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BEERT, BIDCEIMNPHEREAESHEN. ERLPWMATHENT, PHEAREBHIHREEREEPWMIET
AR, FEIFEERBRTARIIE S AR IR BB aIE TR,
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* BEMFEFHENEL
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FRDM-MCXA153 FRDM-MC-LVBLDC 10V-15V
5.5V DC FRDM-MC-LVBLDC parts
Power supply » POWTF [ Polarity 1 Controller card parts
vL ¢ 33V supply protection T
usB | | ; .
MCU-nk (e loxewm] Tuosrer BB o 1AH—7 o
ITAG | Target " predriver EE MOSFET [L] \

MCU

Ui I Amplify
LEDs }e «| v -

El4. RRGIINEE

FRDM-MC-LVBLDC{RE=4EBLDC FreedomF &ixF& IR ABIGIN T B EFITh88. FRDM-MC-LVBLDC
FARFERIEREBABEAIOVDCEISVDC, HirBRIRMFRIFER. B/ ~45.5VDCIHRIEBE/IFRDM MCU1R
HEB, HIHEBARSIASA RMS, EIR ERFEIE, HIIN=18REBIEBE. BEREBEEEFENERELER.
o, BE—NEEFEERES (i, B/R) #=O.

I

4 MCXAIS3ANSFHEMIMGIEE

ARET5FH T MCXAIS3HILA EFEFIIMRIRE |

* MCXA143/153Z&FIMCUH FE TMCX Arm Cortex-M33FERES, 12T SMEEER, T/EEREA96MHz
(MCXAM43TEIEBIA48MHz) |, LIKREBRITIMNR. ERTES. EHAFMEKINFEINRE.

* MCXAISSIRE=A320 R EBRARLERTRR/1TE1EE (CTIMER) , —{eFlexPWM (EIE=NFIER;, 81 F
BERSTRF — U EAMNS SR MR ) | IR—NEREESE (eQDC) LA,

* MCXAI53F—/LPI2C, =/NLPUARTFIF/MPSPI,

+ MCXAI535—M3CESEOFI—USB FSiRF (8816 MERELZRAMBIEMEIRS) .

* MCXAIS3E—"1"4MspsaI12fiZADCFIRMEHILLIRES.

4.1 EHERTRS

ERENEHNAS, ERERRNEREXREE. Bl TRINERGENEERRL. EftENESH:

* IMEHMSS (PWMitEEER) B/RSMOTHERRRERINE. EPWMESH EFGEASEXATE,

* VAR LECEH R TEPWMEIRAFF4RRT A PWMO _SMO _TRIGO. VALSHIPCECS{4RTHEPWMEHARIEIE AL
PWMO_SMO_TRIG], EfIfEPWMELIFFIRII A ADCRIEFRLETR, FEPWMERFERFIEFSERNR
AR EME AT,

* ADCHEIEXREHEHRTTAE, HENADC ISRFHITERIEIAREIZHITIRE.
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4.2 HNRECE

AHIENEBMCXAIS3 EFAATFEIZEHEIIME. TEMCXAIG3 L, BEA3PFiEEeFlexPWMBFARL/SEEPWM,
ADCHTFNERBENAEE. ERBEERNERGLEBE. eFlexPWMIEIZINPUTMUXAEAZADC, —NCTIMER
BT 4R IEIRFHT,

4.2.1 RERIPERERE
RFHIHEMRSR (SCC) EpF RN PEATIEIRAIATEH, AR R R RRRIRT R SRAAT IR

I EBANZHIR A ERRRT SRR RERN S ERER (FIRC) , HIMERE IR EI92MHz, ArmAiZRE
RI R 996MHz, TeFlexPWMERSHEMEIN2MHZEFH T TIE, Eit, B USFIRCIEFZIFERIBRIRATIIRER,
RiE, EREEINDIEFEAmMAZEEE LS, FEEMERRTTEIO2MHz, MNEGHTR. REE(IMR
RI R SE T

AN14258 AR B R R AR R IR, © 2024 NXP B.V. AR,

[Vl ES £51.0/R—2024£3H19H

6/20



BEmESH AN14258

MCXAI153_LHIFE(E REEBLDCHE ]

FIRC fro_hf’ System clock |main_clk
96 MHz source MUX 96 MHz

SCG_RCCR[SCS]

CPU CPU_CLK/SYSTEM_CLK
clock divider 48 MHz -

SYSCON_AHBCLKDIV[DIV]

* eFlexPWM

FIRC fro_hf| System clock [main_clk ! CPU CPU_CLK/SYSTEM_CLK
192 MHz | source MUX [ g5 gy ! "|  clock divider 96 MHz i

SCG_RCCR[SCS] SYSGON_AHBCLKDIV[DIV]

> eFlexPWM

Setp 2. Boot FIRC to 192 MHz, divide system_clk to 96 MHz

E6. MCXAI53E AP ERESE

FI5 T BNz SR FBIMZBIRT HR.
#F1. MCXAI53EHUEFIIMEHIRT TR

MCU_LRYIER B E
Armiz FIRC 96MHz
eFlexPWM FIRC 192MHz
ADC FIRC 48MHz
CTIMER FIRC 96MHz
LPUART SIRC 12MHz

4.2.2 PWMAF) - eFlexPWMO

eFlexPWMAIRTEFSE E192MHz R ZeRT . =N FHERAN S NBERTASIEPWM,

o FREROESNPWMEHAEREEE,

o FHEBIFI2 A FHESROFRENAT £,

o FIEBRIFN209TTEES S FERONEEHEERE.

« FIEROBFEPWMBERARIFF AT A ADC:
- HIHEESITEEIVALARY, FIEREPWMESRAMAIHTRIGO,
- HiItEESTEEIVALSEY, FAEHEPWMERARREIEREHTRIG,

o FIEHRO. FI2RIBEATIBE SRR, KEMNEREIEINRE. EAFERANREEENE—IRPWMEFINE
BY, PWMBIHSEHER.

o THERBEMINITIHERZIVALIFREBARTEIRE TPWMERR (BR) . BRAER T, INIT = -MODULO/2 = -48007(]
VALl = MODULO/2 -1 = 4799, eFlexPWMRTHE192MHz, EILEFE0.00005%> (20kHz) .

o BERSFEXAEREAN. BFPEMI_PWM_DEADTIMEZHE N FEX AT EHSE .,

AN14258 AR B R R AR R IR, © 2024 NXP B.V. AR,

BT £51.04F—202443819H

7/20



BERFES AN14258

MCXAI153_ L& RESBLDCEBHNIEF]

4.2.3 JMEftEEEE] - INPUTMUX
INPUTMUXIEPWMASfA SADCREA I NFIEMBIME BIZE.

« PWMO_SMO_OUT_TRIGO#iHH it & S8iE#EZ=ADC _TRIGO,
« PWMO_SMO_OUT_TRIGIiHfit A& 281%#2Z=ADC _TRIGI,

4.2.4 &R - ADCO

ADCORTFERH =B R B AN EL R B FB R AU -
« ADCORYRTEISRIRF948MHz, THE RFRT A4 3R,

« ADCRASRIRIEHF I AR A T, TIEEI2(.

« INPUTMUX @i eFlexPWMA B it & S5fm & ADC,

4.2.5 12 Fhl4ERE - CTIMERO

CTIMEROAE B IEIRAIT :

* CTIMERORIRHEHR B R ARTEPAI25 4], EILCTIMEROBIRTEHSTER/996MHz,

< IEIRECIRIMEIORS, REITEEMI_SPEED _LOOP_FREQZEHIRE, FF1000Hz,
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RIERiT40Es (TCEHFaR) 160 ZIEREHAGEI. CTIMERILABOOKHZSRZRAIE I TH&Ezl T,

« TERRATIE SR PR SR EIRRAT, #PSiEBNCTIMERINITHENESE. RERBELFEBIIRSHTE T — B4
RYiEl. ANRITEEHMEAZIENE, ST HNESADET, SxSBHrEEEE kST,

4.2.7 FreeMASTERj&(S - LPUARTO

MCUHRSPCZEIfFreeMASTERB(S(FEFARINFEIR AR L 1EIES/R1%XES (LPUARTO) :
« BASFRIRE A115,200bit /s,

- BT IR B A.

- Hig B AEIAE.

5 ETMRE

AETET I BIEETEFIUERE.
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5.2 BRRE
B8R 7 BT FR R .

DAP-Link BE

J-Link B

FRDM-MCXA153  FRDM-MC-LVBLDC

El8. BLDCIREiEIEER

BRI :
* FRDM-MCXAI534%
¢ FRDM-MC-LVBLDC#R

o LINIXEE#N,

» USB Type-CH4j

FHQEERN, BITUTEER:

1. ¥FRDM-MC-LVBLDC shield¥ RH#RiZERZZIFRDM-MCXAIS3RIRER, WNE8F~. MiRY Bk LRIEF5A
FM2VEINIEREES SMCXAREI Ty pe-CiEEEE 5 A —E.

53BN &EREEIFreedom BLDCIIERRHIIBLLIHTF (J7) .

512V DCHEJE (#B1T40W) #@AFreedom BLDCIHERFAIDCHRIEREEE,

FUSBEE G \USBEH i NFRDMIR_ERYIEIH USBIERERR 15,

Mhttps://github.com/nxp-appcodehub/an-mc-bldc-mcxal535afEiER I FEApplication
Code Hub F#2 "an-mc-bldc-mcxal5s3” .

FIFFhRAAETFN.9HIMCUXpresso IDE, #E#FFile > import, UNE 7R,
7. i%¥¥General > Existing Projects into Workspace, #{1E 97,
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o
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BlleN Edit Source  Refactor avigate  Search
New Alt+Shift+N >
Open File...

Open Projects from File System...

Recent Files

Close Editor Ctrl+W
Close All Editors Ctrl+Shift+W

Convert Line Delimiters To

Import...
Export...

Properties Alt+Enter

Switch Workspace
Restart
Exit

Import

from an archive file or directory

Select an import wizard:

v B General

[® Archive File
# Existing Projects into Workspace
. File System
r-3 Import projects(s) from XML description
@ Preferences
9 Projects from Folder or Archive

& Application Code Hub

B C/C++

& Device Configuration Tool

& Git

& Install

& MCUXpresso Config Tools

& Run/Debug

= Team

Cancel

El9. EAIiE
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8. mdiBrowse... bR E FHEHEEEAIA I, WEI0F7R.

Import

Import

O Select root directory: | C:\Document\Nirvana A10\AN_bldc\ansofty
@ Select archive file:

Projects:

B an-mc-bldc-maxal53 (C:\Document\Nirvana A10\AN_bldc\ansoft Select All

Deselect All

Refresh

Options

I Search for nested projects

B Copy projects into workspace

l Close newly imported projects upon completion
M Hide projects that already exist in the workspace

Working sets

Il Add project to working sets

Cancel

ENo. MEFI TS
9. fWiFITHE, WMENFT.
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ansoftware - an-mc-bldc-mexa153/source/main.c - MCUXpresso IDE

B R S T R T N St o e ; Arali Window |
(e BO % C REUDiEin DPHBUIALET PHBID RSN
i 82§  S= &P 4= Build 'Debug for project ‘an-mc-bldc-mexals3'

| ( i = B8 R mainc X B ml_sm_ref solc mc_periph_init.c B freemaster_cfg.h
BESY =% H

v ° (

s W

a3

g = DisableGlobalIRQ();

ceeeRRRD

<

dStimulatorCnt =

ew
' EEEEEERERE R

<

Ml Properti.. |l Problems ® Console X 3 Terminal ®4 Breakp. Py Debugg... ', Offi Variables & Faults § Memory Heapan.. ¥, Periphe Registers a

11+S BEFE-"BR S wue &

Wiritable Smart Insert 100: 29: 3156

- MCUXpresso IDE
Run  RTOS Anal ndow  Helf
Rigili e A i % | . ? L iSS S4RNE

Sanrch

"« BB % 4 Ri¥wimis

PHBIIAILZTT PRBIALD
Y e = - 1 an-mc-bldc-mexal33 LinkServer Debug

2 an-mc-bldc-mexal53.axf

i = main.c m1_sm_ref _sol.c R mc_periph_init.c B freemaster_cfg.h
H =) B 1 Local C/C++ Application Debug As
LS 2 MCUXpresso IDE LinkServer (inc. CMSIS-DAP) probes Debug Configurations...
R 3 PEMicro probes Organize Favorites...
3, 4SEGGER J-Link probes

M Properti.. [l Problems ® Console X 4 Terminal *4 Breakp FY Debugg... T, Offline Variables ' Faults § Memory Heapan.. ', Periphe Registers = 0O

415 EE-"BR P ue w

22 2-4-0-)

| writable | smart insert
En2. {EACMSIS-DAPiRIRNES T3

. EEFHENETHEL XTEFERE. EERERHME, TR TFROMIR EAISW2akRREE Y
FreeMASTERI#bldc frac.pmpx,
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5.3 FreeMASTERE(E

FreeMASTERAJLAEHIEBHUZHIN A, AETIN1AFreeMASTERFEREHIAILA TERIE:
B EBEROFIRE, tiEProject > Options...,

& bldc_fracpmpx - FreeMASTER
File Edit View Explorer Project'Tools Help

e EH@DD -~ [F E Variables...

Project Tree Enumerations...

53l BLDC Sensorless Commands...

..} DC Bus current
{5 DC Bus voltage
k= Speed Select Symbol File...
}# Dc Bus Current (Alignmer,
+# Back-EMF Voltage

Reload Symbol File Ctri=M

Resource Files...

4#8 Dc Bus Current , Options... Cri+T l SpeCify th
k= AllinOne

484 Alignmet [@ + Show me w
4#4 Startup

If you don't wani

E13. {EFreeMASTERHREEE E(SiKO

2. 7EOptions& [, #EF "Comm” IR, FERIUATEML:
« HPortig E/IERAY "COM”
* gspeedizEy "115200"
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Options X

Comm | MAP Files | Pack Dir | HTML Pages | Demo Mode | Views & Bars |
Communication
(¢ RS232: Pot: [COM14 _v| |MCU-Link VCom Port (COM14)
Speed: |115200 L] Timeouts and Retries... I

" Plug-n module: I ;]

nect sting: | =] | Configue... |

[V Save settings to project file I” Save settings to registry, use it as default.

—Communication state on startup and on project load

" Open port at startup
¢ Do not open port at startup
(" Store port state on exit, apply it on startup

™ Store port state to project file when saving, apply upon its load Advanced... |

ok | Cancell |

En4. &iEFE

3. B, wes®,

I3 bldc_fracpmpx - FreeMASTER - u] X
 File Edit View Oscilloscope Project Tools Help

BEHO@ - T RS e Bl [Blae c vk Ee & @ i Tahoma - -[Blru 2@ EE=
=8 BLDC Sensorless m— Actual Speed  wem Speed Minimal s Qequired Speed === Speed Ramp

&

= S

A

Speed [rpm]

44 Alignmet

4 Startup ; ‘(
1000
\ 7
E 1 1 Il Il Il 1 Il Il 1 Il Il Il i 1 il il il 1 Il Il 1

] 30 35 4 50 55
Time [sec]

Spesd

Variable Watch v ax
| Name. | Value | unit | Period [ms] -
Application Switch Run [1] ENUM 500
Application State Run ENUM 100
Run Substate 1 ENUM 100
Required Speed S U = | rpm 100
Actuzl Speed -1000 pm 100
DC-bus Voltage 12.5 v 1000
DC-bus Current 0.05 A 100
Duty Cyck 0.706665 100 =
Demo Mode State oFF ENUM 1000
SysTick Cydes 1030 DEC 100
SysTick Cydes Max 1409 DEC 100 =]

Ready RS232; port=COM14;speed=115200; Scope Running

EN5. fEFreeMASTERHIE(E

5.4 CPUREHINTFERIER
U TERIERTEMBMCUXpresso IDE L OMEEATERRIA, (ALREIRER "Ritt (-03) " .
FAEEBRANFERBRMCPURE. CPUREEIBIISysTickER SR,
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Fz4. ZHRAE

REXE {EAX iAo Ed::[=pagnd
HRFLASH 30,2561 128kb 23.6%
HSARM 546453 24kb 22.8%
#+&5. CPUfRAZE

CPUfagE =1::p Vi) S EsT=patnd
HRE[E R 949 4800 19.8%

6 SFEFH

RIEBLUATH S E R

« MCX A153, Al52, Al43, Al42&%E3Ff (MCXAP64M9BFS3RMIZ1Y)

* MCUXpresso SDK Builder (#: SDK_2.14.2_FRDM-MCXAI53) : MCUXpresso SDK Builder
« MCUXpresso SDK 3tfHPMSMFIBLDCERHAYRLZAERIESH] (FOC) (PMSMFRDMMCXAI5334)

7 XFEXREAHIAYRER

ARG S R FARIZRIBSD- 3-Clause ey
2024 FBETEIRINTE; EREATRAMIERT, TR AR B S R HIERARS

(TieREEIEN) -

1. B RRBORRE DIARER., XEREFILATREERA.

2. AT SIS ERD AR, RS/ ERE D AR Rt R p S H_ DA AERE, XM
MILATREAA.

3. REFXPEIFA, MEERRNIEENERRSSENGR AR TE R TE R,

RHHRINIEENSE5E "RRE" B, FRBEAERSETRRERSE, SFEERRTXHEEME
ERRERMRERRIE. EETERT, TEREMRESHIREIMERRES), e ESS5E YRR
ERTRUHMSHRITEER. K. B2, %% EHtERERERE (BRERRTRUWEEmERS;
(e, UEMRAEFBmIRAEN ST FEBRE, KTEREREGE. MERTERENTH (BERPEHE
fbfRE) &R, BMERFR S A LISRERIAT R EAGISN,

8 {EiJlhsh

FOREE T AERUET B,
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6. (EiTHE

H4ID V2= )l 588

AN14258 v.1.0 202443H19H BIRAF AT
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Definitions

Draft — A draft status on a document indicates that the content is still
under internal review and subject to formal approval, which may result
in modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included in a draft version of a document and shall have no
liability for the consequences of use of such information.

Disclaimers

Limited warranty and liability — Information in this document is believed
to be accurate and reliable. However, NXP Semiconductors does not give
any representations or warranties, expressed or implied, as to the accuracy
or completeness of such information and shall have no liability for the
consequences of use of such information. NXP Semiconductors takes no
responsibility for the content in this document if provided by an information
source outside of NXP Semiconductors.

In no event shall NXP Semiconductors be liable for any indirect, incidental,
punitive, special or consequential damages (including - without limitation -
lost profits, lost savings, business interruption, costs related to the removal
or replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, NXP Semiconductors’ aggregate and cumulative liability
towards customer for the products described herein shall be limited in
accordance with the Terms and conditions of commercial sale of NXP
Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to

make changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or
malfunction of an NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors and its suppliers accept no liability for
inclusion and/or use of NXP Semiconductors products in such equipment or
applications and therefore such inclusion and/or use is at the customer’s own
risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

Customers are responsible for the design and operation of their
applications and products using NXP Semiconductors products, and NXP
Semiconductors accepts no liability for any assistance with applications or
customer product design. It is customer’s sole responsibility to determine
whether the NXP Semiconductors product is suitable and fit for the
customer’s applications and products planned, as well as for the planned
application and use of customer’s third party customer(s). Customers should
provide appropriate design and operating safeguards to minimize the risks
associated with their applications and products.

NXP Semiconductors does not accept any liability related to any default,
damage, costs or problem which is based on any weakness or default

in the customer’s applications or products, or the application or use by
customer’s third party customer(s). Customer is responsible for doing all
necessary testing for the customer’s applications and products using NXP
Semiconductors products in order to avoid a default of the applications
and the products or of the application or use by customer’s third party
customer(s). NXP does not accept any liability in this respect.

AN14258

AR BRI AR R R IR,

Terms and conditions of commercial sale — NXP Semiconductors
products are sold subject to the general terms and conditions of commercial
sale, as published at https://www.nxp.com.cn/profile/terms, unless otherwise
agreed in a valid written individual agreement. In case an individual
agreement is concluded only the terms and conditions of the respective
agreement shall apply. NXP Semiconductors hereby expressly objects to
applying the customer’s general terms and conditions with regard to the
purchase of NXP Semiconductors products by customer.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Suitability for use in non-automotive qualified products — Unless

this document expressly states that this specific NXP Semiconductors
product is automotive qualified, the product is not suitable for automotive
use. It is neither qualified nor tested in accordance with automotive testing
or application requirements. NXP Semiconductors accepts no liability for
inclusion and/or use of non-automotive qualified products in automotive
equipment or applications.

In the event that customer uses the product for design-in and use in
automotive applications to automotive specifications and standards,
customer (a) shall use the product without NXP Semiconductors’ warranty
of the product for such automotive applications, use and specifications, and
(b) whenever customer uses the product for automotive applications beyond
NXP Semiconductors’ specifications such use shall be solely at customer’s
own risk, and (c) customer fully indemnifies NXP Semiconductors for any
liability, damages or failed product claims resulting from customer design and
use of the product for automotive applications beyond NXP Semiconductors’
standard warranty and NXP Semiconductors’ product specifications.

Translations — A non-English (translated) version of a document, including
the legal information in that document, is for reference only. The English
version shall prevail in case of any discrepancy between the translated and
English versions.

Security — Customer understands that all NXP products may be subject to
unidentified vulnerabilities or may support established security standards or
specifications with known limitations. Customer is responsible for the design
and operation of its applications and products throughout their lifecycles

to reduce the effect of these vulnerabilities on customer’s applications

and products. Customer’s responsibility also extends to other open and/or
proprietary technologies supported by NXP products for use in customer’s
applications. NXP accepts no liability for any vulnerability. Customer should
regularly check security updates from NXP and follow up appropriately.
Customer shall select products with security features that best meet rules,
regulations, and standards of the intended application and make the
ultimate design decisions regarding its products and is solely responsible
for compliance with all legal, regulatory, and security related requirements
concerning its products, regardless of any information or support that may be
provided by NXP.

NXP has a Product Security Incident Response Team (PSIRT) (reachable
at PSIRT@nxp.com) that manages the investigation, reporting, and solution
release to security vulnerabilities of NXP products.

NXP B.V.— NXP B.V. is not an operating company and it does not distribute
or sell products.

Trademarks
Notice: All referenced brands, product names, service names, and

trademarks are the property of their respective owners.
NXP — wordmark and logo are trademarks of NXP B.V.
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AMBA, Arm, Arm7, Arm7TDMI, Arm9, Arm11, Artisan, big.LITTLE, MCX — is a trademark of NXP B.V.
Cordio, CoreLink, CoreSight, Cortex, DesignStart, Dynam|Q, Jazelle,

Keil, Mali, Mbed, Mbed Enabled, NEON, POP, RealView, SecurCore,

Socrates, Thumb, TrustZone, ULINK, ULINK2, ULINK-ME, ULINK-

PLUS, ULINKpro, pVision, Versatile — are trademarks and/or registered

trademarks of Arm Limited (or its subsidiaries or affiliates) in the US and/or

elsewhere. The related technology may be protected by any or all of patents,

copyrights, designs and trade secrets. All rights reserved.
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Please be aware that important notices concerning this document and the product(s)
described herein, have been included in section ‘Legal information'.

© 2024 NXP B.V. All rights reserved.

For more information, please visit: https://www.nxp.com.cn
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