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Demo Purpose

> Easily & Rapidly Getting Start for Motor Application

B Provide demo system for refer-design

> Motor Drive System  —=
m Elementary S/W flow T

B Refer H/W circuit —
—
» Friendly GUI Interface Linking PC and System Board
through UART(COM port)
B User can easily demo motor behavior Z, e
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Demo System

3 phase power
line U/V/W *

Gate driver board ]

Hall Sensor (Hu,Hv,Hw)
signal input port

Adapter : 90~264V to 24V/2A
| ~ VDCinput: 16~24V

Demo Motor:
24V BLDC 4 poles

il

NL-DB-Gate Driver ‘O

~ NuBridge

v ey

| :::::ﬁ/ UART port ‘

Reset button switch \

" Nu-Link port

NM1120 daughter
: board

N

Rotor direction
- switch

VR to turn On/OFF
~ and rotor speed




Overview

» Demo how to use NM1120 to implement a basic motor
drive system with

 Hall + FOC + 2-shunt R
 Hall + FOC + 1-shunt R
« Hall + Six step square wave control

Duty open loop

Speed close loop

» Customer may refer this demo system to develop own
specific system.
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Demo Function

v Demo NM1120 MCU basic setting
- Initialize MCU
- Timer
Interrupt
ECAP (Enhance Capture Timer/Counter)
Complementary PWMO0~5 setting
12-bit 2-S/H ADC
PGA (Programmable Gain Amplifier)
- ACMP (Analog Comparator)

v Basic Pl control (Proportional and Integral control) for
speed and current control

v Basic FOC + SVPWM (Library)
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Demo Function

v 6-Step square wave control
v Basic motor speed estimation by ECAP

v System control mode

V'SP control mode : External VR to turn on/off the motor and
adjust speed

UART control mode : Set command from PC to MCU through
UART protocol.

v Control mode selection :

* VSP control mode : Rotate VR to make VSP initial voltage < 2.5V
before power on .

 UART control mode : Rotate VR to make VSP initial voltage >
2.5V before power on .
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Speed Control by FOC

» Demo System : Hall + FOC
» Control mode : 2R/ 1R (R : current shunt resistance)

|
|
|
Speed Current :PW -
Gate Driver
System | CMD Speed CMD lg/ld Ctr | 0-5 +
Program Controller FOC > Power
- - SVPWM | MOS
|
Speed Current *Overcurrent,Brake '
feedback Angle & Speed | feedback acwp] | Iq
c
estimate <«—+———  Shunt —
— Cu(;rentt_dettect oy lv SR/AR  —
A/D
3 Hu, Hv, Hw

Hall sensor feedback
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PWM Duty Control by 6-Step

» Demo System : Hall + Six Step square wave control
» Control mode : Duty open loop

Hall sensor feedback

lPWM .
System duty | 0-5 Gate Driver
+
Program . PWM | EPwWM | > Cower
PHCHG I MOS =
4 Over current,BrakeI
|
e seeet || | comenameo[JER | e ewrer
9ep and estimate | %50 | | Shunt |
ECAP I
|
,3 |  Hu, Hv, Hw
4 |
|
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Speed Control by 6-Step

» Demo System : Hall + Six Step square wave control
» Control mode : Speed close loop

Hall sensor feedback

I
Speed lPWM .
dut Gate Driver
System | €MD Speed |—» | 0-5 .
- > PWM  [ERuit———» H
Program Controller Power
- PHCHG | WO —_
Speed 4 Over current, Brake l
feedback Hall states detect |
for change phase & Current detect| PGA | Idc Curret |
Speed estimate and estimate AE/'\SP Shunt |
ECAP |
T I
,3 | Hu, Hv, Hw
7 I
I
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FOC by Software Library

» FOC: Field Oriented Control, & 33 & 374
» Vector Control: = & =4, = & =+
» a-b-c stationary frame
» o-f stationary frame
» d-q rotating frame
Ig CMD +
@ » PI Ig va Va PWM@(8/1)
_ park-? Clark™ | PWM2(2/3)
TRNE + Vd Vg SVPWM PWM4(4/5) .
PI. Id |—» —>
_; A
SIN/COS >IN 6
g COS —
Lookup table
\/
Id Ia Iu
— -—
I Park I Clark <L
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FOC control block

Speed CMD +

Speed

PWM@(0/1)
Ig_CMD FoC >
Id_CMD EPWM PUM2(2/3) »| Power Stage
- SVPWM PWMA(4/5) |
Tu I
Iv Norm | 12bit
Iw Q15 | EADC

Speed_feedback

Angle Calculation

ECAP

Software function

Internal hardware

Speed Estimator

PMSM / IM

nuvoTon confidential




FOC Function Call

» void luvw_to_ldg(AMotor* Motor, int32 sin, int32 cos)

Do Clark Transfer: Transfer lu/v/w to lalfa/beta

Do Park Transfer: Transfer lalfa/beta to 1d/q

» void Vdq_to_ SVPWM(AMotor* Motor, EPWM_T* epwm,

int32 pwm_full_scale, int32 pwm_max_duty, int32 sin,
int32 cos)

Do Inv_Park Transfer: Transfer Vd/q to Valfa/beta

Do Modified Inv_Clark Transfer: Transfer Valfa/Vbeta to Vrefx/y/z
Do SVPWM calculation to produce Duty0/2/4

Update the duty to EPWM->CMPDATI[0/2/4]
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Phase Current Detection by ADC

» 2-shunt R : lu/ Iv from external two OP
» 1-shunt R : lu/Iv/Iw through internal PGA

*******************************************************************************************

| ADCO_CHO —% —+

| ADCO_CH1 ——001

| lu ADCO_CH?2 010 T
. P ADCO_CH3 —{011

/.
ADCO_CH4 ——100 7—7';

> PGA_ADC —{101 SHO ADCSMPCNT |
! Band-gap ——{110 (ADC_SMPCNT[3:0])
i vss —]111 |
For 2-shunt R 3 / Simultaneous 3

Mode(25/H) »
o

v \ Conversion: 1us

- ADC1_CHO —] 000
ADC1_CH1 —]001
ADC1_CH2 —]010

For 1-shunt R | ADCO_CHO —{011 SH1
o > ADCO_CH4 —|100 —
| PGA_ADC — 101 i

O

Temp. Sensor —110
VSS —111 |

WA
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Six Step square wave control

» Sequentially output PWM according with Hall-State.

» Do phase change by setting EPWM Phase Change
Register (EPWM_PHCHG).

Forward
STAGE FW HALL STATES Egg ;'Bvl I|3_|B% Exciting phase \féli_t'e S|9\r/1all_
1 5 1 0 1 U—w
2 1 0 0 1 VW
3 3 0 1 1 v—U
4 2 0 1 0 WU
> 6 1 1 0 WV
6 4 1 0 0 U—v
Reverse
Gate signal
STAGE RW HALLSTATES | beb | 200 | pgo | Exciting phase =TT T v 1 T
1 3 0 1 1 U—v 0
2 1 0 0 1 WV 0
3 5 1 0 1 W—u 0
4 4 1 0 0 v—u 0
> 6 1 1 0 VAR ]
6 2 0 1 0 U—w 3
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Six Step square wave Function Call

» void SIX_STEP_CHANGE_PHASE_FW(void)

- Do phase change function for rotor forward

- Using EPWM Phase Change Register (EPWM_PHCHG) to
change phase

» void SIX_STEP_CHANGE_PHASE_RW(void)

Do phase change function for rotor reverse

Using EPWM Phase Change Register (EPWM_PHCHG) to
change phase
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Motor Variable Structure

typedef struct tag_Motor

{

AMotorSpec
AMotorlnfo
AMotorCommand
AMotorController
AMotorSym
AMotorOther

} AMotor;

Spec;
info;
cmd;
ctrl;
sym,;
other;

FSEE R IREARHAR, ext PWM A
FEEAYdata, ex: lu, Iv, lw, rotor_speed
FEZERENN S, ex: BT HEmSTrpm
FEflas Y PR SIME

FHEEN, ex: i ph e Rl =R

— 2GR S T R Ay E ek flag
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Pl Controller Variable Structure

typedef struct

{
INT32 e1; Error = cmmd — info, Q15 format
INT32 wui_31; Accumulated integrator, Q31 format

INT32 kp_15,ki_15; Parameters of Kp & Ki, Q31 format
PICs;
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Key Variables

» Pl_Speed.kp_15 Info.i16_Id, info.i16_Iq
cmd.i16_rotor_speed_target PI_Speed.ki 15 Info.i16_lalfa, info.i16_Ibeta

spec.i16_speed_slope_cnt_target | | i35 Speed control limit_dig cmd.i16_Vd, cmd.i16_Vq
ctrl.i32_Speed_control_limit_dig_ui | cmd.i16_Va, cmd.i16_Vb, cmd.i16_Vc
other.i32_Hall_Step_Theda_Q26

cmd.i16_Duty0
cmd.i16_Duty2
cmd.i16_Duty4

cmd.i16_rotor_speed other.i32_Hall_Accumulated_Q26
cmd.i16_Iq
cmd.i16_ld :
Speed Current lPWM .
Gate Driver
CMD Speed CMD lgid Ctr o5
m ee
Syste —»@—» P —»@—» FOC EPWMI—/> Pojver —
Program Controller |
- - SVPWM I MOS
Speed Curren 4 Over current, Brake |
feedback Angle & Speed | feedbac aowe | | Shunt
. un
estimate Currentidetect i | Idc JR/IR
ECAP and estimate | OP Amp —
AD | lu/lv ]
. ,3 \ | Hu, Hv, Hw
/ \ I Hall sensor feedback
Info. i16_hall_angle |
Info.u8_Hall_Position Info.i16_lu info.i16_lu_ref_ADC
Info.u8_rotor_direction Info.i16_lv info.i16_Iv_ref ADC
Other. other.i32_Capture_Value_Q15 Info.i16_Iw info.i16_lw_ref_ADC
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Flow Chart of main.c

» Main program to initialize MCU and system

START

(Initialize system clock)

SYS Init_Clock
Delay_Xmsec

>

R/
hS

>

R/
%

¢ (Initialize MCU IP function)

Initialize_ EPWM
Initialize ECAP
Initialize_ ADC
Initialize PGA
Initialize_ ACMPO
Initialize_Timer0
Initialize_ GPIO
Initialize_ HDIV

*
0.0

3

%

5

¢

/7
L X4

3

%

*
0‘0

>

R/
%

3

%

¢ (Initialize system function)

s Initialize_Motor_System
]

« Main loop
(Stayed in loop and interrupted by the
IRQHandlers of TMO, ECAP, EADC,

BRAKED)
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Flow Chart of TMRO_INT (for FOC)

» TimerO INT for system timer handles the user interface
and speed control

Handle timing control flags
ul6_timerO_int_counter ++

Time-Base Management:
e  Speed control
. User interface

23
B3

Do Speed PI Control to update cmd.i16_lq
Setcmd.il6_Ild =0
ul6_lms_timer_counter ++

3
o2

timerQ_int_counter> 0
(1ms loop)

3

R

3
oo

VSP contorl

Check switch to determine direction command
read_VSP_Check_ON_OFF_Motor(&MotorA)
read_VSP_to_speed_cmd(&MotorA)
ul6_10ms_time_counter++

3

-

23
g

3
oo

3

R

1ms_timer_counter = 10
(10ms loop)

<  UART contorl

< CMD_update()

< INFO_update()

< read_UART_Check_ON_OFF_Motor(&MotorA)
< ul6_10ms_time_counter++

10ms_timer_counter = 10
(100ms loop)

< 100ms_counter ++

100ms_timer_counter = 5
(500ms loop)

< 500ms_counter ++
< LED_PIN ++ (flash LED: program is in runnin

”
no y
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Flow Chart of TMRO_INT (for Six step)

» TimerO INT for system timer handles the user interface
and speed control

Handle timing control flags
ul6_timerQ_int_counter ++

Time-Base Management:
. Speed control
e  Userinterface

< Do Speed PI Control to update cmd.dutyO (for
close loop)
< ul6_1lms_timer_counter ++

timer0_int_counter> 0
(1ms loop)

< VSP contorl

«  Check switch to determine direction command

« read_VSP_Check_ON_OFF_Motor(&MotorA)

< read_VSP_to_duty_cmd(&MotorA) (for open loop)
< read_VSP_to_speed_cmd(&MotorA) (for close loop)
< ul6_10ms_time_counter++

1ms_timer_counter = 10
(10ms loop)

< UART contorl
< CMD_update()
«  INFO_update() —
« read_UART_Check_ON_OFF_Motor(&MotorA)
< ul6_10ms_time_counter++

10ms_timer_counter = 10
(100ms loop)

« 100ms_counter ++

100ms_timer_counter = 5
(500ms loop)

< 500ms_counter ++
< LED_PIN ++ (flash LED: program is in runnin:

”
no y
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Flow Chart of EADC_INT (for 2R)

X3

*

¢

o
25

3

*

X3

25

X/
X4

L)

>

*
*

triggered by PWM every 66.6us
handles the current detection, control
Update speed command according with speed
acceleration slope: cmd_speed_slope_with_hall()
Update hall angle: info.il6_hall_angle
ADC read VSP and Idc from PGA:

» EADC INT: for current control and FOC
EADC_INT:
EADC_INT
1FOC/\
Clark and Park transform: luvw_to_Idq()
Current control: PI_Id_current() & PI_Ig_current()
SW_Get_Speed_Command_From_VR(),
SW_Get_Ishunt_From_PGAQO()

EADC interrupt which is periodically
Re-construct 3 phase current info.il6_lu/lv/lw
Inv(Park), Inv(Clark) and SVPWM: Vdqg_to_SVPWM()

L)

X3

*

nuvoTon confidential




Flow Chart of EPWM_INT (for 1R)

» EPWM INT: for current control and FOC (1R)

EPWM_INT:

FOC.

EPWM_INT
EPWM_IRQHandler

EPWM interrupt is periodically
triggered by PWM every 66.6us. It will
call PWM_Period _INT_1R() to handle
the current detection, control and

-

Call PWM_Period_INT_1R() to do the following task
Store last two measurement of phase current

ADC read VSP:
SW_Get_Speed_Command_From_VR()

Set ADC is HW triggered by PWM falling edge

Set HW_ADC_Read PGAO_1R by _Indpt_Mode()
Re-construct 3 phase current info.i16_Iu/Iv/lw
Update speed command according with speed
acceleration slope: cmd_speed_slope_with_hall()
Clark and Park transform: luvw_to_ldq()

Current control: P1_Id_current() & Pl _lg_current()
Inv(Park), Inv(Clark) and SVPWM: Vdqg_to_SVPWM()
Update hall angle: info.i16_hall_angle
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Flow Chart of ECAP_INT(for FOC)

» ECAP INT for capturing hall sensor signals to update the
hall angle and rotor speed ECAP T

ECAP interrupt which is triggered by
ECAP_INT
ECAP_IRQHandler

any edge change of Hall Sensor
+ Read Hall Position

handles hall angle update and rotor
% Check rotor direction;: Check_Rotor_FW_RW_MO0()

speed estimation.

< Estimate rotor speed: HallSpeedEstimator()
% Re-load ECAP_CNT
s Set other.u8 operation_state = C_ OPEN_LOOP

Capture counter overflow?

+  Check the condition to enter in CLOSE_LOOP state

% According with Hall_Position to update the
info.il6_hall_angle
«» Estimate rotor speed: HallSpeedEstimator()
&

)
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Flow Chart of ECAP_INT (for Six step)

» ECAP INT for capturing hall sensor signals to update the
hall angle and rotor speed EoRP

ECAP interrupt which is triggered by
any edge change of Hall Sensor
handles hall angle update and rotor
speed estimation.

ECAP_INT
ECAP_IRQHandler

« Read Hall Position

«»  Check rotor direction: Check_Rotor_FW_RW_MO0()

% According Hall states to change EPWM_PHCHG Register:
%  SIX_STEP_CHANGE_PHASE_FW()

% SIX_STEP_CHANGE_PHASE_RW()

«»  Estimate rotor speed: HallSpeedEstimator()
% Re-load ECAP_CNT

Capture counter overflow?

« Estimate rotor speed: HallSpeedEstimator()

¢
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Flow Chart of BRAKEO_INT

» BRAKEO INT to STOP PWM and turn off MOS when
over current

BRAKEQ INT:

BRAKEDO interrupt is triggered by the
rising-edge change of ACMPO.

It forces the EPWM to turn off all power
BRAKEQ_INT MOS and re-start PWM counter.

BRAKEOQO_IRQHandler \—/—\

% Hardware set PWM[5:0] = BKOD[5:0] (preset in initial
procedure)
%  Set EPWM to turn off power MOS:
Set EPWM_MASK_Enable(PWM_OUT_OFF_MOS)
¥  Re-start EPWM counter. (EPWM stops counting when
BrakeO is asserted)
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Flow Chart of UART_INT

» UART INT for data decoding and returning data to the

host

UART_INT
UARTO_IRQHandler

UART _INT:
Data decoding and returning data to the

host .

3

A

®,
°

®,
%

3

*

®,
°

Receive_date()

Receive data from host and identify function

code.

0x12 write_muti_data
0x22 read_muti_data
0xCC check_connect

Decode()

Decode all received data
UART_check_connect()
Decode_read_muti_data()
Decode_write_muti_data()

Transfer_data()

Return data to host
UART_check_connect_return()
read_muti_data_return()
write_muti_data_return()
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Pin Configure vs Circuit (I)

u2

VDD
PDB,UARTO_RXD

PB.0/ADCO_CHO/ACMPO_PO/ECAP_PO

PB.1/ADCO_CH1/ACMPO_P1/ECAP_P1
PB.2/ADCO_CH2/ACMPO_P2/ECAP_P2/BPWM_CH1

PB4/ADC1 CHOIACMPO NTM1
PC.1/ADCO_CH4/STADCIACMPO_PVACMP1_P1/SPI0_MOSUSPI1_MISO

nRESET

PB.3/ACMP1_N/PGA_I'TMO
PC.2/ADC1_CH2/BRAKE/CCAP_P1/12C1_SDA/SPI0_MISO/SPI1_MOSWWART1_RXD
PD.2/ICE_DAT/ADC1_CH1/CCAP_P0/2C0_SDA/SPI0_MOSUSPTI_MISO/UARTO_RXD
PD.3/BPWM_CH1/UART1_TXD

NC

NC

28 P28 |

VSS 27 F57 I
LDO_CAP 56526 RUN
PC4 25— P25 UH

CLKO/EPWM_CHO0/M2C1_SCL/SPI0_SS/SPI1_CLK/UART1_TXD/PA.0

EPWM_ CH1M12C1 SDA PI0_| MISO/SPI1 MOS[UART! _RXD/PA.1 535753 VK

EPWM_CH2/12C0_SDA/SPI)_MOSU/SPI1_MISO/UARTO_RXDIPA 2 555>

EPWM_CH312C0_SCL/SPI0_CLK/SPI1_SS/UARTO_TXD/PA.3 P WH

EPWM _CH4/XT_IN'PA4 205320 WL

EPWM_CHS/ACMPO_O/XT_GUT/PA 5 Fja—F1a—FD%
UARTO_TXD/PD5 [~a—F1s—PaAD
ACMP1_O/PGA_O/SPI0_CLK/SPIT_SSIPC.3 | DRC o7

ICECLK

ACMP1_P2/12C0_SCL/SPI0_CLK/SPI1_SS/UARTO TXD1CE CLKPD.1 ™ Pip LEC-ﬂ ;

BPWM_CHO/UARTI_RXD/PD4 [=—51s—pen

ADCO_CH3/BPWM_CHO/ACMP1_P012C1_SCL/SPI0_SS/SPI1_CLK/UART1_TXDPC.0

NM1120-TSSOP28

PWM output (6 pin) by EPWM
. (PWM5~PWMO) = (PA5~PAO)

Direction command from RUN switch (1 pin) by GPIO
. PC4: read the state of RUN switch

Light LED (1 pin) by GPIO
. PD4: control LED on/off

v UART port (2 pin) by USCI-UARTO
. UARTO_RXD = PD6
. UARTO_TXD = PD5
v Nu-Link ICE port by SWD
. ICE_DAT = PD2
. ICE_CLK = PD1
v (Optional) DAC module by SPI0
. SPI0O_MOSI = PD2
. SPI0_CLK = PD1
. CS = PD3 (GPIO mode)
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Pin Configure vs Circuit (l1)

Py J Ji— PGAORI. A100 I _OC Re, . 10K | Bus
1 ™ . Bemf_U — 1 Bemf_V 1 Bemf_W | ,\/\/Q
; 2 ., PBO0 2. B 2 _ FB2 |
i 3 all_ 3 all_ 3 .Ea'fE c18 c19
i | 100P 0.1u
H | I— —J | i—
| HEADER 3 HEADER 3 HEADER 3 = —
v Jid J¥ J i Ji5
! 1 _tol 1 _Bus 1 I_U 1 1I_OC VDD
5 2 PCO 2 el 2 Pc1 2 W J13
! 3 _ 3 _5um 3 ' l_gg: _'.:.f 3 W 0 ohm
g —J J —J R10
| HEADER 3 HEADER 3 HEADER 3 HEADER 3 agk L— o
I _ J ¥ J J
| 1 _V 1 TX 1 RX 1 Speed N
I 2 ' PB4 2 ' FD5 2 .Foe 2 l PC2 ; IRSUMRIL A 12K PGAI I~
| 3 vV ooV 3 ¥ REV 3 KeV2 3 v DCV I ANA 1
! - R
E —J ! 1 c20 E PGA
| HEADER 3 HEADER 3 HEADER 3 HEADER 3 bl | 00 The R34 i LVI;/IDM
i - ‘s e in
IO Switch i =

must be removed if PGA
is used

v Hall sensor (3 pins) by ECAP
(Hw, Hv, Hu) = (PB2, PB1, PB0) = (ECAP2, ECAP1, v Total current amplify(2 pin) by PGA
ECAPO) IRSum = PGA | = PB3
v Phase current feedback (2 pins) by ADC Set PGA gain = 5
lu: ADCO_CH3 = PCO PGA_O = PC3 to |_OC through RC filter
lv: ADC1_CHO = PB4 v QOver current detect (1 pin) by ACMPO
I_OC = ACMPO_P3 =PC1
v Speed command from VR (1 pin) by ADC
Speed = ADC1_CH2 = PC2
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Pin Configure in Demo System ()

v Hall sensor (3 pins) by ECAP

(Hw, Hv, Hu) = (PB2, PB1, PB0) = (ECAP2, ECAP1, ECAPO)
v Phase current feedback (2 pins) by ADC (for 2-shunt R)

lu: ADCO_CH3 = PCO

lv: ADC1_CHO = PB4
v Total current amplify (2 pin) by PGA

IRSum = PGA_I = PB3

Set PGA gain=5

PGA_O = PC3 ->RC filter > |_OC = ACMPO0_P3

Internally PGA_O to ADC for phase current measurement (1-shunt R)
v Over current detect (1 pin) by ACMPO

|_OC = ACMPO_P3 = PC1
v Speed command from VR (1 pin) by ADC

Speed = ADC1_CH2 = PC2
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Pin Configure in Demo System (ll)

v PWM output (6 pin) by EPWM
(PWM5~PWMO0) = (PA5~PAD0)
v Direction command from RUN switch (1 pin) by GPIO
PC4: read the state of RUN switch
v Light LED (1 pin) by GPIO
PD4: control LED on/off
v UART port (2 pin) by USCI-UARTO
UARTO_RXD = PD6
UARTO_TXD = PD5
v Nu-Link ICE port by SWD
ICE_DAT = PD2
ICE_CLK = PD1
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Pin Configure in Demo System (lll)

v (Optional) DAC module by SPIO
SPI0_MOSI = PD2
SPI0_CLK = PD1
CS = PD3 (GPIO mode)
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STAGE_FW nuvoTon confidential

Forward direction

S s > —

I I m_,

ttt ]
cC B :z: £
@) P _ = 3 3 3
— | | 5 T E: g o

A A = A A A

I3, : e
(()) ©
- ANES
(@] <
&) R
E
n L]
D
(7))
I
I
T

Hall type 1
Line voltage
Phase voltage

» User can correct with line or phase voltage (example: Type 1)

» The correspondence between BEMF & hall signal as bellow




Hall signal correction

» User can select hall type 0 or type 1 in the example code

» Hall type 0 mean the falling edge of hall signal align
phase voltage peak

» Hall type 1 mean the rising edge of hall signal align
phase voltage peak
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TypeO : Hall and BEMF for RW

Hall Type 0

HALL STATE =
(Hw Hv Hu)

Hall_U

Hall_V

Hall_ W

Reverse Running (RW)

|| HALL_STATE1 RW |

i
| [ HALL_STATE6_RW

=

{ Decreasing angle

Nbgd-Lth: angle viewing

accordmg with BEMF_U

Define the 1st hall state right after the
rising edge at ICO as “"HALL_STATE1_RW”

Hall Sensor (W,V,U) =

Input Capture (IC2, IC1, ICO) =
I/O Port (PB2, PB1, PBO) =
3,1,5,4,6, 2..for CCW

#define HALL_STATE1_RW
#define HALL_STATE2_RW
#define HALL_STATE3_RW
#define HALL_STATE4_RW
#define HALL_STATE5_RW
#define HALL_STATE6_RW

NODMNUIH W

#define HALL_STATE1_R_ANGLE
1024*(-90+0)/360

-
T,

“%define HALL_STATE2_R_ANGLE
1024*(-150+0)/360

| #define HALL_STATE3_R_ANGLE

1024*(-210+0)/360

#define HALL_STATE4_R_ANGLE
1024*(-270+0)/360

#define HALL_STATE5_R_ANGLE
1024*(-330+0)/360

#define HALL_STATE6_R_ANGLE
1024*(-30+0)/360
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TypeO : Hall and BEMF for FW

. Define the 15t hall state right after the
Hall Type 0 Forward Running (FW) rising edge at ICO as “HALL_STATE1 FW”

. 360° | [HALL STATE1 Fw | Hall Sensor (W,V,U) =
HALL STATE = ] . . [HALL STATE6 FW | Input Capture (IC2, IC1, ICO) =
(Hw Hv Hu) 1807, | 1/0 Port (PB2, PB1, PBO) =

5,1,3,2,6, 4..for FW

Hall_U #define HALL_STATE1_FW
— . §J5/113]2.6 4].. #define HALL_STATE2_FW
- #define HALL_STATE3_FW
#define HALL_STATE4_FW
Hall_V #define HALL_STATES5_FW
#define HALL_STATE6_FW

APONWEFE WU

Z
-2
-7
-~
RN -2

#define HALL_STATE1_F_ANGLE
Hall W 1024*(270+0)/360 + SHIFT_180

 positive angie viewing || J-define HALL_STATE2_F_ANGLE
. éInécreasiqg angle 1024*(330+0)/360 + SHIFT_180

|| #define HALL_STATE3_F_ANGLE
1024*(30+0)/360 + SHIFT_ 180

#define HALL_STATE4_F_ANGLE
1024*(90+0)/360 + SHIFT_180

#define HALL_STATE5_F_ANGLE
1024*(150+0)/360 + SHIFT_180

#define HALL_STATE6_F_ANGLE
1024*(210+0)/360 + SHIFT_180
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Type1 : Hall and BEMF for FW

Hall Type 1

HALL STATE =
(Hw Hv Hu) I

Forward Running (FW)

Hall_U

Hall_V

| | HALL_STATE1_FW

| | HALL_STATE6_FW |

Hall_ W ‘

' Positive angle viewing
i |Increasing angle

-

g with BEMF_U

___________________

Define the 1st hall state right after the
rising edge at ICO as “"HALL_STATE1_FW"

Hall Sensor (W,V,U) =

Input Capture (IC2, IC1, ICO) =
I/O Port (PB2, PB1, PBO) =
51,3, 2,6, 4..for FW

#define HALL_STATE1_FW
#define HALL_STATE2_FW
#define HALL_STATE3_FW
#define HALL_STATE4_FW
#define HALL_STATES5_FW
#define HALL_STATE6_FW

P ONWEFEWO

#define HALL_STATE1_F_ANGLE
1024*(90+0)/360 + SHIFT_180

¥define HALL_STATE2_F_ANGLE
1024*(150+0)/360 + SHIFT_180

#define HALL_STATE3_F_ANGLE
1024*(210+0)/360 + SHIFT_180

#define HALL_STATE4_F_ANGLE
1024*(270+0)/360 + SHIFT_180

#define HALL_STATE5_F_ANGLE
1024*(330+0)/360 + SHIFT_180

#define HALL_STATE6_F_ANGLE
1024*(30+0)/360 + SHIFT_180
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Type1 : Hall and BEMF for RW

Define the 1st hall state right after the

Hall Type 1 Reverse Running (RW) rising edge at ICO as “HALL_STATE1 RW”
| 360° | [HALL_STATE1_RW | Hall Sensor (W,V,U) =
HALL STATE = | _"0_7""1‘1 [HALL_STATE6_RW | Input Capture (IC2, IC1, ICO) =
(Hw Hv Hu) ¢ 1807, | I/O Port (PB2, PB1, PBO) =
3,1,5, 4,6, 2..for CCW
Hall_U #define HALL_STATE1_RW 3
_ - J6/ 11514 6 2].. #define HALL_STATE2_RW 1
#define HALL_STATE3_RW 5
#define HALL_STATE4_RW 4
Hall_V #define HALL_STATE5_RW 6
I #define HALL_STATE6_RW 2
— — #define HALL_STATE1_R_ANGLE

" Negative angle viewing | | #défine HALL_STATE2_R_ANGLE
! Decreasing angle 1024*(-330+0)/360
| accgrding with BEMF_U

/0 | #define HALL_STATE3_R_ANGLE
1024*(-30+0)/360

#define HALL_STATE4_R_ANGLE
1024*(-90+0)/360

#define HALL_STATE5_R_ANGLE
1024*(-150+0)/360

#define HALL_STATE6_R_ANGLE
1024*(-210+0)/360
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