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&E
i LaunchPad E/-f1 EVM FIBELLAC E EMfi. W7 EZER |, 152 LaunchPad 41 EVM K1
JEH o

2.2 IPD fEFH FIAMEEC B

HIga A B A I SEA ) ADC LIRS DI R A S AR A R IR TN IR), TR 72 B . ADC H T 1 B e AR 4
FBLH 1PD B AF L L PR AR 2 M AR LT, AT A F FLIAE A o T A 258 FH 4 3R AN ) X A3 S AN [R] ) fok o BT
1], FFEEAT LB LM AL B T &R AT ADC Be B 24 IPD #l4atbiilaliR Y Sysconfig #EATH . SR
i P ade B PRI AT 5 8.3.1 L & T 7R 1 WCOMP &

it
£ IPD Bkt E Py, HAR ISR Wors 2, DUE AR s R AR FF LI ADC afi. IPD #fE5e
B R IR A

2.3 PWM % (5] HIEE B

22 JRoR T PWM i th FIERIN S RIBCE . P AG AN NAS PWM S 5 IX (5 S5 A e m) BT LA i
M FOC bzl TIMA GLEEH LIz HI R PE | Bl R ZEX A AN PWM Hi i Wi B[R] <40ns (1 fR AL
B THCE FOC Mkid 4 1 2 tH 45 -

TIMAO 2 AL HI ek tha 28, RoN'e WE—iFa 231408 (%140 TIMAO_C1 A1 TIMAO_C1N ) H&4HE =} H *b
) PWM &y, {H AT LS FIAEAT TIMAO B8 TIMAT %t X 3534738 i & kAR AL A PWM S i 5 .

* 2-2. PWM #rH 51 i B

MSPMO 5| hhe DRV %#: DRV I

TIMAO_CO TIMAO J#i& 0 %t 51 i INHA A M PWM A
TIMAO_CON TIMAO JE1E 0 F Mt 5] i INLA A FIEM PWM H A
TIMAO_C1 TIMAO J#3H 1 itk 51 INHB B Ml PWM %A
TIMAO_C1N TIMAO JEI& 1 M 5] INLB B HILM PWM #ir A
TIMAO_C2 TIMAO J#i# 2 it 51 INHC C MM PWM fi A\
TIMAO_C2N TIMAO JEi& 2 FH Mt 5] INLC C AHALM PWM Hi A\

2.4 ADC H 5] AL &

=HEERARNK ADC BCE : 3 2-3 A%k 2-5 JEoR T AR ADC BIRRIEGASI IRCE , BARBR T it
FIHI DRV g3t . F245 =4 ADC iy NIEH B R LIK BN 4% s/ CSA HI=/> CSA fith

ADCO A1 ADC1 & AN RIS SRFE AMsps 802y |, F T EAH B A H . ADCO Al ADCA 7E 1E % HEALIEAT
AR R I AR IR, FRAR R B A 2P U A 2R

M CSA it £ ADC # A , Wl H A —MIKIE RC yE¥as (WL ) , PAIERRIF A HE 5 o AR midilg s, AT
BEATIERA ) ADC KA, Wil 2-2 TR .

CSA output
voltage ADC current

1
1
& 2-2. CSA #iH Bk 5
AR PWM JF AR (foym) 10 fEHIIEHANR .. RIE RC I8 %t , AR 1 5 fe.

_ 1
fe = 7mre (1)
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Vidigracs

% 2-3. DRV8316 - LP MSPM0G3507 3¢ H A5 KAL) ADC 5] A B

MSPMO 3| Tt DRV & DRV Ijifg

A0_3 ADCO , i 3 HiA SOA A R LR 4

A0_2 ADCO , it 2 Hi\ SoB B A L SR o

A1_2 ADC1 , il 2 HiA SoB B AT L SR 1

A1_1 ADC1 , jiiE 1 4N soc C R HL TRy

# 2-4. DRV8316 - LP MSPM0G3519 K H [R5 KA ADC KI5 LB
MSPMO 3| i e DRV %3 DRV Ijjfk
A113 ADC1 , jiiti 13 A SOA A R LR 4
A1_14 ADC1 , J#IE 14 A SOB B AH HL A I 4
A0_12 ADCO , J@i¥ 12 i\ SOB B AR FLAL A 4 1
AO_2 ADCO , jlili 2 #i\ soc C s TR
% 2-5. DRV8323 - LP MSPM0G3507 A A4 KK ADC HEK 5 HREE
MSPMO 3| Thee DRV % DRV Ljfg
A1 2 ADC1 |, jiii 2 Hi A SOA A R LA T
A0_3 ADCO , jfili 2 %\ SOB B AT L SR 1
A1 3 ADC1 , jiiti 3 %\ soc C R HL R
# 2-6. DRV8323 - LP MSPM0G3519 4K H M5 KAE [ ADC HLT A5 e B

MSPMO 3| i hRE DRV %3 DRV Zjfg
A1_14 ADC1 , Jiliti 14 fiA SOA A R LR 4
A1_13 ADC1 , 4 13 # A SOB B AH HEL AR DU i
AO0_4 ADCO , i#if 4 fii N SOoC C A HL ARSI 4
BRI NI ADC ECE : DRV8329 - LP. MSPMO0G3507 H () B 43 i 2 IR A I ) ADC 51 I E R T

DRV8329 H i) 1.4 2% HL A i) ADC 5] JiIlid & .

fEHLS)

=7

1T RFE

DLl 5 = *E L -

PASEHL FOC 1217

PG RN, ADCO/ADCA i (RATART — AN T AE B8 PWM ] JT A 7 A AN [ S 458 A 1) £ 9T FEL 7 2
7 E G E A& ADC SR A7 #25"0" R 5L ANAE it 45" 1" R 51 RFE LA I fay e

ZE A FOC i 578 L T A < 54 i as Fe R 1 ADC it B I VR4S B
% 2-7. DRV8329 - LP_MSPMO0G3507 [ 8.4 A% B IR AL Yl i) ADC 5| JBC &

MSPMO 3|

ThkE

DRV &

DRV Tjg&

A1 2

ADC 1, i@i 2 i\

SOX

SR/ S8 2Lk o]

% 2-8. DRV8329 - LP_MSPMO0G3519 [ B/ 2% A I i ADC 3| IR B

MSPMO 5| i Thie DRV &8 DRV Jjgg
A1_14 ADC 1, Ji# 14 A SOX B LR
2.5 ADC HE/ 5 i E
ADC HL R RN 5] JITC & an R R . BT &8z vUA~ ADC H N -
* =/ ADC Hy NIEHE1R B AL R 20/ =M HH & ( VSENAL. VSENB. VSENC )
. ~/\ ADC B NFZERZIRI R VM BHLHEE (VSENVM)
o I 14 P 38— AN L B 43 R 2% R — /N P 1 55 B 8 i PR AR SR, ] 2-3 B RS BHER I RN | A AR AT

HUL L B A #AN S ADC S A (B KR s . AR ISHIE 25 2., 1

2577 6.1.6.

3 2 i B AR T e

#E

I, A A A .

ZHCUCS5A - JANUARY 2025 - REVISED MARCH 2025

TR

English Document: SLAU958
Copyright © 2025 Texas Instruments Incorporated

MSPMO # /4 FOC it

7


https://dev.ti.com/tirex/explore/node?node=A__AH6GFp404CLSuJI.Gz5flA__MSPM0-SDK__a3PaaoK__LATEST
https://www.ti.com.cn
https://www.ti.com.cn/cn/lit/pdf/ZHCUCS5
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCUCS5A&partnum=
https://www.ti.com/lit/pdf/SLAU958

13 TEXAS
INSTRUMENTS

TG E www.ti.com.cn
VM
R1
ADC voltage
R2 l C
& 2-3. ADC 4} E52
* 2-9. 55 FF DRV8316/DRV8329 /DRV8323- LP MSPM0G3507 [¥) ADC AHHL & [ 5| e &
MSPMO 3| il Thie DRV ## DRV Ihfg
A1 6 ADCH , il 6 A VSENA A AR P i
A0_7 ADCO , i#ii# 7 #iA VSENB B R AR F 1
A1 5 ADCH |, i 5 i\ VSENC C AR o P i
% 2-10. ;& F DRV8316/DRV8329/DRV8323 - LP MSPM0G3519 [f] ADC #H i JE [ 5| e 8
MSPMO 3| Tike DRV % DRV Lffg
A0_0 ADCO , i#ii& 0 A VSENA A FHAS I L
AO0_1 ADCO , i#iE 1 A VSENB B ARSI H 1 i
A0 5 ADCO , jfii& 5 i\ VSENC C ARSI FE 6
% 2-11. 75T DRV8316/DRV8329 - MSPM0G3507 ¥] ADC E %04k v 1 5] AE B
MSPMO 5| ThEk DRV %8 DRV IjfE
A1_3 ADC1 , i 3 #i A\ VSEN -Vm T 2% L
% 2-12. 5& T DRV8316/DRV8329 - MSPM0G3519 [f] ADC B ALk BN S| N E
MSPMO 3| B Thek DRV ## DRV Thfg
AO_4 ADCH , @i 3 A VSEN -Vm PR ALk R
% 2-13. 3T DRV8323 - LP MSPM0G3507 (1] ADC EL.ifi i 28 B AR Wi () 5| JaD B
MSPMO 2| ke DRV % DRV Iifg
AQ_2 ADCO , j#i¥ 2 i\ VSEN -Vm PR R
# 2-14. 5EF T DRV8323 - LP- MSPM0G3519 ] ADC B4 28 B A 1 51 Ji B
MSPMO 5| Thek DRV #§ DRV IjRk
AO0_12 ADCO , i 2 A VSEN -Vm LI AL A
2.6 AR 5| MEC B

FELLAK S % B MCU AR RE A rpar i e
HH, RN B RGN, L HLIKEh % 2 WX T R TR R 51 (nFAULT) , et , 7E5REh 48
5 MOSFET it ik GXah ol R AR 5 it iR v

MSPMO MCU wJ DLt % HIAE (R B AR Rl i st N, AT SEBURSE IR AT PR 2 40ns FRMa MO o 3 PO A A BAT B
PRIEIR AR50 GPIO HWT 2R . Wbedin NER A2 rT {8 TIMA ki b FEAR 7 I B T b A B, ) /e i it o
KM PWM. TIMA i A\ 7 ] G045 S b 51 ( Biln TIMA_FLTO ) A4 B s AR i ( 4

COMPO_INO+ ) .
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2.7 GPIO %l ThREH 5] BIAC &
MSPMO 11112 GPIO #irth Dhae vl F T e 22 55 f P 5| Bz ) i FE M LOK B 85 R 2 TRk . LK B 2 T RE 7~ B B

EE

e 51 (ENABLE)MIS FL~F-A 2 HERR B X% 11 (nNSLEEP)
e HL P RO B Bk 31 25 o< T (DRVOFF)

LT R CSA itk (CAL)

e BT Rt 3l (BRAKE)ME HEF- 20 2l (nBRAKE)
Jil 5] (DIR)

#iE
A% GPIO FIRCE S, 152 b LI Sh &% Bl R A 7 157

2.8 SPIEEHSI HEE

SPI R BN S| B B 01T 2.8 P, — LSl LAKE 85 B A5 AT ik () SPI, T e B 4% ) w5 A7 48 AN L OIR 2 7 A7 48
PAREAT 452 Wi SPI 23 785 i — LR il 45

Pic 5 B B X sl v P AL LU i

fii & CSA frthiT N

BT W

AU B 5| A D 0 FEL AT IO 3 B e o
HOCR S AT VR o i T B i R IR 2 oz

HERE T 45

#HIE
IR SPI BREEH%E DRI E KRG BE |, TS LIRS & S 1F 4 2 B 38

* 2-15. SPI E#ZHI5| A E

MSPMO 3l ThRE DRV % DRV Zifig
SPIx_CSy SPIt ik (y=0. 1. 2. 3) nSCS SPI it i #F
SPIx_SCK SPI B4 SCLK SPI
SPIx_POCI SPI A S H 3 2 SDO SPI $ it
SPIx_PICO SPI #h5E4 5 il 28 4 H SDI SPI a4 AN
BT

EHfie SDO ST N HIESI A R 2B T E LRSS |, 155 W BVRKEh 8 2R e Bl R .

2.9 UART @B 515 R &

UART T FiI T i fir & BUREFL . HESE RIRISAL. d5cdn 4 L MCU 5 GUI K3 , JFTHPENEFI T LIN 3@
SR

B/iE
215 DMA 1 LIN #2200 — R, 1 UART 5245 0 ( UARTO_RX. UARTO_TX ) SKEC#E UART #2
.
#E
25 DMA —[FE{E RS, {4 UART 5241 3 ( UART3_RX. UART3_TX) A GUI iB{5 & UART #
M.
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#* 2-16. UART EE:H 5 W E

MSPMO 3] ik
UARTx_RX UART #2ik
UARTx_TX UART %ki%

2.10 PPAGHIR AR B,
¥ MSPMO LaunchPad %% DRV83xx EVM B |, i 3%8 UL T B IR E -

1. B =AEHUHALG TR RS8R (A B A1 C M) » Wi e LR H T IERE RN AL B B O Sk
B S, EKBXS SEREERERRE.

2. @#IH EVM 5 LaunchPad £ {4 JEREC s FH Bk 4k >k 5230 . MSPMO LaunchPad £ /43| DRV83xx EVM [1)#& 1
Rz |, il 2-4 s AR P faEERNFEAEE | B2E 211,

2
WA H GUI @t USB #4238 x [midiE UART k5 MSPMO #(2E471815 | 5 )k il iE UART i
3 UART3_TX Al UART3_RX , & &l 2-5/ & 2-6 7w

3. J Micro-USB 4544 MSPMO LaunchPad £ 44i%4%%] PC.
a. WERFEK PC SHNLALNE , EEEEN LI GND A1 3V3 Mk . WRem TiX—4 |, WLZE
AR DRV83xx EVM #iz ( WiZR vl H ) #&4 3V3.

4. PRMEFTEHRBERIE (VM) EREI L. AXREABIETER , 25k E T i M - 5 s DRV R e £k
I

usB

Motor phase Motor supply
connections connections

3.3V

6x PWM

SPI (opt.)

DRVOFF, nSLEEP
3x CSA

®
| VSENA/B/C/VM

UART

nFAULT
GND

& 2-4. MSPMO LaunchPad ZE/4:#1 DRV83xx EVM 4 Hic B
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& 2-6. LP-MSPM0G3519 % |a)i& & #%#:3] UARTO

&iE
n S g AR E A UARTR S HEREER AT B, 357 CCS TR SYSCONFIG 3Lt Hhfic B AH M ) UART
SER 5]
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3 BHFRE

MSPMO MCU [{38 ] FOC AL il ZE~ Bi1F 5 MSPMO-SDK [ —#84> #2144t , 7 {#i i} Code Composer Studio
IDE #EAT Pl .

7 3-1 j&/r T Tl Resource Explorer (13l H FOC il SZRF 15 AF A1 SR

R 3-1. FOC #1332 7
&M Foc g™ RG] GUI
EH FOC M e/ i FOC 715 MSPMOG i fi§ FOC GUI

(1) GFFENLE. P RE . R ES.

4 GUI &

AP AT BLE S MSPMO JEf FOC GUI FYEENL , 1) HARiH MSPMO MCU KiZEar4 , UME 8475 UART
(WEZTHIIzN IS

GUI @H5—4 USB ¥ UART 4mfiRidgs |, ZgmMALes vl /E R FEHE UART 4 K i%EF) MSPMO LaunchPad B,
N ELFE AT AC B UART 247 ds et At =X, B T8 UART s 3 N i AL i s A LI il a2

* 4-1. GUI &k
B B0 B
GUI £ H#r MSPMO MCU UART UART3_TX. UART3_RX

FEEEh GUI , iE% 3] MSPMO i@ 1] FOC GUI T .
4.1 FiTm ORcE
R4 PC iy S8 HORBCE Hf AT 1, AR e B N 115200,

B 4-1. F Tk AT 4 O BB HE IR
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Serial Port Configuration
1D: usb
Port: COM4 (Texas Instruments Incorporated) w
Baud Rate: 115200 (recommended) -
(* REFRESH CANCEL
P
& 4-2. 8474 O E
4.2 GUI =1
PRI T B GUI = 0TS 21 25 i R AT 4 e B &
43 RGHLE
FH P AT DL R G G B 01V B AL EVM RS U FE AN &
K 4-3. i TRF RSB RE
14 MSPMO #/f] FOC itk ZHCUCS5A - JANUARY 2025 - REVISED MARCH 2025
FERRIRF

English Document: SLAU958
Copyright © 2025 Texas Instruments Incorporated


https://www.ti.com.cn
https://www.ti.com.cn/cn/lit/pdf/ZHCUCS5
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCUCS5A&partnum=
https://www.ti.com/lit/pdf/SLAU958

13 TEXAS
INSTRUMENTS
www.ti.com.cn GUI &

4.4 TR

B A WL DU 6L AR R S AL AT B T A AT LR IR S B RC E . A A A W U B 2SR &
] DA X SR B AT R A%

+3 MSPMO UNIVERSAL FOC‘ File  Options

k) e 8
B 4-4. PR Fras RS VLI AL T
4.5 AR T HE
H P DL B a4, FEAE s O A 45 LIRS A e A &
& 4-5. PR AL VR PR T TH 3 IR
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4.6 ICEXRTH
UL AL & ¥R 7 & A P Fe e (0 |, X R m i ae T BB RIS R RIS F & BB
%3 MSPMO UNIVERSAL FOC ‘ File  Optons  Help

a & Vs a

System Configuration Motor Tuning Register Map Collateral
Configure system parameters G Motor Parame iew Low level registers read

B 4-6. I TR 5 BRI ) IE TR

4.7 MBAMRFFHAELRE

— BERO 4 E EALSE R T PTRRRIAAL , TTUAGRAFRIRIE B LA BUR R S5 . RS b, STk sy e
— “ORAFFFAFAR T IETT , KEHCE DRAT B F 8.

&l 4-7. {RIFHC B 5 A48 HIE 0
FIRE , ZEMEZ AT ORI R IRIC B | 9 A e I “SCF” — “Inaiarfras” i B e 2w A7 as S ] v
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&l 4-8. R as i B B IR

5 AU

AAE AN R — H = ARG, BRI P RN A A AR . TR A AR R AR R A A R B E L
RIS S W DRSS R AN B B S H 24

A LLIE T =07 AT FOC 2 A7 4 RS2 4161 .
1. IR BARE , KL 2N CCS MFREXE M |, 41 & 5-1 TR,

&l 5-1. CCS AKX F AN EHIFMRESFHEHMHRER
2. %M UART_COMUNICATION_GUIDE /i8] |, i@t UART HUE NS ¥
3. A A FOC GUI il A1 1 i A5 &

PR &5 U 1 A7 as DL LS IR B S5 R R A2 &
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5.1 GUI 1 ({55 F A U T TH

bt arfrds A BT UE T GUI T ECE . &l 5-2 VEAULH] T8 FOC N Al vh 3 B r i I wI G B 95 A7 2%
¥ GUI Histil gy ek s , A a7 ds T i) Read AR, RIVAT S BRI 2 A2 24

3 MSPMO UNIVERSAL FOC ‘ File

" Register Map test

s
2

Search registers by name

/" |JJ> RAM_SPEED_CTRLT

> RAM_ALGO_DEBUG_1_T
> RAM_ALGO_DEBUG_2_T
> RAM_ALGO_DEBUG_3_T
> RAM_DAC_CNTRL.T
> SYSTEM_PARAMETERS_T
> USER_INPUT_ISDCFG_T
> USER_INPUT_MTR_STARTUP1_T
> USER_INPUT_MTR_STARTUP2_T
> USER_INPUT_CLOSE_LOOP1_T
> USER_INPUT_GLOSE_LOOP2_T
> USER_INPUT_FIELD_CTRL T
> USER_INPUT_FAULT_CFG1_T
> USER_INPUT_FAULT_CFG2_T
> USER_INPUT_MISC_ALGO_T
> USER_INPUT_PIN_CFG_T
> USER INPUT_PERI.CFG1_T
> USER_FAULT_TYPES
> MOTOR_STATE_TYPES_T
> QUTPUT_DQT
> OUTPUTS_CURRENT_PI_T
> OUTPUTS_PLT
> OUTPUTS_PLT
> OUTPUTS_PLT
> QUTPUTS_PLT
> IPD_IDENTIFIED_SECTOR T
> estimatedSpeed
> doBusVoltage
it

> controllerFaultStatus
> APP_VERSION_T

Options  Help

Register Name.

Address —  Value —

100ms Delay ~

() searchBTelds  Fiold View

o

QO rmedie

Bits -

313029 28272625242322212019181716151413121110 9 8 7 6 5 4 3 2 1 0

& 5-2. GUI H )& F72s B af T
5.2 f Pzt & 7a% ( F4k = 0x20200400h )

M EfFF AL —HHN TR EZH, T e sl .

] DAFE AR AR Hh T 4 5122 & pUserCtriRegs 122X 577 f7 32l . 5] 5-3 JoR T 1E CSS Rik & Hh &

NIL DR Gl R o2 e

&l 5-3. CCS BB A B P 1| A7 4%
R 5-1. Fi A AR

iy | ETEESA

FERLH

D

Oh SPEED_CTRL

BT AR A7 4%

W 5.2.1

4h ALGO_DEBUG_CTRLA1

Bk 1 WA

1 5.22

8h ALGO_DEBUG_CTRL2

S 2 A 1rdR

4 5.23

Ch ALGO_DEBUG_CTRL3

S 3 ARG

W 5.2.4

10h DAC_CTRL

DAC [ & Rl i) 25 17 2%

9 5.2.5
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AT

SR Y7 1] AL 20 3 2 % PTG /N RO RAR BRIk 5-2 TR .
R 5-2. FAFRECE VI IR

WARR R EE

AT

R R B

HARH

w W [5A
R

-n | B e

5.2.1 E/FFHIFFEE ( h#E = Oh ) [E1/ = 00000000h]
% 5-3 fER 7 DATE R M LI B 1) B AT s
% 5-3. SPEED_CTRL HF 8Bt H

A FB Bl g |
31-15 |RESERVED R Oh R
14-0 SPEED_CTRL w 0000000000 | F b5 1 AL /1 A {2
00000b |5k f& BHLAR fir 4 HO B 43 HL x 32768

5.2.2 Z)X R EER 1 & fray ( #i# = 4h ) [K 17 = 00000000h]
R 5-4 JER T T A A R U A A
xR 5-4. FIERER 1 FAERFBUH

fir | FB& KA B | U
31 |CLEAR_FAULT w Ob | F LA I 15 B 4% B A AR 3R B 3% b oz . 1 2% F B B4
1h = iGRR MR 4
30-22 | FORCED_ALIGN_ANGLE W 000000 | 7 51 %t 54k 25 (FORCE_ALIGN_EN = 1) 391l F 1 9 frfl
000b (LL° NRAL) o RIFIRIATE (°) = FORCED_ALIGN_ANGLE %
360°
21-16 |RESERVED R Oh
15 |CLOSED_LOOP_DIS w 0b | T2 5 IR
Oh = J& A IR
1h = ZSFIAIER | ZEFFRRh AT LML )
14  |FORCE_ALIGN_EN w Ob | BN IR A AE
Oh = ZEFHRHIM TR | WA MTR_STARTUP 34 %t 5%
BT, B4R X TR A
1h = 5 H#REI SR, EH MTR_STARTUP i #yif 5 5
BT, A SRR FRRAS
13 |FORCE_SLOW_FIRST_C w Ob | Sl 15 & A i e
YCLE_EN Oh = 2L FIS& i Mo i IEPRRAS | W HLK MTR_STARTUP 348y
1SRN | A0SR HAR I R IIR A
1h = 5 ARANEH T IEORE |, S MTR_STARTUP &4y
G | BFRARFARH T IRIRRE
12 |FORCE_IPD_EN w Ob | 5&ifi IPD fifie
Oh = 25 {58 IPD R% , W% MTR_STARTUP i£4% IPD
BB H IPD RS
1h = 5 HaE] IPD R | w4 MTR_STARTUP %4 IPD |
B RER IPD RS
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R 5-4. BB RREH 1 FE8FBHE (&)
LA FE& e il g |
11 FORCE_ISD_EN w Ob |5l ISD 1
Oh = ZEFH3a%] ISD IRZS , W WE T ISD_EN , S4F£8H 1SD
1h = 3 F3EH) 1ISD KA , W E T ISD_EN |, B2 {74 I1SD
10 FORCE_ALIGN_ANGLE_SRC_SEL w 0b o I 55 £ R R A TR R
Oh = /1 ALIGN_ANGLE 5 SCH0 5 #1555 /1 B
1h = f§ FORCED_ALIGN_ANGLE 5& S F3 il %o 3 1 /&
90 |{H¥ R ob |f%g

5.2.3 E0X R 2 Arfray ( #i# = 8h ) [K /7 = 00000000h]
% 5-5 JEIR T FH T F i BRI o B B A7 A
* 5-5. FE AN 2 AR FBULH

fir FEB R g |HH
31-30 |RESERVED R Oh o]
29 UPDATE_SYS_ w 1h £ 200ms FEFEH— KRGS, GII0E AR 1 Pl UL
PARAMETERS TR I IRAT P TR B RE
0b = DB RGHEH
1b = JH IS RGHEH
28 UPDATE_CONFIGS R 0b AL P SR B R R A . AR E R LR
BeRES | iZAAE 200ms B4 —K. N T iR i B e SRR
FH AR DAE ST BT R AL AL B 5 % B iZAL I E S IR E AL | S-
JEFAHEE WA
27 STATUS_UPDATE_ENAB W 0b WAL T POIRZS A8 8 1) S 4R SR TR
LE
26 CURRENT_LOOP_DIS w 0b FIT-##| FORCE_VD_CURRENT_LOOP_DIS #I
FORCE_VQ_CURRENT_LOOP_DIS. % CURRENT_LOOP_DIS
=1b , D] ELIAT B R TR R AR A 2
Oh = J& F LI A
1h = 25 LA %
25-16 |FORCE_VD_CURRENT_ | W-IQ(9) Oh FEAE P AL PR BRI S BE PR BRI LA 1Q(9) PU W Vd_ref. i
LOOP_DIS CURRENT_LOOP_DIS = 1b , Jilf
FORCE_VD_CURRENT_LOOP_DIS ##i| Vd , i
FORCE_VD_CURRENT_LOOP_DIS <500 , ] Vd_ref =
(FORCE_VD_CURRENT_LOOP_DIS / 500) , i
FORCE_VD_CURRENT_LOOP_DIS > 512 , Il] Vd_ref =
(FORCE_VD_CURRENT_LOOP_DIS - 512)/500. Bt} : 0 &
500 LI K 512 % 1000
15-6 FORCE_VQ_CURRENT_ | W-1Q(9) Oh TEZE FH oL R R 0 R S5 R I LA 1Q(9) PU L V_ref. nif
LOOP_DIS CURRENT_LOOP_DIS = 1b , |4
FORCE_VQ_CURRENT_LOOP_DIS ##/ Vq , 4
FORCE_VQ_CURRENT_LOOP_DIS < 500 , 1] Vq_ref =
(FORCE_VQ_CURRENT_LOOP_DIS/500) , 4
FORCE_VQ_CURRENT_LOOP_DIS > 512, fl] Vq_ref =
(FORCE_VQ_CURRENT_LOOP_DIS - 512) / 500. H&{E* : 0 &
500 LI % 512 % 1000
5-0 RESERVED R Oh ]
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R
5.2.4 LB 3 & ir4AE ( i = Ch )[R = 00000000h]
% 5-6 g~ T TEHIEE R 3 MBI 7.
R 5-6. HILERIER 3 FAAa ZB LA
AE D= S| Shr |8
31-10 |RESERVED R Oh
90 |FLUX_MODE_REF W-IQ9) | Oh | mipsi byt D HRGER | L 1Q(9) PU & & I1d_ref
1E Id ##) :
(FLUX_MODE_REF/511) , 4 FLUX_MODE_REF < 512
B 1d Fl
-(FLUX_MODE_REF - 512) / 511 ( #1# FLUX_MODE_REF >
512) . BHRUE NN 0 = 511 LA 512 & 1000

5.2.5 DAC FlE & #7#% ( #hi#e = 10h ) [K {7 = 00000000h]

DAC #5128 E L THMNEE |, FH T4 H MSPMOG F424L11) 12 7 DAC {fE/Rik 2% b W5 e S A4 25
s . M DAC M5k m Ve R | 53 1H% 5-7.

# 5-7. DAC L B 5175

TE FH Ehr A
DAC_EN TA SR (RW) Oh Oh = %%/ DAC
1h = J3H DAC
DAC_SHIFT FEEETL (RW) Oh +ve {HIB e EMEF] 12 AL DAC F 742/l
HIENL R ALEL
-ve (HI5 K ENERE 12 {2 DAC HER2
HI A A4
DAC FA4r Fl T 4% To A5 5 B Bl o7 75 0%
DAC_SCALING_FACTOR BH(RW) 0x00000000h X UL 1Q # R oR %Y, @ik DAC #H T

B, HEMHIEFLAE T AT EESR
1Q(27) #%4 & , 1/ _1Q(1.0) 1 DAC L4l
HF

RN HAR 1Qx #30B& |, 1% DAC L
% BN 1IQx/IQGIlobal.

DACOUT_ADDRESS TR 51T (RW) 0x00000000h SE XELHIE DAC #4710 32 AR & i 32
et Sk .
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5.3 F P\ S 1758 ( #4k = 0x20200000h )
PN — AR E T AA 4y |, NS eI 6 D Re Se iy PR A0 ML RE |, FRAER 2R 75 PR B A A0 5

RAFAEINAT H

N R 45 f iR 4 pUserlnputRegs. & CCS Rk \E O S — KRI85

&l 5-4. CCS KA THRA AT FS

* 5-8. HH P HING A5

W | EFERESE e 2 o

Oh  |SYSTEM_PARAMETERS REBH 47 5.3.1
3Ch ISD_CFG 0 A I 17 5.3.2
40h  |[MOTOR_STARTUP1 HALEE) 1 E ¥ 5.3.3
44h  |MOTOR_STARTUP2 HALEE) 2 B E 1 5.3.4
48h CLOSELOOP1 M Loop1 L& 47 5.3.5
4Ch |CLOSELOOP2 FH Loop2 fit & 1 5.3.6
50h FLIED_CTRL TG HIE 47 5.3.7
54h  |FAULT_CONFIG1 b E 1 45 5.3.8
58h  |FAULT_CONFIG2 W E 2 ¥ 5.3.9
5Ch |MISC_ALGO_CONFIG B 4 5.3.10
60h  |PIN_CONFIGURATION 51 i B 4 5.3.11
64h  |PERI_CONFIG AL 1 5.3.12

IR U7 1] ST 20 3 2 % PTG /N B RAR B TA% , W03R 5-9 TR .

R 5-9. T EY iR

WR%E R |5

WK

R R X

SAKHE

w w E2N

FRRB A

-n | EE e
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AR

5.3.1 SYSTEM_PARAMETERS ( ### =0h )
HIFLAZ I R DR 6 75 (1 — AR RGN B S 4.
& 5-10. HYLE AR B &3 (Wi = 0h)

pr FB RA g |[UE
31-0 MTR_RESISTANCE R/IW 0000h | LAZZRR A B (i B AL Eb L
£ 5-11. LR E (W =4h)
A FB &zt XA Tt
31-0 MTR_INDUCTANCE R/W 0000h DIGCE SR LS . X T AR FAL (Lg + Ld)/2
£ 5-12. BHHLMIRACE (W8 = 8h )
A FB &zt XA Tt
31-0 MTR_SALIENCY R/W 0.0 () | LA s EERs LI M AR (Lo-Ld)/(Lg+Ld).
% 5-13. il BEMF E¥(EE ( {mt =Ch)
A FB &zt XA Tt B
31-0 MTR_BEMF_CONSTANT R/W 0000h AL BEMF &% , #4725 mV/Hz x 10.
% 5-14. EiRE KA E (W =10h)
A FB ezt XA Tt B
31-0 VOLTAGE_BASE R/W 0.0 (7)) |HLEEHR B B R T 57 #2350 7 MAX_DC_VOLTAGE/sqrt(3) H i
IR P R R RT AE HR
* 5-15. ERHIRACE (Mg =14h)
A FB &zt XA Tt
31-0  |CURRENT_BASE RIW 0.0 (VA ) |[iZHBH OIS R CSA H251H5/5H ( 1.65V - ADC s il
JE/CSA H35 , S yiRi%et ) | o aes.
1.65V & ADC - X FL Ay I F) 258 vp i r
0.4125 /& DRV8329 [ mFs H &
S CSA BRE UL VIV R, 03T LA LUK Ay B o7 ) FhL e i 0 vl L
{1, LMRIZ N BRI CSA 1824
* 5-16. BYIBEKXHEERE (fF# =18h)
A FB& &z XA iEd
31-0  |MOTOR_MAX_SPEED RIW 0.0 (VA ) |Humarh L Hz s (T ri L s
% 5-17. BB KI R E (R =1Ch)
A FB& &z XA ViEd
31-0  |MOTOR_MAX_POWER RW 0.0 (¥4 ) B bl Hz A msie Lo
* 5-18. BB B (fRE = 20h )
A FB& &z XA L]
31-0  |SPEED_POWER_LOOP_ RW 0.0 (1A ) | LA Ay 3HEAT PRIFR IR 3 42 1)/ D 2R B0 e 42 L T L4916 25
KP
# 5-19. HEFBHRTHE (W =24h)
pr FB Bz g2 |[UE
31-0 SPEED_POWER_LOOP_ R/W 0.0 (VA1) | LA 7 3CHEAT PRI B 2 )/ Th 2R 0 R 42 1) O AR 20 1 2
Kl
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R 5-20. HAEI R L FIE 2R (W8 = 28h )
A 413 Eyi: HhL L]
31-0 CURR_LOOP_KP R/W 0.0 (a5 ) | LAV s 5 3RI2EAT PRBR AT 42 4] (0 EL A7) 34 2
* 5-21. HEH R (W =2Ch)
A 413 Eyi: HhL L]
31-0 CURR_LOOP_KI R/W 0.0 (FA) | LAV A7 ST PR PR AR 32 i AR 40 388 25
F 5-22. FHREIEHI S ELFIE2E (/RS = 30h)
A 413 Eyi: HhL L]
310  |FLUX_WEAK_KI RIW | 0.0 () | LAV A AHEAT 85 Rl i ) Eo 91 84 2
X 5-23. SRS (R = 34h)
A 413 Eyi:| HhL L]
31-0 FLUX_WEAK_KP R/W 0.0 (s ) | LT sy QAT SR 1 ) RO AR 43384 2
% 5-24. ESMO Wil # g shfakid 2 ( /mH = 38h )
A 413 Eyic HhL L]
31-0 KSLIDE R/W 0.0 (VF45) |ESMO {588 )18 23 25

5.3.2 ISD_CONFIG #7#7#% ( #i# = 3Ch ) [Z 1/ = 00000000h]
7 5-25 fWoR T T BC BT AR E A (0 27 A7 5%
% 5-25. ISD_CONFIG % 174%

Br

FB

R

Rhi

L

31-30

TRE

R

00b

TRE

29

ISD_EN

R/W

Ob

ISD 5 H
Oh = ZEH]
1th =5 H

28

BRAKE_EN

R/W

Ob

B RE
Oh = ZEH]
1h=JaH

27

HIZ_EN

R/W

Ob

ERIETAES
Oh = 41
1h = i

26

RVS_DR_EN

R/wW

Ob

S [ SR i g
Oh = 28/
1th =3 H

25

RESYNC_EN

R/W

Ob

A ERFRL
Oh = Z&/1]

1h = M
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S

% 5-25. 1SD_CONFIG #FF% (%)

fir FB

KA e | Ui

24-21  |FW_DRV_RESYN_THR

R/W Oh 5 BB 3 [ /N BERME (5 MAX_SPEED I 43 )

0h =5%
1h=10%
2h =15%
3h =20%
4h = 25%
5h = 30%
6h = 35%
7h =40%
8h =45%
9h = 50%
Ah =55%
Bh =60%
Ch =70%
Dh = 80%
Eh =90%
Fh =100%

20 BRK_CONFIG

R/wW Ob il
Oh = i B 18] Fl it B ) SR
1h = I3l B ERME T 1 B B R S

16-19 BRK_TIME

RIW 0b B 1]
Oh = 10ms
1h = 50ms
2h = 100ms
3h =200ms
4h = 300ms
5h = 400ms
6h = 500ms
7h =750ms
8h=1s

9h =2s

Ah = 3s

Bh =4s
Ch=5s

Dh =7.5s
Eh =10s
Fh =15s
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% 5-25. 1SD_CONFIG #FF% (%)

fir FB

KA e | Ui

15-12 HIZ_TIME

RIW Ob e RELAS I )
Oh = 10ms
1h = 50ms
2h = 100ms
3h =200ms
4h = 300ms
5h = 400ms
6h = 500ms
7h =750ms
8h=1s

9h =2s

Ah =3s

Bh =4s
Ch=5s

Dh =7.5s
Eh =10s
Fh =15s

11-9 STAT_DETECT_THR

R/W 000b FA TR L2 5 1R BEMF B4R
Oh = 50mV

1h = 75mV

2h = 100mV

3h = 250mV

4h = 500mV

5h = 750mV

6h = 1000mV

7h = 1500mV

0-9 TRE

R Ob TrE
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S

5.3.3 MOTOR_STARTUP1 & 7% ( hi# = 40h ) [E{ = 00000000h]

#* 5-26 B/~ T HTECE BLE 3D

WHE 1 AR,
% 5-26. MOTOR_STARTUP1 & fEse Bt UiBH

fr FB

KA e |8

31-30 MTR_STARTUP_OPTION

R/W 00b HALJE Bh 757
Oh = X3

1h = XA 5
2h =1PD

3h = 183 HEH

29-26  |ALIGN_SLOW_RAMP_

RATE

R/W Oh XEFE Ml AT IR A T R
Oh =0.1A/s
1h=1A/s

2h =5A/s

3h =10A/s
4h = 15A/s
5h = 25A/s
6h = 50A/s
7h = 100A/s
8h = 150A/s
9h = 200A/s
Ah = 250A/s
Bh = 500A/s
Ch = 1000A/s
Dh = 2000A/s
Eh = 5000A/s

Fh = EFR1E Als

25-22 ALIGN_TIME

R/W Oh b 55 (1]
Oh = 10ms
1h = 50ms
2h =100ms
3h =200ms
4h = 300ms
5h = 400ms
6h = 500ms
7h = 750ms
8h =1s

9h =1.5s
Ah =2s

Bh = 3s
Ch=4s

Dh = 5s

Eh =7.5s
Fh =10s
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%% 5-26. MOTOR_STARTUP1 H/F84Bilil (42)

i

FB

KA e

L]

21-17

ALIGN_OR_SLOW._
CURRENT_ILIMIT

R/W 00h

X TG A A B ] (5 CURRENT_BASE T/t )
Oh =7.5%
1h =8.0%
2h =8.5%
3h =9.0%
4h =9.5%
5h =10%
6h =11%
7h =12%
8h =13%
9h =14%
Ah =15%
Bh =16%
Ch=17%
Dh =18%
Eh =20%
Fh =22.5%
10h = 25%
11h =27.5%
12h = 30%
13h = 35%
14h = 40%
15h = 45%
16h = 50%
17h = 55%
18h = 60%
19h =70%
1Ah =75%
1Bh = 80%
1Ch = 85%
1Dh = 90%
1Eh = 95%
1Fh = 100%

16-14

IPD_CLK_FREQ

R/W 000b

IPD i i
Oh = 50Hz

1h =100Hz
2h = 250Hz
3h = 500Hz
4h = 1000Hz
5h = 2000Hz
6h = 5000Hz
7h = 10000Hz

13-7

IPD_CURR_THR

R/W Oh

IPD iR #| x CURRENT_BASE /27 ff) 7 fiifti

TRE

(3

5-4

IPD_ADV_ANGLE

R/W 00b

IPD #8715
Oh=0°

1h = 30°

2h = 60°

3h =90°
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AR

%% 5-26. MOTOR_STARTUP1 H/F84Bilil (42)

i

FB

KA

e

L]

3-2

IPD_REPEAT

R/W

00b

IPD 44T 3
Oh=1&

1h =F¥ 2 &
2h = P15 3 Ik
3h="F¥ 4 X

OL_ILIMIT_CONFIG

R/W

Ob

TFEA e R A e
Oh = H1 OL_ILIMIT 5 SIFIJF3F B R B
1h = H ILIMIT 5 SCRIJT IR LR B

TRE

R

Ob

TRE

5.3.4 MOTOR_STARTUP2 #77#% ( #i#s = 44h ) [K /i = 00000000h]
# 527 R T H TR EBHUE SR E 2 KI5 7as.
% 5-27. MOTOR_STARTUP2 #7587 B

Br

TB

RE

LA

BiH

31-27

OL_ILIMIT

R/wW

Oh

FEER RS (A CURRENT_BASE I H 40t )
0h=7.5%
1h=8.0%
2h =8.5%
3h =9.0%
4h =9.5%
5h =10%
6h=11%
7h =12%
8h =13%
9h = 14%
Ah =15%
Bh =16%
Ch=17%
Dh =18%
Eh =20%
Fh =22.5%
10h = 25%
11h =27.5%
12h = 30%
13h = 35%
14h = 40%
15h = 45%
16h = 50%
17h = 55%
18h = 60%
19h =70%
1Ah =75%
1Bh = 80%
1Ch = 85%
1Dh = 90%
1Eh = 95%
1Fh = 100%
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%% 5-27. MOTOR_STARTUP2 H/F84 Bl (42)

fir FB

KA e | Ui

26-23 |OL_ACC_A1

R/W Oh FEH NI S5 A1
Oh = 0.01Hz/s
1h = 0.05Hz/s
2h = 1Hz/s

3h = 2.5Hz/s
4h = 5Hz/s

5h = 10Hz/s

6h = 25Hz/s

7h = 50Hz/s

8h = 75Hz/s

9h = 100Hz/s
Ah = 250Hz/s
Bh = 500Hz/s
Ch = 750Hz/s
Dh = 1000Hz/s
Eh = 5000Hz/s
Fh = 10000Hz/s

22-19 |OL_ACC_A2

R/W Oh FFERINIE R4 A2
Oh = 0.0Hz/s2
1h = 0.05Hz/s2
2h = 1Hz/s2

3h = 2.5Hz/s2
4h = 5Hz/s2

5h = 10Hz/s2

6h = 25Hz/s2

7h = 50Hz/s2

8h = 75Hz/s2

9h = 100Hz/s2
Ah = 250Hz/s2
Bh = 500Hz/s2
Ch = 750Hz/s2
Dh = 1000Hz/s2
Eh = 5000Hz/s2
Fh = 10000Hz/s2

18 RESERVED

R Oh 3

30
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13 TEXAS
INSTRUMENTS

www.ti.com.cn

IR

%% 5-27. MOTOR_STARTUP2 H/F84 Bl (42)

i

FB

KA

e | Ui

17-13

OPN_CL_HANDOFF_
THR

R/W

Oh TEA B S Y B AE (1 MAX_SPEED M E4rLL )
Oh=1%
1h=2%
2h=3%
3h=4%

4h =5%

5h =6%
6h=7%
7h=8%
8h=9%

9h =10%
Ah =11%
Bh =12%
Ch=13%
Dh =14%
Eh =15%
Fh=16%
10h =17%
11h =18%
12h =19%
13h =20%
14h = 22.5%
15h = 25%
16h = 27.5%
17h = 30%
18h = 32.5%
19h = 35%
1Ah = 37.5%
1Bh =40%
1Ch =42.5%
1Dh = 45%
1Eh = 47.5%
1Fh = 50%
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%% 5-27. MOTOR_STARTUP2 H/F84 Bl (42)

AL

FB

KA

e

L]

12-8

ALIGN_ANGLE

R/W

Oh

X5 A B
Oh =0°

1h = 10°
2h = 20°
3h =30°
4h = 45°
5h = 60°
6h = 70°
7h = 80°
8h = 90°
oh = 110°
Ah = 120°
Bh = 135°
Ch = 150°
Dh = 160°
Eh =170°
Fh = 180°
10h = 190°
11h = 210°
12h = 225°
13h = 240°
14h = 250°
15h = 260°
16h = 270°
17h = 280°
18h = 290°
19h = 315°
1Ah = 330°
1Bh = 340°
1Ch = 350°
1Dh = A&
1Eh = i
1Fh = A& M

7-4

SLOW_FIRST_CYC_

FREQ

R/W

Oh

MR JE B e TEH I (5 MAX_SPEED KHE 43 EE )
0h=1%
1h=2%
2h=3%
3h =5%
4h =7.5%
5h =10%
6h =12.5%
7h =15%
8h =17.5%
9h =20%
Ah = 25%
Bh =30%
Ch =35%
Dh =40%
Eh =45%
Fh =50%

FIRST_CYCLE_FREQ_

SEL

R/W

Oh

TFERA TS 55 . USRI IPD 5 S 151 i a4
Oh = 1 SLOW_FIRST_CYC_FREQ & X
1h =0Hz
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13 TEXAS
INSTRUMENTS
www.ti.com.cn AR

#* 5-27. MOTOR_STARTUP2 H {78 B Ui (42)
A FB& il =i YiE
2-0 THETA_ERROR_RAMP_ R/W Oh FTRMESER 0 5IFE 0 28§ ZEH T 2
RATE 0h =0.01°/ms
1h = 0.05°/ms
2h =0.1°/ms
3h =0.15°/ms
4h = 0.2°/ms
5h = 0.5°/ms
6h = 1°/ms
7h =2°/ms

5.3.5 CLOSED_LOOP1 #7## ( hi# = 48h ) [E1/ = 00000000h]
% 5-28 R T HTHCE MR E 1 5725
% 5-28. CLOSED_LOOP1 &fFa¢FBtii il

e FB RE e |68
31-30 |RESERVED RW Oh {7
29-28  |CONTROL_MODE RIW Oh FOC F¥fIE T

Oh = PHM & 12 1
1h = HIFRZh R
2h = PIASE R
3h = R .

27 |HIGH_FREQ_FOC_EN RIW Ob |5/ R FOC SRAF . RRES A , o FI T HALMES [0 CPU #4
HEAE.

Oh = =4l FOC J2 H ( #% X FOC #ii% 16KHz )
1h = @il FOC 8] ( H K FOC #i#% 8KHz )
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% 5-28. CLOSED_LOOP1 Ff 8B (&)

i

FB

KA e | Ui

26-22

ILIMIT

R/W Oh
FIETSMEL )
Oh =7.5%
1h =8.0%
2h =8.5%
3h =9.0%
4h = 9.5%
5h =10%
6h=11%
7Th=12%
8h =13%
9h = 14%
Ah = 15%
Bh =16%
Ch=17%
Dh =18%
Eh =20%
Fh =22.5%
10h = 25%
11h = 27.5%
12h = 30%
13h =35%
14h = 40%
15h = 45%
16h = 50%
17h = 55%
18h = 60%
19h =70%
1Ah =75%
1Bh = 80%
1Ch = 85%
1Dh = 90%
1Eh = 95%
1Fh = 100%

PHFR ARG 2R P A 2 FEE 42 1) ) BB A1) (5 CURRENT_BASE

21-20

MTR_STOP

R/W 00b RALE 1 92
Oh = FifAZ
1h = EFMEHE
2h = iz}

3h = £

19

OVERMODULATION_
ENABLE

RIW 0b bRl Llkidsa
Oh = Z& /{13 i 1

1h = 3 L i)
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13 TEXAS
INSTRUMENTS

www.ti.com.cn IR

% 5-28. CLOSED_LOOP1 FHERTFEUH (4)

ZA PR il Hhr | H8
18-14 CL_ACC R/W Oh FHER In#
Oh = 0.5Hz/s
1h = 1Hz/s
2h = 2.5Hz/s
3h =5Hz/s
4h = 7.5Hz/s
5h = 10Hz/s
6h = 20Hz/s
7h = 40Hz/s
8h = 60Hz/s
9h = 80Hz/s
Ah = 100Hz/s
Bh = 200Hz/s
Ch = 300Hz/s
Dh = 400Hz/s
Eh = 500Hz/s
Fh = 600Hz/s
10h = 700Hz/s
11h = 800Hz/s
12h = 900Hz/s
13h = 1000Hz/s
14h = 2000Hz/s
15h = 4000Hz/s
16h = 6000Hz/s
17h = 8000Hz/s
18h = 10000Hz/s
19h = 20000Hz/s
1Ah = 30000Hz/s
1Bh = 40000Hz/s
1Ch = 50000Hz/s
1Dh = 60000Hz/s
1Eh = 70000Hz/s
1Fh = IR
13 CL_DEC_CONFIG RIW Oh PR Rk o i
Oh = H1 CL_DEC & LI FI BRIk
1h = {1 CL_ACC & SUI¥ ¥
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13 TEXAS
INSTRUMENTS
A IE A www.ti.com.cn
% 5-28. CLOSED_LOOP1 Ff 8B (&)
LA FE& KA =LA tBH
12-8 CL_DEC R/W Oh PR RGE . 1024 AVS #i25H H CL_DEC_CONFIG ##% &~ “0”

B, Az AR
Oh = 0.5Hz/s

1h = 1Hz/s

2h = 2.5Hz/s

3h = 5Hz/s

4h = 7.5Hz/s

5h = 10Hz/s

6h = 20Hz/s

7h = 40Hz/s

8h = 60Hz/s

9h = 80Hz/s

Ah = 100Hz/s

Bh = 200Hz/s

Ch = 300Hz/s

Dh = 400Hz/s

Eh = 500Hz/s

Fh = 600Hz/s
10h = 700Hz/s
11h = 800Hz/s
12h = 900Hz/s
13h = 1000Hz/s
14h = 2000Hz/s
15h = 4000Hz/s
16h = 6000Hz/s
17h = 8000Hz/s
18h = 10000Hz/s
19h = 20000Hz/s
1Ah = 30000Hz/s
1Bh = 40000Hz/s
1Ch = 50000Hz/s
1Dh = 60000Hz/s
1Eh = 70000Hz/s

1Fh = LA

7-8 PWM_FREQ_OUT

R/W oh il PWM JT 4514
Oh = 5kHz
1h = 10kHz
2h = 16kHz
3h = 20kHz
4h = 25kHz
5h = 32kHz
6h = 40kHz
7h = 48kHz
8h = 50kHz
9h = 64kHz
Ah = 80kHz
Bh = i@ [
Ch =&
Dh = K&
Eh = Ri& ]
Fh = A&
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13 TEXAS
INSTRUMENTS

www.ti.com.cn

AR

% 5-28. CLOSED_LOOP1 Ff 8B (&)

A 413 Eyi: HhL L]
14 PWM_MODE RIW Ob PWM il
Oh = 347 1) % & A ]
1h = AN 2245 (8] o B R il
3 AVS_EN RIW 0b AVS 2
Oh = 2xH
1th=J5H
2 RESERVED R ob e
1 SPEED_LOOP_DIS RIW ob o P 3k B
Oh =g H
1h =£:H

5.3.6 CLOSED_LOOP2 ###% ( #hi# = 4Ch ) [R1/ = 00000000h]

% 5-29 Jon T TICE MR E 2 (A A7 4% .

% 5-29. CLOSED LOOP2 #7782 B Ui BH

fir

FB

KA

Hhr

]

31-28

ACT_SPIN_THR

R/W

Oh

F BN FEEFEZBE (& MAX_SPEED 15 7t )

Oh = 100%
1h = 90%
2h =80%
3h =70%
4h = 60%
5h =50%
6h =45%
7h =40%
8h =35%
9h = 30%
Ah =25%
Bh =20%
Ch=15%
Dh =10%
Eh =5%
Fh=2.5%

27-24.

BRAKE_SPEED_
THRESHOLD

R/W

Oh

BRAKE 5| JIAT B ALA5 138 330 (A 3«
B (1 MAX_SPEED [T 4r 1 )

Oh = 100%
1h =90%
2h =80%
3h =70%
4h = 60%
5h = 50%
6h = 45%
7h = 40%
8h = 35%
9h = 30%
Ah = 25%
Bh =20%
Ch=15%
Dh =10%
Eh =5%
Fh=2.5%

e I3 st 5 13 ) /Y
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2 5-29. CLOSED_LOOP2 Hf 8B (&)

i

FB

KA

e

L]

23-19

BRK_CURR_THR

R/W

Oh

il 2 IR BRAE (5 CURRENT_BASE M4t )
Oh =7.5%
1h =8.0%
2h =8.5%
3h=9.0%
4h =9.5%
5h =10%
6h =11%
7h =12%
8h =13%
9h =14%
Ah =15%
Bh =16%
Ch=17%
Dh =18%
Eh =20%
Fh =22.5%
10h = 25%
11h =27.5%
12h = 30%
13h = 35%
14h = 40%
15h = 45%
16h = 50%
17h = 55%
18h = 60%
19h =70%
1Ah =75%
1Bh = 80%
1Ch = 85%
1Dh = 90%
1Eh = 95%
1Fh = 100%

18-14

LEAD_ANGLE

R/W

Oh

5 B R 3 A 20T TN R H A (DAL )
0-15=1"*fif§
15-31=2*(firfi-15) + 15

13-0

RESERVED

R/W

Oh

TRE
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13 TEXAS
INSTRUMENTS

www.ti.com.cn

AR

5.3.7 FIELD_CTRL #7#% ( #i# = 50h ) [£1 = 00000000h]

% 5-30 B T T B REIE 7 5 B R A7 2

% 5-30. FIELD_CTRL &8 A1

fr FB KA

e

L]

31-7 3 R

Oh

TRE

6 MTPA_EN R/W

Ob

JA A P 2 R B O HAE P ] (MTPA)
Oh = Z5/1] MTPA
1h = J5H MTPA

5-4 FLUX_WEAK_REF R/wW

00b

7E SRR T BRIV I Bk
Oh =70%
1h = 80%
2h = 90%
3h =95%

3-1 FLUX_WEAK_CURR_ RIW
RATIO

000b

S AL HE B ORE (BLILIMIT B BERor )
Oh = fUAFAEEIAFR

1h =80%

2h =70%

3h =60%

4h = 50%

5h =40%

6h = 30%

7h =20%

0 FLUX_WEAK_EN R/wW

Ob

Je 2R ] 55 Bz ] (MTPA)
Oh = ZE ] g5
1h = Ja 551

5.3.8 FAULT_CONFIG1 & ## ( ### = 54h ) [K 1/ = 00000000h]

#* 5-31 Jon T TRCE MR E 1 A 74% .

% 5-31. FAULT_CONFIG1 Zf£28 Bt i B

hir TR KA

Hhr

]

31-6 RESERVED R/W

Oh

TRE

5-2 LCK_RETRY R/W

Oh

B o 0 2 X )
Oh = 100ms
1h = 500ms
2h=1s
3h=2s

4h = 3s

5h =4s

6h = 5s

7h =6s
8h=7s

9h = 8s

Ah =9s

Bh = 10s
Ch=11s
Dh=12s
Eh =13s
Fh =14s
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13 TEXAS

INSTRUMENTS
FAEREST www.ti.com.cn
%% 5-31. FAULT_CONFIG1 78Rl (&)
LA FE& KA =LA tBH
1-0 MTR_LCK_MODE R/W 00b LA E R

Oh = BHLEUE Il 3 AR ; nFAULT H2L ;
1h = #FE7E LCK_RETRY B [a])5 H 31iERR

2h = HHLEUE TR .

3h = ZE ] LB Ao

5.3.9 FAULT_CONFIG2 ### ( #i# = 58h ) [K 1/ = 00000000h]
*5-32 JRoR THTECBE MR E 2 M7 f74.

% 5-32. FAULT_CONFIG2 &£ 28 B85

fr

FB

KA

Hhr

L]

31-27

RESERVED

R/W

Oh

TRE

26

LOCK1_EN

R/W

Ob

BUE 1 RREAEfERE
Oh = 251
1h =i H

25

LOCK2_EN

R/W

Ob

B 2 1 5% BEMF fitfe
Oh = 474
1h = i

24

LOCK3_EN

R/wW

Ob

Bk 3 1 T pLIERE
Oh = 471
1h = i

23-21

LOCK_ABN_SPEED

R/W

000b

FEEESUERE (5 MAX_SPEED IUE4TLL )
Oh = 130%
1h =140%
2h = 150%
3h =160%
4h =170%
5h = 180%
6h = 190%
7h =200%

20-18

ABNORMAL_BEMF_THR

R/W

000b

S BEMF U8 BIME ( ft% BEMF w.r.t Vde B E 70 E , RTZI{E

W, ik 5 H BEMF i )
0h=1%

1h=2%

2h=3%

3h =5%

4h = 8%

5h =10%

6h =12%

7h =15%
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IR

%% 5-32. FAULT_CONFIG2 78 Bii (&)

i

FB

KA

e

L]

17-13

NO_MTR_THR

R/W

00000b

THHLHGRE (5 CURRENT_BASE M E4rLL )

Oh =7.5%
1h =8.0%
2h =8.5%
3h=9.0%
4h =9.5%
5h =10%
6h =11%
7h =12%
8h =13%
9h =14%
Ah =15%
Bh =16%
Ch=17%
Dh =18%
Eh =20%
Fh =22.5%
10h = 25%
11h =27.5%
12h = 30%
13h = 35%
14h = 40%
15h = 45%
16h = 50%
17h = 55%
18h = 60%
19h =70%
1Ah =75%
1Bh = 80%
1Ch = 85%
1Dh = 90%
1Eh = 95%
1Fh = 100%

12-8

RESERVED

R/W

Oh

TRE

7-5

MIN_VM_MOTOR

R/W

000b

BAT ML BN (4 BASE_VOLTAGE 45 LE )

Oh = FERAH
1h=5%
2h=10%
3h=12%
4h = 15%
5h =18%
6h =20%
7h =25%

MIN_VM_MODE

R/wW

Ob

YN Y
Oh = KL 417

1h = QR H R T FHE T E 2 K

» W SR
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13 TEXAS
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%% 5-32. FAULT_CONFIG2 FER Rt (42)
R FB KA g |
3-1 MAX_VM_MOTOR R/W 000b AT AR B ORHE (5 BASE_VOLTAGE HIH 4t )
0Oh =60%
1h = 65%
2h =70%
3h=75%
4h = 80%
5h = 85%
6h = 90%
7h = kHUE
0 MAX_VM_MODE R/W Ob o s il o A 2
Oh = it FE§i77
1h = R IEL TR 2, 0 E ShiEk

5.3.10 MISC_ALGO #77# ( #h## = 5Ch ) [&17 = 00000000h]
% 5-33 J&on T T 2 PR IR A B 35 A7 3% o

# 5-33. MISC_ALGO F7aBt it B

Az FB& &z E-X A iE
31-22 RESERVED R/W Oh {558
21-20 IPD_MAX_OVERFLOW R/W 00b 16 LI 25 LL 80MHz 3247 , TEIAE IPD I i 2 B H B oK B
0b =5 R%ith (4ms)
1b = 10 Kkt (8ms)
10b = 20 K th (16ms)
11b = 40 K H (32ms)
19-16 CL_SLOW_ACC R/W Oh il B35 1 R 52 A0 5 I ) PRI sk
Oh = 0.1Hz/s
1h = 1Hz/s
2h = 2Hz/s
3h = 3Hz/s
4h = 5Hz/s
5h = 10Hz/s
6h = 20Hz/s
7h = 30Hz/s
8h = 40Hz/s
9h = 50Hz/s
Ah = 100Hz/s
Bh = 200Hz/s
Ch = 500Hz/s
Dh = 750Hz/s
Eh = 1000Hz/s
Fh = 2000Hz/s
15-14 RESERVED R Ob RE
13-12 ISD_STOP_TIME R/W 00b 75 B ELAL L5 1k PR R B )
Oh=1ms
1h =5ms
2h = 50ms
3h =100ms
11-10 ISD_RUN_TIME R/W 00b 75 B FLLIE FEAZ AT IR RR LA (i)
Oh=1ms
1h =5ms
2h = 50ms
3h =100ms
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AR

% 5-33. MISC_ALGO H7E8 7B (48)

A FB il XA Pl
9-5 RESERVED R Ob {584
4-3 BRAKE_CURRENT_ R/W 00b )31 34 1] R A T AL P e 48 i)
PERSIST Oh = 50ms
1h =100ms
2h = 250ms
3h =500ms
2-0 RESERVED R Ob {RER

5.3.11 PIN_CONFIG #7#7#% ( #hi# =60h ) [E 1y = 00000000h]

%% 5-34 J&or T TR EREAE 5| BN A5 A7 5%

% 5-34. PIN_CONFIG %1727 B8

fr FB KA

LA

L

31-20 RESERVED R/W

Oh

TRE

19 VDC_FILT_DIS R/W

Ob

Vdc JEB# A
Oh=/EH

1h = 4%

18-3 RESERVED R/W

Oh

3]

2 BRAKE_PIN_MODE R/wW

Ob

il 3h 51 s =X
Oh = {41 3h
1h = %5550

1-0 BRAKE_INPUT R/W

00b

305 1 i

Oh = fE£F 5| JEIH] 2)

1h = 4 BRAKE_PIN_MODE 7 % 5| JF 1 Zh/%f 5
2h = a5, AHshis 5

3h = tELE 5] I 2)
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5.3.12 PERI_CONFIG #7#§ ( #i# = 64h ) [£1 = 00000000h]
% 5-35 s T H T ECE AN AE 7

% 5-35. PERI_CONFIG1 & fr8s B8

™

FB

KA

e

L]

31-15

RESERVED

R

Oh

TRE

14-9

MCU_DEAD_TIME

R/W

Oh

DN ATHEG O - 5 2 18 /82 F 9 5E [X B} 1] = 50ns x MCU_DEAD_TIME

8-4

BUS_CURRENT_LIMIT

R/W

00000b

REHMRAE (5 CURRENT_BASE HE L )
0h=7.5%
1h=8.0%
2h =8.5%
3h =9.0%
4h =9.5%
5h =10%
6h=11%
7h =12%
8h =13%
9h = 14%
Ah =15%
Bh = 16%
Ch=17%
Dh =18%
Eh =20%
Fh =22.5%
10h = 25%
11h =27.5%
12h = 30%
13h = 35%
14h = 40%
15h = 45%
16h = 50%
17h = 55%
18h = 60%
19h =70%
1Ah =75%
1Bh = 80%
1Ch = 85%
1Dh = 90%
1Eh = 95%
1Fh = 100%

BUS_CURRENT_LIMIT_

ENABLE

R/W

Ob

P R A e
Oh = 2%

1h = 5

2-1

DIR_INPUT

R/W

00b

DIR 5l i

Oh = 451 i DIR

1h = @i e £ e % OUTA-OUTB-OUTC i DIR 51
2h = i@ W e OUTA-OUTC-OUTB 7 i DIR 51l
3h = fi#f#5] /1 DIR

DIR_CHANGE_MODE

R/W

Ob

%t DIR 3| IR A AL AL 0w 7
Oh = 7RI DIR ASHLI A% L BLES 1l #3001 1SD 172
1h = 7 KRB IR E LA [ 2 o BB e 77
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S

5.4 F PORA 175 ( 4k = 0x20200430h )

MRS TR G IRRE |, F Al X L 75 A7 25 R S B AT LIRS R0 2 A 3 il 14 e
Kl 5-5 @ T Rl 45 # 4T pUserStatusRegs & CCS R T O H S A — RIVRE T4

Bl 5-5. CCS iHRA TR P REHF S
%% 5-36 FH T T AR AR A E S

& 5-36. I REHF74

R

KRR

RAE

LB

SYSTEM_FAULT_STATUS

USER_FAULT_TYPES

NO_FAULT

SE SCHEPLEHBE RS .

MOTOR_STALL : $575% f LA 5 bt - S35
BEMF. JCHIAL. S5 8%
VOLTAGE_OUT_OF_BOUNDS : #57/% JE 5§
LOAD_STALL : #575 IPD #(hi.
HARDWARE_OVER_CURRENT : 47 Ei fii &
28 FEL A BR )

HV_DIE : & 5EH , $5Hb R 2088 el .

MOTOR_STATE

MOTOR_STATE_TYPE

MOTOR_IDLE

TESCHRTHNLEATRES

MOTOR_IDLE : HiHLZ5RIRA

MOTOR_ISD : Bl T HI4H38 R MRS
MOTOR_TRISTATE : fillitT =258k Hi-Z #
v

MOTOR_BRAKE_ON_START : JaZhiHa) {1
BB .

MOTOR_IPD : HiHLALTHIMA AL E K I
MOTOR_SLOW _FIRST_CYCLE : HiH:RH
T2 B E I JE B

MOTOR_ALIGN : BT 55 B3R 2
MOTOR_OPEN_LOOP : Ha#lAatT-TF¥R 41 Tt
MOTOR_CLOSE_LOOP_UNALIGNED : Hil
ST IS ATIRES LA AR K55
MOTOR_CLOSE_LOOP_ALIGNED : ##l4t
FHARIBATIRAE B EX 57
MOTOR_SOFT_STOP : sl T 1R %S
MOTOR_BRAKE_ON_STOP HiHLkbT-#zh1=
1EIRZS

MOTOR_FAULT i fLAL T L H IR 75
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% 5-36. AP REHFS (£)

& RA RhrfE i

V_DQ_FILT IQ GLOBAL 27 1Q27(0) FEHE T AL E S Vd I Vg, HLE Pl %
] 5 i

I_DQ_PI IQ GLOBAL 27 1Q27(0) TR IR Pl HIZR ) Kp 1 Ki {8

PI_SPEED IQ GLOBAL 27 1Q27(0) fa Rt FOC HikLL PU W B I E PI &4
A R A AR S5

PI_POWER IQ GLOBAL 27 1Q27(0) faoR i FOC Bl PU & I T)Z Pl 4545
VB AR B o

PI_ID IQ GLOBAL 27 1Q27(0) B/nH FOC %Ll PU B E M E R Pl #1083
1A A A A SR AE

PLIQ IQ GLOBAL 27 1Q27(0) 87 FOC HykLL PU B (¥ IE38 HLUE PI 45

i s A S AL AN S A5

IPD_IDENTIFIED_SECTOR

COMMUTATION_STATE Ob

87 IPD R B e IR -

ESTIMATED_SPEED IQ GLOBAL 27 1Q27(0) Fa7R H FOC WL &% S il B s LR 38, DA
PU RNHAL,

DC_BUS_VOLTAGE IQ GLOBAL 27 1Q27(0) FE7RUL PU AL EIRS 2 R

TORQUE_LIMIT IQ GLOBAL 27 1Q27(0) Fe7RHH FOC B 1 1E 22 L i % il 2% v AN PR A
A& HE T ClosedLoop1 o & ik B HIPRAE .

GATE_DRIVER_FAULT_STATUS | J:74 & #7) 0x00000000h 5 LAE gateDriverLib 5 MMM BEEH 234 &
W& .

CONTROLLER_FAULT_STATUS | 74 & #7 0x00000000h 5 LA main.h i U FOC 45 i B
FEHIZR 5]

APP_VERSION B/W = A il 0x00000000h SE XN FHAR e B I R AR 5

6 AR

AT B AL B P CLfe /b B BC ELAE PR P s FELIE R, o AT BRI 1 S S HGEAT IR AR 2D R, LU
“RIER T 58 SUNTCAR RS IR RE 42, o AL 4 PR S L B v e 4

TRAE PP rp BRI LWL E % -
6.1 RGMLESH

RGEEE X T 5 RGAAKK EES 0, T8 IR B2 f R R 3 R Ue R

K 6-1 JEoR 7 NSl R I o A% 838 FOC igfTmifa e —H R4 2 5. Al LM ] pUserlnputRegs #ixX L6745 & i
hn#| “Expressions” & .
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6.1.1 / GUI EEZ% =4

{iF GUI #[1] System Configuration T1HIEC & R4 540 , Wl Kl 6-2 Fiax. W DRSS € R G [ 1F e S 40
T 7R, W) GUI TR 23 #£4% F READ ALL REGS I B/RERIAGRFEAE - R Tk 25 BT ik 6 5 R 47 FH N 5855 .

K 6-2. GUI RG4S H L E

6.1.2 LIZKL (m Q) KB fr B8l B

{f e LIRS , H A LS System Configuration T [ mtrResist 244 N EHLFHHELFE ( PAZBK (m Q)
NEAL ) o GnSR LA R R | W A A P RO AT = W A (A R R 36 S A 1) L L BR DL 2 SR 5
AHERE , o E MR s

Phase resistance = Measured Phase to Phase Resistance X (0.5) (2)
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P R BEL R 45 55 R4 AR A 2 ol Sk B P Rpyy , 11 6-3 P Rl &0 B TR Se i = M TR SR 4L s LS & Y .

Phase A
o
= E\f'g
SN Z3
CT
‘?{if\, Lf%"'
N i1
Ry pH |
Phase C STAVAY Phase B

& 6-3. HEFHIE

6.1.3 LI (1 H) KE LBl B

MR+ |, {fH System Configuration Ui[i H ] mtrinductance Z4i LA (1w H) AHEAH A AR
B, R TR EALERE  TE M LCR RAE 1kHz A I 5T 52 9 AH (1A 8] FELJEG o i ek b A 1) FEJBRBR LA 2 Skt 5
AR, Wik 6-4 Fis.

Phase Inductance = Measured Phase to Phase Inductance x (0.5) (3)

FLTUAH F SR 48 AR B bt il Sk LR Lpy |, W01E1 6-4 Fos o 0 T HAT AN (R0 A F) R JRR K FELL (Al eBbL )
JSE N P E S Lg R Lg B, DATHSECPIME (Lg + Lg)/2 JHE R AEAE A ) B . il 0 R TR Se 2 Al =
ISR LG -

-
~ Len_PH ’ }\"x‘
Phase C e v v ¥ Phase B

&l 6-4. FLRWIE

6.1.4 IPMSM H 1597 %

IPMSM ALY A A2 0T TEAZ RN B % 1l 1A FUR AR R BE & T FOC 8% | #% M8 (Lq - Ld)/(Ld + Lq) EA
I RECE S Y UG A

BT Ld A1 La {8 F 8] 55 & AT A I R, JEAE— R e R e h S8 R i O B . S K & B
AARIEA La , e/ & A AT BRI L.

6.1.5 #4] BEMF %%

EH ML EEER |, H P RE% LL mV/IHZ 45 N ALY BEMF % %L Ke , 7+7E System Configuration 71 -
¥ mtrBEMFConst #wfE N Ke x 10,
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AP 5 R 4 AR 5 % Ke (BA mVirpm. mV*sec/rad Jy 567 ) AR H %L Kt ##h Ke ( L mV/Hz i
BT ) S

Ke[ *60
mV RPM
BEMF Constant[ iz | = W (4)
mN - m 2
mV] _ ] T
BEMF Constant|57| = ' 5ofeparrs~ ©)

R ENLRA BER |, NS T3 e L, (R B R NS PRI B S o s s b HE B I 52 Bk
L. MERIEE A Ep ( LAV IRAL ) A (a1 B Tp ( IFOAHAL ) o 115 BEMF F4i Ke , /7720 6 Jir

No

Bemf ConstantKe = Ep*Tp / /3 (6)

Ke = (Epx Tp)/V3

> T, <

& 6-5. BEMF ¥ &M &

6.1.6 Z4/k (V)

FEtl i R R s AL S R G R T R B KB & R A AL LR . 7E GUI System Configuration TT[fi )
voltageBase ZH i N RGN L E ( DMREFN AL ) o B P AT DIAR S H R 1875 FLFH 4 e #% FE AR R1 AT R2 DA
J 3.3V Bi#EfE ADC HLIE (FSV) it E RGEN L |, i 7 iR, AR5 RS HTRNGERE |, 1§52
5 &l 2-3,

ADC Full Scale Value _ 3.3V

BaseVOltage = Voltage Divider Scaling Ratio — R1 (7)
R1 + R2

filan , 5 B HLE U 2] ADC S\ 1L FH 7 I 28 5 2608 1/20 M &R4e |, FEfd kB ADC nlll &M K R 4%
HLJE 3.3V / (1/20) = 66V.

6.1.7 ZRHE R (A)

FE LR ZR s FE AL ) R G b m U R B O LA FEIR . P /E GUI System Configuration TH [ currentBase
SH PRI RGN AR ( LB N4 ) o B 0T DARRHE DAAR /22 9 B 1 F A I SR 48 4 25 (CSAGAIN).
3.3V [l A2 ADC HiJE (FSV) fiIsk H CSA (MR H R B IE R R B , W 2 8 H R :

3.3v — ADC_Offset_volts

CSA_GAIN (%)

Base Current =

(8)

FEXL o) R RS, 2 FRR I RS 1 1 ity 1.65V , B ADC B2 i E 3.3V 1)—2F.

XTT%[? FLETIN | 8K ADC i EFE HL K 1 80-90% F T +ve HEGATI . 1E#H , Sia) A I A T i E
L 2 HE SRS B A
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ISR ARG AT A A I B (Rsense) AEMRMK (VIV) D9 5471 CSAGAIN , AT BLE AT 7 F23C 9 1155 CSA # it
( MR/ HAL ) «

CSA GA]N(X?::;) = Rgense X CSA GAIN(‘\;g}E:) ©)

%t , £ CSAGAIN = 0.15V/A H ADC 1w HJE AN 1.65V [ RS |, HMK HEIREL ADC [ K r il & RSB AN
(3.3V - 1.65V)/(0.15V/A) = 11A.

£ Rsense 4 10 Zfk. CSA #4738 10V/V H ADC fl#% /58 0.4125V RS | M biidES oy (3.3 -
0.4125)/(10m * 10) = 28.875A

&
ERALIRAN 2R AR nllad 12C 8k SPI Bl if 41 ff FH L BH 3 CSAGAIN & B N 745, ARk
AT B IR %) 2% CSAGAIN B ME R | &S MEE T 23 E K sh 23 $ s %

6.1.8 KA HYIHF (Hz)

{FH L EEE R , P AT LLE ] System Configuration T H1 ) maxMotorSpeed 2%tk N\ s K MR (LA
Hz Ay ) o W eBdm A v A A7 U A RO BOR L LA S 33 (RPM). P ] DA 75 F2 0 10 #4 LA
RPM g 5057 [T AT 3% TR 4 LA Hz D A7 1 FLADIE

NPpolePairs " ®Mechanical
60 (10)

fElectrical =

Horr:

@ Mechanical %*ﬂ*ﬂ%ﬁ y i"fﬁj‘j%/ﬁ%‘# (RPM)
* fEIectrica| z%%ﬁ% , %'fiﬂ‘j%ﬁég (HZ)
* N polepairs 7= FEALARN £

#
FERAT LR R BT O T il e Fa LR
1. ISR AR, JFahOR ro SRR A BV IR T W LAUE FiAL . 52097 R
2. BRI VH ERER AL AR, R RIET V- E 8] B M. R EAHERE AR, AT AL
P R P
3. JTIFHIIR , By NAEEARE R EE - MLE.
4. FIEEET , HRETNFB S -AMEME . BT UM B B AR BB TR E .
5. W —URGERENUMAGIE BRS E Ar B AT T, 2B B o B Sl 2 JE A AT S AR

TERHENA KBRS . (L3l ORI E 2 /0 5 7 80 Rl OB UBOE 6 AR Bk o

6.1.9 ZAXHEHLLIE (W)

it AT ARG, 5 B AL R KBUE TR . B E LR KBUE IR | ES I AENEEE
THEHRNLVAUE s ( DMRSF VAL ) AT ALEUE R ( LB AL ) SRR, JRRZE A RS 50T 1
MOTOR_MAX_POWER.

6.2 A AL ek i i B

£ GUI HECE R4 330U , I/ W LLRI{E Register Map T 1 it & 257 77 2 WA 340, & 6-6 Hfirn. 2R
BT, BRI RE , fTPL#E % “READ ALL REG” #41% H it 3] GUI #.
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%3 MSPMO UNIVERSAL FOC | Fie  options

Register Map test e .
Registe P 100ms Delay v QB mmediae

E+ 3
Search registers by name O Field View
ki Register Name Address —  Value — Bits -
31301292827 26 252423 22 2120119 1817 1615141312 111019 8 7 6 543 2 110
/7' |J> ramspEED CTRLT
> RAM_ALGO_DEBUG_1_T
B > ravaco DeBUG 2 T

> RAM_ALGO_DEBUG_3.T

> RAM_DAC_CNTRL.T

> SYSTEM_PARAMETERS_T

> USERINPUT_ISDCFG_T

> USERINPUT_MTR_STARTUP1_T
> USERINPUT_MTR_STARTUP2_T
> USERINPUT_CLOSE_LOOP1_T
> USER_INPUT_CLOSE_LOOP2T
> USERINPUT_FIELD_CTRL_T

> USERINPUT_FAULT_CFG1_T

> USERINPUT_FAULT_CF62_T

> USERINPUT_MISC_ALGO_T

> USERINPUT_PIN_CFG_T

> USERINPUT_PERI_CFG1_T

> USER_FAULT_TYPES

> MOTOR_STATE_TYPES_T

> OUTPUT_DQ_T

> OUTPUTS_CURRENT_PI_T

> OUTPUTS_PLT

> OUTPUTS_PLT

> IPD_IDENTIFIED_SEGTOR T
> estimatedSpeed

> dcBusVoltage

> torqueLimit

> gateDriverFaultStatus

> controllerFaultStatus

> APP_VERSION_T

Kl 6-6. A el GUI T

6.2.1 ZLX AP35

Tk igds FOC fiKFE M BEMF b 5L AL EAGIARAS BB B L. B2, b LR Be Al 45 IR IR A s L T g
PR L fiee , DRt 0 B R A1

FOC Sk BA Z MR shEE | Bell DL S I B2 T SE MR 3 AL E AT | s fE V) B ] T s 1 B IR
B A SA AT A 5 CAE R LA B . DU S50 1R s H g LR 2SR ELRIT R e e T 5
FIREARCE . WRIERATFH e FE h g BUE T PR |, 21T 6.3.
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HATL

6.2.1.1 £/ ISD

FIaaE LA (1SD) DhRE T E UL AR e i B Bk N ra Lo XK XX R S ESEIN JE 2. X T HBLAR %
Kigks , BOMBHL T 2 iEid /£ Register Map Ui 1% & isdEn = 0 KZEA] ISD Zhfig. XbTIHEA BN , LM
FER TR L & Z HT AL T LIRS . E AP ISD AN , S5 15 7.

& 6-7. 7£ GUI 128 ISD
6.2.1.2 HHLE SR - XI55

M HLAER RS R | VL 558 B 2 i) 7% 5 8 2 (19 ALIGN_ANGLE Xf5% , For e SCr s R il
{ETiE X ALIGN_TIME fHEFHE. BRIMEWL T , £ MOTOR_STARTUP1 /) MTR_STARTUP it &+ , HHLA
LI B AN 5F (mtrStartUpOption = 0b). T 3EAES: | 1514 & T K Z 30N BRIA S 4.

W B MR AEIELS € 3% B X35 |, i57E Register Map Wi 1K alignOrSlowCurrentLimit 2%, 1 <4H0H
B FEENGEE , ESET 7.

& 6-8. GUI H I EHLE SN
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6.2.1.3 BN EH

N T HERAG AL E , BRI 2 PR 2 BT T A R 881 BEMF . fEJE 30 IR, FOC S I R ARk
26 AL AR =8, BRI 20 BEMF. BRI |, 6 TR EATER |, TFARTHSHECE N
IR ZAS e — AL E |, ZECEEH T RZHCENL. 25 U1 2 PA 245 1 ASGAIE T 3R (1 1R 5 T |, Tk fE
Motor Tuning 7 ifi_I-ff] ALGO_DEBUG_CTRL ¥ closedloopDis #&h 1b. #Eit—H AL BB |, 155
W57 XA B REHEAT RO .

RGN, — BB 7R, RISCK OL_ILIMIT %8 2R AT G K A4E LASE I8 Vit ( closedloopDis =
0b).

A 6-9. 1£ GUI F iR BEZEH I

6.2.1.4 BEHLHFRER

RN TCIEE I TP RS iess | B AL FEIRIEAN IR VLA B L IR , AP AT BAYE RAM ALGO DEBUG 2
ZH R IR B AT O

FIOUAE 5 AR U & LS HOE E |, P T LATE Register Map U _E# & currLoopDis {771 % &
forceVQCurrlL.oopDis 1 force VDCurrLoopDis K25 FL i 35 i

RAM ALGO DEBUG 2
algoDebugCtrl2
forceVQCurrLoopDis 0 :
forceVDCurrLoopDis 0 :
currLoopDis 1 :
statusUpdateEn 0 o

& 6-10. 7 GUI FPZEF s %

WL Vd Fl Vg (B LA RAUER: . — H AL LUE B I e fs |, 15 M %2 Motor Tuning TLIHI[1) “User Outputs” #4)
HHE 1d A g B DURS 7 H R e AR e
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6.2.2 /i F7E T B AL FE o B E

FEHANLRFEAL TR PRIRAS S L RS J5 , AP ol U IS 72 Motor Tuning U &R
ALGO_DEBUG_CTRL H'[] closedloopDis = 0b U4 21| A1 . 2 B DLT 25 55 S 2 PR il

6.2.2.1 T RAABSEH T BRI BEMF {455

FESZF AT AR N, FUAR IS IR sEma T SEME IR e s TR R 8%, EAZOR DU R
FEBATHINI T A, 2R A3 o A% TR s 1 (6 BLAG SRR KB Fa L. Dy 1 1 I TG A% S T3 v A I e 1z
B, WAV 2RIk A5 ALK BEMF |, Jf BRI FE 73 FEANA FEREAT 1A RATH R, 538 F A LA 1 2
FeART 7 AT DAk B0 U 25 A BRZZ (8 BEMF 557775 . T ROMNIES i T HAE BTt RS HCR TR A]
SEVEMFfRIE B 2 A . AR BEMF 502 31 fa 5 21 BEMF 555759 , A7 T BEMF (17 sh X
PR ADE AT | IXIHRR T Kelide PHIEANIER AR I8 TAF , (2 BEMF 5/ W | JFrTRe - AR E M . 1X

HATL

PR VR4S A BEMF B8 A PLL 3EAT# AL E IREE |, B R,
Valpha; Vbeta
6.

s e SMO / Finite - -

> ar S
RI L/ Fsmo; Gsmo BEMF PLL
> Estimator
Vdc

> v,

& 6-11. AL 2E PMSM #% FAr B &5 ER

BT RETE XS ESMO_ESTIMATOR |, n] LLEFF T SMO # BEMF 15 HENERAME. BiRBFRTHIRE
77 FER BEMF {535 , FH P AT LA CCS LW B Hol b T FF 518 ESMO_ESTIMATOR_N , 0~
INo

@ Properties for universal-foc_DRV8316_LP_MSPMO0G3507_nortos_ticlang

type filter text Predefined Symbols

» Resource
General

~ Build
» SysConfig

Configuration: Debug [ Active ]

~ Arm Compiler

Processar Options
Optimization
Include Options
Predefined Symbols

» Advanced Options

» Arm Linker
Arm Hex Utility [Disabled
Arm Objcopy Utility [Disza
> Debug

Pre-define NAME (-D)
FICOM_TI_MSPMO_SDK_SYMBOLS} [
$ISYSCONFIG_TOOL_SYMBOLS} [

_ MSPMOG3507_

GLOBAL 1Q=27
IESMO_ESTIMATOR_N

10 MPY_MATHACL_INLINE

DRVE316

Undefine NAME (-U)

B 6-12. LN E
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6.2.2.1.1 SR TP I 2%

FET R BEMF A5 777E M T SE81 IPMSM R3S GE/E AL LA b md s A7 I i oz B AR I ae 2 ) . Y20
S AN B B AR AL L A E . TSRO I B T R I AW 28 ¥ TT . RGNS A A E
(K, TRARSE RS SRS H R | 88 R G R TUE I RPLIE sl . A IE SRR R fdk
i1 AL SRR T-IA BB

Va 7
V—’ Bang Bang o R
B »| Motor Model Based Controller > >y
84 Sliding Mode Current Z Low Pass Filter
A Observer G > ~
ep > g > eB
3
Zy Zg

K 6-13. ETIBEMN 22K BEMF {5

RIS A, TR SMO K R B EC AR . WRRLVE 2 A i 1A] B HOW I &8 1) & 1& T 7% i1k AsbR &R
g T LB R IR B R SR, 0 D7 RE K 1 R R

ig(n+1) ig(n)
R

Ve () — e2(n) — 7 (n)
Ve () — ey (n) — z5(n) (M
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3, Fomo M1 Gomo AR HUHLZHUE SR HL , 1 R .
Gono = f{1-71) (12)
2o W1 2 BB, 3052 0N

[za
g

Hor Keiige A28 1T 2 S T RALEVE ST T T E AR 28 . AT AE I R GE 2 A0 % Kslide fH. #0H1) Kslide 7]
TEPRMIB BRI SRR, HEA IR & Kslide 23 BT JF M 1 530 BEMF B H BlR 7% .

LUF ARERIE B BEMF I (8] B HUE . RIEIE B RE bR i i, e b £ 8 Wk 1 it
M. XTI 45 FERIARRS |, WA SR % 1A ELEAT A

= Kilide (13)

signi s — ia)
sign(ip — iB)

eq(m+1)]  [eq) ot zq(n) — ey (n) 14
leg(n“) _lefg(n) T AT g () = e () (14)
6.2.2.1.2 ZFEYIRIIFH IR BEMF (55

FEANT 2 Kslide THILECR ST M S T-H0MOIELL T, A7 AT BLESRAT IR BEMF {5545 7E47FR BEMF 451
JriEH, BEMF SR E T2 bR AR R RS, i s 15 .

ey _ Vi s 0][i % 4 Lo —Lqcos(26) —Lqsin(28) ][ig (15)
e - v 0 r)[i dt\[ —Lysin(20) Lg+ Licos(26) i
L L Lgs — L
Hofr, Ly = ( ds 7 qs),Ll - (¥> ;

R LR, BIanfE R IR PMSM sEBLF , T L1 EBENF . BRATEOLT , N AR AR s i
DIV | Sy

6.2.2.2 f#/H PLL B A BEMEsEmG R

AL T SMO Ik FALE MG E ST | BT HOE MR RIS E LA bR BEMF B A IEVIR e |, 0 ke
X 16 AR

N S
03= - tan () (16)
CESRRT I | W T RARIEE A R AOAP 2 | (0B RTRE A SRR 2 2SI, O T MIRI% LR, AT PLL
BT PMSM {0 4 B 8320245 oh B SR G B0 47 (457 . 5579 BEMF fH e pand e 745 PLL BURIC 2 {8
FISRISCHOR LA R F 508 TG0, P 6-14 .

. 1/(Kexw) eq/ (Ke)
€a
é—> eq~ E(e_ge) \6 AT-PLL-PI @ 3
B > et = &gcos(6e) | es=el+e2 > 0.
6. €2 = &,sin(67) | eq=el-e2 Ky + Ki/s

Bl 6-14. £F PLL W THENMBEMAE

HiT eg =Ecos(8), e =Esin(8) ME=K,x o , A0 SKipfe A8 6 SIHENE TAEZRKNMAEZIRE 6,
AT
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FAR www.ti.com.cn
eq= Ecos(0)sin(8 ;) — Esin(6)cos(6 3), eq = Esin(6 — 03); (17)
as A®approachesnear0, eq ~ E(6 — 6 ¢), with normalizatione, = (8 — 8¢); (18)

R B 0 G ) AR 3 R AT B AL R AR R R, B A PI ARSI AA B AL AR AR A, B iR 19
X
0o kps + kj 2Twps + u)nz

Ze = 19
9 s2 4+ kps +kj s2 + 20wps + u)nz (19)

BEAL , PIZEH & X, ky = 200y, ki = wp? oAt CRMRIFBLB T, T oy, S W m S o A A5

I T AR AT |, Pl EH e R R 2, Bk Kp M Ki T CLSS8EETE O, JF Hoar DU B ey, Bk
TR G823 7= A e P B R AR T . BRIAKE BT, K AT K {E7E modules/algoLib/libraries/semiCloseLoopEstim/
source R “angleTrackingPLL.c” & .

6.2.2.3 £1% PRIFEE BERERIE) Pl #EHI5AR

6.2.2.3.1 BFH 5 Pl it

FOC Sy E RPN Pl EHI 2 , FAMEHIEH T 1d A iq , /0l kI rGE M. BA PlIEHIZEH Kp A1 Ki
ZHAHE | AT@E I Motor Tuning LT H 1) currLoopKp #1 currLoopKi 4T HL & -

T IEA |, 1% currLoopKp Al currLoopKi ZHILE N 07, UMERIE AL SE H ahit FixX sy |, H < mrE
GUI # Motor Tuning T ] “User Outputs” #43 . XSS it — B E ¥, IHOAEREIFEH R s, @
W, BN Kp AT Ki B AT 3E— 245/ =2 10 £i5 , DAV AL AT 7 Bk BELJE i 1

K 6-15. GUI “Motor Tuning” T F /) Pl AL

6.2.2.3.2 F/E L HIA I

FOC Sy 4R il =i B2 42 ) IR B T R A I A S | Z IR B Bh T AEA IR (B AT 454 T PR 4ee e e 13 B2 /e e 1 Th
., w[iid Motor Tuning TL1fii I “System Configurations” 54+ ] speedLoopKp F1 speedLoopKi it & Kp Fl
Ki 280, EFEIRRR/ D) 200K (1 4 Y F T2 AR = i s i Bk v . @k 7E GUI ) “Register Map” B[ H LA
closedLoop AL B KA E ILIMIT | w] LLRR )18 55 20 26/ D 28 PR B A H o 22408 B35 AN 2 D 28 B i 1) iy HH O FRESE , AR
PR CABH 1R AR A MR

BRI 1) Kp A KiE , T PAT DL 3R
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1. @i H closedloopDis & N 1b , ¥ HEALEL B ONTEF IR RRELlie s . 18K autoHandOffEn ¥ B4 0b K24k
GEREREINUE LS

{8 H olCIHand OffThr 4 P31 V) 45 [ 48 15 B Ay e KIE FE 20 50%

¥ userinputMotorStartUp1 75 /748 H1 (1) igRampEn AL &N 1b.

HL R AR T PEAIS | JFARE T RER IS Iqref | DU LAZE € () BB BE B AT

A A T B % Kp [SPD_LOOP_KP] @ SpeedLoop K, = Current Reference at olCIHandOffThr in
Amps / olCIHandOffThr in Hz

A ST H S H 5 Ki [SPD_LOOP_KI] : Speed Loop K; = Speed Loop K, x 0.1

7. @idEEE GUI Register Map Ui L & 1 closedloopDIS to (Ob) , & H .

#HE
R Kp A1 Ki 2 gt m . Wk EIR @ UCREIER | W8T Zhia (R % Kp M1 Ki , B
BUSLHLPT AR IS5 R -

a bk wbd

o

MR IR T AR ] 4 A B e ) — sl A AR A

SH _EFtEYIE puRLH =y =] TSR et
Kp VSN Ei1= T NEA VAN 6237
Ki VN Eit= i 1143 2754
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6.2.2.4 JKL B BT B 32
1. MAEREDL .

K “Speed Input Command” WA SCNAETE. KHEEwmL/E , &IF6GHE , BLLLS Speed
Command x MAXIMUM MOTOR SPEED / 32767 A iE Lt i & g «

&l 6-16. it GUI R EEHEHA
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2. REBIRESE S PERELRR e

Ja i GUI & L f#) “Continuous Read status” )44l 31 M2 B IR S A7 28« R R Ml RAT AT M | %%
B 7.

& 6-17. )\ GUI 2Bl ERZS
3. Rk AT | A DL R D R R R A P
a. WIDKEEMAMSRENO, HETHMS.
b. il E A ALGO DEBUG CTRL1 #4785 HH KA BRI B=AL (ClearFit) Aol Bk iRk ZS 77 7745
c. BEIFPAT 6.3 b IR i,

6.3 WhEab
DA % 528 7 AR BRI 7 A7 2 D B Al R P e
6.3.1 7% BEMF #f% [ABN_BEMF]

MEH ) BEMF H R F& 2 9w FE 10 7% BEMF 18 7 4 Eb [ABNNORMAL_BEMF_THR] LA R | £ il & i .
B, SR Ke A 5mVIHZ | 420 5% BEMF BIME N 40% , 4k Ke (%42 2mV/Hz UL RE
B R GRS . TR Ke AHERRIT | thafil % bbb .

BEMF B{EA M AEIL

B0 1 ;55 BEMF HUSBEE R R T R T . SBEhaS2E ( R ) W S BRI N R, X T
HAZEGERANA , el NEREWRE . BUOVEGE T , BEMF Lk th 2 TR, JfflAsbiiba. X3 th28m
M, UK BEMF BI{E R E Y 10% , AT G fid % b

B0 2 0 RGN Ke AHER , PIRES AR LTI . 1512 MOTOR_BEMF_CONSTANT #f 73 h it i i 20 B £
1B, DMEIRIFHER I Ke.
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6.3.2 A HE IR A SR 50 LA BT AL HE [ BR A fo

FEHIRA AN A R, P 5 246 € /MO IR LR VE . AERIR IR OLT |, FLAT e AR R A I X2 AT
CASEL H Rk, NS BCEIUR H . BORIRT B . RIS OLT , MOSFET MBI 2E blim B ISAT
VNITES#2 §E U NS

R ERRS] 1 kSRR, RN FRE. NIRRT RN S L s, IR MIN_VM_MOTOR # &
NZAE . P LARC B )/ B RV I /E O 225 K BASE_VOLTAGE ] 25% 17l

W EFRE] - QRSN R E , BRI AU S IE B AL o KAUE L . MAX_VM_MOTOR K2 LA
FEIE SN RRIUE FIS I (8 2 i e o AT BABC L 1 e KR 2k L TR VE FEIE 60% £ #x K BASE_VOLTAGE Z [l

&
FOC &gt R =k Z 20 [MIN._VM_MODE] Flid JE & i [MAX_VM_MODE]. #] LUK RERE
FE A B E 3075 KK # R [MTR_UNDER_VOLTAGE] BUAE & AR R M BE st A . AT LA R S
FE AL B N E 30 RS # % [MTR_OVER_VOLTAGE] BRAE A A i Fk g b it B 43

6.3.3 L A4l #/E [NO_MTR]

>R P IR T A P I 1 T FELML B R T A LU Sl B

A5 WA R R 2, 0 “BEPER PR T PR,

B 230 - WIRMERIRAAAE | 1 FRICTE LB E B R E [NO_MTR_THR].

7 =R

AT ] B DL e/ 1A TG BB R T M TE PR PR e Bl AR T S S HOIT AR AR AE L ZD IR | DL IRTE
VAR S DS EATLIE RS o PAIRR 8 SON AR AR FAIFE | Forh | AL DA iy 4T R AR SR UE e o

7.1 EHIECE L

7.1.1 BHETHEA

Al f ] CLOSED_LOOP1 % /74§ ()75 it CONTROL_MODE 7 LA T PURME R T #2541 FOC BiF . /3 2 /4
S/ P v \ AT SPEED_CTRL 517 2 R ACH -

7.1.1.1 R EEEHIER

A LLiEIE % CLOSED_LOOP1 #7744+ () CONTROL_MODE # & & Oh kiRt AT | 1
0 T8 s | B A4 T 1 B v SPEED_CTRLE ( 1Q15 #82) P.U A ) BB NEEE | {5 FH FAIEE P Es il Rds il rapl
W (LSRR ER ) . PUEEHE N SYSTEM_PARAMETERS it & ) ACTUAL_MOTOR_SPEED /
MOTOR_MAX_SPEED f.

) i H MOTOR_MAX_SPEED # & 100Hz , ¥ SPEED_CTRL H HFEvEd A\ % & N 0x3FFFh ( 1Q15
¥ 0.5 PU ) |, AlKs ELALIE ¥ & 50HzZ.

7.1.1.2 AT RIFHER

A LLiEE % CLOSED _LOOP1 %7782t f) CONTROL_MODE ¥ & & 1h ik FiER. EDhREHERT |
P s B A7 asH i BN SPEED_CTRL 1 ( 1Q15 %20 P.U 1E ) A% NIEHE | 3 PR P12 il R 3 1) B AL

Fifm N IR ( LELRE N AL ) o« P.U Zh 58 SYSTEM_PARAMETERS H it & 1)
ACTUAL_MOTOR_POWER / MOTOR_MAX_POWER 14 .

il i MOTOR_MAX_POWER #& 4 100W , 4 SPEED_CTRL i) #E4i A\ i B v Ox3FFFh ( 1Q15
B 0.5PU) , R4 Lh 50W [1E 2 TR IZ1T AL,

7.1.1.3 FFRHEREHIER

A LLiE % CLOSED _LOOP1 %47 #:H1 ) CONTROL_MODE ¥ & & 2h ik Bt EHmEZHET |
P | B P 4s R B SPEED_CTRL 1 ( 1Q15 #4201 P.U E ) MO NIEHE |, {3 PI 43l ez i L
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FIHLAE s IR |g ( LR N AT ) « BRI P.U #%E = 11508 SYSTEM_PARAMETERS i & 1)
TORQUE_CURRENT_COMPONENT / CURRENT_BASE f# .

7~ % CURRENT _BASE & N 10 %8 |, ¥ SPEED_CTRL i FEuEf N % B v Ox3FFFh ( 1Q15 # 2
1 0.5PU) , &84 LL 5A ESE Iq BT HNL (K E 4 AEiEEmEEml ) «

7.1.1.4 B RN

A LLiE ¥ CLOSED _LOOP1 %1781 ) CONTROL_MODE ¥ & /& 3h ikt 76 EZHAT |,
70 T 4 o 2 A7 28 h 1 B v SPEED_CTRL B ( 1Q15 K820 P.U M ) Al N 5 v St 42 ) eEUL A R 1l 9 5

M ¥ SPEED_CTRL Hr i3k A ¥ & v Ox3FFFh ( 1Q15 # X 0.5 P.U ) , LL 0.5 i & i k5505817 H
Hlo

AT AE - ARSI AL AT A, DMESRA LS e R N AL H % . CLOSED_LOOP2 #F
1725 LEAD_ANGLE Bt & v T B R .

XFEE AR O, AL Vg A Vd E SO
Vg = MODULATION_INDEX * Cos ©

Vd = MODULATION_INDEX * Sin 0

ATEMEEE 7-1 d85d GUI SRBLE iR,

B 71, EHEREE
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7.1.2 X BPLHITRIEE SRR , LUSEH AJSEHT P E 6

WIGEE BRI (1SD) ThAEFH IR 5 LRI AR AS . A ZALE LIRS | A BB AT SE M E RS . 4
SRR BN L | I HNLIEAE S T NE RS 7 AR ST AT BRI, W R R A L E R ED R . R
TN R BN A I AL R, B MR GIE AT LB AR KT B | FNL AT RESSIEAT . A0SR B 2R e
W #EH23] 7 OUTA. OUTB 1 OUTC sk K H T H R J7 Mdn 4, FHLRT 8 LL-5 T e 4% 75 17 A S ¥ 77 T e
o BAA T 0 LI AT I (R B . E TR SR R S A 1L LA A B e B L R, A A
ISD.

flan , R AL T XU T R B s B | AT R AT B AT AR AN ]

%125 : JiH 1SD [ISD_EN]

%230 0 AL ISD #EH AP [RESYNC_EN]

H/iE
WERHENLTCIE RS
1. B KHNIFZE BEMF #{f [STAT_DETECT_THR].
2. EREHLERASERZN ] [ISD_STOP_TIME].
3. BERKHHLSITRESEN [A] [ISD_RUN_TIME].
4. HWhnd /N RE , CAEE RS R .

7.1.3 BAR FIRER 19 2 /i ALY

X 5 EAERRE T5 R e LI RE A, 1 il LR T 48 5 OB e 54 7 [RDAH S (07 TR T AT BURE RS R # B 22, MSPMO
FOC ik [ A1 SRS D RERAT Ja = M AL [l R 2k, JFAE 3T [l e sl , BRI, ] 7-2 s

ASpeed

Close loop
Handoff to close loop

Open loop

Time

Handoff to open loop

\ 4

<
<

Open Loop

Reverse Deceleration

B 7-2. RIEIEWBIThEE
MSPMO FOC Skt 7 —ANEIT | RI7E HNLLE S 7 [R) 1 AT BIUTE e B IS0 FH ) B0 4 1 B AL, SR 8 5028 U 1) Js i
FEATL I 22 30 P 2R
TE AR ARG R, D AERE 7 VR L , A REIRM T R IVAE R . X TR |, 06 DL T 2
%1 . JaH I1SD [ISD_EN]
%255 - Ja L ISD &Ik [RVS_DR_EN]
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%30 0 AR E IR [RESYNC_EN]

B/iE
WIEREALICEE RO M BT R0, 6 DR @i
1. SEh0 S mpRcE R R R, DA R B IR
2. JERIFH R IAIREIECE [REV_DRV_CONFIG]
3. B0 S A KB T EA L AR UE [REV_DRV_OPEN_LOOP_CURRENT]
4. YN R A IR AR TR N R A A1 AT A2

7.1.4 7E/5 SR B 17 T ELE

FEAIESZ R e (R SL T rh AT LRI AA A B R I 55032: (IPD) ThAEAE A& AR LR B bl g ET3E 241 IPD
B, W LA IR S5O E SR S S r L. AR DD REIE ] T S AL ( BRAnE R, BB i e R X

B ), HEAEHTRBE B ( e, SR ), BOYHREA & SECEALEED , AIiE
IPD AHER

WFAE RS FE R A7 IPD FrAE e 2 s (O “ZRPETRAIK R ) IR, THIERE BN YENE 3T
2
7141383 1: IPD

%150 WnRER \PD 1N Jash ik |, iB1E GUI ) “USER INPUT MTR_STARTUP1_T configuration of
REGISTER MAP” &I H ¥ AL JE i I [MTR_STARTUP] H1i%#% IPD.

225 - %5 IPD HIRE{E [IPD_CURR_THR]. HRHE FE LAY BB AN 5 e B IPD B ERME . HIR S , fER
KM G B VLR . (H2 , B mM RS SEE TiEs). R . @ BN ALAUE IR T
50%. WIF MRS, WM , B2 VLRI RS AZ IPD H B & & e T LR e .

434 145 IPD W44 IPD_CLK_FREQ]. IPD %5z SR 1PD ki iz . ehbLHL B b s |, oy
UK A O TR K | DRLLHE N B i B BRI ] . (L | BRI B 2 IPD MRS T K | S50 )5
K, FUILTE IPD Ay oe AR E ORI T | Kbl isk B R T AR 1.

#/iE
R AL R T AL R R | %A ik IPD I % IPD_FAULT _CLOCK_TIMEOUT. fn
Rf e 7ML | IR L B . A SRSRTIIRAEAE | 75 B 2R B (A A o e S m 52 1)
EOLR , R IPD Bt [IPD_RLS_MODE] W B N =%,

Witk \PD BrehiiR & B w Sl Z IPD S k% IPD_FAULT_DECAY_TIME. Wifilk 7 ik
wekE , JE/ 1PD B 8i{E [IPD_CLK_FREQ]-

445 % IPD AT [IPD_ADV_ANGLE]. M 90° ¥4 , PASEElE K S shilldh . wiiiAe B shid fE ih il 2 3] &
W, VERZ A N B 600 5 300, DASEINE AR B B
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7.1.4.2 35T 2 : @EE R
W R BSE E EIME N B 3 5, SRR N A D R RAE

% 15 1 7€ GUI ] “Control Configuration - Motor Startup Stationary” &5 H (1) EEAL S 53 T
[MTR_STARTUP] #1i%&#F “Slow first cycle” .

5230 kN RS A EA L UE [ALIGN_OR_SLOW_CURRENT _ILIMIT]. %516 ) B 37 Ji v ] B 3 FRL ML
RKEFD . Bai R (e S B T VR SRY |, Sl BURM M B LSt . B E E B LEUE IR
50%. fERshHEEIR T BT RE SR L FE . RN g, i R e v . R R F R AR % B
SRR A, RN ER R I

55 330 B E S AR A T [ALIGN_SLOW_RAMP_RATE]. 4T e 37 JE v 7] 8% 4 FE AL 2 7] e
e, BRI R AT R AR LR . B IR A R A R S B T LR SRS |, 5l S BT
TS EVGCERITH & ERN 0.5 F , LLRHTF BB YL AUE . 768 RSN F , AL R
SR . RN T, BN AITE R . AR B R ER G BRI N R, N IR AR R

%4 SEFFERIRIG% [SLOW_FIRST_CYC_FREQ]. BRI Al fE(E I 50 7= St . HeRg MR ol it
TR AL R E A LR RRE R 20%. 1 SRR L, EHLTRE SRS .
Fish R . LG SO RORIH S, WIS

7.1.5 ZH A PR 550 1E

ST T G AT IR Bl DATE S 45 3 18] B B2 o b OS2, T IEAIE LA AR
$1 8 BN R KL A1 [OL_ACC_A1] MITF3A ik %% A2 [OL_ACC_AZ2].
55200 #HAR RIS Ig B IQ_RAMP_EN]

AR IR b S EREATER , I MER 0 5IF 0 Z R EE
[THETA_ERROR_RAMP_RATE].

7.1.6 ZikZ /5 500t 1]

JE BN TE) 45 B AL ZE A B H A S5 T 5 (AN 8] o 0 T 7 B R S T RS, BT SRR A6 A B AR
(IPD) B E 8 AME R BT %

7.1.6.1 30 1 : FIEALERA (IPD)
% 15 %4 IPD [MTR_STARTUP] £ N B HLE Eh 5 .
% 25 ¥ IPD HLBE [IPD_CURR_THRY] #& 2 H LA A7 E HLiAT

% 3 K IPD W4iE [IPD_CLK_FREQ] #2 B m iR | fEIERAT |, SfE Ak IPD S, A
KEZEMEL , WEEN 714 (83D ).

3435 - N IPD EE XS [IPD_REPEAT] %&£ 1 K.
50 BT IR S [OL_ILIMIT] , {FH 545 PR ERBR ] [ILIMIT] 4B 1A

#HE
B A BR A BC B e T LR r R AR | PTRE 2 BRI iR .

%6 4 - WP InE 2% A1 [OL_ACC_A1] FIJF3RniE £ % A2 [OL_ACC_AZ2].

87 % AT KRN BEMF [AUTO_HANDOFF_MIN_BEMF] £ OmV.
R 5 H BEMF [ABN_BEMF] #h# | I B i [AUTO_HANDOFF_MIN_BEMF].
5820 ¢ Ak AR A | DURHE SR 0 5P 0 Z A Z{E kN % 2deg/ms.

% 95 - WA nE 2 [CL_ACC]
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7.1.6.2 5T 2 : @EE R
145 - £ [MTR_STARTUP] w545 3 & 153 E N sEALS 31 572

52 48 0 RN SR I G R BRI [ALIGN_OR_SLOW_CURRENT_ILIMIT] , {8 S54H%0 PI 2R R 37 R i)
[ILIMIT] #H ]

5530 ¢ gkt 5 BRI G HS AL AR T HE Z [ALIGN_SLOW_RAMP_RATE] , B £JT¥ HLjfi ik 2 B H L4 &
HL K 100% .

45 kT REE 5 DR 9 DR,

7.1.7 B Z 1 P

X T T EGE A R LR R, O LS Ik T [MTR_STOP] It & AR Hzh

15 B epUE IR [MTR_STOP] BE B Nk MlHI5) .

52 45 1 R FHISN S AT LR 1 T R BRI . N T R B BN R B S8 FET AR BRI, B
JE 1) 1 15 B A I ) 3 S AL P A2 L) A o M R RS 1 50% JT4h , dn R s LA it FET M
KA IR, WE/NBIE . R R TR U SFE ATk B i A LI R AR P A 1o 48 K BRI

7.1.8 R/ : LR FAUEE/EHIFEE{T AP

FOC Sy i el A% g3 F I 705 1d e il s - WG A R . /N 1WA e LHE AR 58 X, B I iX AN X
B, H LS T AT R A .

&I
(ERLBWRSTIE TN | ALHLCIRIR A . FUEBRAE 1g MR Inar = 102 + 192 5 SRS s BLABL I
IRk 1 2
SSRGS 0 -

1. ¥ FieldCtrl 277723 F i FLUX_WEAK_EN 7% & N 1b.

2. 1% FLUX_WEAK_CURR_RATIO , PR il H3t i fe K a2 5 5 AR AR o F () bR o S PR 1) i Jei 2 f P
it 1d IEARTEAE R PRAE ILIMIT B 7> B IR 1 485N 102 + 192,

3. A{fH FLUX_WEAKE_REF Pt & k%5 e KA T Fa 4, it e J5 R 5 - 1 27 A7 2% 7 B i e E R )
FeEMERF O, B ZAER |, BT 1d LIRSS .

&1
RTAUE LR, BRI IR ARCRA o B IE B 15 BRI HA - RE B 1E 5% 1 1
T T it (R BRI, A S R S -

7.1.9 FLIZR AL © 125 IPMSM HEHHI3E

AP ATEME A FOC S N B A DR AL (IPM L ) S Gl F P T DAAZ IR A 2 A0t W o 1 T 4 i
SN HE RV IN D P3N WA E (=

FH AT LAAE ST 5.3.7 HHECE MTPA_EN K3 F L Th .
7.1.10 =B HLIE LA IE B 1 B I B R

X BEAE RS LT IA] B ok A e B e NI, R R S A N LS I T, AR TR EARIEAE AL (H
Pz — I KRS R P M B R R R, AT DU s B A D rE LA 1 ke T

%18 R LE R [MTR_STOP] B &4 8l B s

240 Tl B FEh RSO R{E [ACT_SPIN_THR]. #iCK ACT_SPIN_THR BB A KEH K] 50%. W15 HiE
RABER R, 5N ACT _SPIN_THR , B3 F He i ik 31 Ay 48252 (1) B
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7.1.11 RFPEIE

7 L FE S B R Y R N B R B R R B BN A, AR IR, AR T AR i A rR R B R AR VA 1
JESURLIE [N

BRI 2 == R 1 X g VNV 2 =R R = S ] D YNV P = TS R = D = D EE D 54 ==t 3
#] [BUS_CURRENT_LIMIT_ENABLE] il & & 2k iR fR | [BUS_CURRENT _LIMIT] , DAfRS e 5 | 8850 #E 4
7o PR EEL VAR

Bt 75 PR A A R A5 EE R RE O AL, RO L A O T 8 P PR . e P e U PR A K 2 PR
AL T, DT B ot L 9O L IR

820 BRHAEENEE KA, ARIEEEE R | SREBEYL GRS S B B YR |, A I R 5T 2%
T o T2 R BT RE A 2 KT S P HL R VR [AVS] AT AR e s i 4 H R ol | 478 76 B A ] Fofh 2347
PV E AT AT BRI B BN 2 AR R

7-3 JER T 25 FH AVS B FL R ph . EALLL 70000Hz/s ITRE 20 5 25 A 100% P& % 10%. 1§ 7-4 J&
7R TR AVS I RS H R .

[Power supply voltage VM|

i

A

& 7-3. 257 AVS B0 g b AU LT B 7-4. J5 P AVS B 0 e PR s L
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7.1.12 FOC # % Ut#

TE W RE o e AT FOC Sk, DMESE R A , AN LA 2 H R ReE . H P ar DO 4 N 7 98 2R
SR & I FOC 3%,

1 5.3.5 1) HIGH_FREQ_FOC_EN fi7fic & vl LL B N 1b k3RS 10kHz [k FOC #UTEF . KX AN EE
9 0b A ¥ti K FOC $ATH R BEML 2 5.

B/
FOC fI#2 R et PWM 515 (5 BB I #4047 , BB, 10kHzZ ) BCR W] SEIE FOC T3 2838 H i) PWM A
N 10kHz FIf55L ( i1 10kHz. 20kHz. 30kHz ) . XfF 15kHz. 45kHz % PWM #ii% | ik FOC i#
#N 7.5kHz ( 15kHz/2. 45kHz/6 %% ) .

8 W E

8.1 FHE

FOC 53 U VR 164 FH 36 T 2 174 (077 I e B R L B ML J7 17
s ETHFAFENATHEER

LIRS 77 ) AT R AP AP A B AT W, W R TR

* DIR_INPUT 01b : M H#HALFF%) OUT A — OUT B — OUT C.
* DIR_INPUT 10b : % fJ# {25741 OUT A — OUT C — OUT B.

8.2 HIFE B

FOC S8 I/ BENS 6 & Ah s i R HIZh L. W] LB BRAKE_PIN_MODE ¥ HI5 RS e B KM 5) (Low-
Side Braking) g5t 55} (Align Braking). FOC £i 478 HE N ISR 4 2 BB 4 H B 1 2
BRAKE_SPEED_THRESHOLD & X f){. H% BRAKE RzN “E - F” | PSRRI RS whlEid
PAF 5 sse Bl shoh BE
c ETHFARNWZIRE.

FH AT DU FH A0 R B B 27 A7 25 B R B PIN_CONFIG #5743 ) BRAKE_INPUT , VLR #5025 .

- BRAKE_INPUT - 1b : 124 BRAKE_PIN_MODE 78 3% 5| I A 5h /%) 575
- BRAKE_INPUT - 10b : =5, ANHIFh/I% 55

8.3 Main.h & X

8.3.1 MK X #7 B &

KrITSOR A HC B2 LT CSA Hnth K77 1A o it Y AH AL A 1E HL - 2 CSA it jdi /b, R B IITBOK 2 2 S A o
LI H CSA i Hh 8RR WA F A2 [RDAH L A DU TBOKR 25

T RABOR B E | A HE main.h 135 #define  INVERT_ISEN.
XF T FAHBCR AR FLE , Y AIE main.h SO 455 #define _NONINVERT_ISEN
8.3.2 )L AN

BN EALFE IR TE L T A BN SR B0 &5 1% A PWM IZ 83075 5 SERRMIEAR K30 446 th 2 18] IO SERF IR E] , PA ns Ty
B o I HIE R 5 0 S oM A Sl s i ) FLRAGT I SRAE S4B, A BB B RVE LUREAT A 0 1 LA U

HAE L ns NEALT |, W Z5EH main.h S04 ) #define DRIVER_PROPAGATION_DELAY nS %3K5E Y.
8.3.3 Iz -G ]

eI 2 M= 5 L TH QR o)) N N s o wo A i TR 1 T P B 0 B o DA - ok s
Ak, WA USRI EL . 9 1 SRASHER ) L SRR I 15, AEHAR AT 5 2 A LRSI TR 4y ) AR E TR
Ko
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it CSA FasE i) + b7 ial# ] main.h 34 #define DRIVER_MIN_ON_TIME_nS %K ¥ & .

8.3.4 B AR ESLFE

SDK FOC 7Rl AT £ X6 BL A4« U5 Al = 73 i 55 & P I A G B IR DUHATIC & . IR L IR s AT |, &
IR YR AR LT e R0 2 B I AR L

FOC I FH SCREAE 25 5E S P RIS N FRALRAE . ATTARAL LR AL 8] . BRIANISOLT , FERTE s ic B

HRLHAS ADC SEBIRAL I [F 20 RAE D RE . HI 7 B8 22 /0 — A LR DU oy 21 P> ADC S 3E 38 o B i
i, 3f HAAZI7E main.h Eﬂﬁqjﬁﬁiiﬁ%ﬁ‘]%%ﬁ%%ﬁﬂﬁ , W TR .

8.3.4.1 =4 B E

#define CURRENT_THREE_SHUNT_AB_C : WiXi#id ADCO fil] A #HF1 B AH , i@t ADC1 fadll C #H , W
P e LT

#define __CURRENT_THREE_SHUNT_A_BC : 1@ ADCO il A #H , 1@ ADC1 ill B AHAI C AH
D PR T

FH PR DU He —ANAEAL ((Hedn “B” ) B3] ADCO A1 ADC1 S | K Hofs 55 AN AR AT 16 H 2 5 4N AS [ 1)
ADC 2. filtn , B3k “A FH” B3| ADCO , ¥ “C #H” % H %] ADC1 , B #Hi% 13] ADCO 1 ADC1 S24) .
SR | SR LB S IR B NEEA | AT HR 48 25 52 1 5 Efmﬁi@%aﬁ L R A T

FEX AN = AR O B, N SRR s I Al S8 A5 e A% BTN AE AL, AT SE R PR B bR ml il e 2. 5%
M =AHENL—HF |, HrP AR AT — A R AT AT DT 59 A M AH B AR A 5, B i = (b + i) RIIBATHIEIX | ik
P EAT B AR HE ZO AR AL AT FERI &, A P A 9 AN R PRI B R AT o e T 1 P B =M.
TrFA T R SVM g A7 R AR 2 2 5 E X R AE

FYEPEULECE |, 1A AT LLZE main.h SO {34 #define _ CURRENT_THREE_SHUNT_DYNAMIC %:. JE4} ,
FH P 7 245 % #define DYNAMIC_CURRENT_SHUNT_CONFIG_EN % TRUE , AT FIZhas 4 i 8 i
.

8.3.4.2 WA i E

#define __ CURRENT_TWO_SHUNT_A_B : {3 H1E A A1 B 76 7N A @ & o] T 3T IR ke | I
H A %] ADCO , B i H %] ADC1 , MR LA E .

#define _ CURRENT_TWO_SHUNT_B_C : R X 1E B A1 C AH_EAPIAN stk M8 E v] A T30 47 HLRURFE
JFH B %1% ADCO , C #%H1 %] ADC1 , MIEF AL E .

#define __ CURRENT_TWO_SHUNT_C_A : Wi K7 A AHAT B AH_EA PEAN 0 IR A Ui 36 m] FH T 3047 B RE
JEH A %) ADCO , B #%H1 %] ADC1 , &AL E -

#iE
WA PSS SDK A BRI B AN [ AH A7 21 & R 6 B 1) ADCO H11 ADCA SEf. AT RLFE BA T S A
HHETIE M EL : projectroot/modules/hal/gateDriverinterface/source/
<driverSpecific>_focHallnterface.c

8.3.4.3 R BRE

U SRAE R P A SRS S R AR AT F AR, MR IR FBALIE W12 4T |, REARLITE X.
£ main.h 3k f03% #define _ CURRENT_SINGLE_SHUNT .

8.3.5 CSA fE H PR Tt #E

FOC v FARE Al ik ADC A& 21 i) B ok %oml_x_ ADC B RAE IRy PU RGHE .. XHURT MJECR S 51 NHY
CSA W%, &% , AT XU sy A I & | B ADC 3.3V /2 = 1.65V {EAmMBLA H . X T HIiAa g 2%
AR, B ImFE % BN/ T 0.5V, U\@ﬁﬂﬂﬂijﬁmﬁi £ ADC #irth k& +ve IR |, JF 8 BN

HKeill & -ve HLI.
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KIS MM ThAE | FOC R AELRIGEIARIE . 4 ADC 12 Ry PU R , IR EREN 0 : RE | ¥
HO I TR 1Q(1).

B SRS 008 FL AR B, AP YD CSA A B E D 1.65V (3.3V/2) , WILLHIA T E N _1Q(2).
MTAEMAE R WA E , F8BUE R 2R E N

_1Q(3.3v/(3.3v - DMREE N AL CSA_OFFSET)). ILAEAE N % € LA INE] projectroot/modules/hal/
gateDriverinterface/source/<driverSpecific>_focHallnterface.c .

Bt : %2 R TR DRVS329 - Hirh #define DRV8329 CURRENT_SF_1Q 485E 4 _1Q(1.42857142) , CSA
m#% R 0.4125V,

8.4 SLRT A B PRI

AlEd DAC A\ MCU siisf 4t 32 frfikAc & . il & ® DAC_EN =1 k5 H] DAC %itti. MSPMO i) DAC
12 £, PRI A Wi SRS . e AT, A MR T i

« XFTERIQFAFNZEE (1Q27) :
DAC_OUTPUT_VOLTAGE = (VARIABLE_VALUE x DAC_SCALING_FACTOR + 1) x 1.65V (20)

7E BT A0, ¥ DAC_SCALING_FACTOR & & N 1 iLH P EEEAE OV 2 3.3V i N %R 1Q(1.0) =
IQ(-1.0) A% . R HEIE 1.0 B9%dE | 515 FH K DAC_SCALING_FACTOR.

Bt ERIR -2.0 & +2.0 UHE N EIE |, 5% DAC_SCALING_FACTOR # & 4 0.5.
o XFFHAR 1Q B RTE

XoFFARATHA 1Q ffidn s, P o] DA AR S e R A sl Fe Ay, DMETE i 2 p B & T 12 Arya el iy . T LUidE
it ¥ DAC_SCALING_FACTOR # & M 0 Sfeik £ A =

WA EAE /N T 12 fifl | % DAC_SCALE & & ~1E , DAC i 7 fE= 21 fow
DAC_OUTPUT_VOLTAGE = (VARIABLE_VALUE << DAC_SCALE) x 3.3V (21)
WIRAF A KT 12 f7ff , %+ DAC_SCALE # & A1t , DAC ity fE =k 22 fios -

DAC_OUTPUT_VOLTAGE = (VARIABLE_VALUE >> DAC_SCALE) x 3.3V (22)

#E
i wE DAC_EN =1, "l Az & th 5tk 2] DAC Z9474% , {HH )7 75 Z4E TI SysConfig 415 Al DAC 4t
B, LME DAC AhstiE® 1T, MAh , #ifk DAC %t 51 BURBAE T AL SR -
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% 8-1. T DAC B#xfiit®
& Hihk
A HE LI 0x20200608
B A HLI 0x2020060C
C LI 0x20200610
A IR 45 ADC {8 0x20200614
B #HHLIF 45 ADC {H 0x20200618
C HHHL R 4 ADC 14 0x2020061C
A FHHE 0x20200678
B HHLE 0x2020067C
C HHE 0x20200680
A HIHLE R 45 ADC 18 0x20200684
B #HHLE 545 ADC {4 0x20200688
C HHHEJF 4 ADC 18 0x2020068C
RN 0x20200750
Q IR 0x20200754
D Hll fJE 0x20200758
Q LR 0x2020075C
D %ty 1) BEMF 0x20200BD4
Q izt P ) BEMF 0x20200BD8
JER R (Al F LS R 0x20200BF4
T E T S 0x20200BFC
T3 it 0x20200930
SVM #rth i 2Lk A 0x20200720
SVM #irth i 2L B #l 0x20200724
SVM #irth di 25tk C AH 0x20200728
9 B PiidxR
VE o DARTRCA B GRS AT R 5 224 AT RRCAS () TR AN [+
Changes from Revision * (January 2025) to Revision A (March 2025) Page
I T i 0 N 1
o FE AT 201 FEII T A MSPMOG3519 B EHT T o oot 5
o FE AT 2.4 FFIRINT X MSPMOG3519 28 B3I o oo 6
o TE T 2.5 I T MSPMOG3519 A8 I 3 R o oot 7
o FE AT 210 I T MSPMOG3519 B3 M3 H o v 10
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ERBEAMNRREH
THEEFRERARM AU EERE (FER ) . RITER (8FFFRIT ) . NAREMRITRY, WETR, 22FENEMER,
FRIDYAFREEFMEEMARRERNER , SBEFRTEH S, EFEARAENERASRTREEME=F MR~ ERE
ﬁo
XEFRAMEMEA TI = RETRITNBET RARER, SFATREUT2HIRE : (1) HNENEARRESEN TIFR , (2) Rit. B
EHNHEWNA , ) BRENEAFREHAREARTAEMIIERS, FERE. KERHAMBER,
XEFRNMELE , BFZTEH, TI BRVENTRXLERRATRHARTIRARN TI ~ROEXEA, MRUEMEAIXERFRRT
SHARTR, EXRERETEM TI HRFRFEFTE=FDR~R, ENETBERTEXERFRHERATN T REARERNEAR
WE,BE. BAR, BANES , TI WEEFAR.
THRENZRZ T HHERADR ticom EEMERRRT F=REHRHRAEERZFRBAR. TIREXEFRA T RRURMAERER
THEX T FREABHERNERRBRERFHA.

Tl R334 I8 T R 1R VAR A E A SRR B B9 S o

BRZF 4t : Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
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