speed:
(Counter is captured on both edges) from captured counter

Primary

Phase B Set on compare,
— Secondary cleared on secondary T M R A2
(Counter is captured on both edges) input edge

Secondary

Revolutions:
from counter value

values of TMRAD&1.
Counter value of TMRA3
i5 used to improve
accuracy of low speed.

I

Secondary
(Counter is cleared on both edges

TMRA3 w
)

h
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CrossBar — &8 B AH &R

8-ch

Trigger

|

/| PAD 1247
: ADC
|

< PAD

\ 4

zero/high/low X N
< X2
DAC input for test only

Crossbar 7

%w To comparators | 15.hit DAC Output
X3 — < PAD
1 Window /

1 Sample[2:0]

""""""""""" - ™ -

s SYNC_IN 12 'ﬁi

/

Quad Timer s DAC

&4 3L

\ 4

<
<

\ 4

OUT_TRIGO[3,0] 1!

: i g1
OUT_T/RJGl[?; 0]: _ \— SN EETHRE |I

|

|

| |
8-ch ’ I RV DEE :

«— A1l 1 R4, A

mcPWM a0 U RAN :
|

|

|

|

|

|

X8 EXT_SYNC —| PAD

Add 4 more if we EXT_FORCE /0

want all PWMX[N] IE;\(-LI;[%_;O] X8 IMuxingle

A

A

PIT X 2 L, L e e e e e mmmmm e

7 >
SYNC  ouUT[L:0]
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Crossbari] F2t— MC56F84xxx

: AND-OR-INV i . — DMA i3k
! —> [NT
> }{ AND-OR-INV JZ . 0
- AND-OR-INT 28 . —,
> L1V, eFlexPWM
> AND-OR-INV iZ%# . 0, HS-CMP
N,
Crossbar B H |mDer .
16 l . J’—» Q Decoder
4 J’—» I/O pin
® >
8 J’—» ADC
o >
4 —Lk s pDB
® >
10 | i —k» pac
4 l ‘ —L s EwMmsNERE TR
Crossbar A

22 PUBLIC

h
P



DSCHEREXT Lb- ThFE

56F8002 56F82723 56F84789
N 56800e V2 56800ex V3 56800e V3
S ERH 32MHz 50 / 100MHz 100MHz
Flash/ RAM 12K / 2K 32K / 6K 256kB / 32KB
EEPROM i & ¢ (FlexMem) FlexMem 32 / 2kB
PWM 3* system clock = 96M 312ps 7 #i%, 100MHz 312psirHER
2*8ch*12b, 300nS
* * * * ! !
ADC 2*8ch*12b, 2500ns 2*8ch*12b, 800ns 1*16ch*6b, w/ temp
PGA X32 (max) x1, x2, x4 in ADC x1, x2, x4 in ADC
Timer 2*16 timer 4*timer, 1*quad, 2*PIT 2*quad, 1*QEl, 2*PIT
DAC & CMP 3*6b with CMP 2*12b + 3*ACMP 1*12b + 4*ACMP
, 2*1IC, 3*SClI, 3*SPI
* * * * * * 1 1 )
Ez AN 1*1IC, 1*SClI, 1*SPI 1*IIC, 1*SClI, 1*SPI 1 FlexCAN
41.5mA @32MHz 38mA @100MHz 64mA @100MHz
%fég&SV(Run), 25 0.34mA @200KHz 27.6mA @50Mhz 1.8mA @2Mhz
- 0.16mA @32.768KHz 2.8mA @2Mhz 0.57mA @200KHz
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KE#R S

KE18F — ECC, 3xADC, 2xCAN

B KE1XF — 160MHz CM4, ADC, bootROM KE16F — ECC, 3xADC, CAN
B KE1xZ — 72MHz CMO+, TSI, bootROM KE14F — ECC, 3xADC

I KEOxZ —40/48MHz CMO+, EEPROM

: KE18F KE18F ,
KE16F ) KE16F . “ ,I
o amm k : 4
KE14F : KE14F ,
L &

KE15Z TSI
KE14Z —72MHz

_ KE15Z KE15Z ‘ KE15Z KE15Z , M0+
p— KE14Z ! KE14Z KE14Z ‘ KE14Z

“Ebike 5% KEO6Z — 48MHz, CAN MO+
KE0AZ — 48MHz

. KEO2Z — 40Mz, EEPROM
ez | ez

8KB 16KB 32KB 64KB 128KB 256KB 512KB

»
»

2.7-5.5V MCUs with high reliability and robustness M
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Promotion strategy: KE and PA product portfolio

Kinetis E Series:
« 2.7-5.5V, -40 to +105C
* High EMC/ESD

robustness
A KEOB: wi CAN ! ! ! ! * Pin compatible within E-
- W ! ! ! ! series and with 8-bit SO8P
KEO4: wio CAN | | KEO6 | | | KEO6 | | | KEO06 | | | KE06 |
128KB KEO02: 256B EEPROM i KEO4 i KEO4 i KEO4 i KEO4

PA: 128B or 256B EEPROM ' ' ' '

! i [ keos | ! [ keos | ! [ KkEoé | ! [ KEO6 |
> 64KB n 60/64KB range, always | ! ! ! !
’5 promote KE unless : i i i i
= customer wants 8bit ' EAEEZE (B RO ERKECE

T deviee 1 e ) L B AN A0 ol
> 32KB I ! : : :
c | : : : :
7)) : KEO2* | | KE02 i KE02 . | KEO02 |
R e o o o R
T e e | =
______________________________________ J____________J:,____________:F____________,:,_______ Part are not

i ! ! ! Recommended.

8KB | : : : :
KEO4 KEO4 KEO4 | : : : : Pack age
4KB PA4 PA4 | Priority
32LQFP
16TSSOP 20S0IC 24QFN 32QFN* 44LQFP 64LQFP 64QFP 80LQFP

26  PUBLIC
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Kinetis E EMC Performance
Robustness in EFT,PESD and AC Power Relay Tests

Test Conditions
= Microwave Oven Controller board with KEO2

as main control MCU

» Board and System level tests based on
« |EC 61000-4-4(EFT)
+ |IEC 61000-4-2(PESD)
« China Appliance local AC Power Relay test

KEO2 Controller Board

Test Results
» Board level
* |EC 61000-4-4(EFT):+/- 4.4kV*
« |[EC 61000-4-2(PESD): Indirect Contact
Discharge +/- 20kV
» China Appliance local test on AC Power Relay:
6-turns without Reset

» System level
* |EC 61000-4-4(EFT):+/- 4.4kV*
« |EC 61000-4-2(PESD): Contact
Discharge(at the case) +/- 20kV
« |[EC 61000-4-2(PESD): Air Discharge(at the
control panel) +/- 15kV

*Limited by the test equipment max output voltage
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Sul6 - All in One Solution for Motor Control

29

- The low-end Motor Control market is dominated by discrete device solutions

- SU16 - Single chip solution (lower BOM cost, tighter integration)

Controll OPAM Pre-
PMU er P Driver SU16

- Target application

- Drone ESC MOSFET MOSFET
- DC Fan

- BLDC power tool

- BLDC step motor

- Health Care...

PUBLIC
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SU16 — Comparison with Discrete Solutions

Advan tag es How to reduce size?

« Save about 50% PCB size and layer,
Perfect for Size-Limited applications
such as Power tools & Drone ESC

« Competitive BOM cost

- Easy to use and layout, 24QFN

GREAT support with reference solution

<10A Alpha & Omega AO04629
DIODES DMC3021LK4

>10A Alpha & Omega AOD4189
Fairchild NDP6030PL
Alpha & Omega AONG6435
TOSHIBA TPCA8120
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SU16 - BT
IH [ H AR 52 R, 5~18VHLJE, BLDCHLHLN

B

BLDCHE#1
Inside Motor

EREZIR

Cordless Power Tools

FARARAR/ T AW

frig L
Drone ESC

Healthcare
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SU1l6 - One Page

Core / System

- SO08L Core @40MHz

— Interrupt Priority Controller

- Inter Module Connection Module

- Cyclic Redundancy Check (CRC)

- Windowed COP watchdog (WCOP)
Memory

- Up to 16KB Flash

-768B RAM
5V Analog

- 2x 12-bit ADC

- 4.2V Internal Voltage Reference

- 1x ACMP w/ internal 6-bit DAC
High Voltage Gate Drive Unit

- 3x high side PMOS pre-driver

- 3x low side NMOS pre-driver

- 3x phase comparator

- 1x voltage clamp

- 2x current sensing Op-Amp & OCP

- Vsup OVP

32 PUBLIC

Timers

- 1x 6-ch MCPWM @40MHz

- 2x Programmable Delay Block (PDB)

@40MHz

- 1x 16-bit FTM

- 2X 16-bit Pulse Width Timers (PWT)

- 1x 16-bit Module Timer (MTIM)
Communications

- 1x SCI

- 1x 12C/Smbus
Multiple Clock sources

- External Clock Input

- 32Khz Internal RC Oscillator

- 20KHz Internal Low Power OSC
Others

4.5V~18V; -40C~105C

Packages
24QFN

Up to 16KB Flash

FLL (40MHZ)

768B Data RAM

1x MTIM
1x SCI

1x IIC/SMbus

Interrupt Priority

Controller

Inter-module
Connection

CRC

WCOP

System Integration
Module (SIM)

PMC with
’0Khz LPO Cloc

2X PWT

2x PDB
4-Ch 12bit ADCA

4-Ch 12bit ADCB

1x Analog Comp
6-Ch MCPWM

Gate Drive Unit




SU16 Reference Design —

33
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Features:

 Size 75x 32 mm

« 3xA&O P+N MOSFET pair

» Single PWM speed control

* FreeMaster debug & control GUI

Document:

* Source code

« Schematic and Layout
» User Guide

Experimental:

« Condition: emulated wind, tiger KV1100
motor, HobbyWing rotor wing

« Upto 11,000 RPM under 12V supply.

« Comparison with popular HobbyWing
Skywalker 30A ESC

-/

PCB board

RS/

e =
==
x4
Z
£z
3z
25
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SU16 Reference Design —

Sampling
resistor

€01

32 mm

T 220 PV S20
120 v Vv 920

oy g 1 3. i
seu oy qh'ﬁ ) ey ¥
sod L0872 32 '.2‘

j !

1097}
— )

il

e
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6x P+N MOSFET
(AOD4186/4189)

SU16
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Wireless charging 4148

h
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Wireless Power Alliance

Standard

(Consortia) Technology Characteristics

. ® — Frequency: 85-205kHz
Qi . Inductive Coupling — 5W to 2.4kW
(WPC) Resonant Coupling — Communication via load modulation
— Bi-directional
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Wireless Power System Level Overview & Comparison

rezerice (AAWP) System qi@ (Qi, PMA) System

Alliance for Wireless Power

Control

BRE L ). B

@ -
e . |

TX RX | TX | RX
| |A4wWPRezence  |WPCQI.PMA
Communication/Control  Bluetooth In-band ASK

User Experience Freedom of placement  Coil alignment needed

Coll Sizes Customizable Specified

TX: RX connections Upto 8 1:1

Technology Emerging Mature
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Recelver Group Based on Applications

38

PUBLIC

5V/0.1A Applications

- As small as possible

- High integration with Analog
and Charging

5V/1A Applications

- Must have good thermal
performance

- Less thickness

- w or w/o charging controller
for different application

5V/2A Applications

- Must have good thermal
performance

- Less thickness

- w or w/o charging controller
for different application

- 5W compatible

Higher Power Applications

- 3cellsto 5 cells with output
voltage: 12.6v to 21v

- Good thermal performance

- Accept additional charging
controller for battery pack
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Smart Phone Receiver Solutions

Sleeve

« Apple/RIM 3 party accessory
* 35%-> 14%

» Discrete solutions allowed _ :
* Need less thickness & BOM i

o

]
) SAMSUNG

ciling »
o

3| Elldsia=

Mainboard

* LG/Google

* 10% >10%

* Need SoC

* Need less thickness & BOM

)

— Battery Pack

o . Panasonic/Sharp/Xiaomi
)+ 20%~> 15%

* Discrete solutions allowed

* Need less thickness & BOM

39 PUBLIC

Back Cover

« Samsung/Nokia/Moto/HTC/Lenovo
/Philips/Coolpad/ZTE/Huawel

& « 30% = 60%

* Discrete solutions allowed

* Need less thickness & BOM

" Universal Accessory

) « PowerKiss
/* 5% 2>1%

* Need SoC

* Need less thickness & BOM
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Transmitter Types on Market

40

PUBLIC

» Standalone

U 65%-> 20%
U Less BOM
U Lower cost

* Embedded
U 20% - 45%

U High performance
U Less BOM

* Model/Furniture
U 15%—> 35%

U Less BOM

U Lower Cost
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NXP Wireless Power Solutions

Features
A
WCT1x1x WPR1516 Mini Mouse V3 NX1MP15
15W Qi/5W PMA 15W Qi/5W PMA 15W A4WP w/ NFC 15W Qi/SW PMA/22W A4WP
30-15W
Laptops WCT101xA NX1MP15 NX2RMP20
15W Qi/5SW PMA 15W Qi/SW PMA/22W A4WP 25W Prog. Rectifier
NXQI1TXH5 NX1MP15 QN902x NX1A4WP WCT100xA WPR1516
Up to 8W Qi 15W Qi/5W PMA/22W A4WP Integrated Tx/Rx BLE Solution 6W A4WP Solution 5W Qi/5W PMA 15W Qi/SW PMA
10-5 Watt
Phone WCT1xxx NX2A4WP WCT101xA NX1MP15
Tablet 5W Qi Integrated 6W A4WPSolution 15W Qi/SW PMA 15W Qi/SW PMA/22W A4WP
WCT100xA NX1WP10
SW QI'SW PMA 10W A4WPSolution
NXQI1TXL5 NX1MP15 QN902x NX1A4WP NX1MP15
2W Qi 15W Qi/SW PMA/22W A4WP Integrated Tx/Rx BLE Solution 6W A4AWP Solution 15W Qi/5W PMA/22W A4WP
1-3 Watt
Wearable
NX1A4TX5 NX2A4WP
3W A4AWP Integrated 6W A4WPSolution

WPC Qi

[ Transmitter
|:| Receiver

:] Industrial/Auto

A4WP Rezence

Execution

Proposal

PMA

v



WPC QI Everywhere

Samsung, Toyota, Ford, Dell, Ikea, Philips, Panasonic, McDonalds,
Google, LG, Audi, VW, Skoda, AirCharge, PowerSquare, ...

Sony, HTC, Honda, Hyundal,

Motorola, BMW, Mercedes-

Microsoft, Benz, ...

Nokia, ...

D\

A
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NXP Is Key Contributor in WPC

Regular member of Qi Wireless Power Consortium (WPC)

Chair of Specification Working Group in WPC WIRELESS POWER
CONSORTIUM

Co-chair of 60W Working Group in WPC

NXP Qi Solutions are golden units in WPC specification

NXP Qi Solutions are part of certification interoperability test bed

43 PUBLIC
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NXP Wireless Power Solutions Platform

* Reference design
W * Optimized BOM

» Professional Grade Qi certified library
SW » Customizable application / clean API

» Application Expertise

S u p pO I‘t » On-site support up to production

NXP Automotive

- ¢ : « WPC consortium chair Wireless Charging Tx
Cert|f|Cat|On - Available Q) 1.2.2 certified solutions Solutions Platform

- Reduced Time to Market

Customers Benefits: - Reduced Risk
- Reduced Development Cost

44  PUBLIC m



Built in Safety

Foreign Object Detection (FOD)

- Q-Factor — comparison of expected and measured resonance curve (conductive
materials shifts resonance frequency)

- Power loss method — monitoring of unexpected losses in the system

- Surface temperature measurement

Over voltage/current/temperature protection with peripherals
- Comparators connected directly to PWM module

-100% safe even when the core is busy

45 PUBLIC
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Wireless Power Solutions SW

Qi certified library (after spec is ready) with advanced control algorithms (NXP IP)

Fully customizable application + HAL layer

Application FreeMaster

Wireless Charging Library

HAL Communication
NFC 155 CAN Coil Timer ADC DAC Console Qi PMA
SPI Inc CAN PWM Timer ADC DAC SCl
Driver Drv Drv Driver Driver Driver Driver Driver Decoder
Processor

h
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Application Flexibility

- Custom FOD

- Additional application \ n
- Qi disablement/enablement |

- PMA disablement/enablement

— -

R X |
. System/user interfaces definition —

- Proprietary devices enablement
- Proprietary monitoring/protections

- Proprietary messages between Tx and Rx

a7 PUBLIC x



Development Tools

Eclipse based IDE

FreeMASTER GUI = =
- Monitoring
- Tuning
- Calibration

- Debugging

A Al
y
X

20
o
1461 TdsE 1453 1464 1455 1465 1467 14685 1463 1470 147
Tame [Sec]
Sy==-east demrpine gy |
| o L S 1 =3 1 )
el 2 ] i [ i
e weaeTria d 1 [ 4 [ee]
[R——— ] =73
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NXP WPC Qi Compliant Solution Platforms

Power / Application

150 W
Laptop
Power tool

15W
Smart phone
Tablet

5W

Smart phone
Consumer
Wearable

Transmitter Receiver

49  PUBLIC

] Industrial/Auto
[ Transmitter
1 Receiver

Production

Development

Concept




NXP Qi Wireless Power Products on the Market

VW
HYUNDAI
SEAT
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Q7, A4

Accord, Civic, CRV
5 Series, 7 Series
K5 JK, Sportage, K7
Tiguan

Avante, Ecqus
Ateca

Superb, Octavia
GC9

S5

LG

Philips
PowerSquare
Belkin

2@

G3 Phone Tx

S8860 Tx
Tango Dual Tx
Boost Up Tx

Eaoamz "7 belkin
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% signin @ English ~ "= Cart

ALL ~ Q

[ PRODUCTS

Microcontrollers and
Processors

APPLICATIONS SUPPORT ABOUT

NXP > Power Management > Wireless Charging ICs M=

Wireless Charging ICs

Our wireless charging products are industry compliant system solutions supported by the Wireless
Power Consortium (WPC) and the Power Matter Alliance (PMA) standards for both transmitter and
receiver wireless charging applications. These products offer a broad range of choices based on the
needs of the end application. NXP® offers solutions from low power 5-Watt to medium power 15-
Watt for the consumer, industrial, and automotive markets consisting of the transmit/receiver
controller IC, associated software, evaluation boards and reference designs. The software contains
all of the functionality to implement the core charging function, while also providing an API for
customization and adding additional features. The transmitter/receiver |Cs are highly optimized
devices providing the wireless charge controller functionality in the system, as well as additional 10s

Discretes and Logic
Identification and Security
Interface and Connectivity
Media and Audio Processing

I Power Management l

» AC-to-DC Solutions

w Battery Management
» DC-to-DC Solutions
= Energy Measurement ICs

= Engine and DC Maotor

Control and memory for customization.

Lighting Driver and
Controller ICs

= Linear Regulator

Automotive Products
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P O MWCTix1x

Distributor 10K @ US52.90 QFF 64

w Linear Voltage Reguiators [¥] Download XLS  [8 Download PDF 5% Email Link
u PMICs Products/Parts
Budgetary Package Type Transmiter Input  Qutput Power Coil Industry Supply Voltage Ambient Internal Flash
= Power over Ethernet (PoE) 4 Order Price and Termination  Voltage (V) (Typ) (W) (P1dB)  Configuration Specification (Min-Max) (V) Operating GPIOs (KB)
Iudil Count Support Temperatu
= Switching Regulator ﬁuslg';g " 1:;,_.,“} ﬁ;}
Showl/Hide Parameters Change
. : (12 Hidden}) [[]Buy Cirest e [JaFn 32 s s [ Mutii [Jwrc1.1.2 mEEE] []40to &5 54 64
= Wireless Power Receivers — 443 i 54 64
[[] Distributor [JaFnEP 32 12 []1s []single [Jwec 1.2 []+40to 105
= Wireless Power Transmitters
- [y Compare Selected [] Sample e [JarFP &4 []Single and Mutti g B
' WLCSP 38
Sensors 175 O 5 16
Single Chip Modules
12 15 Single and Multi WPC 1.2 3to 36 -40 to B85 34 64
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BLDC Motor Sensorless Drive Solution

53

Brushless DC Motor (BLDC)
KEO2
Motor Control Applications

ooo

Fans
Pumps
E-bike
Power tool
Fitness

ocoooo

Targeted the MKE02Z32 low end 32-bit MO+ based microcontroller
Sensorless 3-phase trapezoidal BLDC motor control with six-step
commutation (60, 120 degree control) with speed and torque
closed-loop control

AD converter for BEMF zero-crossing sensing

Start from any motor position with six pulses initial rotor position
detection algorithm

Rotor position closed-loop startup for more reliable motor startup
preformance

Over-voltage, Under-voltage, Over-current, and Fault protection
KEO2 freedom board

FreeMASTER software control interface and monitor

PUBLIC

(Hy .

oo O OO0

Velocity

Velocity
Desired

Velocity
Threshold |
OLtoRun

Closed Loop
Commutation velocity

Initial position :
Run Ramp AccelerationCL

detection

Position
closed-loop
startup

__________ A

real speed

e i S

time

TWR-MC-LV3PH, available on web
FRDM-KEO2Z, available on web

(Hy N
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PMSM Sensorless FOC Drive Solution

54

0o

oooU

pcoooold oo O

PMSM/BLDCM
KEO2

Fan/Blower
Pump
Industrial drives

Targeted the MKE02Z32 low end 32-bit MO+ based microcontroller for
sensorless FOC entry level

Ultra low cost PMSM sensorless FOC drive solution

Position and speed detection using extended Flux observer and DQ Back-
EMF observer and tracking observer

Low operating speed with extended Flux observer

Very quiet startup with alignment

Optional three-shunt and single-shunt current sensing algorithm
Over-/under-voltage, over-current faults protection

KEO2 HVP daughter card and HVP platform

FreeMASTER software control interface and monitor

PUBLIC

0 HVP-MC3PH, available on web
Q0 HVP-KEO2, less internal boards
O AN5294, available on web
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BLDC Drone ESC Solution

55

BLDCM
S08SU16

(.

DC Fan
Drone ESC
Power Tool

OO0

U

Targeted the high integration MCU (LDO, Pre-driver and Signal
conditioning) with NXP S08 core

Low system BOM cost and small PCB footprint

Sensorless 3-phase trapezoidal BLDC motor control with six-step
commutation

Reliable and fast startup even under free running

Work well with different motors

Play-ready solution for fast time-to-market

Software based solution for maximum design freedom and product
differentiation

Over-voltage, Under-voltage, Over-current, and Fault protection
FreeMASTER software control interface and monitor

o0 O0oodd OO0

PUBLIC

Demo board available, less internal
boards

EVK will be available after launch on
next Mar.

Draft AN ready, will be available after
launch
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Simple Servo Motor Control Solution

- ntrol u
ref ddec Inverse U com SVPWM
> E Park U DC Inverter
A a B » XA \ | pwm
De- d.g > Bus \/ ﬁ
N —

H U, | ripple < >
Pos, et u_ |couple j apl 4 Elimin [ \/\4/

Industrial servo system N o o g aton

- Position - Speed Q-current qdec Current

SeWing machine Control Control Control Sensors_<
Embroidery machine
Knitting machine i, e i, owe

dgq
q a,p

A

ooo0oo

A A

[% Speed/

Can be expended to dual servo motors control on single chip o calodaon
Speed regulation: < 0.05% (from 0% to 100% load under nominal
speed) with encoder and 32-bit speed control algorithm

Speed ratio: 1 : 2000 with position and speed closed loop control —
intelligent PID, the minimal operational speed is up to 0.5RPM
Only low cost Quadrature Encoder (1000 lines) is required, HALL
sensors removed

System dynamic response: 90Hz for speed closed loop, and 30Hz
for position closed loop — PID regulator

Speed acceleration/deceleration: from 1 to 10,000ms (configurable)
Brake function: regenerative braking, stop in one revolution
Bidirectional operation: forward and reverse with speed and torque
limitation

Faults protection such as abnormal speed, over-/under-voltage,
over-current etc.

Communication protocols based on RS485

FreeMASTER software control interface and monitor

MAPS available, limited internal
boards
DRM155, available on web

o0 0O 000 O O O 0o
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Micro-Step Stepper Motor Control Solution

2Phase HBSM Power Stage
2Phase Inverter

D Bus Voltage & Current =0 Ri-K} -k} 9-Phase
Sensing HESH
~KF <k} -k} -] Mator

la ls Vaze

24-48VDC

Power Supply

DiP
Switch

Opto

Algarithm

Isolator

O Stepper

0 MC56F84xxx

O Industrial servo system

O Gimbal system

O Sewing machine

O Two phases four wires stepper motor, expand to multiple motors control

O Motor self-adaptive function, auto motor parameters identification and
control system adjustment

0 Rated peak current selection by switch, the maximum current is up to 8 A

O Speed ratio: 1 : 1000 with position and speed closed loop control

O Current PID regulator

O Micro-step resolution selection by switch, the maximum resolution is up to
25600 steps/rev

0 The maximum speed is up to 3000RPM with loading capability

O Pulse command mode: single pulse plus direction control

O Maximum 1 MHz pulse command input

O Smooth filter function for pulse command, enabled by switch

O Stop with half rated current

0 FreeMASTER software control interface and monitor

57 PUBLIC

MC56F 84442 Control Board

O Stepper drive board, one internal
board
O Draft version AN completed

Puise Timer Module
y |—, nnnnnnnn
y —
| Control TAG Programming!
FreelMASTER
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BPM Sensorless FOC Washing Machine Solution

Three-Phase Control Board

58

U O

(]

(I

a
Q
a

BPM/BLDCM
MC56F8273x

RS232

Interface

Drum washing machine

User <« 3 de

Washer <
algorithm

DSC 56F8013/23

tacho generator signals

_ Vgctor Con_trol

e R 4451 -

NXP Ref. design

Three-Phase BPM drive with sensorless FOC
IEC60730 certified controller

Speed range 200RPM — 18000RPM (motor speed), 20RPM — 1600RPM
(drum speed)

Position and speed detection using extended Flux observer and DQ Back-
EMF observer and tracking observer

Non-recuperative braking and deceleration control

Ultra low speed operation with rated torque, and ultra high speed operation
with advanced field-weakening algorithm

Over-current, over-temperature, over-voltage and under-voltage protection
Serial RS232 control interface
FreeMASTER GUI for easy debugging

PUBLIC

ooo

3-phase voltage signals

HVP-MC3PH, available on web
HVP-56F82748, available on web
Demo is ready on real washing
machine
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VF Refrigerator Compressor Control Solution

59

D-current
] Control
1 = Hy

-0
dref L e
b l: In;r:rr;ve n Ketoora  SUPWM Inverter
@ L
De —Ld,q | — | DCBus | f.’\/‘ O i
. tg| ripple - - i

Ramp u couple

0 PMSM/BLDCM mﬂm%%ﬂlﬁf—% i
0 MC56F82723/MKV10Z232 e oo

a8 1L elimination

qdec

e

edim

iy Park
d.q

j‘i‘ ', 5,
Q VF refrigerator, auto compressor o EE e
U High energy efficiency solution with turn-key firmware
U IEC60730 certified controller
U Sensorless FOC control with speed and current closed-loop control
U Field-weakening control to increase maximum operating speed over
motor rated speed
a Rellqble startup strategy with extended flux observer under full loads NXP Ref. design
and input voltage range
U Operating speed range from 1000rpm to 4800rpm
P 9P J P P _ O HVP-MC3PH, available on web
Q Over-/under-voltage, over-current, over-temperature, over-input O HVP-56F82748/HVP-KV10Z32,
power protection, phase open and lock of rotor detection available on web
U FreeMASTER GUI for easy debugging U Basic function ready on KV10
0 ANS5387, available on web

PUBLIC
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3inl Air-Conditioner Qutdoor Unit Solution

3Ph. Inverter]

(W

PMSM/BLDCM

AC Line

Interleaved | [
PFC T

dcbi —
cous Motor 2

0 MC56F84xxx/MKE14Fxxx

Control

Control Feedback

3Ph. Inverter [ \
MSM
Feedback | Motor 1 ©:1 l_)El |

Fan

Compressor

Control t Feedback
R

Interleaved PFC

W
SensorlessFOC| |Sensorless FOC

O VF air conditioner outdoor Control Motor 1 Motor 2
=3 et ] $ $
NXP Ref. dGSIgn -* Application S/W ‘
MC56F84789
U High performance, low cost all DC VF air-conditioner outdoor unit control system
U Three control objectives (interleaved single-phase PFC converter, fan and compressor) with one MCU
device
Q Input voltage range of 85 — 265VAC/40 — 70H O 3in1 drive board with control
U Single-phase two channels interleaved PFC converter compatible with global mains input, 99.9% power daughter card, less internal
factor, 8% input current THDiI boards
O Sensorless FOC algorithm for both compressor and fan Demo is ready

0o

U Anti-typhoon startup for fan, and on-line load torque compensation control for compressor to reduce
system vibration and noise

U

Reliable startup performance under full load and input voltage range

U

Extreme low/high speed (from 1Hz to 150Hz) performance with extended flux observer

O Over-/under-voltage, over-current, over-temperature, over-input power protection and lock of rotor
detection
O FreeMASTER GUI for easy debugging
60 PUBLIC

DRM152, available on web
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Smart Power Reference Solutions

h
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All 5W Power Transmitter Solution

62

U WCT-5WI1COILTX, available on web
U All design docs available on web
U Got Qi v1.1.2 certification

PUBLIC

Compliant with Wireless Power Consortium (WPC) low power
specifications to support up to 5W power transfer

Integrated digital demodulation
Support any guided positioning single coil low power
transmitter solutions using frequency and duty cycle control

Support both Resonance Shift and Power Loss FOD methods
Dynamic input power limit
Super low standby power consumption

Power transfer efficiency exceeds 75%

Voltage/current/temperature protection

Software based solution with Freescale embedded wireless
charger software libraries to provide maximum design
freedom and product differentiation

FreeMASTER GUI tool to enable customization and
calibration

Got WPC Qi certification with WCT1000CFM
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A28 5W Power Transmitter Solution
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O WCT-5WTXMULTI, available on web
O All design docs available on web
O Got Qi v1.1.2 certification

PUBLIC

Compliant with Wireless Power Consortium (WPC) low power
specifications to support up to 5W power transfer

Integrated digital demodulation

Support any free positioning multiple coils low power transmitter
solutions using frequency and duty cycle control

Support both Resonance Shift and Power Loss FOD methods

Dynamic input power limit
Super low standby power consumption

Power transfer efficiency exceeds 70%

Voltage/current/temperature protection

Software based solution with Freescale embedded wireless
charger software libraries to provide maximum design freedom
and product differentiation

FreeMASTER GUI tool to enable customization and calibration
Support PMA v1.0 specifications

NXP IP in WPC specifications

Got WPC Qi certification with WCT1101CLH
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Al13 5W Automotive Power Transmitter Solution

Compliant with Wireless Power Consortium (WPC) low power
specifications to support up to 5W power transfer

Integrated digital demodulation

Support free positioning multiple coils low power transmitter
solutions using fixed frequency PWM control
Support both Resonance Shift and Power Loss FOD methods

Support key FOB and AM band avoidance
Low standby power consumption
Automotive applications design

Support PMA v1.0 specifications
AEC-Q100 grade 2 certification

Voltage/current/temperature protection

Software based solution with Freescale embedded wireless
charger software libraries to provide maximum design freedom

0O WCT-5WTXAUTO, available on web and product differentiation - -
O All design docs available on web FreeMASTER GUI tool to enable customization and calibration
O Got Qi v1.1.2 certification Got WPC Qi certification with WCT1001AVLH
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MP-A4 15W Power Transmitter Solution
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MWCT1011, 1111

15W single coil power TX

Compliant with Wireless Power Consortium (WPC) latest extended power
profile specifications to support up to 15W power transfer

Support fast charging feature, PMA SR1E v1.0 specification compliant
Integrated digital demodulation

Power transfer efficiency exceed 80%

Support two-way communication, transmitter to receiver by FSK and receiver
to transmitter by ASK

Support topology switch between full-bridge and half-bridge, frequency
control, phase shift control and duty control algorithm

Support quick charging feature

Low standby power consumption

Support MP FOD framework — Q factor and power loss FOD methods
Support any guided positioning single coil extended power transmitter
Voltage/current/temperature protection

Software based solution with Freescale embedded wireless charger software
libraries to provide maximum design freedom and product differentiation
FreeMASTER GUI tool to enable customization and calibration

NXP IP

PUBLIC

0 WCT-15W1COILTX, available on
web

O All design docs available on web

O Got Qi v1.2.2 certification
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MP-A8 15W Power Transmitter Solution
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a MWCT1111

O 15W multi-coil power TX

0 Compliant with Wireless Power Consortium (WPC) latest extended power
profile specifications to support up to 15W power transfer

O Support fast charging feature, PMA SR1E v1.0 specification compliant

O Integrated digital demodulation

O Power transfer efficiency exceed 80%

O Support two-way communication, transmitter to receiver by FSK and receiver
to transmitter by ASK

O Support topology switch between full-bridge and half-bridge, frequency control,
phase shift control and duty control algorithm

O Support quick charging feature

O Low standby power consumption

QO Support MP FOD framework — Q factor and power loss FOD methods

O Support any free positioning multi-coil extended power transmitter

U Voltage/current/temperature protection

QO Software based solution with Freescale embedded wireless charger software
libraries to provide maximum design freedom and product differentiation

0 FreeMASTER GUI tool to enable customization and calibration

O NXPIP

PUBLIC

O WCT-15WTXMULTI, less internal
boards

U All draft design docs are ready

O Qivl1.2.2 certification is ongoing

h -
P



MP-A9 15W Automotive Power Transmitter Solution
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MWCT1011A, 1013A

15W automotive multi-coil power TX

Compliant with Wireless Power Consortium (WPC) latest extended power profile
specifications to support up to 15W power transfer

Support fast charging feature, PMA SR1E v1.0 specification compliant
Integrated digital demodulation

Power transfer efficiency exceed 70%

Support two-way communication, transmitter to receiver by FSK and receiver to
transmitter by ASK

Rail voltage control strategy

Support quick charging feature

Low standby power consumption

Support MP FOD framework — Q factor and power loss FOD methods

Support any free positioning multi-coil extended power transmitter
Voltage/current/temperature protection

Software based solution with Freescale embedded wireless charger software libraries
to provide maximum design freedom and product differentiation

FreeMASTER GUI tool to enable customization and calibration

AEC-Q100 grade 2 certification

NFC, CAN enabled

NXP IP

PUBLIC

O WCT-15WTXAUTO, less internal
boards
U Plan to launch on July, 2017
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MP-A9 15W Automotive Power Transmitter Solution (AUTOSAR)
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MWCT1014S
15W automotive multi-coil power TX
Compliant with Wireless Power Consortium (WPC) latest extended power profile
specifications to support up to 15W power transfer
Support fast charging feature, PMA SR1E v1.0 specification compliant
Integrated digital demodulation
Power transfer efficiency exceed 70%
Support two-way communication, transmitter to receiver by FSK and receiver to
transmitter by ASK
Rail voltage control strategy
Support quick charging feature
Low standby power consumption
Support MP FOD framework — Q factor and power loss FOD methods
Support any free positioning multi-coil extended power transmitter
Voltage/current/temperature protection
Software based solution with Freescale embedded wireless charger software
libraries to provide maximum design freedom and product differentiation
FreeMASTER GUI tool to enable customization and calibration
Auto qualification device, Autosar and function safety enabled
NFC, CAN enabled
NXP IP

BLIC

O WCT-15WTXAUTOS, less internal
boards
O Planto launch in Q1, 2018
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15W Power Recelver Solutions

WPRI1516 Debugging Interface

WPR1500-LDO

USBInput \WPR1 5151 Debugging

Interface

T Coil & Rectifier T Debug Board

WPR1500-BUCK

69 PUBLIC

0 WPR1500-LDO, WPR1500-
BUCK, available on web
U All design docs available on web

Key Features:

Compliant with latest Wireless Power Consortium (WPC) medium power
specifications (Qi V1.2)

Input power (3.5 V ~ 20 Vac peak) from the transmitter via the receiver coil
Output power of I5W (5V @ 3 A)
Power transfer efficiency exceed 90% (RX only)

Support two-way communication, transmitter to receiver by FSK and receiver to
transmitter by ASK

Hardware protection of rectifier voltage, output voltage and output current
Small PCB size (40 mm x 40 mm)

Open source reference solution with Freescale embedded wireless charger
software libraries

USB/adapter power switcher to charge products with wire and wireless with priority
FreeMASTER tool to enable customization and calibration
Supports quick charging feature

NXP IP

Selected as WPC golden MP receiver
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Totem-Pole Bridgeless PFC Converter Solution
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MC56F82748

Digital AC/DC power supply

12V/240W output with universal mains input
Totem-pole bridge-less PFC converter

Modular software and hardware design for
convenient internal reuse and customer evaluation
Flash updating from secondary side

Isolated USB interface for FreeMASTER connection
Isolated SCI communication between primary side
and secondary side.

PF > 0.99@100% load; THDi < 5% @50% load.
Over-current, over-/under-voltage, voltage brown-in,
over-temperature, power limit protection functions

QO Less internal boards
O Demo is ready
J DRM174 available on web
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LLC Resonant Converter with Sync Rectifier Solution
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MC56F82748

Digital AC/DC power supply

12V/240W output with universal mains input
Half-bridge LLC with synchronous rectifier

Modular software and hardware design for
convenient internal reuse and customer evaluation
Flash updating

Isolated USB interface for FreeMASTER connection
Isolated SCI communication between primary side
and secondary side; IIC interface is reserved for
PMBus communication.

120mVp-p output ripple; Overshoot < 5% @0 to 65%
load step; Hold up time 20ms@50% load,
15ms@100% load.

Over-current, over-/under-voltage, voltage brown-in,
over-temperature, power limit protection functions

U Less internal boards
O Demo is ready
O DRM172 available on web
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