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11.

12.

Notice

All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

Y ou should not ater, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. You are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. Y ou should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the development of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonabl e care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errorsin or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific’. The recommended applications for each Renesas Electronics product depends on the product’ s quality grade, as
indicated below. Y ou must check the quality grade of each Renesas Electronics product before using it in a particular
application. You may not use any Renesas Electronics product for any application categorized as “ Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as “ Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is“ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home el ectronic appliances, machine tools; personal electronic equipment; and industrial robots.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

“Specific”: Aircraft; aerospace equipment; submersible repesaters; nuclear reactor control systems; medical equipment or
systemsfor life support (e.g. artificial life support devices or systems), surgical implantations, or healthcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especially with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software aloneis very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with al applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note1) “RenesasElectronics’ asused in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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1. RG%d
1.1 RE4H

25U 45 L TC B A I 1 ) R G RO 1 SR Gt Pl Fig1.1 i

R8C/2K 777k 6 # PWM {55 50K 3h IPM Rzl il @ik IPM B =4 (1) FO 55 s i
BAE BT RGEUATORA A . 75 PWM {55 R 120 £ 3], 7EiXWn 60 A2l
I I F A Timer RC Wl & REE 1) —AH S L h 3l 05, AT el A ML I 48 1) i, SEBIL AR 4 AL 1)
Al Wik SCIO & M SR A PC HLBE @R, S22 I R4 L i LA fe 2 5505
BRI

L MCU # il B EE AN IPM £ i EBE LR, BT O HURARER el , f PC i AR O 4E R4
ZHG R, R HEWE Figla Fix.

Power supply Inverter M
circuit
6
9 PWM signals
DC Voltage TRCIOA —
Circuit for the MCU | TRCIOB |—— Comparator ——
TRCIOC |—|
R8C/2K(40MHz)

Figl.1 RGuiEHH
1.2 RETEA L

R8C/2K (Fo) P4sINTO [ 1Fo
I[TROGR | Buffer TRDGR I|pwm1 | (UP) P2uTRDIOBIU [ ] Wp) —
Il o (UN) P2y/TRDIODVU ——Jwy IPM Circuit POWER
| FRoGR llpwm2 | ve) P2oTROIOAW —%) Circuit 2%AC
Il c1 (we)
\ (Wr) P2sTRDIOBW [} —J (PS21964)
ITRDGR PWM3_| (vi) p2sTRDIOCIV [ 1
1
o I q; ) e — 0 wow o e | v
B Three-phase motor control |_| |_| |_| |_|
Period | Treephase moter contio |
TRDGRA '
0 Commutatio
reg. n
Timer RD
(VBus) POs/AN2 [}
Speed C WAN3 [
AID Conversion |_| |_| |_| |_|
Uin VinWinPVee
Comparator
Output Uout Vout Wout
Input Capture
I’,—l _____ SFOR<|
| LTRCCRAeg. | R | (Usewe)  P14TRCIOA
|[TRCGRB reg. ] o=——| (Veswr)  P12/TRCIOB
I[TRCGRC reg. | =FOR *| (Wesws)  P3JTRCIOC [}
Timer RC BEMF detect /

Figl.2 RETEANEL

RTBJCUMO0002-0100  Rev 1.00 3
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ARGHEAHER I Figl.2 P, R —AMawdidEEs (U V. W) Sk (PVee) HLEL
Je i (P kb i B R8C2K 1) TRCIOA. TRCIOB. TRCIOC #EATH3k, M3k R4t R
T, WGBS, E1d% 55 TR 30 B MR I, |1 Timer RD fil & AH N AR K
PWM ik g il 20 1] s 4 UL e, 30k 80 AR B 3 1 00K

2. RGuREM
2.1 RGREMF
AR RGHEESIAE Table2.1 1,
Table2.1 RZ:tfiff

Motor

Model SPMSM
Rating 220V

Number of poles 2 (pairs)
Inverter (DIP-IPM)

Model PS21964
Rating 600V, 15A
Connection Three phase inverter
MCU

Model R8C/2K
Power supply

Input Voltage 220V

Output Voltage 5V, 15V, 310V

2.2 R8C/2K Zif R 45Nl HIR V3.0

R8C/2K M L 4aHLIs IR V3.0, ¥ MCU 5 IPM £ER/E—H: PCB AR b A5 T S A7 HLER .
WE AR IPM #HIA ok B 5 BT R RORAS By T s . H AR SR FE 2 A
Fig2.1 .

2.2.1 R8C/2K s Ji #it%
R8C/2K K H 16 £z R8C/Tiny Wi%, HATLL T ALkS :
1. 16[kBytes] on-chip ROM
2. 1.5[kBytes] on-chip RAM
3. I{f##£ Single Chip Mode
4. AP

2.2.2 R8C/2K I/0 & X

Table 2.2 R8C/2K I/0 & X

Pin No. Pin Name Function I/0
1 Vref +5V Reference input for ADC -
2 MODE Debug port -
3 RESET Reset signal I

RTBJCUMO0002-0100  Rev 1.00 4
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4 Xout Crystal |
5 Vss GND -
6 Xin Crystal |
7 Vcce/Avee +5V Power -
8 P3_3 10k pulldown -
9 P2_7/TRDIOD1 IPM - WN 0]
10 P2_6/TRDIOC1 IPM - VN 0]
11 P2_5/TRDIOBH1 IPM - WP 0]
12 P2_4/TRDIOA1 IPM - VP 0]
13 P2_3/TRDIODO IPM - UN 0]
14 P2_1/TRDIOBO IPM - UP 0]
15 P2_2/TRDIOCO 10k pulldown -
16 P2_0 10k pulldown -
17 P4_5/INTO IPM - FO I
18 P1_7 10k pulldown -
19 P1_6 10k pulldown -
20 P1_5/RXDO0 Serial comm RXD |
21 P1_4/TXDO0O Serial comm TXD (0]
22 P13 10k pulldown -
23 P1_2/TRCIOB IDV - Zero cross detection V |
24 P1_1/TRCIOA IDU - Zero cross detection U |
25 P10 10k pulldown -
o6 P3_4/TRCIOC IDW - Zero cross detection |
w
27 P3_5 10k pulldown -
28 PO_5/AN2 DC voltage A/D input I
29 PO_3 10k pulldown -
30 PO 2 LED output (@]
31 PO 1 LED output (0]
32 PO 0O LED output (0]
RTBJCUMO0002-0100  Rev 1.00
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2.3 =4H SPMSM Hi 4l

ARG IEH T =4 2 X SPMSM HibL.
2.4 FF K B YRR BE AT R B

G IT IR AL A 220V, 233 B S 1K) BV LA 15V LK . HE3i Ml E g A 220V, fi
Hoh 310V,

3. TERSE
3.1 REHRE
RGNS WE 3.4 Fir.

Motor_State=0 Motor_State=1

STATE_STOP . STATE _BOOT

Motor_State=2
STATE_STRT

Motor_State=3
STATE_KIDO

Motor_State=4
STATE_NRML

K 3.1 RAFKRE

ARGUREAIE

1. fEIRRE, REHEIHIRE MR B RO IR L Ja THAR R A A shid e .

FASRES, AETT AR IPM KRR AT 72, A8 IPM L 2R ALK AT ROIREs -
TP R sREs, MMITHIr SRS b, R ALIL 2[R0 B (R e

PFRCIIRAS s Rl LR B RUE 18 4T T IR e, KA T DI 2 PR P A X
IERCRAS, KL B e A e 1817

o~ 0N

3.2 REFHHEMH
RSV IR 3.1 s,
#* 3.1 DB HURES DA

W& FeARZs FAT

0| STATE_STOP STATE_BOOT 95 T AN T HORT A 8l e i

STATE_STOP Fofth (B

—_

STATE_BOOT STATE_STRT SESEATE

STATE_BOOT Hopth (B

STATE_STOP o BN I SRR B R A H BV R

2| STATE_STRT STATE_KIDO JA Bheh KT A shk s

STATE_STRT HAth (45

STATE_STOP S AN T R B e R G R LA R

3| STATE_KIDO STATE_NRML | Ut A FE kA

WDidhlflOID|W|O|=|ND|O|—

STATE_KIDO HAth (45
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0 | STATE STOP | izt gkl sl R G th DU i

4| STATE_NRML | 4 STATE_NRML Hofth (B

0 | STATE_STOP | kit TIHakkHel IPM IR
B 2 L R

4. AR
4.1 R4
Table4.1 # AR
Control Method SW sensorless control method
Rotor position detection U,V,W zero-crossing point Capture
Carrier frequency (Timer RD) 5KHz (200us)
Capture frequency (Timer RC) 625KHz (1.6us)
Range of speed control Rotation: 1000rpm to 5700rpm
(16.7x211 to 95x211 rad/s)
Error Detection The Fo signal of the IPM is input the INTO of the MCU.

Thus, if Fo signal goes low, the three-phase is forcibly
stopped and the three-phase pins are placed in the
high-impedance state.

Since Motor Functions to prevent system from wrong
states for overflowing of Timer RC. The upper and
lower arms are will not be output.

If phase zero-crossing signal is not detected for 28ms
during normal status, it is regarded as phase
detection time overflow. All the arms will not be

output.

Tabled.1 i | AL HU -

4.2 B IJReEIHIR
421 = PWM i
(1) Timer RD &
PWM #y H 28 B 2R EHX Timer RD, JLEAK[ 1% B 41 N5 Table4.2 . T R 4t1EH DC-120
FEPE, PrUAJCTR B B
Table 4.2 Timer RD it &

ltem Description

Modulation Mode Reset Synchronous PWM Mode

Count Source f2 (10MHz)

Count operations Increment

Count period 200us

Pulse output forced cutoff /INTO pin

signal input

Output polarity Active High

Timer RD interrupt When the value in TRDO register matches with the value
in the TRDGRAO register (2000).

RTBJCUMO0002-0100  Rev 1.00 7
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Duty register TRDGRBO, TRDGRA1, TRDGRC1 (RO)

Duty Buffer register TRDGRDO, TRDGRB1, TRDGRD1 (RW)

Three phase waveform TRDIOBO, TRDIODO, TRDIOA1, TRDIOC1, TRDIOBH1,
output pin TRDIOCO,

PWM waveform PWM period:1/f2x(period +1)

Active level width of normal-phase: 1/f2x( period - duty)

Active level width of counter-phase: 1/f2x(duty+1)

f2: Frequency of counter source (10MHz)

period: Value set in the TRDGRAO register (2000)

duty: Value set in the TRDGRBO register (PWM1 output)
Value set in the TRDGRAT1 register (PWM2 output)
Value set in the TRDGRC1 register (PWM3 output)

period+1

<
<

N

normal phase
period-duty
counter phase

duty+1

B —

Note:
Note the setting of TRDSTR register and reset synchronous mode on Timer RD.[1]

W
1. 1 Timer RD &b 7~ reset synchronous #: NI, %5472 TRDSTR A fLVFAz 4, FHEEA
AAEAAAE -
2. TERRSPALBED, kA AR e m, BRIAE End R Timer RD ¥ PWM il $H 4 2 v
tARVFRTRE, AN S OL T, felm) SRR 2

(2) PWM i 138 T 1) S 30

1. SZHL PWM ki )

PWM fikr i B2 13 28 45 52 5 5 H s 5 U AR U o 48 8 055 KT 3 5 1 i
HEAE, AN T4 % BRI, T A T, 4 (e A 1 e ok
B, RZ, S AR SR A, AT B R G I R . AEARRG TR A
Pl 5 M, A PWM (R & B 0 Figd. s

RTBJCUMO0002-0100  Rev 1.00 8
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//// //R\\mmw;
R /
St

PWMith

Figd.1 PWM s i il T

H1 Figd.1 ATLIARE], PWM I BOREE, 25 5E (5 5 5 ket v B2 (duty) B L. (A, 7E2L
A PWM fik iy, #kx iz TRDGRDO, TRDGRC1, TRDGRD1 I#i1{f.

2. SEIL DC-120 J8 4 i 42 il

T U] DC-120 4, LA LG DC-120 BEfhlhpl, P Figd.2
Fis (PWM b5 5 s k) o

IR ‘ ‘ ‘

1325 ‘ \—
1283 —‘ ‘
" R
) i
e N -

Fig4.2 DC-120 =il (kL&) #20H
RG] i A RS AR DA Y, HAR IR Uy V. W AR TR S 120 B
4.2.2 R BN F SR
(1) Timer RC &&

AR A A SR, SEI 2SR Timer RC, HEAAM# 40~ % Table4.3 Fis.
Table4.3 Timer RC #fi il &

RTBJCUMO0002-0100  Rev 1.00 9
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ltem

Description

Modulation Mode

Timer Mode (Input Capture Function)

Count Source

F32 (625KHz,1.6us)

Count operations

Increment

Count period

1.6usx65536 = 0.1048576us = 104.875ms

Timer RC interrupt

Input capture (both edges of TRCIOA, TRCIOB, TRCIOC).
The TRC register overflows.

Compare match (contents of registers TRC and TRCGRD
match).

Input capture pin

TRCIOA (IDU), TRCIOB (IDV), TRCIOC (IDW)

(2) =M LBl F e & A AR ST
B = A5 S BRI — AT LU, R4S — A R A 3 s i 2 0, RS S 5

MCU [ ="M#iZkd (TRCIOA, TRCIOB, TRCIOC). Hi Fig4.3 [\ Hl e Al 41,

DC-120 J#=

i, A B ARSI AS 60 BER DGR AN IR, BEIN e AR AT AR 4 I, 1
A PWM A5 (nl&] Figd.3). 284 734755 11X (Fig4.3 /1 [X. 5), fESLIX N, U Al EME 5
. VAR PWM ket 5 VAR R BTN , WO ey i, Lt e 55
U ARSI o 2 VAR AV iy, U VAT RInlRg, L WOAHSF 2%, 4t A A 2
TR Bk, AT W AT A AL RS war DU 2] WA i e % £
HEH D] O~4 (B — 8, RIS 2 mn, T DU I 2 S A A B v S e i, I DU

HLRRSE B e e o

RTBJCUMO0002-0100  Rev 1.00
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S -

SURIE A2 i ‘
U =t

R —

Eb A s
UM

VA

WA

X s XEo XE1  XE2  X[E3 X[E4 [X[ES5

i

L

Ll

| | | HrEFe
Figa.3 R&eid % sk rh
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KiEgs Ko Kl K2 X3 X4 XS

/“_\ /‘_\
U L2l - =
/_&_/
VAR L
G = e e
WA H 3 3 ~
~ | T~
ue || L] i
U L]
Ve UL
v T U]
we ] UL
w UL
Tﬁ&%ib%ﬁ%@ h '\'il-@“ﬁﬂﬁﬁ%ll@lﬁji”‘@a

R 30 fih
Figd.4 RG % Mt

1R 8 ) 4

(2) FEI 30 Sl £LHES

DC-120 e il AHHILEAL il 120 JiE i, 56 TR BG4t 60 1 A0 e A P HIZE AL
et MR PWM %, 5215841 11 S, I FERshl bR A & i Tabled.4 Jiisl. % T
SRAH A R A S NS ), e DR A A P R B e B 0 5 30 FE S, )
TR B % SR R 30 A

Tabled4.4 I CH R HNEZHRE (WL U MIERIE % 500 0 %)

b i | (1) _ Erﬂ?ﬁ% U *Hiig \Y *HF_‘Z? W I‘»ﬂjl‘%i

2241 (U) 254 (V) 224 (W) J= Ju J=

0 | 150~210 | +(PWM) 0 - 0 0

1 210~270 0 + -(PWM) - 0 0

2 270~330 - +(PWM) 0 0 0 +

3 | 330~30 -(PWM) 0 + 0 0

4 30~90 0 - +(PWM) + 0 0

5 | 90~150 + -(PWM) 0 0 0

FIH Timer RC i ifir th P D Re Sl 30 FE LA FEIZE iy o L BAATC B 57F Table4.3 1. 7

Rl 2 S s Al % fia , MRS Br HdvE S 30 J3E A BESE IS, ORESE N B i F /i BU{ES
A%| TRCGRD % frdi, HAARSIHLAIE Figl.5 Fron.
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XMH 5 Xm0 XE1T XE2  XE3 O X[E4 XS

UAIR 133 N e
\_/
/ /—\
VAH 2 HL B 34
/_-\
WAH 2 8y 3
~L ~—_
TRC A
counter
value
TRCGRD
compare ——— SOBETRII fs FE X i)
Tu 60X
Tv [i]
Time‘

A

Fig4.5 FMLIf R 55 30 J& H A SE I

4.2.3 HIHLSE PRI

KHE 12 O A I BE I (], R HFIECPEME (TRC_Sample_Average) A LA . H
PUSE bR ot S .

Speed = K _speed | TRC _Sample _ Average
Act _speed

K _speed =
TRC _Sample _ Average

Act _speed x0.5

Act _TRC _ Sample _ Average = ( 5
T

X 6)/1.6us (4-1)

B Act _ speed = 209(0.5rad /s)
K _speed =1308997

424 PWM 55
Y AR I S 25 e e i 2 B PWM 3R %8 . FORAR ) BARSE Y4 Table4.5
.

Table4.5 PWM 5 ¥ &

Range of speed Condition Amount of change

RTBJCUMO0002-0100  Rev 1.00 13
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(Resolution 100ns)
Target speed <= Target speed > Actual speed 1 (0.05%)
628.5(rad/s) Target speed < Actual speed -1(-0.05%)
628.5(rad/s)<Target Target speed > Actual speed 4 (0.2%)
speed <= 879(rad/s) Target speed < Actual speed -4(-0.2%)
879 (rad/s)<Target Target speed > Actual speed 8 (0.4%)
speed <= 1102(rad/s) Target speed < Actual speed -8(-0.4%)
Target speed Target speed > Actual speed 4 (0.2%)
>1102(rad/s) Target speed < Actual speed -4(-0.2%)
4.2.4 HBHLIHBhS R

AR AR B R SRR P ) 0, SEMARSITTA RS, H RS NUEGE, st

FUHHLA R PR S o

FETFA RS, ATFR AR, i 4

Pl . AR E AL Table4.6 .

RE PWM HEIE . 4

SE MR M TERE Sy REA2 T L

Table4.6 HaIRERGESH

Items Value Description

The one equals 2"15.
PWM_Set 561*2(3.4301766%) .

PWM duty in the Prestart status.

) Increment: 20(0.5rad/s) i
s_PreKido_Hz Frequency in the Prestart status.
Target: 209(0.5rad/s)
) CTRL_TS is the carrier period

mot_theta s_PreKido Hz*CTRL_TS T

multiplied by 2425.

AL U2 T o ML R P o AESLIRIT R sl 3 rh e, e I 21— 5
B s B s, RGN PR TPRE . AR E Y7 Tabled.7 .

Table4.7 [FI2SHHAREGRESH

Items Value Description

The one equals 2*15.
PWM_Set 981*2(5.993655%) ) )

PWM duty in the Kido status.
KIDO_Hz 209(0.5rad/s) Frequency in the kido status.

CTRL_TS is the carrier period
mot_theta KIDO_Hz*CTRL_TS e

multiplied by 2425.

When the number of the detected
KIDO_MIN_Z . . .

24 zero-crossing over it, system will run

EROCROSS )

in Normal status.

4.2.5 R8C/2K il £ g Fid i FH I

e8] R8C/2K TF k%

AT A .

2. (e R AER SE G H] Timer RD,  FEAS OB CURIMS? 115 IN B3R AR () AN 223 e

RTBJCUMO0002-0100

Rev 1.00

WARNIPERIE G o, BATTRIL T LR — SR S 5 10 o)
1. 1t Timer RD &b 7~ reset synchronous #i: NI, %5472 TRDSTR A fLVFAz 4, FHEEA
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3. W& Timer RD #ial 5t , Hh

FRLE N 01b,
4. 1t R8C/2K HEANH Wik 55 LI, JLERIABE B SEAS SR VFH IR B 1 o (524 A U e i
HHEHEN PWM ALBEA I, PEEASRA T, RGeS B AR, bR s
TR B TR, RN .

4.3 RARFIERTIR

fie?i f£ 4+ TRDFCR ' CMD1.CMDO 5t 1% & 4 00b,

P A4 FR R4 A ek
TR Main() JEATHLICHE AR s By
IV IR a kY motor_init() YIGH MCU RZ, 110 O, ERFH
1R - PLE R BT i
* b RGN ‘ﬂg\\ = ) L ;
PWM 1 &b TRDO_GPy RGVRAEES, LU PWM {H 5
FUFR Y o
1SR =AR R R S A
=N ‘TJ— 1 M
5 R otor_Stop() PN
ERNUAEIET, SZH IPM F =%
IPM [ %575 Motor Boot ) -
HeFALE:| Motor_Boot() R 4 20 75 L 2 e
A zhid 2 | Motor_Prestart() NIRRT, TP R sh L.
HAT 3 B A (75 18 2 F5 R L
JA st e Motor_Kido() B N REE 0.24s), FERMITIH S
EWEITIRE
HENIEFIBATIRA (S H Bl 346,
EH 4T | Motor_ Nrml() D), A HATLEL T, SK
I EL LA PRI PAR  E
Timer RC #f SEL AL SR W e, e pmpiRk
TRC_INT
el il -NTO oy
FEAL U A2 CHU_Capture() SEPL U A2 3R, w30 B
s —ap SR
ML V A 2 SEDL VA2 S gk, Tl 30
CHV_Capt
S Capture() ERAIE
ML W AHIT SEDL WA 2 gk, T 30
CHW_Capt
B A —Capture() ERAIE
B3 Fo 555, 1SHLALEE, D)k
8
IPM {44052 | INTO_ISR() .
iy HH 24
JPtWM | | verter off) Kl PWM it 3555
fadin) Delay() UINT Time HAT Time*10 X nop #4F .
N ) 2 boot_index # kX U,V,W =
H 28] # Motor_boot_out() UCHAR boot_index P
T2 TR R Motor_Array_ Average() ELEPIA L2 s R () B 60 JE HL A
I —hrray_Averag eI A S
HLHLIX ) 3+4E | Motor_Commutate() UCHAR Direction THELIE 1) T B FEATLIR)
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e o DS DI Y, ARSI R

S qmE il Motor_phase_out() ¥ Timer RD

e A IR B P
PWM ififi# | Motor PWM_Regulate() HRARET TR 5 S BRSE Z ZX

AT

PWM T (8 ¥ PWM_Set (105 1 Jy 52k T 07
M PWM -

5 otor_Set_PWM() .

PREAHE LR 02, FRUHR A AR e

T 2k ER | Motor_Speed_Trace() b B 2 S o T B

Mz i “\J‘ 5, T =2
FA Y45 14| Motor_Stop_Check() RPN, LA

RES
4.4 REZEHIR
HK A4 BT | /B | AL | BARRR
RGIEN | dely ULONG | 20
RYURA | Motor_State | UCHAR | 270
. Motor_Stage
EATRIX —>1898 UcHAR | 200
_Index
JEEEfIE | out_theta Int 2M1 | rad | 0~ 2m]rad]
MHiEX | reload_stg | UCHAR | 2%0
T AE | mot_theta Int 2M1 | rad | 0~ 2m]rad]
fEEME | s PreKido H
- — | UINT 2M rad/s
R z
15 fEZEIR £ KIDO HZ T, A7 E Wk 200us I+,
FHER | ido_delay | UCHAR | 210 7 KIDO_HZ , H47/8%1J 200us 1,
bii WLFEIE 15 5 Wi A 5 1 PR IS TR) 2
S TEJA SR R 21 Startint KT
/\gﬁ Startint UINT 2"0 KIDO_MIN_ZEROCROSS I, &R A[A
! IR
Motor_Set
Fﬂmﬂ?ﬁg oloreLw Int 2M rad/s
e r
HAHLHFS | Motor_Targe
- Int 2M rad/s
LZST t wr
LifghE | Motor T
%ﬂf e otor_trace Int 2M rad/s
PR IR _wr
mALSZFR | Motor_Act w
— 7~ | Ulon 2M rad/s
LZ30d r 9
PN FHAR
TRC_Measur|
& A . - UINT 270 L 1.6us HjHfr
b
iLiR
IVEE o6 belay. .
30 A UINT 270 Pl 1.6us Ky HAf7
o Output
PWM %5 | PWM_Set | UINT 2M5 [0X0, OX7FF]} 1% PWM 217 4]0, 2000]
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i
PWM %17
L PWM_Dut UINT 20 0, 2000
B d -Duty 19, 2000]
PWM 75
e YA PWM_Trim | UCHAR | 2M5 [0X0, Ox7FF]X} 1% PWM %17 2%[0, 2000]
hy
I | Motor_Timeo .
- UCHAR | 270 i & 200us
FIWTS T | ut B
SEEEREE | Motor_Trace
- UINT 20 ARG INEEERR S, #4724 200us

M 3ERT | _Counter RAMILLERL, S04
JuR==Sying
A fEyE | TRC_ Capt
RIS —@PUT UCHAR | 20
PRFEA | e_Count
L
2 S

- TRC_Sampl o
| ep UINT | 2%0 bl 1.6us b Hff
et —Averag
e 4enr | TRC_Advanc )

' = UINT | 20 Bl 1.6us A A
H e
fZibAR& | stop_mode | UCHAR | 270
L2 IR
L #‘T TRC_Sampl
1) ] 588 91 o[12] UINT 270
iz att
i DMG_count | UCHAR | 2”0 ME A 2 BRI B R G &
TimerRC Overflow_co
i R R unt - UCHAR | 270
J| 7
TRC &
, TRC_ Initial

ERcIte Run_ — | UCHAR | 2"0
Fri&
TRC Z&# | TRC_BUF UINT 20
TRCGRA | TRCGRA_B
_ UINT 270
2B UF
TRCGRB | TRCGRB_B
. UINT 20
2B UF
TRCGRC | TRCGRC_B
. UINT 2"0
2B UF
TRCSR £Z | TRCSR_BU TRCGRD ANgEREATA #:4E, HBEHH T3
\ % | UCHAR | 270 ! ANREAT A EAE, W REHHT 2 A7 4%
I F B
TRCGRD | TRCGRD_B
. ULONG | 270
P UF
RO
if "% | Motor_error | UCHAR | 210
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n. | TRD_BOT_P
H 2R WM UCHAR | 270
WA Ef(;]STR—AN UGHAR | 2%0 GBI 5 (B L )
WA [F; ?—STR—OR UGHAR | 2%0 CEB T IFAIR A 5 (D1 L )
;VY%M B JVRMD[g]STR—P UCHAR | 270 PWM i H ity 11 )46
e E7 Nl
T ICP_CH[6] | UCHAR | 270
4.5 RERBRFEEXFIR
B FA R4 EVClEN K1 | BARHGIR
PEHT A 35 /M M_MaxLeadAngle 64 270
PWM it ¥ ] 2 M_SpdDif 10 2M
5KHz (% Lb i PCNTO00_5K 0 270 | =t 0%
5KHz (5 Lb i PCNT04_5K 80 270 | b 4%
5KHz (% Lb i PCNT045 5K 90 270 | i 4.5%
5KHz (% Lb i PCNTO05_5K 100 270 | b 5%
5KHz (5 Lb i PCNT055 5K 110 270 | A 5.5%
5KHz (% Lb i PCNTO06_5K 120 270 | L 6%
5KHz (% Lb i PCNT065_ 5K 130 270 | i 6.5%
5KHz (% Lb i PCNTO07_5K 140 270 | HE L 7%
5KHz i 2% L #di PCNT075_5K 150 200 | A 7.5%
5KHz i 2% L i PCNTO08_5K 160 200 | 4 8.5%
5KHz i 2% L i PCNT09_5K 180 200 | HEH 9.5%
5KHz i 2% L i PCNT10_5K 200 200 | HAH 10%
5KHz o 5 Lb i PCNT50_5K 1000 270 | b 50%
5KHz (% Lb i PCNT90_5K 1800 270 | =t 90%
RGN SYS_CLK 20000 | 270 | 20MHz
PWM /N f B A3 PWM_RES 15 270
PWM f/Mi PWM_MIN 982 2M5| A H 3%
PWM f KA PWM_MAX 26213 | 2M5| H455H 80%
5 PWM 18 INI_DUTY_PRESTART 561*2 | 2M5| 575t 3.4%
BENFH PWMH | INLDUTY_120 981*2 | 2M5| 545tk 6%
PWM S W %4 P2_AND_INV_OFF 0x01 210
PWM S Wi 1 % TRD_INV_OFF OxFF | 270
60 JE /M PHASE_60DEG_MIN 400 210 | % 1000rpm
60 J&E & K MH PHASE_60DEG_MAX 6274 270 | XF/ 7200rpm
60 & HLffI % THETA 60DEG 2145 | 2M1
360 JEHL A THETA_360DEG 12868 | 2M1
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7] 25 I 2 ik KIDO_Hz 209 2M
BRI CTRL_TS 6710 | 2r25| 7
v EAE /N AT Sft_ KIDO_MODE1 15 270
SURESIY ol B/ CAPTURE_FTR 2 270
e $ERT A 1 ADV 1 10 210
Her i fh 2 ADV_2 337 210
Helmdenifh 3 ADV_3 407 210
BARH [ 26 H % 25 LN ) | MOTOR_BOOT _INTERVAL | 3000 270 | 3000*200us=0.6s
IR STATE_STOP 0 210
H R STATE_BOOT 1 210
A BIRES STATE_STRT 2 210
AR A STATE_KIDO 3 270
IEHRZS STATE_NRML 4 270
4.6 RENEE
1. AR
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EEvi

MCUMIGA T B

o YIHIRAM

o WIHILSFR

o WIHtk T

:

W EAHICSFR:

o RGHARE

o  RHFIOWHE

o RYUEIN AR E (Timer RA,

Timer RB, Timer RC, Timer RD)
o rhEEHIERIAGIL
o HILIR
o BEAIHIL

I & Geh i

R EFHE
(3000rpm)

J BN IR K Tdelay3
Y.

ARG e ek

]

2.  TimerRD Wi fe &l
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A
THPWMAY

RTI

3.  TimerRC Hfizk Wi

S IR AR

A

i RS
PWMSi i, [mZ]
(AR
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( INTO ISR

A
PW M i W
Inverter off()

'

RY I IRES
Motor State = STATE STOP

A
PR
Motor_error |= 0x1

WG IR A AR i

stop_mode =0
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