Apply the start step sequence of motor drive with duty
controlled for current lirmiting

l

Sweep up the sequence interval time

¥

Free spin by all MOSFET off as 3s5t. mode

¥

WWait 10us 1o avoid the inductive kick

You may need loop count
with on-duty increase

N You can checkthe
reversing by BEMF
SENSiNG SeqUENCE

‘ Correct rotate direction?

To BEMF control

Each step should use magnetic
braking (like All MOSFET "L", not
a5t at off duty as stepping motor

drive to get sync.

Meed the comparatar data re-check
to get correct data in small signal

Start sequence for BL-
ESC flow chart by
Takao




|

Motor free run by no 3 drive wires (LY W)

Off duty

i 7
BiREEend 100uS to 60uS

lllllllllllllllllllllllllllllllll

Drive State] v
U+, W: Open, V: -

Drive_Stated
U+, V: Open, W:-

Cn duty Cirive Stated

After drive MOSFET off, the inductive kick will

‘/ be on the opened wire immediately. So, it is

impossible to set the off-duty timer zero to
get BEMF information. It means can not get
100% power contrel by inductive kick time in
BEMF mode.

timer end?

! V:+, U: Open, W:-

e0uS to 20usS

BEMF Control Flow Chart
by Takao

¥ W=7
¥ W=7 P WERY,
Drive Stated
.+, W: Open, U:-
W
Dirive States Dirive Stateh
! W+, V: Open, U:- [ 1 W:+, U: Open, V:-




Fx signal

THROTTLE_OFF_CHEKZ le=s than

Throttle off "¢

[
4 B40us? \.\\9 - FEM recerver hiccups at the dead

point in air. It makes motor off
signal unexpected.

Trigger (320ms) Timer Clear (320mS) Timer

220ms: 16hit internal timer one loop time

Creer
320msY

THROTTLE_OFFZ

Motor off
Clear 320mS timer

Clear spin direction check flag

Clear reverse running counter

:

Throttle-on Check

l Fe-start needs take a
Fe-start time to start run

and usual one BEx signal frame timing is
<50mS

Motor off control routine
iIn BEMF mode

by Takao



Control

pulse 940U5 ; Maotor Off
wicth 900 — 210005

Fx output . proportional stick 2000us: Full on
signal control

details

3 — 5 +pulse

FEx pulse frame = 50mS

\ /
P 9 e
Head the input pulse front

CPLU work share for adge time and the rear
measuring Ex pulse - edge time by interrupt
width is at both edge LEdeEni " PCA
anly by PCA;
Frogrammable Counter
{ Array and interrupt

Pi Dulsie width = \

Fear edge time - Front edge time ‘H‘H

1

RX I nte rl:ace d Et al |S SRS SR
by Ta kaﬂ Figure . PCA Capture Mode Diagram 16bit free run 32mS loop counter




Stick Control

Control Data = R pulse width X K
(24.2/12MHzZ clock resolution)

Control Data = On-Duty?

Can not drive  Slow down
immediately for

big prop? safe

Decrement motor On-Duty walue

(Increment Off-duty value)

ACceleration shu_uld- R
be slowly to avoid f

out of phase as
mator stall This timer setting rmay

be called "5oft Start”

Clear Timer and Eestart

!

Increment motor On-duty value

(Decrement Off-duty value) Motor SpEEd
; Setting Control

k
Fower On/Off duby setting routine

by Takao

¥




Consider the jitter of each state timing. It is never constant while spinning. Also, mechanical settings as coil turn tolerance,
prop balance and magnet force are not precisely constant. Then, you may set O DUTY value constant roughly.

/

28 Z 56

2.412.39 2.4 2.462 34 2.56 2. 24
R B R
Y i, ¥

2342462

g

A N/

Ripples

are also i
staying | ‘

The BEMF Sampling time must be less than /6 one spin frame time o get drive sync.
use min. 1/36 by sampling count routine in one frame

(&5 min. 6 sarmple counts/state) and adjust sampling

frequency 'au’:mrné”titzallyh;ﬂ software.

Some
considerations
for spin control

by Takao




Comearator

B=0vH=-00 R
==Ll R
R=\vx/R2

B=12+N1

OWH=-W R = W= VLR I+ O R2D

OH- o= (e WL e O R /R2)

WHHVL =20+ R1/R2)

Zern Cross Pom: (WH VLY 2 = Wl +R1 72 B2)

at B1/RE - 476747k
Zero Cross Point = Vil «1040.2) = 6 Wx Ealmost 1/2Vdd)
Hanse F3:R4 = 51

i and P-channel MOSFET's Rds on{Op
Heslstance drair-source) should he
cunaldemd to get precise zero cross point
fclr rnar{lrnum pewermntrm

> ZERD CROSS Detect

Precise Zero Cross
Point Detection

by Takao

]




Misfire Check for Zero-Cross Power Control

The inductive kick is always exist
after MOSFET off

A--es StepS: Switch to next state

atepd: Monitor the timing between Stepl and Steps to
check contral margin. If the timing is too short as <50u5,
reduce on-duty before misfire occur at this time

«« Stepa: Stop MCU timer at zero cross point and restart with
power control timing

= olepl: Check the rear edge oOf inductive Kick

" Step1: Start MCU timer here

Programming
details for zero

cross control to get
ZEro-Cross
power duty stable max power

control

timing area by Takao




System Reset

Frograrm

Watch and
bonitar power
voltage dip to

find bug

Debugger

watch dog timer can not protect

Watch dog timer devices, just for program over run

happening system reset

LIse current limit power
sUpphy for MOSFET
protection in testing and
debugging

Ext. Trig

oscilloscope Wotor control software never halt

Input and most of brake paint info. i3

. garhage for dynamic contral. So,
® @ the monitor prograrmming for
scope trigoer by output port is

quite useful for debugging.

Basic programming

Configure
Monitor port

tools for BL-ESC
development by
Takao




Timing Advance In Zero-Cross Power Control

The inductive Kick is always exist
after MOSFET off

T1 1hit right shift = T1': 2%% advance s
T1 2bhit right shift = T1": 12.%% advance

Timing Advance helps
unsymmetrical motor generate
sine wawve form e.g. magnet field
fcoll winding tolerance for stable
control.

Zero cross point

Programming
detalls for Timing
Advance control to
" it Aans get stable max

control area power

T Start MU timer here




The battery's internal resistance is very low enough, but the bypass cap
on the power line works so great. Viyhy?

The body avalanche diode as integral reverse p-n diode in MOSFET not
only protects MOS device, but also charge-up the capacitor on the
powier line by inductive power from motor coil,

Meed big cap
to get motor
power

/

Batteries can
not be charged
Up in 50 guickhy

Flywheel
diode In
MOSFET




YOu can
measure the
duty ratio by

timer

ON_DUTY

OFF_DUTY

—l--—l—'+m.—-—-m-—- e 0 0% dUby FUn or over

Timer Off and Festart

drive in EEMF mode’

'

Drive Sate

On duty
tirner end?

Timer Off and Festart

'

Spin Free

BEMF
signal

SECUENCE
otatel? W

* Timer Off and Restart

'

Oirive State

Inductive Kick is ]
here 5
I
If state? could not
be caught as owver
drive, but it just run
free one frame spin,
ho problem

Single Sampling mode
can drive safely from
about 10% to near 50%
on-duty




Three Control
modes are used
in my BEL-ESC

~ MPos: 10005 TRIGGER
e B . ivpe
OFF DUTY 1 :
N-ch ON : : : =
OFF SATE - 1. . 5
P=ch OM

ource

iope

=10

E

Mode
Morri sl B

Coupling
=

E o oMideEe - o D TR

EH vertical pesition 200 divs 1100 =

Wave form of Single Sampling mode
by Takao




FMS-FF9

Futaba
FFO Tx

1n4148
Diode or
similar

BC327 or

Any small

signal PNP
device

Pin 10

Pin 18
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Starting rotar position sensing (shown only one phase impulse drive
sensing)
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Currant Limitar function
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+3.34, 2%
FiY
% R
3284
17 my 2
PO 5

____________

____________

____________

Li—Fos i
o T
y Sz
Tt ; Y
l 7483 4983 ana
¥
Li-Pa
o z; =
17 17 17
¥
7L Li-Pir
T rE rE
SHD SMD SHD GMD
12.8Y peak
- E
2
MOSFET-P
% R
s — E 75k
MOSFET-H
EEES
SO

10mohmiBDSon) = 104 = 100mY

Low=01ff set & Low drft comparator
hMay not use in CEOSTFIdx +—0mY offset comparator

Owver 86Y or less{Auto 2 or 3 Li-Po selection)?
Li—=FPo must be full charged before fly.

% Shut-0ff
LAV Shut-0ff

Current Ower
=tart inductive Kick length




A ] i ]
Cisrrent limiter
o
O
COCY Power Suppl
' & Car room lamp

Current Lt = 1A oR

R=V/1

(AL LARRNRNNRRRERRLERELELL.

Dl £, MIETER
i

WO _MTR_Y 1A
\r Alligatar clip

Caloulate “Coll R”

R=v/1

Calculate "Cail R”

If you have one multi meter. you could short here by the lamp [ constant charsctariatic afer | “has been messured

Date Fens. Dresigresd by Tiths Fag=
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Zero Cross Control

1

-y

::'— Under low rpm signal
-'-!— Uinder high rpm signal

-------------

ilili-lil-h o E s e e

Measure the time
to the ZC point by
timer...

-------------

Zero Cross Point

Actually, It1s sine wave

"""""" 'L e I
Y
1 1 You can off-duty
7 time power

12 T2 ‘ T3 ‘ L)

Then you can get the
state switch timing

controlin T1, T2,
T3' (It is as timing
advance)




Static Drain to Source on State Resistance

Rps(on) (M)

Static Drain to Source on State Resistance
vs. Temperature

_FuheTeﬂ

—— 10V

-25 0 25 & 75 100 1256 150
Case Temperature Tc (°C)



Get the shaft position by measuring the each state inductive kick length.
The minimum length of inductive kick is driving state. And next drive state is the start drive state.

L 1 \4/_

Current
limiter
Ton Toft=1 mr-a
F '!-....
I I: | o :n-ntrnl
TRa. TN |
(450uS) S .
T Did you get
Power L 50~7 Pulse/State \] W one state
A spin?
limiter A v 7 .

_ I not, Increase the On-Duty first.
~ Change to decease the drive
state timing for resonance of spin,
second.

Once the spin starts, then check the next one more state spin as well.
And you can decrease the number of state driving pulse to get spin
speed up acceleration to shift to BEMF mode.

! Vibrates a
few times

'

cogging
sticky area

Auto adjust for starting parameters




There 15 a possihility of EF interference from Sw BEC.

The wiring point 1= making small as possikle at switching area.

as the smallest antenna in high current loop.
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Two pole as Hacker motor o 1 spin timing

LEK motor: 1/7 spin timing

+4 ; o
1 state drive timing
+3 4
WCO C e g
" i n EENE
1k i Pl
3 T ;
3y i | Imdotiom bk, Puke
v, u
Li-Pa LMz 93 !
fﬁ
| ; ﬂ')
Lo
Ny
i 5 l
E1gE BL Muatar
Date Few| Designed by Title Fags
VE/02/158( 02 | Takao Shimizu RPN sensing tap 1/1




Points for Acceleration Control

5UTSIEBEES;HF Use the acceleration check by timer to avoid out of sync.

off duty is
needed ChECk BEMF

while the acceleration 100%

starting Zero Cross control | »
acceleration »l On Duty

BEMF control May be more 50%

singl nn-dutytfi;'g;fnadvance
l \ Samplin g

: Control
Reverse spin check \
L ) 'h

Check Off duty time can Check the Check the off-
the stick || minimize by inductive kick || on-off duty duty time is
off signal rear edge sense by timer for 2ero
Cross point




he Single Sampling control for AUTO 50%
power spin to start zero-cross control

Decease
the ZC
power duty

Statel1 7(hy
BEMF)

Statez 7(by

BEEMF)
The level v

sense of

ZErD Cross
pintis Zero-Cross control

r

| already over
in this loop. lncrease ZEI’D-CI’D?S contro

Therefore, the zero-
| the loop CrOSS power Still Increase the
| Orming 1s very | duty(500n3 State 1 7(hy TBIO-CFOSS

shart. And step) BEMF) Sl

power
the 0% duty(500nS Statel Viby
pPOwWer can

. step) BEMF)
preciously

set [




AC

Vo Motor
P0.6/ADCOP -% Speed
Vu Vi
‘F300

Gate Drive
with Dead-time
Gate Drive
with Dead-time
Gate Drive
with Dead-time

PO.O/CEXOD ‘ B
PO.1/CEX1 T | :
P0.2/ICEX2

Figure 7. AC Induction Motor Drive




Tek Jl @ stop i Pos: 0.000s TRIGGER
| -

Type
10k rpm 9teeth, 12 magnets CO-ROM motor Diving

|- |
| - s0urce

slope
Hising

Mode
R Mormal

T
L

Coupling

CHZ 5008 S M1000s CH2 7~ 9,408

13-5ep-06 03:44 =10Hz
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Table 14.1. Port /O DC Electrical Characteristics
Viop=2.7105.25V, 40 to +125 "C unless otherwise specified

Parameters Conditions
loy = =3 mA, Port I/O push-pull

Qutput High Voltage |lgy =—10 pA, Port I/O push-pull
loy =—10 mA, Port /O push-pull

V=27V
g = 10 pA
lgp =TBD
lop =TBD
V=525V:
lop = 10 pA
lop = 8.5 mA
lop =25 mA

Output Low Voltage

Input High Voltage

Input Low Voltage

Weak Pullup Off
Input Leakage Current|Weak Pullup On, V=0V, V=20V
Weak Pullup On, V=0V, V=24V




b (A)

Drain Current

3

S

3

20

Typical Transfer Characteristics

Vpg =10V
Pulse Test

— 256°C

i &

-25°C

Wi

1

2 3

4

5

Gate to Source Voltage Vgg (V)
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. Still keep center voltage of BEMF signal while switching and in inductive kick

Wl
[

ON Hi-sits awitch keaps On” while PWM off to
--ﬁ w  avoid Moting whils sensing the zero cross.
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Fog 2 Virtusl Neutrsl sensing

Note:

+ Each generative voltage wave | 120 degres differance while PWM off as free spin.

But. the sctrviated lnes are 180 degrea differance in switching drive mode.
# Thare is the diffrence of Rds-0ON batwesn Q1 and Q2
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Note:
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8.7.5.3 If the motor is sensored:

It must use a six position JST ZH connector model number ZHR-6 or equivalent
connector with 6 JST part number SZH-002T-P0O.5 26-28 awg contacts or equivalent.

Wire sequence must be as follows:

Pin #1- Black wire-ground potential

Pin #2- Orange wire-phase C - )
Pin #3- White wire-phase B ﬂ— What the meaning of ABC? i) IS

Pin #4- Green wire-phase A

Pin #5- Blue wire-temp control, 10 k Thermistor referenced to ground potential

Pin #6- Red wire-+ 5.0 volts =/~ 10% tine iz 3.3V cperartion CPU. This is over Ydd

For clarification pin #1 is on the left hand side of the above connector with the wires
exiting the top of the connector and the plastic tangs that hold the contacts in the
housing are facing forward. See drawing below.

Compatible speed control must use the six position JST header part number X-6B-ZR-
SMX-TK (where the X denotes the style of the header), or equivalent.
The power connector has to be clearly marked A, B, C. on both speed control and motor.

A for phase A
B for phaae B The comparator may be
installed in the motor?

C for phase C
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battery

Finally, this battery 1= reverse

charged!

% Load

+
capacity — T
Discharging

All Same circult




The drive sequence can not be
determined after starting (may

Brake
Control
On/Off

be un-sync. and the sensing
voltage is quite low). This is why

0%

Acceleration

Watchdog
re-starts
G

using BEMF mode.
10 — 30% PWM Power Control

100%

| onDwy

-

De-

S
T
BEMF
:; Mode Zero Cross Mode
:
L -

acceleration I l‘

2 - 5%

.| On Duty

Free
Spinning

S

VP -A0OMD|

Zero Cross Mode

Control modes in BL-ESC




Brake
Control
On/Off
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Watchdog
re-starts

Propo. Rx Interface

De-
acceleration

Free
Spinning

;

0%

The drive sequence can not be
determined after starting (may
be un-sync. and the sensing
voltage is quite low). This is why
using BEMF mode.

10 — 30%

100%

PWM Power & Freq. Control

Power Increase Timing Control

- 20>r-H0

BEMF
Mode Zero Cross Mode

( +Timing Advance )

= 9%

H-
]

Power Decrease Timing Control ( for PPM Rx )

-IN)'—IUJ'I'I'III

Zero Cross Mode
( #Timing Advance )

Stick tr';wua-l\1

adjust at
100%
Power
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Control modes in BL-ESC
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For folding
prop.

Acceleration

acceleration

N o e i

Free
Spinning

The drive sequence can not be
determined after starting (may .
Brake be un-sync. and the sensing :L':t?nﬁ E:r:’::;l
Control voltage is quite low). This is why 9
On/Off using BEMF mode.
UI. “J - 30‘ Iﬂﬂu.

PWM Power & Freq. Control

Power Increase Timing Control

BEMF Zero Cross Mode
Mode ( +Timing Advance )

2P0

X

>

Stick travel
adjust at
100%
Power

S

: 1—-— Inverse logarithm power proportional control ——»

+ Over current protection

‘1‘2 5%

.l On Dity

Power Decrease Timing Control ( for PPM Rx )

Zero Cross Mode
( #Timing Advance )

—1::::-—imm:u

Control modes in BL-ESC




For folding
prop.

The drive seﬁuence can not be
determined after starting (may

s i -

—— -

Free
Spinning

The noise filter for
unstable PPM Rx

100% power

be un-sync. and the sensing _
Brake
Control voltage is quite low). This is why setting control
On/Off using BEMF mode.
0% 10 — 30% e
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£
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ol _— L1 On Duty

i . E IR AN SR SIS EFENNESSENEEEEFEESSEESESEENEFEEREESEAENEEEEEREED n

| acceleration Al 95y ’l

—

Power Decrease Timing Control ( for PPM Rx )

Zero Cross Mode
{ +Timing Advance )

>0 mD|

Control modes in BL-ESC




100k, 0.5%
R

MWW —

Control delay < 1uS

MWW
R26

100k, 0.5%

N2 HUD

NG VB
. — V0D VS =
mm%é s HIN e - s . +
Ch o o (Ao : 100K, 0,64
7

pr ¥

] U X Y Todniey N _ o

-I—q— "|~_|" ::E: |:" r_-_|
el = C13 90 “ i
NC4 L0 " TEoPn f * e e}
104718 = QM” ” L2 § » A7 100y
IR2113S LM3I2aD T s
¢« = Ty P *
st i o 3all
M9 =y
CPU GND i o il
| : -+ 4
I+ 44 AN [ e




BIAIRAD

On
H:E P ‘ ‘ ‘
—¢ 1/2 Vec - Off
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R The Zerocross detection timing is
o @O just before PWM off as PWM on
3 rear edge. Also, Full On

100% power PWM rear edge timing
This @iming d-:-es not cause any
Zerocross detector transient noise problem

And C8051Fxxx's comparator can
be hysteresis level and response
timing by software.

2
- (0 EE ]




F=Ten)
Cross
Foint
Voltage

P TR

AVCC

AREF

GND

ADC7

ADCE

ADCS5

¥ 2| % 1 0
ADC MULTIPLEXER ADC CTRL. & STATUS ADC DATA REGISTER
SELECT {ADMUX) HEGISTER (ADCSRA) f\{\ (ADCH/ADCL)
) s ) = s Tk T
5| B % HEEE zl ole|le] @ 7 2 A
g g3 323 F 2 2|58 g g 32 =
g
o
Y Y ¥ ¥
MUX DECODER Y Yy
PRESCALER
z Y _ Y ¥ v
5}
-
= CONVERSION LOGIC
. z
= y ¥
L
INTERNAL 2.56V |
REFERENCE SAMPLE & HOLD
\\ COMPARATOR
& i 10-BIT DAC :
- 7 fl 3
{ MSB is AREF/2 at the
? first ADC sequence
BANDGAP
REFERENCE
INPUT ADC MULTIPLEXER

MLEX

@ » OUTPUT




Figure 93. ADC Timing Diagram, Single Conversion

One Conversion : P MNext Conversion
| R | |
Cycle Number | 1 2 3 4 5 6 7 8 9 10| 11| 12 13| | 1 2 3
| | | l
ADC Clock A Y A | A
i L Il
ADSC /i, | iy,
l I SAR DAC MSB comparator resul
ADIE 3 DAC | -] Ccaralor resuit I
ADCH MSB of Result
|
ADCL ; ' // LSB of Result
i 1 | i
R Sample & Hold PR 4\
version MUX and REFS
MUX and REFS Complete
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Update pdate



Drive State
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Figure 89. Analog Comparator Block Diagram'®
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—— > Inductive Kick Path (Charge up C1&V1)

The indutive kick heats up D1&D6
: (the foward voltage drop loss is about 0.6¥
; each = 1.2¥) just after SW2&SW5 PWM turn-off.
s i sappa w Loss{W) = 1.2V x Kick current
MOSFET | ¢ | 2wt 21
Body 5 Then, turn-on 5¥W1 on(& SW6 off) or SW6 on
Dicde : : (&SW1 off) at PWM-off to get more power
__________ LT efficiency(only one diode voltage drop = 0.6Y)
IR by returning the inductive kick energy to C1&Y1.
Loss{W) = 0.6Y x Kick current
Drive
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Path 1 w1
D2 & D6 4 == =
SCHOTTEY-D \b i SCHOTTRY-D - L00uF 25| LiPe 11w
Si1-1 Si1-1
[ L7 (B
SCHOTTEY-D \g SCHOTTEY-D \Ig SCHOTTEY-D \g
MO SFET 2011 2011 2011
E?@ddye = MR L4 MR
ST TR
o) e
Delta Connection = =
100uF 28y | L-Po 114
SR
L= MTR
(Bl O L0
SCHOTTEY-D \I\ZI:-; SCHOTTEY-D \bﬁ SCHOTTEY-D \I\ZI:-;
Sihilg Shg Sitn
Sii-1 Sl Siti-1




Murata CSTCRAMIGEE-EO

R Interface

1 1
10uF 6 34 +ah
Fesonator iy Monitor Lines
S e i et ng ; 3y 30K
: %1 i 1 20 — Tnterrupt monitor
- ' S ¢{RESET ¥lets:
: Az ket < eoo ng (SCKIPET {3
; —| ; PC1(TxD ISOIPRE | FMain routine ronitor
4] 17
- - Ktalz SSTIPRE
: e > | wrall PR [0
: - 3 A 15
i —||—_l_—I ! PD2IMTI (D Z1)PR3 LT Fleutral chedk |
- - | POF(INTL pez |14
| | £ BE
! : 5 FD ug Emmpm 2
b o ot e e e ' 1| PDGLT AINDIPRO ]
GMD (ICFIPDE [—
i ot
L
ATINS2313-45C GMND HUE b5
GMD
ATMELE AYVR S0OIC T
M1
CM-3P lets:
1 WHT +2% Source
; RED F
3 -
BLK
SMD
Uib1
- g 5| wPczamMosAT
W
25_Li-Pa _
o o3
e 4 4
= 100uF 164

47uF e 3N ZII

-rr GHD



+E +240
i iy R
H
H-I-
100F & 3
. AN 3
% 10k
Rl 23k Q4
. — 11 Q2 FDS467E
Cerafil | T |4 20
i04 2o FESET MCC g CaT38
| t—{ PO xD} (SCKJPBZ L2 c: I
= | POA(THD] ISOIPRE (5 Q3 330uF 35
= £ Hral2 OSTIPRS (f
5 = Htall PB4 |2
=—{ POz HTD} (QCOPR3 53 : i Ala32
aMHz o—| PD2(IMT1 PE2 | = L Q4 oM —
i FD u} EF-.INIF‘E.I 3 10k
17— PD&LT ATNDIPBO
GMD (ICFIRDE | 25
HAT2160H
s ATINS2313
GMD
DIGMHPM-1
10uS Off sl
— Ie GMD-2
Q5 oM +oV

40U




+EC) +240

c2 &
H
H-I-
100F 534
* CATATE
Rl 3.3k ek
. L L1 FDS4675
Cerafil | T« |4 20
F RESET VoC g i
| :—| PO ID} (SCKIPET |2 o OF
= i POUT:D) ISOJPES (5 3300F 35
= £ Ktal2 OSIPBS [
- z—| Hralt PB4 ¢
o PDZ(INTO (oClPEZ 3
M f— PDAINTY PB2 |32
5 PD u} Emmpm i
{i— POSLT1 ATNOIPED [
GHD (ICFIRDE | s
HAT2160H
e ATAN52213
GMD
1005 Off s
— |€ GMD-3
+ 5
05
C3: Very Low ESR Cap.
4L +2400
o iy g
H
H+
10uF ff 34
* TATATE
Rl =3k 24
: al L1 FOS4675
Cerafil | Ty la 20
b RESET vee 3
| :—| PO0 ID% (SCKIPB? |2 cx O
= — PDUTAD) ISCIPBG 5 2300F 254
e CETPRS
Eli > | rall Pes [ 1E
x1 B | It
— FDZ ng (OCLPES 3 B3
SMHz f—{ PO3(INTL PBZ [y S— —
— PO n} EF-.INIF‘EI 5 10k
17— POS(T1 AINGIPEO
GMD (ICPIPDE |
HAT2160H
e ATINS2313
GMD
DIGMHPM-1
+2ay
-
SCope
45y %
R
c2 £ 0.1
i
H-I-
100F 5,34
* TATaTS
R1 3.3k Qi
: che L1 FOS4675
Garafil | Mgty 20
2l RESET VOC (g
| “—| PO0 xD% (SCKPE? |3 oz OF
||:| — PDUTID) ISOIPEG | I30uF 354
= ] a2 OSHPES 7
s Z— Halt PE4 ¢
=— PD2 NTD} (DCURPBS 3 Rz
SMHz f—{ PD3INT PEZ 3 S —
i FD u% EF\INIF‘EI s 10k
14— POS(T] ATNOPED [
GMD (ICPIPDE
HATZ160H
- ATIN52313
GMD
DIGMPM-1
10u5 Off __
— Ie GMD-2
+ 5

40U



100K, 0.8%
10k, 0.5% e

cl
FOBO4SANDE

FOBU45ANDD FOBU45ANDD
$

a2 B 1

G5

FOED45ANDE FREDL SANDE

L 4

Si20Y

Fower On Disable Pull Down

R2

-
i o
s

e
=] 2

|

o
L
o

LK

:
/
i

[~

[

7

3
100K, 0 F

=4 oTs
el

Wﬂ_"ﬁ
10k 05

e

I_
B,
I_

& &

I_
e
I_

£l

g

L3

. 4

I_
e
I_

E ..... I:P S ‘:'-.-'&- Tl__' ‘:'-.-'&- ‘:'-.-'&-
[ =y A
[}
. % Noz  Hoo S
CHTL - nea ve L
of " L | C
: R I - W w5 & L & 4 4 i i
1041 BY 14 oy als o & £y
111 L '
- i s By : ; TOO0UES O
o123 1 55 ‘neo B2 L — |00K.D 5% R s popmen s o
LB 14 £ it 1y 415 BHES L

P
<
]
.
. Mli.«.'l

: 5 F-5 camp.
T ; [ 104r16y . x :
CHTY 16 | wos Lo £13 020 L 5 C2a

+ :
i COMPD 13 | ! | ?  COMP3
"H i

R21103 104416 s

LI3390

[
L

|'
=
C
(h]
(]
i
2
A
)
&
Ok 0 5%
1.5
&

4
£
iy
e
Wy
R20

| U "y i

Ay
R1G
Ok, 0.5%

4
|

FLBO45ANDE

FLB045AN0E FLB045A
FOBEO4SANDE FOBED4SANDE

s & @ & g
2 §—=p

e, T S G300

R3 G ks .
e COMPY 13
 — | 104/16Y <
R

25 LhAZaan
Loy} LIS [N YR R ) N o

F22
100k, 1.5%

i R ok o
5 £y £

10K, 0.5%

(]
—
'

:

A

-

b

-

;
R—.
(]

I_
e
I_

i

e e g
m Iy _F
g i g

i

+—// +60V,150A

==
EEE

e

[ —

e

100
|

R115

COMPE

| k3350

& // Featurn



LH1

Cioasplered
]

B Lirnit

CH1 5 i - i H Eﬂm ; CHi e 0
f=0ct-08 2210 =10z









Reduce the timing by software for the
timing advance

e

Zero Cross :
Point{1/2Vcc) < motor lead wire

El'he end timing point of the previous dnive
/e—|state( or BEMF mode control)

q

» 3 | (2)Then, You can get the timing for
5 LT _>| next drivestate changing point

> (1)Measure the timing to the zero-cross
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