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2. Y—=AI71 V&%

metis_motor_sample_r01

L—common NI NVEITEI RS AN —BEEDT7 IV HHEENTVETD,
B_User.c ANV - - S EREY -2 T71)L
B_User.h ARJNVHITH DY — 55 TE BhEAYSY —J71 )L
C_Control.c A NVEEID> ~O—)LESEY — X T71 )
C_Control.h AR NVEIEITS bO—)LBSEAYS —T71 )l
D_Driver.c ANINVHEIFHIRS A=Y —=ZT71)
D_Driver.h RINVEIFIRS A )N =AYF—T741)

E_Sub.h SEERREEAYY T
ipdefine.h YA EREREAYS - T4
ipdrv.c  NAOYI\-RESBREY-J71)
ipdrv.h NAIVN\=REBRAANYT-J71)l

|
|
|
|
I
| E_Sub.c TEHEARAERY - 2T71)
|
|
|
|
|

sys_macro.h NOOEZERANYY-J71

L—M374

—source

[

initial.c NAIWEARERIEY - A TI7 1)L

initial.h YA AIHASEERHEAYS —TJ71 )L

main.c AIN—F>

system_int.c EIDAHEIERY - Ty

system_int.h BIDAHBEERAYST-T71 )L

usercon.c 1—Y—HIHIBY—-ZT71/Il

usercon.h 1—H—HIHEAYT-T71)L

driver FTIAZRSAN-BEEDT7 A IV IENTVET
D_Para.h ARINLHIHEIER : (FroILEB)AYT-T71)L
D_Para_chl.h AINVEIEEISIER : (FrrL 1 B)AYS—-J71)L
dac_drv.c DAC IC RSAN=Y-ZXT71 )

dac_drv.h DAC IC R34/{—~w4H—T7()l

interrupt.c ZIDIAHHITEBIEY - T7 ()L

interrupt.h ZIDAHHIFEHRSEAYS - T7A Il

mcuip_drv.c  YAI2N\=REERSAN=V-Z2T71)
mcuip_drv.h  IAI2N\=REEERSAN—AYFT-T71)L
Checkvdq.h  Vdq E&ERRBELIRY-XT71)
Checkvdqq.h Vdq EERBEEAYT-Tr1IL

L—Libraries CMSIS J7. & IP A5/ 73Y—-hH&REnTLEd,

—CMSIS CMSIS a7 hM&HEN TVEFE T,

| | system_TMPM374.c YA #EARERY—-ZXT71)L

| | system_TMPM374.h X4 AR ERAYT—T71 I
| | TMPM374.h AL S RI-EEAYS—T7 (I

|  L—startup

\ F—arm

\ \ startup_TMPM374.s  ZX4—k7vI7t>J35-Y—Z(arm H)
\ L—ijar

\ startup_TMPM374.s  ZX4—b7vI7t>J5—-Y—-Z(IAR A)
—IP_Driver RUTTIIRIAN-PHEMENTVET
tmpm374_adc.c

tmpm374_adc.h

tmpm374_gpio.c

tmpm374_gpio.h

tmpm374_tmrb.c

tmpm374_tmrb.h

tmpm374_uart.c

tmpm374_uart.h

tmpm374_wdt.c

tmpm374_wdt.h

tx03_common.h
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3. FHHlIRIR(CONT

3.1 AFEY-I
ARYITMILL T ORFEY IV ERUTHESNZEDLRDET,

IAR Embeded Workbench for ARM 8.50.1.24811
KEIL pVision MDK-Lite 5.29.0.0

3.270517MDMN5 LA
IAR Embeded Workbench &L TERBALE Y

1. M374¥iar_V8501¥ IAR_METIS_M374.eww &5 TNV, FE[T74)V] > [B] >
[D—DAR=ZIN5 IAR_METIS_M374.eww ZRIWLTLIZE,

2. TFEEENZEENMFT,

TP WEED Fr JODIONR et YoM SR ALTM

DDR@ B AR < Q>KE< B > RO =0 - . &

D-1RA-R v ax|m =
Debu fo
Tril e . o

=

TTasasg d|"

a
DooEDEDD R

[TET

vax
vk oA

BT T

I5-0 9o 1M 227k M
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3. AT ERE. ERTZY-ILOEIRETOITUZE,
[TOS1IIK] > [AT2a>] > [T\vHO<BE>ST

#ry

gt ~
EHERRT

S LA -

eetis BE  gw0-F (Y IFIT @mASyaY T5HHY
TS

THRLfEBIERE

HATA - F51(D) EEOELTEAR

ey ] fren BT ZY—ILEBIRU TUEE L,

o ty Py TII0E

EdAb) Ov70774L0EE (1)

PEST
CADI

CMSIS DAP
GoEt =%
bt FIATETTN
J-inkf3-Trace

I Stellaris O 57 kmF-/(51 o)
Nu-Link. STOOLKIT_DIRS¥CONFIG¥deL

ebugger¥Toshiba¥TMPM374FWUG.ddf

PE micro
ST-LINK 2

Of Azl

4. TI\YI=RIAIBEE(E Y- EEBHU[TOSIIN] > 40>0-RUTTN\Y) Z&EIRI DN T ey %L
TIEEL,

Be =[0] .

3.3 DAC i
ZHOZtEASORI-TRETR S DAC HHIHREEERLTVET.
DAC QBRI 3(c(E. D_Para.h D FEEEEREZB LTI,
#define ___USE_DAC

DAC &322 #E. J71 )l usercon.c DE§#R UiOutDataStartByVE()(C5EsLTWVE T,
R ITDIEHNRVEERER. BEISUTEIUTZEL,

«DAC I8 TERZE>

dac.select DAC i /7:84R

dac.motch DAC &3 E—4—CH Z5%EL TLIZEL,
dac.datsft0 - 3 FT—A=3TPEZREL T,

FTIAWNTIIUATOESDICRO>TVET,
BE—R(EFT7A)L usercon.c [CLH>THIETIHET Y,
dac_t dac =0,1,0,0,0,0 };

«DAC 7 T4 NEE»
1. MODEO

VoA : U #8ER

VoB : V #HER

VoC : W HHER
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VoD : 85 A

2. MODE 1
VoA : Id UJ7L > A (BE1E)
VoB : Id(E7E(E)
VoC : IqUJ7L> X (B1EE)
VoD : Iq(3R1E1E)

3. MODE 2
VoA : ARE (BiFE)
VoB : ARE(GRITE)
VoC : ARE(E)
VoD : Iq(RTEfE)

4. MODE 3
VoA : U8R
VoB : Iq UJ7L>ZA(BEE)
VoC : Id UJ7L > A (BE)
VoD : AiEE (IRTEfE)

5. MODE 4
VOA : Vdc(ERTEME)
VoB : Vdq(3R7EfE)
VoC : Vd(ER7E(E)
VoD : Vq(RTE1E)

3.4 1-Y—A>5-J1—-RIcONT
I-Y—A>5-TJ1-RELTT e R TLET,

«1-Y—A>259-J1-ARNE»
1. E-9-REHRE
MJ1—LA SW(VR)ZIRIETBEILED, E—F—DEERREZIEE I DENTEET,
REEHE : cHZ_MIN~60 Hz(EBXA)

2. E-45-MOiEsat)E
NI SW(TSW1)EZEE IR ETE-H—DEER AaEtIDE X3 ENTEET,
Hi : CW Low : CCW

3. LED &%
LED1~LED3 TiB{SIREE. E—Y—IREEATER T BN TEET,
1. SBEE—RFR(LEDL)
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FEERU BT
J\=REMG : s=a4T
VINEMG : 1 s 52K
EEFERREES : 0.5 s =
Vdc 2% : 0.25 s =2
2. VE B0 AHIIEEFEZR~(LED2)
VE EID;A AR AT
3. BEE—RFR(LED3)
BIEMET : AT
BIEIS— : =250 ms ON/250 ms OFF)
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4. E51—-I)ViBHK

~

Application layer
Main control (main.c), Interrupt control (system_int.c),
User control(usercon.c), initial.c

- /

Vector control driver
B_User.c, C_Control.c

Middleware layer

D_Driver.c

mcuip_drv.c
. dac_drv.c
interrupt.c

MCU Initial driver
IP_Driver

Device driver
layer

-

"

PMD, ADC, VE TMRB UART GPIO

Hardware layer

/ PMD, VE device driver . \
[ } Dac driver
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5. N1IAN\=RII7VY-ADT7HA>

5.1 ABA5-J1—-A

IP HHHARE =t
TMRB CHO 4 kHz EEREIDA S
CH1 REH
CH2 REH
CH3 KEHA
CH4 KEHA
CH5 KEHA
CH6 KEHA
CH7 KEHA
SIO/UART CHO A BB HE UART
CH1 DAC IC sl SIO
CH2 KEA
ADC UNITB 254 Fia—A HE— R : AR
£—%—CH1 J/ILEF.
BIREEERUS
PMD CH1 E£—%—CH1 Il
VE CH1 E£—%—CH1 &l
5.2 EIDiAd
B[R PUBETNES REENE
INTTBOOIRQN 4 kHz BERIA= I ERk INTTBOO_IRQHandler

INTVCN1_IRQn

NI NVEIAEY T NMAE for CHI

INTVCN1_IRQHandler

INTTX0_IRQn

XA P EMRBEHIH(XME)

INTTXO0_IRQHandler

INTRXO0_IRQn

XA D EMRBEHIH(3Z4E)

INTRX0_IRQHandler

INTTX1_IRQn

DAC IC #ll4i

INTTX1_IRQHandler

INTPMD1_IRQN

VE R5—N1 >v> bDdr)

INTPMD1_IRQHandler

ZNAHBSLE(L. ipdefine.h DT L EINTCEERIEETT,

/* High
/% 0 ---7

Low */

*/

#define INT4KH_LEVEL
#define INT_VC_LEVEL

#define INT_DAC_LEVEL

5
3
#define INT_ADC_LEVEL 3
6
6

#define INT_UART_LEVEL

/* 4kH interval timer interrupt */

/* VE interrupt */
/* ADC interrupt */

/* SIO interrupt for Dac */

/* UART interrupt */
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5.3 GPIO
PORT METIS €~ &#h Thhe
PGO UH_1 £—%5-U
PG1 UL 1 £E-5-V
PG2 VH_1 E-5-W
PG3 VL _1 E—H—X
PG4 WH_1 E-5-Y
PG5 WL 1 £E-5-Z
PG6(EMG1) XEMG_1 £—%—EMG
PG7 RELAY EABRBLE
PEO TXD_UA_MCU UART_TX
PE1 RXD_UA_MCU UART_RX
PF2 LED1 EMG 24T
PF3 LED2 VE ZEIDAHIER AT
PF4 LED3 HHE— R=1@8ET=AT
PI3(AINB2) AD_UP_1 UEER
PJO(AINB3) AD_VP 1 VIEER
PI6(AINB9) AD_WP_1 NEEESR
PI7(AINB10) AD_VDC_1 VDC B
PKO KEY_A 21— LIEH
PK1 KEY_3 A1 RAAvF 3([ElEx75M)
PE7 KEY_2 251 FRAYF 2(FIHHE—R)
PA6 XSYNC_SPI DAC STl
PAS SDO_SPI DAC FBSU7L
PA4 SCLK_SPI DAC FASU7)L
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6. ¥I3)\J0—-
6.1 A2 J)L—F>(main)

( main )

EDIAHEE __disable_irqg()
[
WDT #HASE init_ WDT()
[
JEERSAN —#ERERE init_Timer_interval4kH()
I
SW ASYIERSTE init_Uikey()
I
ADC #JEAs8TE init_ADCen()
|
PMD %A% E init_PMDen()
I
VE #JHAsSE init_VEen()
|
E—H—EIERIERRE B_Motor_Init()
[
1Y —HIEERR init_user_control()
I
DAC HIfEI#NEAERE init_Dac()
|
2|0AHEF ] __enable_irg()
I
SW #JHEAA 3 HI4E UikeyInitscan()
I
WDT JU7 WDT_WriteClearCode()

( main loop )
|
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6.2 A1 >J)V—T'(main_loop)

C

main loop )

XA U ERRREE ?

WDT 2U7

Y-

1-Y-E-4-Hli

POEFEUSHE

IRREBFS ]

o@D

S LEARREHH]

EREEIRARTHAE]

7= bRy TIREE I

AIEREHIRREHI 1

Bl TR PN ]

S Thl TE & LI HRAR ARSI

TEFS AR RE B

XA > EAESHIE

M_Main_Counter >= cMAINLOOP_CNT?
(1 ms#@?)

WDT_WriteClearCode()
user_control()
B_User_MotorControl()
D_SetZeroCurrentByVE()
C_Control_Ref_Model()
C_Common()
C_Stage_Stop()
C_Stage_Emergency()
C_Stage_Bootstrap()
C_Stage_Initposition()
C_Stage_Force()
C_Stage_Change_up()

C_Stage_Steady_A()

uart_control()
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6.3 EIDiAdH
VE 2T 1-)58 THF

CINTVCNX_IRQHandIeD

VE RJMVALE

( EXIT >

4 kHz AHACE

(INTTBOO_IRQHandIeD

4 kHz [FHRALIE

C EXIT )

DAC 1B{E 8 bit XS5 T

CINTTXI_IRQHandIer)

DAC IC XS4

C EXIT )

X EMBIE 8 bit XS5 T K

(INTTXO_IRQHandIer)

UART XS

C EXIT >

INT_VectorContorlByVE_CH1 ()

INT_interval_4kHz ()

DacWriteContinue ()

INT_uartOtx ()
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XA VEAB(E 8 bit RIS T
CINTRXO_IRQHandIer)
[

UART Z{SL1E8 INT_uartOrx ()
I

C EXIT )

PWM EI0AHEE (1 3> hDF)
CINTPMDl_IRQHandIe)
I

PMD ZEIDiAAHANIE INT_PWM1()
I

C EXIT >
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6.3.1 VE N NIV (INT_VectorControl_byVE)

(INT_Vecto rContorlByVE_CH 1>

VE L2 RA—fEES VE_GetdataFromVEreg()
|
BT D_Check_OverCurrent ()
I
BEFARE
@ No drv.state.all == 0?
Yes
AT EHETE H 4 D_Detect_Rotor_Position ()
R I D_Control_Speed ()

D _Check_DetectCurrentError_3shun
ERARAIR
t()/
VE LS XA—E8TE VE_SetdataToVEreg_xxx()
|
Dac il UiOutDataStartByVE(ch)
|
VE X5—-b VE_Start ()

(Note) 3 >v>hDd+

C EXIT )
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6.3.2 PMD #ID;A#0 (INT_PMD1)

( INT_PMD1 >

|
VE R5—h VE_Start ()
| (Note)1 >v> bDdr

C EXIT
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7. IREEERS
7.1t09-LA
*I B_Motor_Init (); called
Stop Detect over current
1 usr.com_user.onoff = SET
Bootstrap Detect over current
l cBOOT_LEN time passed
Init Position Detect over current -
l cINIT_WAIT_LEN time passed
Forced commutation Detect over current
l Omega com > cHZ_MIN
Change up Detect over current
l Change Id, Iq
Steady A Detect over current '[ EMG
usr.com_user.onoff = 0
usr.com_user.onoff = 0
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8. 1-¥-7JVUs—->3>

8.1 1—Y—HlfH

MV mS)THEL-H— TV~ ST BRI ETET.,
|

< user_control >

SR VI timer_count ()

HIEE—R : B2 keydata.bit.sw2 == 07

AD fBEUS soft_adc_getdata ()
|
1-H—-%7F user_setting ()
F— i1 Uikeyscan ()
I
LED Rl led_display ()

|
C EXIT )
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8.1.1 #/N—h9> MiliE(timer_conut)

R VEBACEICTEEDIIN—DHI> MEITVET,
1. WBEIS—LED s@H1<Y—(1 ms x 250 A9N)
IBEI5—KF, 250 ms Z&(C LED3 DIRREZYINE R DI DHT > hRDFET
2. EMGIREESIBAINY—(1 ms x 250 > k~/500 h> /1000 AT R)
EMG JRRE(CLD LED1 DIRREZYIDEZBILHDNI> METRDE T,
3. J#{E TimeOut #4¥—(1 ms x 2000 AU>K)
IBERF. X 2 EIREDBESIRREZ ISR T DILHDNI > MERDFET,

8.1.2 AD fEH{S(soft_adc_getdata)

AY1—A SW(VR1)D AD fE(12 bit)ZEIRZEH#EES F THUSLE T,
10 [EEfS4E. Sk - B/IMEZBRC 8 BIOF19MEZ VR1 OBINMELL T ad_vr.avedat ([A&HALFE I

8.1.3 F—#llfil(Uikeyscan)

TSW2,3 OF—ZFv AUEZITVET,
£+ —7T—4(4 20 EEH—ETHEEL. keydata ((A&fSNE T,

8.1.4 1—-Y¥—5%7E (user_setting)

D—Y—2EICEDA SN VRL (TREV, FEREEITVET,
1. E-4-REHH

ad_vr.avedat % 8 bit DAZEE(CL. ZOMEN

0x10 =im : 0(0 Hz)

OxFO U _E : 60(RARE)

0x10~0xEF : BaELLTGRETE

8.1.5 LED =l (led_display)

EMG DFEFE. BEIRREICLD LED1~3 R ROE DHIEI(FERF ON. Eh OFF, sUl)Z1TVE Y,
F. mRRETRIMZ T AOFEEIE(0.25 s, 0.5 s, 1 s)EITVET,
BRRIOVWTE 3.4 I-YH—-1>4-J1—-AOVWTEZSBULTZEL,

8.1.6 i@{EHIE (uart_control)

A OBEREDXESNBOERES - [BIERAT—ARAIN FZ2ZEL. 0T DIEERZ A BERNXKEZITVET,
WBISRER

115200 bps. 7—% 8 bit. AbvTEwk 1 bit, /\UF4—RU. JO—-HIFHIRL

ERRDFET,
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9. 1#HEsHAA

7 IVT—23o -~ HIHEE ST - HIHEE— 5 —BFBIE D1 > —J1—- 2% A FICEELET

9.1 BI@EIY> K
B> P L TFICEELET .

9.1.1 #HHAE(usr.com_user)

“E-S-DIEEEIZT— b AbyT
-ZEA75T (248%55R. 3AEZER)
STMPWMAS AT(1 v, 2 HHEROEESEIBR)

typedef struct {
uintl6_t spwm:1; /* Shift PWM 0=off, 1=o0on */
uintl6_t modul:1; /* PWM Moduration = 0=3phase modulation, 1=2phase modulation */
uintl6_t onoff:1; /* E—4—ic&higs 0=off, 1=on*/

} command_t;

command_t com_user;
7T —33>Tld. usr.com_user H&IEIESELTERTESINE T,

9.1.2 HlEHBREE

g31l_u omega_user; /* [Hz/maxHz] OMEGA 154, Q31 */
7TV —23>T(4. usr.omega_user HNHEIEHIEIEERE LU TGRESNET .

9.1.3 IEER
ql5_t  Id_st_user; /* [A/maxA] d-EicBEiRIES. Q15 */
ql5_t  Ig_st_user; /* [A/maxA] g-Eic B EiRIES. Q15 */

7 I)r—23>T(4, usr.ld_st_user & usr.Ig_st_user NEENERIBEDELTEREINE T,

9.2 BREITIV> R
BREN V> RE T ICRELET .

9.2.1 BF&hJ5iE(drv.command)

command_t command;

7I)r—23>(F, drv.command ZUT. EREN S ER2E—Y—HIEI RS/ —BINELF T,

9.2.2 A MBIV R(drv.vector_cmd)
NINVHFEEDIERIN RT. AT - CEDIIBZEIBLE T,
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typedef struct {
uintl6_t reserve:9; /* reserve */
uint16_t F_vcomm_theta:1; /* Omega to Theta 0=command value, 1=Calculate the theta from omega. */
uintl6_t F_vcomm_omega:1; /* Omega by 0=command value, 1=Result of Estimation position */
uint16_t F_vcomm_current:1; /* Current by 0=command value, 1=Result of Speed Control */
uintl6_t F_vcomm_volt:1; /* Voltage by 0=command value, 1=Result of Current Control (unuse)*/

uintl6_t F_vcomm_Edetect:1; /* Position detect 0=off, 1=0n */
uintl6_t F_vcomm_Idetect:1; /* Current detect 0=off, 1=on (unuse)*/
uintl6_t F_vcomm_onoff: 1; /* Motor outputO=off 1=0n */

} vectorcmd_t;

ENENORAT—ITEAINVEEIBREIIY> R (drv.vector_cmd) ZATOLSICERTEL. E—Y—BFEHCIE
SUTVET,
BB, F_vcomm_volt & F_vcomm_Idetect (FERALTHVEE A

1)

2)

3)

4)

cmd theta omega current Edetect
Stage
Stop CLEAR CLEAR CLEAR CLEAR
Bootstrap CLEAR CLEAR CLEAR CLEAR
InitPosition CLEAR CLEAR CLEAR CLEAR
Forced SET CLEAR CLEAR SET
Change_up SET SET CLEAR SET
Steady SET SET SET SET
Emergency CLEAR CLEAR CLEAR CLEAR

F_vcomm_theta
O—-4—(IE#HTEEE T, SET OLE(IHEBELZO-I—MIBEELFT . CLEAR TIHESERZO—Y—LEL
LEY,

F_vcomm_omega
O—-5—fIEHEEEE T, SET DLE(IHEEBEZERE0ELE T, CLEAR TIHIESEZREwWELET,

F_vcomm_current

HEFET. d. q HEROBEBEOBL A EZIETLET,

SET ¢ &, RERENS PI I TROIABZELEBELET . CLEAR Tl PI $lfHZX1T89 I5DfE%Z
TOFFEEBEELFT,

F_vcomm_Edetect
SET D¢&E, FREEDEEZITV. - (UEHTEEFEZITVET, CLEAR DEE(L, FBEREBEDEE
(FITHIBEELEZ 0 LU, O—F—IEBIFIEDIELLET

9.3 BRENIARE

9.3.1I5—-

1RE&(drv.state)

typedef union {
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struct {
uintl6_t reserve:11; /* reserve */
uintl6_t Loss_sync: 1; /* O0:normal, 1: Loss of synchronism  */
uintl6_t emg_DC:1; /* O:normal, 1: Over Vdc */
uintl6_t emg_I:1; /* 0:normal, 1: Current detect error */
uintl6_t emg_S:1; /* 0:normal, 1: Over current(soft) */
uintl6_t emg_H:1; /* 0:normal, 1: Over current(hard) */

1 flg;
uintl6_tall;
} state_t;
Loss_sync ARtk ARsAZARHUZEE SET aNF I (RER)
emg_DC EEEXKRE EEBEZIREULLE SET SNFI.
emg_I &ERREEE SBRREOFRBZRHEULEE SET SNFI. CKMEMA)
emg_S VYINBERIEL VI FLEE_CLE@/ML%@Hijtg SET 2n%9,
emg_H J\—-RBEFRRL ¥1I2/\ - MEETEERZIRBUILESE SET 2NE I,
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9.4 -5 —HliEiE&k
-5 -HEEIEA (vector_t)(d. ipdefine.h ((EERINTVEY , BEUILA T OLSICE-A-FrRILCEICEEEINE
ER

1)

vector_tMotor_ch1; /* Motor data for chl */

9.4.1 &EH—&H

il 28 Bk QA= =
Yl

main_stage_e stage.main AMIAT= --- cStop
cBootstrap
cInitposition
cForce
cChange_up
cSteady_A
cEmergency

sub_stage_e stage.sub HYIRF7-> --- cStep0
cStepl
cStep2
cStep3
cStepEnd

itr_stage_e stage.itr FIAHRT— --- ciStop
ciBootstrap
cilnitposition_i
cilnitposition_v
ciForce_i
ciForce_v
ciChange_up
ciSteady_A
ciEmergency

g31_u drv.omega_com BNENRE IS HE Q31

g31_u drv.omega HEERE Q31

ql5_t drv.omega_dev RERE Q15

g31_u drv.Id_com d BWERIERE Q31

g31_u drv.Ig_com q MERIEDHE Q31

ql5_t drv.Id_ref d SERE (S Q15

ql5_t drv.Ig_ref q BSHEREEE Q15

ql5_t drv.Id d EBhEETR Q15

ql5_t drv.Iq q BHE Q15

g31_u drv.Ig_ref I q MEREDE Q31

uint16_t drv.theta_com EXAESE Qo0

uint32_u drv.theta | A VA= Q0

ql5_t drv.Vdc BIRET Q15

gq31_u drv.Vdc_ave (FER) ---

g31_u drv.vd d BhETE Q31

g31_u drv.Vqg q #EE Q31

ql5_t drv.vdq (R1ER) ---

g31_u drv.Vdq_ave (KfER) ---

gq31_t drv.Vd_out HHEEE Q31

ql5_t drv.Ed d BRI ERE Q15

ql5_t drv.Eq (RBEA) ---

gq31_t drv.Ed_I d BhEEECBEENE Q31
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g31_t drv.Ed_PI d BhEEHICEEE PI B Q31
state_t drv.state E-H9-BEBAT-9R ---
command_t drv.command EREh75 % --- (9.2.1 =g)
vectorcmd_t drv.vector_cmd ARINVEIRITT R --- (9.2.2 =88)
ql5_t drv.spwm_threshold SOMIBRE Q15 1 3y NEDFH
uintl6_t drv.chkpls ERIRLREE Duty & Qo0
uint8_t drv.idetect_error ERRHIRAE --- 0:4&H7]8E
1 ARHEARE
ql5_t drv.Ia_raw a HER(ET—Y) Q15
ql5_t drv.Ib_raw b HHER(ET—Y) Q15
ql5_t drv.Ic_raw C 7fHEE};|L(éE5-“ ) Q15
ql5_t drv.la a 1HERGRARARE) Q15
ql5_t drv.Ib b HER (GRIQXIIRFE) Q15
ql5_t drv.Ic c ABEIR(GRARANREE) Q15
gq31_u drv.Iao_ave a BYOERFIIADME | QO
gq31_u drv.Ibo_ave b ABEOERFIIADE | QO
gq31_u drv.Ico_ave cEPOERFIADE | QO
uint8_t drv.spdprd REFIEIERA Qo0
g31_u usr.omega_user HIHBEEERE Q31
ql5_t usr.Id_st_user YhED Id BB Q15
ql5_t usr.Iq_st_user YhED Iq BB Q15
uintl6_t usr.lambda_user EAO—5—hIiE Q0
command_t usr.com_user HETE --- (9.1.1 =18)
command_t usr.com_user_1 45 sIE] ---
ql5_t para.omega_min BRI TIRE Q15
ql5_t para.omega_v2i ERGIEERE Q15
ql5_t para.spwm_threshold Ik PWM tIBRE Q15
q31_t para.vd_pos IERDIEREE Q31
q31_t para.spd_coef HAOBEFRE Q15
gq31_u para.sp_ud_lim_f BRENEEZ TRy MB Q31
g31_u para.sp_up_lim_s BRENEEZIEINUZY MB Q31
g31_u para.sp_dn_lim_s BRENEE RSy ME Q31
uint16_t para.time.initpos B RHIFRE Qo0
uintl6_t para.time.initpos2 LB RDIARERF S Qo0
uint16_t para.time.bootstp 7Ry TEEE Qo0
uintl6_t para.time.go_up FIo o7y EEERR QO
q31_t para.ig_lim q BHERHIRAE Q31
q31_t para.id_lim d BHETRHIPRAE Q31
ql5_t para.err_ovc BB Q15
gq31_t para.pos.kp RIBHETE LB 1> Q15
gq31_t para.pos.Ki IBHEERDT1> Q15
int32_t para.pos.ctriprd [EHETE FI4EEER Q16
g31_t para.spd.kp REFIEILEBIS 1> Q15
q31_t para.spd.ki RE GBI 1> Q15
uint8_t para.spd.pi_prd (FERA) Q0
q31_t para.crt.dkp d SHERGELEGT1> | Q15
q31_t para.crt.dki d SERHEEHED 1> | Q15
gq31_t para.crt.gkp q BERGIELEGS1> | Q15
gq31_t para.crt.gki q HERHEHEDT1> | Q15
g31_t para.motor.r E-H—ELFIER Q15
q31_t para.motor.Lq E-A—-q#1>5999>X | Q15
q31_t para.motor.Ld E-H-d #1595 | Q15
int32_t para.delta_lambda FIoITYIRERUE | QO
{48
uint16_t para.chkpls ERIELREE Duty & QO
uint32_t stage_counter AT—=INI459— Q0
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shunt_type_e shunt_type ST

c3shunt

boot_type_e boot_type ACENSA S

cBoot_i
cBoot_v

9.5 BI¥NE¥HH
9.5.1 ADC #JH#is&%E (init_ADCen)

9.5.1.1 #8X
void init_ADCen(void)
5124
U
ROE :
U

9.5.1.2 MBRE
ADC QIR EZITVET .
-£—%—F AD 5XE
-ADC FF 8]

9.5.2 PMD #JHA5%7E (init_PMDen)

9.5.2.1 #8X
void init_PMDen(void)
5128 :
N9
RDIE :
U

9.5.2.2 MBRE
PMD(JOJ SXTINE—F—RIAN-)DHERREZITVET .

9.5.3 VE #I#AE&E (init_VEen)

9.5.3.1 18X
void init_VEen(void)
514
U
ROME :
N9

9.5.3.2 EBAE
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VE(RNIMVIDZY) DY EZITVET
-VE ZIDIAHEZTE
-VE &TE
9.5.4 £—45—HlE¥HAEETE (B_Motor_Init)
9.5.4.1 #8X
void B_Motor_Init(void)
5128 :
)
RDE :
N
9.5.4.2 &
i 281 B QA= =
Xy h
H75 | shunt_type SIS ---
boot_type EREn517 ---
stage.main MMIAT=2 ---
stage.sub HYIZR7-> ---
drv.Iao_ave U HBE0ERFI AD 18 Qo0
drv.Ibo_ave V HBE0E7 I AD & Qo0
drv.Ico_ave W HBYOERFI AD 18 Qo0
usr.Iq_st_user a8 Iqg BIRAE Q15
usr.Id_st_user taE) Id BIRAE Q15
usr.lambda_user MEAO0—5—hIE Q0
para.motor.r T-H—BIRIEN Q15
para.motor.Lq E-H—q A>9I R Q15
para.motor.Ld E-H—d 815992 R Q15
para.spwm_threshold 2Tk PWM tERE Q15
para.chkpls BRI RE Duty & QO
para.vd_pos UERDIEREE Q31 BB
para.spd_coef HHEEFRER Q15 BB
para.sp_ud_lim_f BRENREIFRUZY MB Q31
para.sp_up_lim_s BRENEEZIZNYZY MB Q31
para.sp_dn_lim_s BNENRE Ry MB Q31
para.time.bootstp J—hARSyTEER QO
para.time.initpos BRI QO
para.time.initpos2 LB RDIARERF SRR Qo0
para.time.go_up FIOSTYIEIFEEE Q0
para.omega_min BHIERRE TIRE Q15
para.omega_v2i ERHHIBRE Q15
para.delta_lambda F1oT 7y IRERYIBAE Q0
para.pos.ki UEHEEREDT1> Q15
para.pos.kp IBHEELEBIT 1> Q15
para.pos.ctriprd REEHETE B4R Q16
para.spd.ki RESIERED T 1> Q15
para.spd.kp SRE BT A > Q15
para.crt.dki d EHERLLHIT 1> Q15
para.crt.dkp d BEREDT 1> Q15
para.crt.gki q EERLLHIT 1> Q15
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para.crt.gkp qEEREDT1>

Q15

para.ig_lim q EHETRHIRE

Q31

para.id_lim d EHETRHIRAE

Q31

para.err_ovc BB Al

Q15

9.5.4.3 IBRE
E-5-HIESIEL . OFIEHMEZITVET.
IR R EE B ZITDRVEREREZITVET .

9.5.5 DAC HIHI#IRAE%E (init_Dac)

9.5.5.1 18X
void init_Dac(TSB_SC_TypeDef* const SCx)
51K
TSB_SC_TypeDef* const SCx : SC 7 RLAZ&EIRUE T,
R0ME :
U

9.5.5.2 BARE
DAC IC HHHOFHEREREZITVE T,
SIO 7]
R— MIRRERE
SIO #IHARTE
DAC IC #JHA{Li&@(E
SIO EDAHLANIVEETE
SIO EIDAIHMREET )T
XIS EIDIAHEFR]

9.5.6 EHIYA ¥ —#HAEEE (init_Timer_interval4kHz)

9.5.6.1 #8X
void init_Timer_interval4dkHz(void)
514
N9
RE :
N0,

9.5.6.2 MEBRE
4 kHz BERIA )% VERR 9 DIz DIAX — DRI EZITVES .
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9.5.7 1—-Y—HIE¥RAEEE (init_user_control)
9.5.7.1 18X

void init_user_control(void)
5128 :

N9
R0ME :

7U

9.5.7.2 WIBAE
I -REFEBNSDIESHITHADOHERREZITVET,
- F— ASIBHIEAGS E (init_Uikey)
- 7FOYEEAFIBLIHAEETE (init_soft_adc)
-LED FR/RAIBHIEAGRTE (init_led)
-UART QUEH]EAGETE (init_uart)

9.5.8 1—H—#lfl (uart_control)
9.5.8.1 #8X

void user_control(void)
5188 :

N9
RDIE :

U

9.5.8.2 LEERE
I-Y-RBESMEBNBDIELZHIHILET .
A IEHRCEDHAIN DT> b
-7RY1—L4 SW(VR1) AFICLBEIERRZE HIEHILIE
ML SW1 ANICLBE—S—-EERS AR
-LED

9.5.9 1-H¥—E—4—#lfii(B_User_MotorControl)
9.5.9.1 #8X

void B_User_MotorControl(void)
5128 :

U
RDE :

N9
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9.5.9.2 &#
75160 2 =k Q;\yf =
A7 | target_spd BEEE --- 1-H—ES
H73 | usr.omega_user H B EE Q31
usr.com_user.onoff £—45—0N/OFF ---
drv.state E-H-EBEIT-5X ---

9.5.9.3 WEAE
E-A-BhEICH IR 1-H-NSDIESENIEBLET,
BETR(\—RI17)IREEDF 1Y)

N=RUI7IBEROREZFIVIL, E-F-BEIT-IAEEHULET,

-E—45—0N/OFF &%
BE1ZRE (target_spd1)DIREENSE—4—ON/OFF(usr.com_user.onoff)ZRELE T,
BEiERE 0 Hz OB¥(C, E—F—-BEEBAT-52%ZJ)7UFT,

-BRENRE IEARCRE
BiREREZ I ERELET,

9.6 -4~ —HI{HEIEY
E-A—-HIERLIEE main BEOXA 2 IIL-TRNSI-ILENZ LT OREEIC I TEREINF T,
E-A-8F%. EILIRRE. T — MARSYTIIREE, (IERODIRRE, BHEERFIARE., s EE B EIREE, ERIRE,
ST —FIREE, REIRAERDIRREERB LU THIILET,
A IAT =TI —-BERIRIE R CAIE RS ((Initposition). s HIEL7 (Force). MHIEFEE
(Change_up). & (Steady_A)DIECFEITUE S . BT XT—>(3 Step0 H'5 StepEnd FTéHD. StepEnd D
BFCAA AT = H 847U Step0 IMBIaEDF T, Flz. T—Y-DEEZR B LSS (3MRESLE Emergency (C
B1TLE Y,

9.6.1 REEZEISALIBREIEI(C_Control_Ref_Model)

9.6.1.1 #8X
void C_Control_Ref_Model(vector_t* const _motor)
51%% .
vector_t* const _motor -5 -HlEEEAR
ROE :
U
9.6.1.2 &#
1) 2 Bk QA= o
Xyh
AB usr.com_user.onoff HEES -
drv.state.all I5—4REE —
A | stage.main A IAT—S -
stage.sub HYIRFT—> -
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[ | usr.com_user_1.onoff | BIEIHIHEHESD | --- | |

9.6.1.3 NEBAZE
7T —23a B 5 2ENBHIHIINY RESUIRTEDIREZ EERL., IREBBZRITUET.
ZAREESBISEF LN TIRE(CH DN T . BTREBOBB(PIREBBAIEREILRN T A ZIRREDLIER]
BATERITEINET .
ZA9F ON T-MRANSYTERIEE  MEROHMEEE  REESEzREEDES  U0BNEEE

" N — |J|-'Hr‘-‘-‘|

A4yF OFF

ZAvF OFF

ZAvF OFF
A1vF OFF

4 T-5-HlHDOREESE

9.6.2 T4 — @ NIBE L (C_Common)

9.6.2.1 {8
void C_Common(vector_t* const _motor)
51%%
vector_t* const _motor : E—4—HI{EHHEEK
RYE :
)
9.6.2.2 &
518 i 0k QA= =
xvh
AJ3 | usr.com_user.modul ZIRANHEIEIC R --- 2 tH or 3 HZ
para.chkpls BniRHRE Duty 1BEREME ---
H7 | drv.command.modul ZEAEREIIT R --- 2 tH or 3 HHZ A
drv.chkpls BRI REE Duty & ---

9.6.2.3 MEBAE
-5 —-HIHOBIREE(CHBERUIEZEITUET .
=7~ PWM #l4E(9.6.10 C_ShiftPWM_Control). $&U Vdq D& HI(9.6.11 Cal_Vdq)¢ZFRARDELZITVE
-
ZIRRFIUTOEERICLHDEHLET .
ZHZ(Vdg_per) = 100.0(%) x Vdq F3ME(Vdq_ave) / Vdc F13fE(Vdc_ave)
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9.6.3 {ZF1LIRAERIEN(C_Stage_Stop)
9.6.3.1 #8X
void C_Stage_Stop(vector_t* const _motor)
5128 :
vector_t* const _motor -5 HlEEEAR
REOME :
N
9.6.3.2 &#
Vele 287 B QA "=
AJ1 | stage.main X IAT— -
A1 | stage.sub HYIR7-> ---
£ | stage.itr EIDIAHRT—S ——
drv.vector_cmd ARINVEIEITT R - (9.2.2 1)
drv.theta_com BRAEDHE Qo0
drv.theta O—-45—{u& Q0
drv.omega_com ERENREIE DB Q31
drv.omega RE Q31
drv.Id_com d BWERIEDIE Q31
drv.Ig_com q MERIEDE Q31
9.6.3.3 NEBAE
T-A-%zEILEEEET, (PWM HH%EELELED)
9.6.4 J'— MR MSYIIRAERIEL(C_Stage_Bootstrap)
9.6.4.1 18X
void C_Stage_Bootstrap(vector_t* const _motor)
5128 :
vector_t* const _motor -5 -HliEEEAR
RDE :
*U
9.6.4.2 &
i 2 Rk A "=
AN stage.main A IAT— ---
para.time.bootstp J— MRSy TBERS Qo0 * MainLoopPrd(s)
AA | stage.sub HIRT-S ---
stage_counter AT—=Ih0 48— Q0 * MainLoopPrd(s)
7 stage.itr EDIAHRT— ---
drv.vector_cmd AINVEIFIOY R --- (9.2.2 Z88)
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9.6.4.3 NEBAE

48 All OFF. F4H All ON OiEFZZHAL. T—bARNSYT AT oY —DFREEITVEFET
ZDIIR%[ T — MR NSy TR [fiee 8 &I, [T — ANy TR NS T Y - DFREEZRELET .

J—hARSYTIREEZ AT OY IR (COFTHELF T,
a) FIHRIRRE
T—RANSYTIREDWERR EZATVET
b) BREIEEGFTSINRE
BEEINT - ANYTRNRE T 20%F5. ERDIREAERBLET.

o ——
High sides (u, v, w) "

Off

ONn mm=
Low sides (X, VY, z)

Off

<« >

Stop j BootStrap

9.6.5 {i[iERHIRAERIEN(C_Stage_Initposition)

9.6.5.1 #8X
void C_Stage_Initposition(vector_t* const _motor)
5128 :
vector_t* const _motor : E—4—HIEIEER
RDE :
*U
9.6.5.2 &¥
i 2 B QA= =
Ny h
AS stage.main A IRAT— ---
boot_type BT ---
usr.Id_st_user U5E) Id BAME Q15
usr.lambda_user FEAO—Y—h1E Q0
para.vd_pos UERDIEREE Q31
para.time.initpos (&R QO * MainLoopPrd(s)
para.time.initpos?2 (LB RHIARERF S Qo0 * MainLoopPrd(s)
AEF | stage.sub HIRT-> ---
stage_counter AT—=INIH— Q0 * MainLoopPrd(s)
drv.vd_out HEENE Q31 BT ERENRSIEIIEN
drv.Id_com d EERIEDIE Q31
H7 stage.itr EIDAHRT—> ---
drv.vector_cmd ARINVEIFIOT R - (9.2.2 &hg)
drv.Ig_com q HERIEHE Q31
drv.omega_com BREnRE IS 1B Q31
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[ [ drv.theta_com B | QO | |

9.6.5.3 NEBAE
Oz #IHMIE I[CEE. wZ 0 [CEE. IgZ 0 ([CEELAHS, IdZ 0 NSRA ([CIBINSETVEET,
COALIEZ [T ERDEFE ki RIRENCId M4aE) Id BRUENCRDFET, [MIERSEFRE |L[158) 1d &
THMBEINSEBEIBFESEIDD Id OIBIIEZRELFI .
Id H'T9a8 Id EFRAEIZLER. [(IERHFTFEREFBE, RAT-JIBBLET.

AIERDIREEZ AT DU TIRREICD I THAHLE S
a) FIHRIRRR
AIERDINREDHIHAEREZITVE Y,
b) Id EBHMRRE
Id ZFHEMBETTHA [BINEEFT,

9.6.6 HHIEETRIRABEI¥I(C_Stage_Force)

9.6.6.1 #8X
void C_Stage_Force(vector_t* const _motor)
51%% :
vector_t* const _motor E-A-HIlfEEEA
REOME :
)
9.6.6.2 &
i 2 B QA= =
Ny h
AS stage.main A IRAT— ---
boot_type LB, --- TR or B
usr.Id_st_user U58) Id BARME Q15
usr.omega_user FIEEESERE Q31
para.omegda_v?2i ERGIETREE Q15 EIERRENSIZIB
para.spd_coef A EEHRE Q15 EEENENRSIEIIER)
para.vd_pos IERHEHNDETE Q31 EEENENSIEIIER)
para.omega_min BHIERTRIE TIRE Q15
para.sp_ud_lim_f BRENRE ISRy MB Q31
AHA | stage.sub HYIRT—> ---
drv.omega_com BREnRE IS DB Q31
H5 | drv.vector_cmd AINVEIFEIOYOR --- (9.2.2 =88)
stage.itr EARRT— ---
drv.Ig_com q MERIETE Q31
drv.Id_com d EERIEDIE Q31
drv.vVd_out HAEEE Q31 BEERBNEIZIIER
9.6.6.3 NEAE
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O—45—-OEEZRIELET . CORT—Z TEINTNLEITEICE DT — B\ V4B T(E70<, s8HIM(CRIFERE R Z 5 R

T, O—9—-HeNSEREL TEERLE T,

Id Z[4a%h Id EBRME](C, Iq Z O (CEIELANS. BRENREEBEwon ZiR 4 (CEBINEEET,
BIFweom NSKDFT (B=wcomt) o COIIRZEWH [ SRHNERFHE TIRRE |[HEFDF THELE T
[ERENERRE |2 —EMEI DB E T FIEHBRRERE [[OEJUET . [BFEBRRE IHwllDFET,

9.6.7 MHIEEVIENRARRIZ(C_Stage_Change_up)

9.6.7.1 #8X
void C_Stage_Change_up(vector_t* const _motor)
51%% :
vector_t* const _motor -5 -SSR
EOME :
)
9.6.7.2 ¥
Velo 281 % QA= =
Ny b
A7 stage.main MMIAT=2 ---
usr.Id_st_user YRE) Id Bl Q15
usr.Ig_st_user V58D Iq BB Q15
usr.omega_user FIEHESEE Q31
para.delta_lambda FroomyTRERVIBAAR Qo0
para.sp_ud_lim_f BRENRREISRKUZY M# Q31
para.time.go_up FIo STy TGRSR Qo0 * MainLoopPrd(s)
AHA | stage.sub HYIZT-—> ---
stage_counter AT—=N0289— Q0 * MainLoopPrd(s)
drv.omega_com BRENREIESME Q31
H stage.itr EIAHRT—S ---
drv.vector_cmd ARINVEIFITTU R --- (9.2.2 =88)
drv.Id_com d #HERIEDE Q31
drv.Ig_com q MERIETE Q31

9.6.7.3 EBAE

Id % O (TR 1q Z[968h Iq B IFTEMSE, WROA IO —LE FCRDLICHELET .
MV ZFEESRET

w. BIFNIEH

=iy A

EEE

(CEDKRDET

[BRENEIRERE |2 —EMEI DB E T HIHBRRRE |[HGADWET, LELIORAT— S TRHERESIHEIF ToOTL
ROz, [BRENERERE |(FHIEICEIBERENEE A,

SR EB UK EZ AT OY TIRREICH I THIEILET
a) FIHRIRRE

s E R VR ARREDHHAEZITVET .

b) Id. Iq tHEXIARE
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Id Z 0 FTHAICHDSE, BEIFC Iq ZIEEMETTHRA [LBIISEFTT . BB IR OBEERITHR

fzT3a. —ABEEIRICLDE T, UIDEA T T, RRERBRSIRENBRBLET.
c) KRERRBERFEINER
EEINCEFIES IR EENMER I 20ZF5. ERIREAERLET,

9.6.8 EEFEIRAERI¥I(C_Stage_Steady_A)

9.6.8.1 X
void C_Stage_Steady_A(vector_t* const _motor)
5128 :
vector_t* const _motor : T—4—HIfIEEAK
REOME :
N
9.6.8.2 &
i 280 B QA= =
Xy h
AT stage.main MIAT=2 ---
usr.omega_user HHBEEE Q31
para.sp_up_lim_s BRENEEIENNUZY MBE Q31
para.sp_dn_lim_s BRENRE RSy MB Q31
AEF | stage.sub HYIZA7-2 ---
drv.omega_com ENENRE 5 R1E Q31
$75 | drv.vector_cmd AINVEIEIITUR QO (9.2.2 &1g)
stage.itr EDIAHRT— ---
drv.Id_com d BERIEDE Q31
9.6.8.3 LIBAEH
EEREDNIEZEITUET,
[ERE) ENEERE 12 —E 9 IS T HIHEERE J(OADIFEY.
9.6.9 {R:EIRAERIEI(C_Stage_Emergency)
9.6.9.1 18X
void C_Stage_Emergency(vector_t* const _motor)
5128 :
vector_t* const _motor : E—4—HIEIEEAK
RDE :
*U
9.6.9.2 &¥
o = Q74—
FrE £ =R <ok =
AN stage.main AT ---
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A | stage.sub HIZ5— -
HhH drv.vector_cmd AINVEIIOY O R -- (9.2.2 &18)
stage.itr BNIABZT— -

9.6.9.3 L EBAE
BERDNRELULLSE, CORRBABELUED,

N=RO17@ERZIRHUESE E=F—BFBIHE I u. v. W, X\ Y. Z [FET Hi-z &85 TVET,
VIRNDI7BERZREULEE(E. E—F-BFENH T u. v. W. X, Y. Z [EERT OFF &0 TVWET,

O—4—(FBEHTEEELET . 1

9.6.10 >J b PWM #lfHl (C_ShiftPWM_Control)

9.6.10.1 8
static void C_ShiftPWM_Control(vector_t* const _motor)
51%% .

vector_t* const _motor T —HEEE A

BERIAEEIZUIEZEM I DE TCORT - ERFLED,

=D&
)
9.6.10.2 ¥
Velo 2 B QA= =
Ny h

AA | shunt_type S NIAT ---
stage.itr EDIAFHRAT—S ---
USK.COM_USer.spwm 2Tk PWM #4754 ---
drv.omega_com BRENEE IS SIE Q31
para.spwm_threshold | 7k PWM tJiLRE Q15

H75  | drv.command.spwm >Jh PWM EREHIV R ---

9.6.10.3 NEAFT
COHAEF VE ERND 1 v bOEEEFBIN T,
>Jh PWM O ON/OFF DFREZITVE .
> Tk PWM HIHI73E.

1 OFMAFREEBOTVET,

& 1 SJb PWM EREY S iEFM

ZIDAHAT—, BERRENS, Tk PWM RN S EERELES BOTILYINTE, &

27 PWM HlIfEI755E EDAHRT - BiE®RE >Jh PWM BR&Eh753%
usr.com_user.spwm stage.itr drv.omega_com drv.command.spwm
OFF (0) All All OFF (0)

Stop All OFF (0)
Emergency All OFF (0)
cilnitoosition i BERE >= JIMGERE
ON (1) 1ZNItpost l. ! drv.omega_com >= OFF (0)
Force_i

Change_up pa\lra.spwm\_threshol\d

Steady_A BERE < STMMURE ON (1)
drv.omega_com <
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I | para.spwm_threshold

9.6.11 Vdq Hiti (Cal_vdq)

9.6.11.1 18X
ql5_t Cal_Vvdq(gl5_t _vd, q15_t _vq)
5128 :
ql5_t_vd : dEEE
gl5_t_vq : q¥hEE

RDE :
gl5_tVvdqg : dq#HEE

9.6.11.2 ¥
Vol 281 Bk Q- =
AB | _vd d BHEEE Q15
_vq q BEE Q15
tH | _vdg dq SHEE Q15
9.6.11.3 NEBARET
TEEERCLD Vdg 2B HLET .
Vdg =/3x/(Vd? + Vg?)
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9.7 £—49—FREHRIEX
9.7.1 FGEREA
9.7.1.1 3HHERADRE

PWM FvU7 — B ER (FEIHA) -

FrUT7—REA

//

hd

T

FrU7-t-4

/

PWM 17—

(ZAK)
U #8_E48 Duty | l I | _l
V 4848 Duty | | l | |
W #5_E4H Duty r_l ] |

T PWMEME | PWM
FIES ®B¥
9.7.1.2 2 AZHADIBE
FrU7-t-o

_PWM U7 - (AHR) R

U #8_E48 Duty

FrU7—RhA

//

\/

V 18 48 Duty

1

PWM FvU7—
(ZAK)
|
—

W 48_E4H Duty

>

A
y

PWM JEIEA PWM JEIHA
HI# BY¥

9.7.2 (UEHEFERIE(D_Detect_Rotor_Position)

9.7.2.1 18X

void D_Detect_Rotor_Position(vector_t* const _motor)

51K

vector_t* const _motor
RDE :

N,

9.7.2.2 &#

E-5-HliEEEA
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i 281 B QA= =
Nyh
AH drv.vector_cmd.F_vcomm_Edetect | FFEEEFIHITOR ---
drv.vector_cmd.F_vcomm_omega | #EREHIHITOR ---
drv.vector_cmd.F_vcomm_theta HWEOD—Y—EHIEIV R ---
drv.Id d BER Q15
drv.Iq q BETR Q15
drv.omega_com SRENREIEDIE Q31
drv.theta_com BERAEDE QO
drv.vd d BT Q31
para.motor.Lq E-H—q 1A Q12
para.motor.r AR Q12
para.pos.ctriprd (rEHETE A Q0
para.pos.ki IEHERDT 1> Q15
para.pos.kp fIEHETELLBIS 1> Q15
A | drv.Ed d BhEFREEE Q15
drv.Ed_I d BhEFECE A ME Q31
drv.Ed_PI d EhEEHCEEE PIfE Q31
drv.omega HERE Q31
o drv.theta O—-45—fI& Qo0

9.7.2.3 MEBRE
IREENE I -ERENESOHTEERE west. HIEHIEN d BHEBEEEE Ed £UT PI HiEHZITVET,
128 Ed OBERMERFFEC 0 TY, DEDRE-Ed EBDFT.
PI HHENC L DKDIHETE R E est IR I HIET, O—F—LEO(FHE ) ZRHET

E-45-0 d BH(CBII 2FMEIERSIENE. FELTRITEN TEFT.

V4 =R-Id+Ld-pId—a)est-Lq-Iq+Ed
(p=d/dt, Id=—TFE{BLD pld=0 £FBENTED, )
vd E-S-EINNEE Id,Ig ®—5—-8%h
West ETEAERE
R :3KHT Ld,Lq :A>595>

&oTC. d #iFFEEE Ed ((TFEEER TRHZIENTEXT .
Ed = Vd - R’Id + (,L)est‘Lq'Iq

1
s
vd
Id Ed + West 0
Tq 7| EdEH — Kp L AN
A
West 0

5 d #iFERERE Ed [CK3UEHEI OYIE
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9.7.3 EEHIHEI%(D_Control_Speed)
9.7.3.1 18X
void D_Control_Speed(vector_t* const _motor)
5128 :
vector_t* const _motor E-A—-HIfEEEA
REOE :
U
9.7.3.2 &
il 271 B QA= =
Nyh
AN drv.vector_cmd.F_vcomm_current ERiESHIEHIv R ---
drv.Id_com d BHERIERE Q31
drv.Ig_com d BWERIERE Q31
drv.omega HERE Q31
drv.omega_com BRENRE IS DB Q31
para.id_lim d B HIRIE Q31
para.ig_lim q $HEER HI PR E Q31
para.spd.ki REHEEDT1> Q15
para.spd.kp SRE BRI > Q15
A | drv.Ig_ref I q EEREDE Q31
drv.omega_dev ERERE Q15
5 drv.Id_ref d BhEREEE Q15
drv.Ig_ref q MEREEE Q15

9.7.3.3 NEBAE

HIHENHE D EIR S w. #IFEN q BEIT Ig LT PL #IHZITVOET.
EREIETEZRBOEREDORENS. d #he q HBREEMBERELETS .

ICIcom Idref
>
@com K. Iqrer
> K, + ?l —

e
+'\T/
w

6 EEFHITOVIE

9.7.4 3 v MEFRRIRHEIE (D_Check_DetectCurrentError_3shunt)

9.7.4.1 18X

int D_Check_DetectCurrentError_3shunt (uint32_t _duty, uintl6_t _chkplswidth)
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5188 :
_duty Duty OHfEliE
chkplswidth JULZFIv/iE

Rbi&
TR IAEE
9.7.4.2 T
1 2 =k QA= o
Ny b
AJ | _duty FfEM PWM Duty Lt Q15 0.0to 1.0
_chkplswidth JOLAF T ---
Hh --- EIARIARE --- 0:+#&kHvI8E
1: R AEE

9.7.4.3 NEBAE

PWM Duty IBICEDERZIRE TERWI(ZIDI THRLERBUET,

Duty O RMBN R EMBLDASZRZLZIREBUET .

CORTERMEE TER Duty 18 THI 2R L. BERRELIE TR EEZERURVT. BIRl0EZ{ERT
BT, BRSRANC LB FIHELNZELET .

PWM ERAHHOERIRE AD ZHMEF, EEICHMEARLTLRLZSH, PWM FREHOETFAREEN T EMELOAE
RBEARE NG LHIELET .

9.7.5 1 3v> MEFRIRAIRHEIE (D_Check_DetectCurrentError_1shunt)

9.7.5.1 #8X

int D_Check_DetectCurrentError_1shunt (uint32_t _pwma, uint32_t _pwmb,
uint32_t _pwmg, uintl6_t _chkplswidth,
int _sfhpwm, int _modu, int _sector,
uint32_t _mdprd)

5124 :
_pwma U #8 PWM Duty Lt
_pwmb V 12 PWM Duty tt
_pwmc W 48 PWM Duty Lt

_chkplswidth /ULAFTvI1E
_sfhpwm <7k PWM £—RIKEE
_modu ZiHEAR

_sector w518
_mdprd PWM JEHA

RDE :
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ERARLIARR
9.7.5.2 &
i 28 U Q2= "=
Ny h
AN | _pwma U 48 PWM Duty tt Q15 0.0to 1.0
_pwmb V #8 PWM Duty tt Q15 0.0to 1.0
_pwmc W 48 PWM Duty tt Q15 0.0to 1.0
_chkplswidth JULZFTYVINE ---
_sfhpwm 3 JN PWM E—RYREE ---
_modu ZIRA B INV R --- 2 ¥BFr 3 HEH
_sector w9515 ---
_mdprd PWM JE]HA ---
£ | --- EARLIRE --- 0:+&H ] B
1: ARG

9.7.5.3 NEBAE

PWM Duty 1&(CEDEREIRH TERVWIAZIS I THDLEREUET

&)\ Duty &, Duty TlEZEDAEIENEREMELVNSRBEZIRHELET . BE 1 29> T 2 BERDEEDE/)
Duty T&(d 3 48 Duty #&DHfE Duty 18ERDET

CORAETERMRHTE R Duty I8 THIEZHERRL. ERRHIMETRBEZERLAVT, RIBIOEZERY
BIET, BRRIRACLBHEELNZELFT .
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10. EEHEZRRH
10.1 E-4—-RSAN\-EERSGIEK : (D_Para.h)
10.1.1 DAC i8R
__USE_DAC : FHEROZEYEL DA DAC HliHZITIEEERLTLIZEL,

10.1.25|# : —E

51E8 . %& atBA

cMAINLOOP_PRD XA > ERRERTE

Hi{i[s] 7f#EE 4 kHz

XA D EHADEF R ZEREL TEE L,

cIXO_AVE POBRMER I I—17ER

T4 — RS TE L TZE L,
AREMEZHTEIBERELEIN RIETENET

cVDQ AVE EIRET Vdc, HHEE Vdq BT/ I— 52K

T4 — 15 E % TEL TS,
RERMBEZERTEIDERTELEFIN, RICHENET,

10.2 E=5—-RSAN\-REMBI¥ : E=H—Fv2J)(D_Para_chl.h)
E-AA—RSAN-EBD518Y : ZEE IR E(CLD, SFIFRE-I—%BEEI B ENBIRET T,

10.2.1 E-9—-FrRIAI5IE : —&

5% : % Bz

cPOLH FHRRSAN—GRIEEETE

0: Low active/ 1: High active

BEMGEREHIEU TEZ B U TIZE L,
FARRSAN-0mEBOREEZITOCULIE,

cPOLL THRSAN-HERE

0: Low active/ 1: High active

EMGLETHTEU TEZ ZEE L T,
TAERSAN-DREBOEZITOCE,

cV_MAX A A BEEDKTE

BH[V]

EMEE IS TEZZEE L T,

V]ZEREL TS,

AD ZH18 M 12 Ey MDY METIIV AT —)L(4095)(CABZH I B EBIREE [ B
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cA_MAX

RABRIEDFTE

H[A]

BRGSO TEZZE L TIZE L,

AD ZHatgM 11 EyhID> METIILZT —)L(2047)(CHEE I SHEEIR[ AL

AVZsEEL TS,

cSHUNT_TYPE

BREEAN 33y N} 1 2voh) OFE

1: 13v>2N 3: 33926

BRGS0 TEZZEE L TS,
BREE A ROREZI TS,

cBOOT_TYPE

BT DBREN 75 TDEIE

cBoot_i:EREEFEN/ cBoot v:EEBENE)

FEENRFORREN S RZERTEL TSV, 1 v NERENDIC BN REEBTRNEUS T&

BRWMSEREL, BEEBREZEIRVLET,

cSHUNT_ZERO_OFFSET

ATy NEEDKE

B[V]

BRMANTORVEEDS v MEEZRTEL TLIEE,
COfER. COERTEOHHMECERLET.

CcADCH_CURRENT_U

U tHEEUS AD FrRILEETE(3 S hA)

AINXx

U 1BEBRZIRE I3 AD FrRIVERTEL TS,

cADCH_CURRENT_V

V HHEIREIS AD Fr2ILERiE (3 v M)

AINx

V HHEBRZIRE TS AD FrrIERTEL TS,

cADCH_CURRENT_W

W ABEEMS AD FrRILERTE(3 Sv> hA)

AINx

W HBERZRE IS AD FrRILZsEEL TIEEL.

cADCH_CURRENT_IDC

EREVS AD FrRIVERTE(L Sv> M)

AINx

ERZIRETD AD FrRIZERTEL TS,

cADCH_VDC

BIRETLHUS AD FrRIVEETE

AINX

EIREE Vdc FIRHTS AD FrlEREL TUREL,

cOVvC

BEFIREIEDLTE

H[A]

BERERMEZFHZEL T,
COREMEU LI/ ERziRE I L, HH%EYINT OFF (CLFT.

cVDC_MINLIM

EIRBE Vdc RIKMEDHETE
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E[V]

BIREE Vdc DRAKBEZFHZEL T,
COMEXRBOBEMEZAREITDE, E-F—ZFLESEFT,

cVDC_MAXLIM

TREE Vdc BEEORTE

BH{T[ V]

BIREE Vdc DEREEZFHEL T,
COESDASMEDOBEEZIRE T 5L, E-F-ZFIESEFT.

cPWMPRD

PWM EHADEZTE

B{7[us] 3fREE 25 ns@80 MHz

PWM Fv1)7—RERA%ZETEL TIZE 0\,

cDEADTIME

TYRIA MEDETE

Bifi/[us] 9f#RE 0.1 pus@80 MHz

TYRIA ©DEZERTEL TS,

cREPTIME

VIO 7 AR 5 | Z[EIER D TE

Bif7[[E] 1 to 15

NINVEEYI NI 7B #1791 ) 5| ET 2N TEF T
1 EERET DL PWML BRACECATNVEEDYI MUIEZITVET,
2 LERTEIDE PWM2 BIHAIC 1 BRI MNVEEOYVI MLBZITWET,

cID_ST_USER_ACT

d EnBEIROETE

H[A]

d EnENEROEZEREL TS,

COMEDEFIET. M ERHSIUVHBIRARZITNET .
TEARERAD 10%IEE OEZHEL TS,
E-I-DENRBVEEE BIKETIRA (BZAEU T,

cIQ_ST_USER_ACT

q #RBNEIRDETE

H[A]

q BRENEROMEZERTEL TS,
d BinEEIROD 1/2 BEOEZEREL TS,

sEdlEn (d EEE)NSERE(q EEE)BITEIC, E-5-NRINERIHE

(&, AEZ/NEKARLELTUFEIH SR, BZARSKUTEZN,

cMOTOR_R -1 KB

BA7[Ohm]

E-4-04) 1 D OEFUBEZFHEL TS,
cMOTOR_LQ q 81 >495> 218

BT/ [mH]

E-4-04I0D q 81 >F05> 2BRETEL THTEEW,
cMOTOR_LD d 81 >45> 2B(FEA)
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BAf7[mH]

E-A-T4I0 d 81 >H 99> 2B EETELTEEUN,

cPOLE

-5 BERDERTE

EifiI[pole]

Y- DOWBER S TEL TEE L,

cID_KP

d EHEERHIRILEH S 1>

B{I[V/A]

d BEIRHEILEHIS 1 > 2 EL TS,

cID_KI

d BWERHIHEED T 1>

BA{i7[V/As]

d BEIRHEIE DS 1 > 2R EL TS,

clQ_KP

q BHEER IS >

B{I[V/A]

q EBEIRHEILESIS 1 > 2 TEL TS,

cIQ KI

q ERHIHEED T 1>

BA{i7[V/As]

q MBERBEIE DT 1 > 2 EL TS,

cPOSITION_KP

AIBHEELEHIT 1>

Bifi7[Hz/V]

RIBHETEDLEHIT A > TELTIEE W,

cPOSITION_KI

(IBHERED T~

BifiI[Hz/Vs]

RIBHETEDED T A R TEL TS,

cSPEED_KP

EREHIELEHT 1>

BAfI[A/HZ]

BRE FIHDLEHS 1 > 2% EL TS W,

cSPEED_KI

BEHEIED T 1>

BAfI[A/Hzs]

RE FIHOIED T 122 EL TS,

cSPD_PI_PRD

BRE PI HIHHEHAERTE

(1]

RE PI HIfEERRZ SR EL TIZEL,
1 t E@'ét PWM1 }—,IHHL_&:(LJE}J_ PI /i%%’fj’k/\gsg_o
2 LERTETDE. PWM2 BHAIC 1 [BIRE Pl BEEZITVEY,

cFCD_UD_LIM

BRENRE NHERZR (R FIERTET)
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BAfiI[Hz/s]

SEFIERR I ORENNREZHTEL TS,

SEFIERTROL I, %—G—ODIEI%ED\LﬁbE_EL\i%E\(J\ fBz/\&KUTLRE
Lo

cSTD_UP_LIM BREN I E NI E (TE )

Bi{i/[Hz/s]

EERFORENRERZELTEL T,

cSTD_DW_LIM EREN R R (EE )

Bi{i/[Hz/s]

ERRORERIREZZEL TS,

cBOOT_LEN J— RN TR 11 85 RS
EAfiI[s] 7>f%EE:1 ms
J—RANSY TR OE DR %Z S EL T2,

CINIT_LEN AIERDIFE
EH{[s] Df%8E:1 ms
(B RDHIFEIZEZTEL TIZE,

CINIT_WAIT_LEN B RDIEFFSKFE]
Ei{i[s] Pf#EE:1 ms
B RHEDF SR ZREL TLE0,

cGOUP_DELAY_LEN FI>IPYTEF5R

Bfi[s] 2f#EE:1 ms

FI> TPy TRAFERIZEETEL TUZEV,

cHZ_MAX ERAJEREL

BAfi7[HZ]

N1 TIRIESH DR ABIRE Z = EL T,
FIEHTERAIIRAEIRED 10 15 20%IEUIEE DEZERTEL T,

ENVNEVWGEEERBED ENDFIH IREMEN COEZEB R BEFIENIRIZAL
9.

cHZ_MIN SREIERNSEBAOYIDE LRE

Bifi7[Hz]

SRHIBRRNSEBABITSEDRE 2R TEL TUZEL,
MBHENTESZHREBEMEL TER)REZRELFT.

cHZ_SPWM SIJNPWMEIDBZRE (1 >v>bh 2 BZFR)
EA{i7[Hz]

2Tk PWM D58 E PWM AYIDEZ 21REZERTEL TLIEEL,
HERREMETYIDVEZEY,
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cID LIM d BHEETR limit
EH{[A]
d BHEROVUIYMBEZEETEL TZEL,

cIQ_LIM q EHEER limit
EA{i7[A]
q BHEROVIY MBEZEZTEL T,

cINITIAL_POSITION YRR E
Bifi7[deg]
IERDIFOHEZBEATHEL TUZEL,

cVD_POS BERBEFOIE RO NEE

BAf7[V]

RIERDEFOEFEZFZEL TS0,

cBOOT_TYPE h"cBoot_Vv"DOEEIEIFIERD

FHiAE 10.2.2.2 EFBEEFOTELEZSIRLTUIZEL,

cSPD_COEF BB DR FIERR D EERER

0 < x <1 DfEZEETEL TS,
BHERERF DL N EBEZRDE T
COFEELIEDEREZHNI BB NEELLTVET,

Vd = ¢SPD_COEF x Omega_com

cBOOT_TYPE h"cBoot_v"DEEEIFERD

FHiAE 10.2.2.2 EFBESFOELREZSIRLTIZE,

cHZ_V2I BEHEHHSERBENOYERE

BAfi7[HZ]

EEFRENSERFENATIDBE R 2RE 2R EL TS0,

CHZ_MIN £OARERMBE%ZEZTEI DL cHZ_MIN BUE(CRBETEEABITU.
TREIECIDEBDDET,

cBOOT_TYPE H"cBoot_v"DEEIIBRN

i)

__FIXED_VDC EREXETESTE
0:#&HME 1:EFE(E
BREEZETEIEICTZIHSE 1 ZERELTIZEL,

cvVDC EREBEEEE

BfI[V]

BIRBEMEZERTEL TS,
___FIXED_VDC h*"1"OtERIIB%N
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10.2.2 FEFEREMEE B ORR
10.2.2.1 SR FOELIE
4
: Moir: SO0k
: I1q IESIE
cID_ST_USER_ACT _ > _ _ U TR
cIQ ST USER_ACT e
) B
i TIREN
L ML I |
7 .' | Litl
. L
= |
| |
I I
t1: cINIT_LEN : t17! 2 : !
t2: cINIT_WAIT_LEN | AIBRS | EEIERTR it
t3: cGOUP_DELAY_LEN
;{ lelelele ; ;
B W R
St [ D
1 Ao
1 e
= —F————+
<>
Nt
BREIEETR 1 FIDTTYT TE

7 EEERB (BA 0°CAIERSD)

\-H

>ITYITRFT—T T, cID_ST_USER_ACT & cIQ_ST_USER_ACT Ofz ANEEZ 3.,
é—% cGOUP_DELAY_LEN 0OB5fd] Iq 83 E—EETHIH.
.%i 1718, 1q $8H1EE PI HIEICLDEE.
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10.2.2.2 BEBEEIFOELIE
AYORT-TRETERRAZZHERLNS . ELHOEZRDTZE,

SEHERRPOBE Vd (3, FEREERTRDOTOET.
EBERRE x EZ cSPD_COEF]
SRHIEREFOERNM, —FE(CRDLSIC cSPD_COEF %

BRI 2R VBN S BROER B, TREL,
(C72BLIIC, cVD_POS DIEZ %
LTKIEE0,

cvD_POS ' |
E ' — R

VAT

0 50 50
i‘—"—’.
CINIT_LEN cINIT WAIT LEN
(IERD G| T

8 EBEARENTDSIE : RAEISE

10.3 1—Y—HIHEEELL
usercon.c
/* Timer setting */
#define cEMG_S (1) /* LED1 blinking request(over detect(soft)) */
VI~ EMG sUREK
#define cEMG_I (1) /* LED1 blinking request(curret detect error) */
BIRHE RS RER
#define cEMG_DC (1) /* LED1 blinking request(over vdc) */

Vdc EE RBER
#define c2000MS_TIMER (2000) /* [ms] (4 kHz * 4) * 2000 */
BEHITE 25 517 -
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/* Key settting */
#define S_SW2 TSB_PE_DATA_PE7 /* SW2 or 9(KEY2) */
SW2 iR—h : PE7
#define S_SW3 TSB_PK_DATA_PK1 /* GPIO_15 */
SW3R—h : PK1
#define cKEY_CHATA_CNT (20) /* [cnt] chattering counter for KEY SW */
SW RFvrAUIBRENT> -1 ¢ 20 BLER—E

/* Soft ADC Setting */

#define CADUNIT_USR TSB_ADB /* User ad data ADCUnit */
VR1 AZF ADC1Zwb: 1ZvhB

#define CADTRG_USR  ADC_TRG_SW

#define cADCH_VR ADC_AIN11 /* ADC Channel for VR */
VR1 AR AD Fv=xJ)L : CH11

#define cADREG_VR ADC_REG5 /* Result register No for VR */
VR1 AHF AD fE #&#AL->X%9— : REG5

#define CADAVECNT (10) /* ADC average count */
AD {EMEERFINT> ME(10 BIES THETE)

/* Led setting */

#define LED_EMG TSB_PF_DATA_PF2 /* LED1 */
EMG LED 7/R—b : PAO

#define LED_UART_ERR TSB_PF_DATA_PF4 /* LED3 */
UART i&{S LED /R—b : PF4

#define cFLASH_TYPE1_CYCLE (1) /* [s] led flash cycle typel */
LED sUmBFfE 1 : 1s

#define cFLASH_TYPE2_CYCLE (0.5) /* [s] led flash cycle type2 */
LED UmH5fE 2 : 0.5s

#define cFLASH_TYPE3_CYCLE (0.25) /* [s] led flash cycle type3 */
LED ~UmfFf# 3 @ 0.25s

#define cLED_ON (1) /* LED ON level */
LED LANJL : ON
#define cLED_OFF (0) /* LED OFF level */

LED LAJL : OFF

/* User Setting */

#define cROTATION_CW (1) /* Direction: plus */
Ol#r75ME : CW
#define cROTATION_CCW (0) /* Direction: minus */
[El#r/5MmE : CCW
#define cCONTROL_SINGLE (0) /* UART control: single */
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BEHIEE-R ; BiK
#define cCONTROL_UART (1) /* UART control: uart */
BEHIEIE-R ;&=

/* Speed Control Setting */

#define cAD_MIN (0x10) /* motor speed ADC min value */
VR1 AD {i& : s/I\RE

#define cAD_MAX (OXFO) /* motor speed ADC max value */
VR1 AD fi& : &XEE

#define cSPEED_USER_MIN (10) /* [Hz] Min Target speed of motor */
E-5-RE : &/IVEE 12H

#define cSPEED_USER_MAX (60) /* [Hz] Max Target speed of motor */
E-9-RE : RKXEE 200 Hz

/* UART Setting */
#define UART _ch UARTO /* UART Channel */
UART FvxJL : CHO
#define INTERRUPT_TX INTTXO0_IRQn /* UART Interrupt request */

UARTO X{EEIDAHE K

#define INTERRUPT_RX INTRXO0_IRQn /* UART Interrupt request */
UARTO ZSEINAHEK

#define cSEND_DATA_NUM (7) /* Send data size */
XET -5

#define cRECEIVE_DATA_NUM (6) /* Receive data size */

SHET -8

#define cUART_RECEIVE_WAIT (0x00) /*¥ UART mode : data receive wait */
UART £—R : Z{EZT T#HF5

#define cUART_ERR (0x01) /* UART mode : error */
UART £—R : B{EI5—

#define cREQ_SYSTEM_START (0x10) /* System start request */
AT LERENERIV R

#define cREQ_ROTATE_MOTOR (0Ox11) /* Target speed update request */
BIRERE BRIV R

#define cGET_MOTOR_ENABLE (0x80) /* Operating status */
E—45—&E EN/DI BUSOV> R(X AR AT AT(ERER)

#define cGET_STATE_EMG (0x81) /* Emergency status */
EMG RF7—AZXBSIV> R
#define cGET_STAGE (0x82) /* Main stage */

A OAT—IBEINI R
#define cGET_CONTROL_CH (0x83) /* Control channel */
E—4~-Hl1H CH BygaN > R
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#define cGET_CARRIER_FREQUENCY (0x84) /* Carrier frequency */
FrU7—RBIREEMS IV R

#define cGET_MOTOR_SPEED_MIN (0x85) /* Minimum rotation speed */
B/\EFREES IV R

#define cGET_MOTOR_SPEED_MAX(0x86) /* Maximum rotation speed */
ERALEREEEIV R

#define cGET_DEAD_TIME (0x87) /* Dead time */
FTYRAA ABSIN R

#define cGET_GATE_ACTIVE (0x88) /* Gate active */
J—=K7074TBUSIR R

#define cGET_POSITION_DITECT (0x89) /* Position detect */
SO MIATESIN R

#define cGET_VDC_VOLTAGE (0x8A) /* VDC voltage */
EBREEHUSIVOR

#define cGET_INVETER_TEMP (0x8B) /* Inverter temp */
EEREIVOR

#define cGET_U_VOLTAGE (0x8C) /* U-phase voltage */
U ABEBEEUSIY>R

#define cGET_V_VOLTAGE (0x8D) /* V-phase voltage */
V HEEEEIV R

#define cGET_W_VOLTAGE (Ox8E) /* W-phase voltage */
W S EEEIVIR

#define cGET_DAC_DATA (Ox8F) /* Daca date */
DAC T —#%E¢SIY> R

#define cGET_INTERNAL_AMP (0x90) /* Internal amp */
Wig 7> TEUS IV R

#define cGET_DIRECTION  (0x91) /* Direction */
[ElER A MEEIN> R

#define cGET_MODULATION (0x92) /* Modulation */
Erab—2arEUsavoR

#define cGET_KEY_OPERATION (0x93) /* Key operation */
EIERFHIEIEIS IV ROCXARS AT ATIIRAER)

#define cGET_MOTOR_SPEED (0x94) /* motor rotation speed */
Y- [DlEESIV R

#define cEMG_STATE_EMG_H (0x00) /* emergency status : over detect(hard) */
EMG A7—h : \=REMG

#define cEMG_STATE_EMG_S (0Ox01) /* emergency status : over detect(soft) */
EMG X7—b : YJMEMG

#define cEMG_STATE_EMG_I  (0x02) /* emergency status : curret detect error */
EMG A7—b : ERREESE

#define cEMG_STATE_EMG_DC (0x03) /* emergency status : over vdc */

©2023 59 / 81 2023-08-01

Toshiba Electronic Devices & Storage Corporation

Rev.1



TOSHIBA

RD179b-SWGUIDE-01

EMG X7—bh : VDC EE

#define cCONTROL_CH_CHO (0x00) /* Motor control channel : chO */
T4 : CHO

#define cCONTROL_CH_CH1 (0x01) /* Motor control channel : chl */
-5l : CH1

#define cCONTROL_CH_CH?2 (0x02) /* Motor control channel : ch2 */
T4 : CH2

#define cCONTROL_CH (cCONTROL_CH_CH1) /* User Motor control channel */
TSl

#define cGATE_ACTIVE_H_H (0) /* Gate active : H/H */
¥—=K79747 : H/H

#define cGATE_ACTIVE_L_L (1) /* Gate active : L/L */
J—-879747 1 L/L

#define cGATE_ACTIVE_H_L (2) /* Gate active : H/L */
J—=K79747 : H/L

#define cGATE_ACTIVE_L_H (3) /* Gate active : L/H */
5—K795747 : L/H

#define cPOSITION_DETECT_3SHUNT (0) /* Position Ditect : 3shunt */
SYINIAT L 33

#define cPOSITION_DETECT_1SHUNT (1) /* Position Ditect : 1shunt */

ST 13 Uh

#define cDAC_DATA_TMPREGO (0x00) /* Dac data : TMPREGO */
DAC 7—% : U HHER

#define cDAC_DATA_TMPREG1 (0x01) /* Dac data : TMPREG1 */
DAC 7—4% : V+BER

#define cDAC_DATA_TMPREG2 (0x02) /* Dac data : TMPREG2 */
DACT—%4 : W t8ER

#define cDAC_DATA_THETAHALF (0x03) /* Dac data : theta.half[1] */
DACT—% : B

#define cDAC_DATA_IDREF (0x04) /* Dac data : Id_ref */
DAC 7—%4 : Id UJ7L > X (BEZ1E)

#define cDAC_DATA_ID (0x05) /* Dac data : Id */
DAC 7—4 : IdGRTEME)

#define cDAC_DATA_IQREF (0x06) /* Dac data : Ig_ref */
DAC 7% : IqUJ7L > A(BEE)

#define cDAC_DATA_IQ (0x07) /* Dac data : Iq */
DAC 7—% : Iq(3R7EfH)

#define cDAC_DATA_OMEGACOMHALH (0x08) /* Dac data : omega_com.half[1] */
DAC 7% : ARE(BEB)
#define cDAC_DATA_OMEGAHALF (0x09) /* Dac data : omega.half[1] */
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DAC 7—7% : A#RE (IRTEE)
#define cDAC_DATA_OMEGADEV (0x0A) /* Dac data : omega_dev */
DAC 7—4 : ARE(E)

#define cINTERNAL_AMP_NO (0) /* Internal amp : External */
WE7>7  KER
#define cINTERNAL_AMP_YES (1) /* Internal amp : Internal */
ANE7>7 . 8
#define cDIRECTION_CW (0) /* Direction : plus */
[El#r/5MmE : CW
#define cDIRECTION_CCW (1) /* Direction : minus */
[Bl#r/5MmE : CCW
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11. BIE, F—IEHROILZ>)
11.1 VE ERICL BT NVEILE
11.1.1 3 Sv> MR
PWM FvUy — Bl LR
(FEER)
AD NH—FvU7—
(=A%) \/\/\/
Tl F—t o — FrU7—IVR

(U7 —RIL) /(:\’—VUJ — k)

PWM 77—
(=AK)

U #8_E48 Duty I | [ | 1

V #8_E48 Duty [ | | | | |
W #8_E4H Duty r_l r_l | |
AD Zia Il t-5-E5ix 3. BREE

l VE 2I0:A% 1 ‘f

FrU7-RRAT, FrU7—IVRT,

N —% 8% HININyT7— % B
11.1.1.1 VU7 -
EE SR
PWM 3MLE=AK
AD NJH— | OZED
11.1.1.2 9 WN\YI7—BHRIALZDY
T—4 BRI
PWM B8 (RATE) Fr)7-I2R
Duty {& (CMPU,CMPV,CMPW) FrU7—I2R
NJH—fIE (TRGCMPx) FrU7—REA
HHEETE (MDOUT) FrU7-I>OR
11.1.1.3 EIDAHBSE
E|DIAHE K E|NIAH HAL=>4)
VE a1 VE ABDRTS1-IigTH%
PWM(PMD) =) 108, 2 [, 4 @ZE
AD ZHaR T =] E-A-ERx3. BREEBTEOETO AD BT
AD NJH— — PWM tREIUSERE
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11.1.2 1 3v> Ml

(JE58)

PWM F+U7 — [BiR#K

\ 4

AD N —Fv)7—
(=AK) \/

\/

\/

PWM FvU7—
(=A%)

Uy — o H—
(FrU7—RRL)

FrU7—IDR

/ (FrU7— D)

U #8_E4H Duty |

V #8_E48 Duty |

W #8_E4H Duty

AD Z#fa

1
|
il l1 BREE

VE ZIDiAdy 1

FrU7—RRAT,

1

FU7—IVRT, M-

Ny HOI TNy T — % B
11.1.2.1 U7 -8z
R B
PWM 3ALE=R
AD NJH— DIEVRK
11.1.2.2 9 WN\YI7—BHRILZY
F—4 BEI(Z)
PWM [EEA (RATE) FpU7—-IVR
Duty 1 (CMPU,CMPV,CMPW) FpU7—-IVR
NJH—fIE (TRGCMPx) FrU7—RKA
HHEE (MDOUT) FpU7—-IVR
11.1.2.3 ZID5AHEE
ZDIAHE K DA FH LR
VE 5Fa] VE ABDRTT1-IE T
PWM(PMD) =) 1@, 2@, 4B
AD &Y 2k BIREXD AD iR 718
AD NJ#i— — PWM ERICSERS
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12. RUTISIRSAIN-

12.1IPF=J)
RUITIIRFA)C~APT ICES YA I EBEIREL D29~ DAR-RT RLAEEHELET .

12.1.1 F—9#E&

12.1.1.1 Ipdrv_t

Data Fields

TSB_VE_TypeDef* const VEX : VE 7RLAZ&EIRUET,
TSB_PMD_TypeDef* const PMDx : PMD 7 RLAZEIRUE T,
TSB_AD_TypeDef* const ADXx : AD 7RLZZ:&ERULET,

12.2 AU NVIYSY(VE)

12.2.1 Ba¥tER

12.2.1.1 IP_VE_.init

VE ¥IHRERTE
API :

void IP_VE_init(TSB_VE_TypeDef* const VEx, VE_InitTypeDef* const _initdata)
BlE :

VEX : VE 7RLRZ:&ERLET,

_initdata : VE #I8RSTET —FHEiEA

(3 12.2.2.1 VE_InitTypeDef #8880 TIEEL,

pise :

VE OHERERTEZITVET
R :

VE {1k, BIDAHZEIETIHA TIZEN,
=hi# :

RU

12.2.1.2 VE_Start
VE 25—h
API :
VE_Start(const ipdrv_t* const _ipdrv)
SIEK :
_ipdrv : IP 7=JI7RLA%Z&ERUET,
e
VE ZRiaLE T,

e
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FHIRU
BEDiE :
U

12.2.1.3 VE_GetPhaseCurrent
HHEROEUS
API :
void
VE_GetPhaseCurrent(const ipderv_t* const _ipdry,
ql5_t* _ia, q15_t* _ib, q15_t* _ic)

5lE -
_ipdrv : IPF=J)L7RLA%Z#IRULET
_ia : a BERZBINT IEET RUAZRELE T,
_ib : b HERZISN I DT RLAZRELE T,
_ic:c HHERZASIN I ZE T R AZRTELE T,
BRHE
EZHHOEBREZESLET,
a fHIC(E U 4BE7E. b 48(C(% V 4BERME. c 4B(C(F W ABERMENADFT,
e :
5L
RD1E :
U

12.2.1.4 VE_GetCurrentAdcData

B AD (BB S
API :
void

VE_GetCurrentAdcData(const ipdrv_t* const _ipdry,
uint32_t* _adc_ia, uint32_t* _adc_ib, uint32_t* _adc_ic)
SIEK :
_ipdrv : IP T=JIL7RLZZEIRULET
_adc_ia : a tBE AD [BZA&INT LT RLAZHELFT .
_adc_ib : b tHER AD BZ1&iNIT 2N RLAZERTELE T,
_adc_ic : c 1HER AD BZ1&HNT 22T FL AR TELEF T .
B
IAADCx. IBADCx. ICADCx LT RA—-DEZZEDE AD fBICEELE T,

iR :
$FHIRU
&b :
RU
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12.2.1.5 VE_GetdataFromVEreg
VE LY RA—-F—FEUS
API :
void VE_GetdataFromVEreg(const ipdrv_t* const _ipdrv, vector_t* const _motor)
518 :
_ipdrv : IPT=J)L7RLA%ZEIRULE T,
_motor : N NLFIIZZOBEERT R A2 EIRUET .

HRE :
VE LSR9-hSE-4S—BIREE Vdc., d BiEXE Vd. q BEE Vq. d BHETR 1d. q BETR Iq 0fEz~y
NUHITID R ZELNEIUET .
Duty M&ICEDEBRMEL TERVWIAZITIE. d BETR Id. q #ETR Iq OfE% VE L SR —AFHIERE L
BzEECHET.

iR :
FFCRU

=hi# :
W

12.2.1.6 VE_GetPWM_DutyMed

Duty FEMEHS
API :

uint32_t VE_GetPWM_DutyMed(const ipdrv_t* const _ipdrv)
518 :

_ipdrv: IP 7=JI 7 RLUAZEIRUE S .
e

U. V. W 18 Duty fBEQOFEDEZESULE T,
iR :

F5(CRU
RD{E :

Duty HfElfiE

12.2.1.7 VE_GetOutPutMode
PWM W IAREES
API :
int VE_GetOutputMode(const ipdrv_t* const _ipdrv)
518 :
_ipdrv : IPF=J)L7RLAZ#EIRULET
BEHE :
PWM W 3IRREZES.
flig :
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U
RDIE :
PWM JARE OCRMD_OUT_OFF : 1/ OFF
OCRMD_OUT_ON : 173 ON
OCRMD_OUT_ON_LOWPH : T+H®D4 ON

12.2.1.8 VE_SetdataToVEreg_Stop
VE LS Z5—-A\D7—451v(Stop)
API :
void
VE_SetdataToVEreg_Stop(const ipdrv_t* const _ipdrv, const vector_t* const _motor)
SIER :
_ipdrv : IPT=JIL7RLA%ZEIRLE T,
_motor : N NUHITHZELROEERT RLAZZELFT .
P
{SIEIRRED VE LS A - ADFRELIEZITOET,
EREEHT A AEDMEL DRI 1REDREREZITVE T,
iR :
FHIRU
=hi# :
U

12.2.1.9 VE_SetdataToVEreg_Bootstrap
VE LS 25 -A\DO7 -4ty Bootstrap)
API :
void
VE_SetdataToVEreg_ Bootstrap(const ipdrv_t* const _ipdry,
const vector_t* const _motor)

ClE: &

_ipdrv : IP T=JIL7RLZZEIRLET

_motor : N NVHIFHZEEDOEEART RUAZRTELEF T,
HEBE -

J—RARSYTIREED VE LS RI- DR TELIEZITVET,

VE T(&. 2 BZRANDHNEE%Z 0 £F32ET. LA ON ERZiERZHDULET,
iz :

FFCRU
RDIE :

W

12.2.1.10 VE_SetdataToVEreg_Initposition_i
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VE LS 29—-ADOF -5ty MInitposition EFHITEHYA )
API :
void
VE_SetdataToVEreg_ Initposition_i (const ipdrv_t* const _ipdry,
const vector_t* const _motor)
518 :
_ipdrv : IPF=J)L7RLA%Z#IRULET
_motor : N NLFITHIZZOEERY RUAZERELET .
HRE :
BARBIEHZLOAIEIRDIREED VE LRI A\De%EAIRZITVE T,
iz :
5L
RDIE :
N

12.2.1.11 VE_SetdataToVEreg_Initposition_v
VE LS 29—-A\DOF7 -4ty h(Initposition EEHITHAYA )
API :
void
VE_SetdataToVEreg_ Initposition_v (const ipdrv_t* const _ipdry,
const vector_t* const _motor)
SIEK :
_ipdrv : IP T=JIL7RLZZEIRULET
_motor : N NLVFHHZZOBERT RLAZERELEFT .
e
BIEFIHBLOIERDIREED VE LS RI—A\DHENIRZITVE T,
iR :
FHIRU
RD{E :
N9

12.2.1.12 VE_SetdataToVEreg_Force_i
VE LSR9-A\DOT7 -y NEFIERR ERHIES17)
API :
void
VE_SetdataToVEreg_Force_i (const ipdrv_t* const _ipdry,
const vector_t* const _motor)
SIEK :
_ipdrv : IP T=JI7RLZZ&EIRULET
_motor : NN HHHZEEOEERT RLAZERTELE T .
e
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ERHIHE ORI ERTRIREED VE LRI -ADRELIBEZITVET,
flig :
FFCRU
RDIE :
N,

12.2.1.13 VE_SetdataToVEreg_Force_v
VE LS Z5-A\DOT -7ty NO&FIERR EBESIEHY1)
API :
void
VE_SetdataToVEreg_Force_v(const ipdrv_t* const _ipdrv,
const vector_t* const _motor)
SIEK :
_ipdrv : IPT-JIL7RLZZEIRLET
_motor : N NLVFHHZEOBERT RLAZERELEFT .
pie :
BT FIEEL ORI ERAARRED VE L RA-ADEEAIRZITVE T,
iR :
FHIRU
=hi# :
U

12.2.1.14 VE_SetdataToVEreg_Change_up
VE LZZH-A\DOT—-AyNFI>ST7vT)
API :
void
VE_SetdataToVEreg_ Change_up (const ipdrv_t* const _ipdry,
const vector_t* const _motor)
518 :
_ipdrv : IP T=JIL7RLZZEIRLET
_motor : XM HHHZE L OEERT RLAZETELET T,
HRE :
FIOIPYTIREED VE LI -ADRELIRZITVET,

12.2.1.15 VE_SetdataToVEreg_Steady_A
VE LZR9-A\DOT -y EE)
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API :
void
VE_SetdataToVEreg_Steady_A (const ipdrv_t* const _ipdry,
const vector_t* const _motor)
SIEK :
_ipdrv : IP 7=JI7RLA%Z&ERUET,
_motor : NI NLHITHZELROEEART RLAZHELET .

EBIRRED VE LI - A\DETELIRZITVET,

12.2.1.16 VE_SetdataToVEreg_Emergency
VE LS Z5—-A\D7 -5ty NEMG)
API :
void
VE_SetdataToVEreg_ Emergency (const ipdrv_t* const _ipdry,
const vector_t* const _motor)
SIER :
_ipdrv: IPF=JIL7RLAZIEIRUET .,
_motor : NTNLHIHIZEOEERT R AZRELE T,
P
Emergency ARRED VE L RAY—A\DHELIEZITOE T,
iz :
FHIRU
=hi# :
U

12.2.1.17 VE_SetZeroCurrentData
TOEREE
API :
void
VE_SetZeroCurrentData(const ipdrv_t* const _ipdrv,
uint32_t _z ia, uint32_t _z ib, uint32_t _z_ ic)
SIER :
_ipdrv: IP7=JI7RLAZERLUET,
_z_ia: a tHEOER AD 8% ELE T,
_z_ib: b #HTOER AD [BZRELET .
_z_ic: c#T0ER AD BZ:RELE Y.
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HHE :

POERED AD B% VE LAY —(GRELET .
iR :

FFICRUL
RDIE :

RU

12.2.1.18 VE_SetVDCreg
DCU>JEHE Vdc OF%TE
API :
void VE_SetVDCreg(const ipdrv_t* const _ipdrv, q15_t _dat)
SIER :
_ipdrv: IP 7=JIL7RLAZ&EIRUET
_dat: E-9-0FEFREFEZHELEFI,
P
E-AH-DEREEZ VE LIRI-(EKELE T,
fie :
FFICRL
=D :
N

12.2.1.19 VE_SetModulType
ZRBNEE
API :
void VE_SetModulType (const ipdrv_t* const _ipdrv, uint8_t _dat)
SIEK :
_ipdrv : IP T=JI7RLZZEIRUET
_dat : ZREARZRELFT T,
e
ZHEANZE VE LS RI—(GRELET,
iR :
FFCRU
RDIE :
U

12.2.2 7—-9Ei&E

12.2.2.1 VE_InitTypeDef
Data Fields :
uint8_t ve_ch : AINLI>S>FvRIL
0:FvxILO
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1:FvxIL1
uint8_t shunt : Sv> M
3:33v>h
1:13v>h
uintleé_t pwmfreq : FrU7-EIKER
uintl6_t reptime : UE—KEI#%(1 to 15)
uintl6_t trgmode : E2EINH -
TRGMODE_UNITA : ADCA PMDO N —[EIRAZHE4E T EIDIAH THCE
TRGMODE_UNITB : ADCB PMD1 N —[EHAZ R T EIDIAH TEEE)
uintle_t  tpwm : PWM B HARFR (4B A)
VETPWM LS 25—(CEETE T BB
uintl6_t idkp : d EWEFRHIGILLHIT (>
uint16_t  idki : d SHEFRHIHED S 1>
uintl6_t igkp : q EERHIEILEEIT 1>
uintl6_t igki : q BERGIHEEDT 1>
uintl6_t  zerooffset : YOERATEZY S

12.3 -5 —-#li#EiE(PMD)

12.3.1 Ba¥tER

12.3.1.1 IP_PMD_linit
PMD #JHAERTE
API :
void
IP_PMD_init(TSB_PMD_TypeDef* const PMDx, PMD_InitTypeDef* const _initdata)
SIE :
PMDXx : PMD 7RLAZ&ERUE T,
_initdata : PMD #JHAERET —FHEiSA
FEMH(E 12.3.2.1 PMD_InitTypeDef Z&BBL TZELN,

e

PMD OFJEREEEZITVET
g :

PMD {1t BIDIAHZEIE TIFATIZEL,
=D :

RU

12.3.1.2 PMD_GetEMG_Status

EMG fREEIRREES
API :
emg_status_e PMD_GetEMG_Status(const ipdrv_t* const _ipdrv)
BlE :
©2023 72 ] 81 2023-08-01

Toshiba Electronic Devices & Storage Corporation

Rev.1



TOSHIBA

RD179b-SWGUIDE-01

_ipdrv : IP T=JI7RLZZ&EIRULET
HEHE
EMG (REEIREEZEUSLEY .
fie :
FFICRL
=D :
emg_status_e : EMG RE&IR5E
cNormal : [F&
cEMGProtected : EMG F4£(c&d PWM i HDZEIE

12.3.1.3 PMD_ReleaseEMG_Protection
EMG {REEIRRERZER
API :
void PMD_ReleaseEMG_ Protection(const ipdrv_t* const _ipdrv)
5lE :
_ipdrv : IPF=J)L7RLA%ZEIRUET

BERE :

EMG fREEIREEZRRIRLE T,
iz :

COBEZITATE. MDOUT A8 0 H'D EMG /R— MY H DIREETRUVE REEIRAR(IEFFRENEE Ao
RD{E :

N

12.3.2 7—HEi&

12.3.2.1 PMD_InitTypeDef

Data Fields :
uint8_t shunt : Sv>hA(TS
3:33v>h
1:13v>bh
uint8_t poll : L Almi4E
0 : L active
1 : H active
uint8_t polh : H BliR4%
0 : L active
1 : H active
uintl6_t pwmfreq : PWM EREEK
PMDxMDPDR ((E&TE 9 1B
uintl6_t deadtime : 7Y R51/ LABFR]
PMDxDTR ((ERTET 1B
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12.4 773095734903 )I\—-49—(ADC)
12.4.1 BaELiE

12.4.1.1 IP_ADC_init
ADC #JHRERE
API :
void IP_ADC_init(TSB_AD_TypeDef* const ADx, AD_InitTypeDef* const _initdata)

SIE :
ADX : ADC 7RLRZ:&EIRLF T,
_initdata : ADC #)ERE&TET — ISR
SFMHE 12.4.2.1 AD_InitTypeDef Z&88L TZE0N,

BHE :

ADC OFJHREREZITVE S
iz :

ADC fZ1E. BIDIAHZEIETIFA TZEL,
RDIE :

N,

12.4.2 F—SiE

12.4.2.1 AD_InitTypeDef

Data Fields :
uint8_t shunt : Sv> M

3:33v>b

1:13v>b6
uint8_t iuch : U M8EIREIAH AD FrRILES(3 Sv> )
uint8_t ivch : VA BEREIAH AD FrRILES(3 v M)
uint8_t iwch : W HEREWDAH AD FrRILES(3 v hA)
uint8_t idcch : DC &REWIAH AD FrRILES(1 >v> hNA)
uint8_t vdcch : E-4—-8IREXE Vdc BiDiAH AD FrRILES
uint8_t pmd_ch : £33 PMD FrJLiER

cPMD : PMD Fv=xJL 1
uint8_t pints : PMD N —FBZINIAHEIR

cPINTS_B : ITTADxPDB

12.4.3 VE B#I1IVAER (mcuip_drv.h)

12.4.3.1 PMD
MDCR L 25 —5%EH
E#t EEROEIR EIRT -4 EIRT —HDEIR
cPWMEXCLK | PWM EHHIER PWMCK_NORMAL BEEHA
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E-RIBE PWMCK_4FOLD 4 fZEHR
cPWMSYNT R—MEHE-R SYNTMD_0
ERE SYNTMD_1
cPWMSPCFY | 37—5/—F—R DTYMD_COMMON 3 AHE
'R DTYMD_INDEPENDENT 3 BT
cPWMINT PWM ZI0A#E | PINT_BOTTOM PWM Fv1)7—RRATEDIAHERF
3 =, 43 3
RIMZTER PMD1MDCNT<MDCNT[15:0]> =
0x0001
PINT_TOP PWM FvU7—E—ITEIDAHER
e
PMD1MDCNT<MDCNT[15:0]> =
<MDPRD[15:0]>
CPWMINTPRD | pWM ZEIDiA#HE | INTPRD_HALF PWM 0.5 EHICEICEINAHER
SRIERRIEIR INTPRD_1 PWM 1 EHACECEINAHER
INTPRD_2 PWM 2 BERACEICEINAHER
INTPRD_4 PWM 4 EHICECEINAHER
cPWMWAVE | PWM Fv1)7— PWMMD_SAWTOOTH Iv> PWM, JOFUE
K2R PWMMD_TRIANGULAR t>9—-PWM, =&l

MDPOT Lo X5 —5%EHR

EE TEERDELR BIRT—4 BIRT—HIDELR
cPSYNCS MDOUT:R E#51% | PSYNCS_WRITE PWM JERIEA(ESAHBFICRR)
HAAZ5&IR PSYNCS_BOTTOM FrU7 - A
MDCNT= 1
PSYNCS_TOP FvU7-t-4
MDCNT =
PMDXMDPRD<MDPRD>
PSYNCS_BOTTOM_TOP Fr)7-E-IBLUFr)T7—RRA
MDCNT = 1 % k& @&
PMDXMDPRD<MDPRD>
PORTMD L 245 —%7TEFH
EE EROEK BIRT—4 BIRT—HIDELR
cPORTMD Y—)LIL—I80 | PORTMD_ALLHIZ _F48 High-z / F48 High-z
A—hHIIORTE [ PORTMD_UHIZ_LON 48 High-z / F#8 PMD 7
PORTMD_UON_LHIZ 48 PMD H5) / TF4H High-z
PORTMD_ALLON LA PMD H4 / T4E PMD 5
TRGCR LS 24 —E%EF
EEE EHOEK BIRT—4 BIRT —YDEK
CTRGMD_3SHT | 3 3 v> MDA | TRGMD_DIS N)H—H 2R
L2245 TRGMD_DOWN AN MNEO—ETNIA -
TRGMD_UP PYTHI> NED—ETNH—HH
TRGMD_UPDOWM TYT >N NEFHC N —
TRGMD_PEAK PWM FvU7—E—ITNA—-EH

TRGMD_BOTTOM

PWM Fv)7—RhATNIA-HH

TRGMD_PEAKBOTTOM

PWM FvU7—E—J/RRAT A —
=epp)

TRGMD_DIS7 NUA— A2
CTRGMD_1SHT | 1 3v> MDA | TRGMD_DIS NUH — 25
94> TRGMD_DOWN AR>S NEO—FTNIH - h
TRGMD_UP PYTHhO> NMEO—ETNIA—HH
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TRGMD_UPDOWM

7Y/ AN NEFC A -

TRGMD_PEAK

PWM FvU7-E-JThA-HH

TRGMD_BOTTOM

PWM FvU7—RhATRA-HH

TRGMD_PEAKBOTTOM

PWM FvU7—E—J/RRAT A —
H77

TRGMD_DIS7 NJH— 2RI
cBUFSYNC | /ty77—m3FREHA | TRGBE_SYNC FEREH
Ee TRGBE_ASYNC FEHEH

TRGMD L RA—E4TEMA

T4 TEZDELR BIRT -4 BIRT —HDEK
cEMGTGE EMG {RE&h{E+ | EMGTGE_DISABLE (REBNERS NS — L H 2
OHDFFRIRE [ EMGTGE_ENABLE [REEBNERS NS — P FR]
EMGCR LS XA—E%TEH
& EZDZIR EIRT—4 BIRT —HDELR
cEMGCNT EMG A7t&H 0 ~ 15 FERE AN (EMG)D /1 AR ER
fF RS RIERTE
CEMGCNT x 16/fsys
CEMGCNT >=0 ~ 15
"O"SRTERFE /A XTI —-TB
cINHEN WL JL—u850 | INHEN_DISABLE =
Sro)/as INHEN_ENABLE rE]
cEMGMD EMG {7EE—R EMGMD_ALLHIZ 248/ (1 E-5>
IR EMGMD_UON_LHIZ 2 HABAY /2 T/ MA2E—F>
EMGMD_UHIZ_LON 2 FRIAAE—FIVR /2 TAEAY
EMGMD_ALLHIZ2 248) (V=552
OVVCR LS 249—87EFH
EX TELDELR BIRT—4 BIRT —HDELK
cOVVCNT OVV Ah#& 0 ~ 15 OVV AN DA ZBREIERIEETE
BF cOVVCNT x 16/fsys
COVVCNT >= 0 ~ 15
"O"FRTERFL 1 (CRDFET,
CADIN1EN ADC(1=whB) | ADINIEN_DISABLE A
E51RMEE 1 AH3F | ADINIEN_ENABLE AN
aJ
CADINOEN ADC(1=whA) | ADINOEN_DISABLE A
BS1RM4EE 0 AEF | ADINOEN_ENABLE AFIEFA]
aJ
cOVVMD OVV 1Z2EE—R OVVMD_NOCON A IR L
IR OVVMD_UON_LOFF 2 FAEAY. £ TFHEAD
OVVMD_UOFF_LON 2 FRAT, £ TFHEAY
OVVMD_ALLOFF 24847
cOVVISEL OVV i2F AN OVVISEL_PORT K—FAS
40 OVVISEL_ADC ADC Es/=2
cOVVRS oVV R#&REENS | OVVRS_NORMAL IREBIRRENS DB ENE)RZELE
7=l OVVRS_AUTO {REEIRRENS D B ENEIREFR]
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12.4.3.2 VE
CTADC

FMODE L2249 -3 EH

139> b2 T PWM A AD ZEHaBFR ZEEL TKEEW,

EERZ EZDEIA BEIRT -4 BEIRT —IDER
cMREGDIS SIN/COS/SECTOR | MREGDIS_EFFECTIVE B3

BIEMERERER MREGDIS_NOEFFECTIVE =
cADCSEL1 VE Fvx)L 1 ADCSEL_UNITB d-vhkB

ADC IZyhE&ER ADCSEL_UNITAB J1-yhAB
cADCSELO VE Fv%xJL 0 ADCSEL_UNITA dZyhA

ADC IZyhE&EIR ADCSEL_UNITAB J1-yhAB

MODE LY R5—3%EH

EE% EEDEK BEIRT -4 BEIRT—HIDRIR

cZIEN POERI&LHIE | ZIEN_DISABLE BEERMRL
ZIEN_ENABLE POERRL

cPVIEN AT AE R FE 4D PVIEN_DISABLE Zik
PVIEN_ENABLE #F ]
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13. {Fix

13.1 BE/MNR0E
A TIVYINIG, NEBREIE/IMIRTITHOTVEIOT, BE/NIEECOVWTHIEM (CERBALET .

13.2 IE#{t(Normalize)
ERIEEFT =92 —EDIN =N TERLT —7%FALPICITBETT,
K7 TVr—23> ) - NCRELAZFSEYNO [KIE. 1 (FE)EL. ROEY OB/ SEBE, £20T7—4
MRDSZ8AKDIE(0x7ff)% 1. &/1\DIE(0x8000)%-1 ERBLICIERRLZITVET,
1)
stk

v

15|14 |13 (1211109 |8 |7 |6 |54 |3 |2|1]|0

N RALE

B 9 16 EYbT—5DHl

AK7TVT—23> ) - NTCEERT —IDERADER cA_Max EEEELTHD. FIX(E 16 EvRNEFRT —Fh' OX7fff D
HZE(E A_Max(A). 0x8000 DIFE(F-A_Max(A)eRhET,

13.3 7F—=4TA-Yb
K7 TV —23> DE—9—HIER TR E /B E A TO TV
B/ AEE T NEERD Oy Mg Q REE(Q TA—<YN) THRUET .
EAMICIE 16 By —I0I8E(E Q15 TA—<yM/INERERS 15 Evh). 32 ByhT—4DiaA(E Q31 TA—Twh
(INEERSY 31 By D) TEEZITOTVET.
NI A— YN TR I TEDTEBBEETA—IYNLDRBDET

& 2 BHEE (16 EvM) MNRIA—-IYbh

Q JA—Xwh INERE Y hER IEQERAME(OX7FFF) BO&EAfE (0x8000)
Q15 15 0.999969482421875 -1
Q14 14 1.999938964843750 -2
Q13 13 3.999877929687500 -4
Q12 12 7.999755859375000 -8
Q11 11 15.999511718750000 -16
Q10 10 31.999023437500000 -32
Q9 9 63.998046875000000 -64
Q8 8 127.996093750000000 -128
Q7 7 255.992187500000000 -256
Q6 6 511.984375000000000 -512
Q5 5 1023.968750000000000 -1024
Q4 4 2047.937500000000000 -2048
Q3 3 4095.875000000000000 -4096
Q2 2 8191.750000000000000 -8192
Q1 1 16383.500000000000000 -16384
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[ Q0 0 | 32767.000000000000000 | -32768 |
xR 3 BEE (32EYhN) MDA -TYh
Q IA—Ywh /NI R IEDERAE(0X7FFFFFFF) B0 AfE (0x80000000)
Q31 31 0.999999999534338 -1
Q30 30 1.999999999068670 -2
Q29 29 3.999999998137350 -4
Q28 28 7.999999996274700 -8
Q27 27 15.999999992549400 -16
Q26 26 31.999999985098800 -32
Q25 25 63.999999970197600 -64
Q24 24 127.999999940395000 -128
Q23 23 255.999999880790000 -256
Q22 22 511.999999761581000 -512
Q21 21 1023.999999523160000 -1024
Q20 20 2047.999999046320000 -2048
Q19 19 4095.999998092650000 -4096
Q18 18 8191.999996185300000 -8192
Q17 17 16383.999992370600000 -16384
Q16 16 32767.999984741200000 -32768
Q15 15 65535.999969482400000 -65536
Q14 14 131071.999938965000000 -131072
Q13 13 262143.999877930000000 -262144
Q12 12 524287.999755859000000 -524288
Q11 11 1048575.999511720000000 -1048576
Q10 10 2097151.999023440000000 -2097152
Q9 9 4194303.998046870000000 -4194304
Q8 8 8388607.996093750000000 -8388608
Q7 7 16777215.992187500000000 -16777216
Q6 6 33554431.984375000000000 -33554432
Q5 5 67108863.968750000000000 -67108864
Q4 4 134217727.937500000000000 -134217728
Q3 3 268435455.875000000000000 -268435456
Q2 2 536870911.750000000000000 -536870912
Q1 1 1073741823.500000000000000 -1073741824
Q0 0 2147483647.000000000000000 -2147483648

13.4 BE/NIR[RTORE
BEIE/NEEEOIHE!

RONERAIBENZAET B8, T/ INRLEICR TR BEICIRDFT

(LHEE

Tl & BERBZOFFEHYELOLIITERETEFIN, RE, RETIEERE

INZIA—RYNBLORBEDHE. HIZE QL5 IA—YvhT—Y2REIHE. EREEHE Q30
TA=RYMIBDET . Q31 TA—IXYT — I EREER, EEHERZ 1 EyMES TN 3L TER

& Q31 JA—XYMIRDFET,

Q15 * Q15 — 2—15 * 2—15 — 2(-15 +-15) _ 2-30 — Q3O

Q)&
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INSTA—RYNEITOBRBEDZE. HIZE Q31 IA—Yvhz Q15 JA—YyhTHETIES. &R
Q16 JA—YNIRDFET . Q15 TA—XY T —INRNEREE (. EERAICPREZ 1 EybMaS T3
ET. Q15 TA—RYNT —RIBBIENTEET,

Q31/Q15 =273/ 215 = 2031 -(13) = 7716 = 16
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CFIRBAY

FAHNE, BBERERZT /A ZRAN SR (AT IEVVET) EDORT, Bt BRREEIERUIE
AT IBRICBSEBERBRFIAIIRUT Y (UTFTARUIPL VAT IEVWWET) DERICEIRMAZEDDEDT
¥ BEREAENZETURINERDER A,

$15%k FIEER
BEROZEIEIRG, LITO®\BHTY,
1. RUTPLIATHA UL, HEREET OB ET —FEL THEAZNBZLZR L TVEY, ERRMTRIERL. TNLSOBHIC
(FERLRBVTLIZEL,
2. RVIPLOATHA V% HR5E. 3B, B5EFURVTIEE L,
3. KUTPLOATHAU3, BIRE- 2L - BEBHA L EOMRGHHCMER TEZ A
4. RUIyLYATHA 2%, BIRAOES. MAIRUEGHICED, RIS, . BRFEZZEIESNTOSRIGERULBNTE
(AN

56 25k RIALHIFRSE
1. RUIPLDRATHAUE, BAiDESBECIDFERUICEEEINSENHDET .
2. KUIPLOATHAUIBZERDT —FTT . Httd T-IRPEROERMNE. T2 CREUT—tIOREIZVVLEE
hoo
3. FEARRFERMFBLLOEPELRD I BN DDFET . KUT7L AT A > 2 SE (RN Z1TOH A, SRIFEND
EPR(CEDAESS - BAK-FEMEZINBTLDRVELIC, BEROBECHNT, BERO/\—RI17-YIRNIIT - AT AIC
WERRRHEZITICLZBREVLET, Fo. AN TV FERRFICEIIRIOBIR (FEMMEREL/ DRIy
JAEE. TN TIVT—23> - RE) =IHRO L. NI TREW,
4. RUIpLYRATHA 2 BE(HERRETEITIREE SATLARRTHDSEHEL. SEROBEICSVTERTIEZY
BIL TRV, St BRTESCHIZEEFEVERA.
5. KUIPL2ZTHAU(E. 2OERICERLU TEHRUE =E ORI IAEEE T OAMOHEF X I BREE X FRMHEDFTEE
ITSBDTEBIFE A
6. HtHE RUIPLDRATHAUCEUT, BRIICEERIICE—YIDIRIE (HEEBMEDARELE. BmEDARILE. 15 EB
HINDEIDERIE. IFIROIEFEMEDREE. SE=EDEFDOIFHEERIIZEONTNUIIRSZRV. ) ZET | FHHE A
TL2ZTHAVICEAT3—tIDIRE (RHEHEE. ERNIEE. 1FRIEE. AEHIEE. @A, HMAEK, AEE
& TARKEFEZSONTNIRER, ) (OOF—HI0EEZEVFEA.

56 3 & MR
RUIPL O ZATHA> D> 0- RRMERI B2 65T BERREFRHNCRABULEOEHBENET . AR FER
UICEEINZBENHDFT , it BEOMNEZENDT VDO TEARRI 2RI DN TEFT . ARRHINERIRENIS
B3 BBEREARIIPL AT YA D2 BRELRIINERDER A SHICHANERUIZEICE, BERRBEELCLZIET
SEEZHHCREULARTNIERDER A,

F45& EmihEl
BBEREARVIPL VATHA( V%, AERBESRORESZOEN. EFFHAOBN. H3V\IZOMESHROENTHER
UTEBDFEA, T SEREMERBRUNEESZE ] RE@SMEEERA 1%, @RHMEEEESTETUR
FNEBDER A

55 5 & LXK
AR OERLEFBARELLFT .

55 6 & EEsHIFR
AITPL AT YA VBT BETOMROVTE, BIEROEDIBVIRDER RS # Pz sE—EO BB EEMFIFTEL
ig_o
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