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1. % C&IZ(General Description)

SI-6633M %, A& E N 2A(DC)/4A(peak)?D 3 FH7 T L AE—XEREH 1IC &Lf%ﬁ%’%bﬂ ET,

HAOFFREDOTIRTA/, PWM HIIBEEE, (RAEFKRERE 21T T/ o r = RILTZb O T
30V £COT—FEREBELEIHEL TOET,

SI-6633M is motor driver for 3-phase brushless motor with 2A (DC)/4A (peak) as current ratings.

The device has output DMOSFET, pre-drive, PWM current control and protection etc in 1 package.

The device is also applied to 30V of VBB as recommended voltage range.

2. ?r#fi&(Features)

> @Jﬁz EE B VBBZION:;OV
Motor supply voltage range Vgg=10~30V

> U EHER R Tour=2A(DC)/4A (peak)
Output DMOSFETs are integrated. Output current Ioyr=2A (DC)/4A (peak)

> R—VFR AT
Hall Input

> T ROV HIEEREE L

Current control functions below

o' — B il AR D [ E JH I 2 PWM (NES PWM)
Fixed frequency PWM (Internal PWM) with peak current control
O G 5 (7 e/ 5 5) 1285 PWM il (S48 PWM)
PWM control by speed control signal with analog voltage (External PWM)
oy AJJZLDH PWM il (2227 PWM)
PWM control by logic input (Logic PWM)
> SHECRERRETS R (PRI REBIERF O T 77— L H i 12 &)
Protections  (Alarm output pin (FLAG) is active when any protection is activated.)
® i 7 i Ol
Over current protection
® i 7R R
Over voltage protection

O AR
Thermal shutdown

O B FIRGE

Under voltage lock out
0= —Hy Ui

Motor lock detection

> =V AT ORREER L0 LRI D RIEAE 5 H b+ (FG) 2 &
Motor speed output by hall input transition (FG)

> R RAEARPT 2 R i R A

Synchronous rectification with low power dissipation

> [FHIHEGRENE (7274717302 7) DY 2 B RE 25 #k

Select for synchronous rectification (active/passive).

» AL NAT—R
Stand-by mode

KA TRRGEMAEIZ LD T ) —~ /VIRTRIZ B T DB R A A B CRGH 24T 2 TRV 9708, IRtk
RENC LD S A A 2 By PRAIEL itﬂﬂéiﬁh BYMRFHIBWTE, AT 7 ) —< VIR FE A L0
FOBERNET,

Although the device may be protected from damaged with protection circuit in the device from design point
of view, it can’t be guaranteed the device being damaged by the protections in the device.
In the design of set, please take care to avoid abnormal condition with all the countermeasures you can take.
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W

3. 4

XS

- 55 U F2K(Package information, recommended foot print)

Unit : mm

P —=/L3y MEE QFN36Pin /3y —
QFN36 package with exposed pad
T0P VIEW BOTTOM VIEW

X2

[=[0.155] ]

X2
02 2[0.15

£/

|
|
|
|
|
|
|
i
|
|
|
|
|
|
£
= e T e e e e e L

#1 Pin Indicator With Laser Mark C0. 3Ck1 Pin Indicator)

[/I010fS]
A
LS 1 1 Y Y A~ LM
] B
BET v FIR OR#ERSY)
Recommended foot print (red line)
COMMON DIMENSTENS
R T I WY b60mm .

A 0. 70 075 0. 80 . 0.50x8=4.00mm

A2 0. 20 REF, TR AU

b 0,18 0.23 0. 28

D 2. 90 6. 00 6. 10

2 0 | 4% | 4n E

2 2. 90 6. 00 6. 10 EIF

(e 4,43 4,58 4.73 3|2

e 0. 90 BSC. 3

L 0,75 _ o 0.82x0.30mm

] 0.3 0.4 0% | | | AAnnnnae 7™~ _ssexsomm

Yo oBRBERE 4142
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4. 70y YR &IEARRA (Block diagram and application circuit)

[a]#% 7 77X (Block diagram)
[ol g [o] [<]
L]

h) w
L= al =]
| 1 1
EIE— STBY IN Int. Reg 1 Int. Reg 2 Charge Pump
orpP (Logic) (Analog)
[ 1
[ (i
UVLO Kol
i
| Gate —
Drive ﬂl@
Hall Amp
& — :[1
Comm Logic I )
OC&NV
Detect
[
|
.|—}
H
Gate —
Control Logic Drive IEJEI
=1
II_J‘
|
OC&NYV
Detect
FG | ]
Gen =
| =
Lock Detect — Gate ,HJ@
Drive L=
L_om =ﬁ
Timer |
OC&NYV —
PWM Detect
&SR _I
Control
Logic s:|
[ B L
External
PWM Internal
[ANN | PWM o PWM [sen ]
IJ—‘ ’l‘ osC
> (@] o o |J_‘

Yo UoBRHKASH 5/42
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S BB A -7 — L R AN ) IRE

(Application circuit — Hall element input)
1%

VDD=4.5~55V 78%5 l l VBB=10~30V O ves
+

c4 c3 %
c9 c8 c2 ci
a8 z Q 5
[oe]

> Motor~

SI-6633M

> R—LETHS

32

31

SEN
10 21 12 30 3
VREF 05; @ % 2| 12 JPa
7-'; Rs
CLD; ;I;CPWM
2% €44 (Component value for reference)
C1  : 100uF/50V R1 : 1kQ CLD*'  : 0.1pF
C2* : 0.1uF/50V R2 : 10kQ CPWM*! : 1000pF
C3 : 0.1uF/16V R3 : 10kQ Re*¥2 1 0.1Q
C4 : 0.1uF/50V R4 : 10kQ
C5 : (option) R5 : 10kQ
C6 : (option) R6 : 10kQ
R7 : 10kQ

X1 HPRD72T IC DEMT THERL T RSV,
These components should be mounted as close to the device as possible.
X2 HRITHEICEELTFS,

Care should be taken with power dissipation.

o SBEHARH 6142
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)14

VDD=4.5~5.5V vz

o

VREF

C1
C2><1
C3
C4
C5
Ceé

Jis F B G- — 1 IC AT I
(Application circuit — Hall IC input)

78L05 I

VBB=10~30V
+

SI-6633M

|_|10 |_|21 12 30
3 o) o)
XA @ % 4 =E
CLD; ;CPWM
%7 TEH(Component value for reference)
: 100pF/50V R1 : 1kQ R8
. 0.1uF/50V R2 : 10kQ R9
: 0.1uF/16V R3 : 10kQ CLD*!
: 0.1uF/50V R4 : 10kQ CPWM!
: (option) R5 : 10kQ RgHH2
: (option) R6 : 10kQ
R7 : 10kQ

X1 HRDTET IC DETTHERL T RSV,
These components should be mounted as close to the device as possible.
K2 RHCHRIEBEL TRV,

Care should be taken with power dissipation.

W —0
IEuE—O % > Motor~
Wi=—0

Hall-IC vbb

R8

R9

32

SEN

JP4

: 10kQ

: 10kQ

: 0.1pF

: 1000pF
0 0.1Q

O vBB

7142
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YHFIZ Vpp TAL D IARITEEL TRV,

Vpp 7AY DIAZX7 0.5V LA/ LB SRR ET 25 801300 £ 0T, GND /7 —r 05| X[
L2 IciEBE L TREW, #5 GND #2°5 Vpp 52 GND(S—GND)& Vg 52 GND(P—GND)Z 45 i
T oL /ARG R P HVET,

Care should be taken to avoid the noise on Vpp line.
Switching noise from PCB traces, where high current flows, to the Vpp line should be minimized

because the noise level more than 0.5V on the Vpp line may cause malfunctioning operation.
The tip for avoiding such problem is to separate the logic GND (S-GND) and the power GND (P-GND) on

a PCB, and then connect them together at IC GND pin.
Yobis RIS 3R — RRIE X H R TRV ET,

Application circuit is also applied to evaluation board for the device.

8/42
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5. 3mF3K(Pin assignment)

o | A Vi 1
) Pin name Function
R— V& AT W-
! HWM Hall input W-
R—IVFEF AN 1b6 1 W+
2 HWP Hall input W+
R— VA NI )b V-
3 HVM Hall input V-
H—ILFHE i
4 HVP N JVﬁﬁfﬂjlm?:V+
Hall input V+
R—VFE - NI U-
> HUM Hall input U-
2 = Vi
6 HUP =V FE %7\7‘]%? U+
Hall input U+
e ] A= 5 G RE s 1
7 Decay Select for decay mode
[FHIRRENERIR (7277 47 or /Ny 7)
8 SRMD . .
Select for synchronous rectification
Fria A \J-IJ-I
9 FLAG FHRR 0
Output for protection detected
T 7 RR ARG T TR E i -
10 CLD . N
Setting for lock detection timer
N > /; \J_;J.[
1 STBY AR INA %’Jﬁ_ﬂljﬁﬁﬁ%
Stand-by input
B GND
12 GND Ground
)7 SRy S S
13 VBB E— Z ER& E B R
Motor power supply
7 BBy S S
14 VBB E— X HEIR& F B
Motor power supply
15 Cp Fv—V R TF =TT T T T
Reservoir pin for charge pump
F ¥ — VR TR BT H = 7 YT High
16 CPH . .
Pumping for charge pump - High
F v —UR T A LT Ha T T Low
17 CPL .
Pumping for charge pump - Low
18 AOUT 7 7 71&100%0N FER A ST
Amplifier output and 100% ON input
19 AINN TYTATITAT A
Minus pin for amplifier input
20 AINP TXTRANT T A
Plus pin for amplifier input
PWM J8 $ i i -
21 PWM . .
¢ Setting pin for PWM frequency
FG 15 57
22 FG Output for FG signal
vy 7 A% —Y %y &Enable 575 A b T
23 Enable .
Reset for lock counter and Enable input
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o | T Vi THRAE
) Pin name Function
HRES PWM il v 22> 7555 A7)
24 PWM External PWM control input
= %JL'—'—’\J-H-I
25 Dir 7 TR AE i
Direction input
26 Brake s :\;].\jjuﬁﬁ?r
Brake input
. . P PWM i E R T
Analog input for internal PWM current control
W T 8-
28 OutW
Y Output for W phase
29 N.C. No Connection
HL5 GND
D
30 GN Ground
EER N L
31 SEN Hibmﬁﬁﬂjjfjjﬁﬁﬁl
Current sensing input
32 s 7 — Akt
Source pin
33 N.C. No Connection
V AR
34 OutV
Y Output for V phase
35 N.C. No Connection
U M )0+
36 OutU
Y Output for U phase

¢GND i F-& VBB i 113, 2 Jii - L b IR T A >~ L TFSL,
Two GND pins should be connected together to ground line on PCB, two VBB pins should be connected

together to VBB line.

HWM |

HWP | 2 |

HVM [ 5

HVP [+

HUM [ s

HUP [ o

Decay __ 7
SRMD [ & |

FLAG[ & |

- > =) =
5 o 5 o Z =z o 3
S =z 6 zZ v »w G =z O
I T L L
B N Y P PV YR R P |29| |za|
| I | I | I | I | I | I | I | I | I
T T T I |
I L v_|REF
L2 |r__26___ Brake
I | = _|Dir
I L |PWM
7 SI-6633M [ Enable
] L |FG
o 2 |CPWM
2 L » |AINP
2l L |AINN
T U T I R O O R I R
IOI III IIZI |13| Il4| IISI IIGI Il7| IISI
! 1 ! 1 1 1 1 1 1 1 1
a > a m m o I Jd
J m Z m @ O a o >
o E © > > o O o
» <
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6. #ExtEwRARTEH (Absolute maximum rating)

Fretp& e, T=125C
T,=+25°C Unless otherwise noted

IHH L5 eSS HeE | B
Items Symbol Condition Limit Unit
G
==1 /J?\ EE.J:T: VBB 38 AV
Power supply voltage
HAERE
Output voltage Vour Vs v
HAER H Iout(ave) +2 A
Output current Ioutpeary | tw<500msec/Duty<10% +4 A
Ay I ANEE ‘
Logic input voltage ViN(Logio 0-3-5.5 v
TraTANEE
Analog voltage ViNanaiog) 0366 v
==
BB VsensE +0.5 \Y%
Sense voltage
Ny r—UHBERE PD U2 2R ER »9 W
Power dissipation SK evaluation board '
=iy EUE N ==
‘RETvYrIv3 VIRE T, 150 C
Junction temperature
N=Q:=
RIFRE T -40~150 C
Storage temperature
=] N=|
By R Ta -20~85 C
Ambient temperature

(%) B FEIE, Duty kb, FPHIEE | JBEASRAFIZ Lo THIBRS LD AT REME N DD 77,
VDR DS A R KRG EREE (T=150°C) 2B 2 72 JHIZ L TLIES W,

Output current rating may be limited by duty cycle, ambient temperature, and heat sinking.
Under any set of conditions, do not exceed the specified junction temperature (T;).

B — 7 BIIIRBGHRAE L R D E T,
Peak current is guaranteed by design.

11/42
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7.

HEE B /EE B (Recommended operating range)
IHH Eix=) RkE | B "%
Item Symbol Limit Unit Remark
BEREE v 10~30 v B R
Power supply voltage BB Normal operation
ATy ANERE ‘
Logic input voltage ViNtLogo 0~5.5 M
T7HraTdANERE v 0~5.5 v Ref Z R <
Analog input voltage N(Analog) ' Except for Ref pin
0.5V IR Tk, BFRHIEREE
Ref ANEE Vier 0.5-5.5 v ARIBICETLET
Ref input voltage ¢ R Current accuracy is going down
under 0.5V.
==
ﬁ Hj =IE Vsen +0.5 A%
Sense voltage
Ny lr—IRE T 105 °c
Package temperature ¢
EEBBEIRE T 20~85 °C
Ambient temperature A

TR ) B A HESE B ERE P LU b A H RER U TIC TS5 E, TriBAGr T —4
BLOT TV —var /) —MERZZ RO L MO EREZ A S5O HENLS 03705t l, MEEz 4317

TRaVY,

Especially, care should be taken with output current on condition over recommendation range and

below

absolute max rating. In this case, enough evaluation is needed with thermal design data below and

application note to avoid the device being over absolute max rating for other item.

FraHE L (Power dissipation)

2Ry i — A FIRE O JUE K (Power dissipation)
4t

E 3.5 3

o 3+ ~

o :

% 25% N\

: 2 N

TS 43°C/W

PR

T 0.5+
0 C
20 0 20 40 60 80 100

JAPHIEE Ta [C]

SK FEAM EAR# FFEF(SK evaluation board)

Yoy

i

A=

12/42
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9. EXHFTE(Electrical characteristics)

(FrIZHrV XY | T,=25°C. V=24V, Vpp=5V)
(T.=25°C,Vp=24V, Vpp=5V, Unless Otherwise Noted.)

B B Eik=2 E_ & (Limit) By & #
Item Symbol Min. Typ. Max. Unit Condition
EIRE E—4E 3
RR LG Vas 10 - VsBov A% “ %EEHH#.
Power supply voltage range Motor operation
Fry—CRYTHAERE Ne 6 75 9 v H $1Disable. CP~VBBimFEEE
Charge pump voltage or ) Qutput disable, VCP-VBB voltage
Ty — IR TRERNS fep 90 120 150 | kHz
Charge pump frequency
H 71Disable
G A
. EE'EFE“'L t Tnn 5 10 15 | mA G ot disable | V=38V
OWer Supply curren TBBSTRY - 100 500 pA | Vsrey=2.5V
Outis¥ ) —~ ER TorkL -200 -100 -50 pA | Vee=38V. Vour=0V
Output leak current TorkH 50 100 200 pA | VBe=Vour=38V
H IMOSFET ONi#E#1 Ips=2.0A. SimFGNDEE
. Rpson 0.1 0.2 0.3 Q y .
MOSFET ON resistance Ips=2.0A. S pin connected to GND
H IMOSFET X 1 #— RIEEE _
Body diode forward voltage Vsp 0.8 1.1 14 Vo [lsp=2.04
VsrByL 0 - 0.8 \Y
STBYimFAHEE VstBYH 2.5 - Vbp \Y
STBY pin input voltage =12 =
AVstsy | 0.1 0.25 0.4 y |EATUVAR
Hysteresis
STBYim+ A HEGR IsteyL 0 +1 +10 pA
STBY pin input current IstByH 20 50 100 pA | Vstey=5V
VineL 0 - 0.8 \Y
LogicAAEE VineH 3.5 - Vop \Y% Enable. Brak
Logic input voltage =1 -, 2 1z | “nable, brake,
AVixp 1 15 2 vo|SAT oA % [Dir, sRMD.
ysteresis Decay. PWM
Logic A hEF TineL 0 +1 +10 pA | ViN=0V
Logic input current TmneH 0 +1 +10 pA | Vin=5.5V
REFiImFANER . B =
REF pin input current IrEF 5 0.5 1 pA | Vrer=0~5.5V
REFifF A L EEEHEHE B
REF pin input current VEEr 0.5 5.5 v
SENifiF A S ETR -
SEN pin input eurrent Isen 0 +2.5 +10 pA | Vsen=0~0.5V
iz ==
EEU'L@.H:I' o itb . | Vsen/Veer| -10 - 10 % | VrRer=5.5V
Current sensing divider ratio
BRRE 7 1 L2 EE
Current sensing filter time LLPFSEN 0.6 1.8 3 Hs
CPWMinm FRREE E VepwuL 1.1 1.5 1.9 A%
CPWM pin threshold voltage VcepwMH 3 3.5 4 A\
CPWMiiFF 4 B K 3 _
CPWM pin frequency fepwm 15 25 35 kHz | Cpwm=1000pF
CLDfHFFix B K # _
CLD pin frequency fcrp 54 64 74 Hz |CrLp=0.1pF

® Typ 7 —HIXEHEHREL TEEHL TRV,
Typ data is for reference only.

® it It A — (A TR ELET

Negative current is defined as coming out of the specified pin.

A
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EAHIRME (BEE)  (FRICHT ES S5 | T.=25°C, Vs =24V, Vpp=5V)
Electrical Characteristic(continued) (T,=25°C,Vgp =24V, Vpp=5V, Unless Otherwise Noted.)

= = o= £ & Limit) B % #®
Item Symbol Min. Typ. Max. Unit Condition
TEREEHH _ T A RBE
Power supply voltage range Vee 10 Vesov v Motor operation
Fr—URYTHIOERE e 6 75 9 v H $1Disable, CP~VBBifmFREEE
Charge pump voltage or ) Qutput disable, VCP-VBB voltage
7w IR TS fep 90 120 150 | kHz
Charge pump frequency
AINIFFARNER AINP, AINNigH+, Van=0~5.5V
Tan -1 -0.5 1 pA . B
AIN pin input current AINP, AINN pin, Vain=0~5.5V
VaorNa - 1.2 VepwiL \Y igg?lﬁﬁli vojlfai:;ﬁjm
AOUTHF A +— T ILBIEEE L E#ﬁ%
. — 1 o o 4m | BXATTRE
AOUT pin threshold voltage VaoeNanys | 0.05 0.1 0.15 \Y AT Y X A8 Guaranteed by
Hysteresis .
design
AOUTIHFIRAHAERE v V. 4 445 v H APWMEERF
AOUT pin max output voltage AOUTH CPWATH ) Output PWM operating
AOUTHHFH\EBEN AN E E %0 B v A5 i 5.5 v HH100%A4 >~
AOUT pin input voltage range AOUTEL ) ) Output 100% ON
AOUTHH F A H NER B . =
AOUT pin max output current Taour 7.5 mA | Vaour=0v
AOUTImF FIL A Vikin(E —
AOUT pin pull-down resistance Raour 25 32.5 40 kQ | Vaour=2.5V
— pom —
777 Hj NEFA B VFLAG(ON) 0.1 0.2 0.5 V  |IrLac=2mA
FLAG pin output voltage
— — —— FLAG
72 THANET ) — VB Irracorm 0 - 20 A | VrLag=5.5V
FLAG pin leak current a )
L
PGl i~ B Vicon | 0.1 0.2 0.5 vV |Ire=2mA
FG pin output voltage FG
FGHE HimF ) —VER ) -
FG pin leak current Ircorr) 0 20 pA | Vre=5.5V

® Typ 7 Adiat i AEL CRELC v,

Typ data is for reference only.

® EiIHM T M E —(~ A TR LET

Negative current is defined as coming out of the specified pin.

o SBEHARH 14142
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TR (e)  (RRICErD EX 454 T,=25°C. Vg =24V, Vpp=5V)
(T=25°C,Vgp =24V, Vpp=5V, Unless Otherwise Noted.)

Electrical Characteristic(continued)

B B Eik=2 E_ & (Limit) By & #
Item Symbol Min. Typ. Max. Unit Condition
VepBE L FHF
Vv 7 7.5 9 A% ..
VBBEEEREBMES povH VBB rising _
———— — Vcp= VBe+7V
VBB under voltage lock out EXT) L RIig
VBBUVhys 0.1 0.3 0.5 \Y .
Hysteresis
VepBE L FHF
BEERERLEE Vissov 34 35 875 V' | VBB rising N
——— T — 2 EEFIE
Over voltage threshold EXT USRI
VBBOVhys 1.5 2 2.5 \Y .
Hysteresis
OUT~GNDEEE. Low Sidet& i
VocpLs 1 1.3 1.5 V  |OUT-GND voltage, Low side
BEREHE detect
Over current detect voltage VBB~OUTRIEE. High Sidet&H
Vocpus 0.7 1.0 1.3 V | VBB-OUT voltage, High side
detect
BERIRL 7 ¢ )L 2R ¢ 06 ¢ p
Over current filter time LPrOC ) LPFSEN K
BELRR
- N T 150 165 °C |T t
MARERBIERE s rising
Thermal shutdown TP
AT1sp 50 °C A 5V
Hysteresis
= = Guaranteed by
/mgiiﬂ—% design
. — . T 120 °C |T t
BT 5 — LBIERE " mperature
rising
Thermal alarm ——— —
EXTRIG
ATta 10 °C .
Hysteresis
¢ 9.3 HALLA A—HAA >
PDON ) 45 lHALL input to output ON
¢ 91 . HALLA fi—HAh# 7
A A EEEIERRE P ) K HALL input to output OFF
Propagation delay { 11 PWMAh—-HHA >
g MOoN ) M5l pwM input to output ON
. 0.9 . PWMAK—HAF 7
PDPWAMOTE : M5 | PWM input to output OFF
OUT®F 7~ A g tDEAD 100 300 800 | ms
Dead time
R—ILANER . i _
Hall inpu current InarL 2 0.5 1 pA | Vin=0.2~4.2V
ST =
JEVE=FANEEEH Veun 0.2 35 v
Common mode voltage range
ACAHEEEH
AC input voltage range ViaLL 60 mV
EXTFUTR BEHRELE
Hysteresis Vinvs 20 ViaiL mV Guaranteed by design
IWILABRET 4 L4
Pulse reject filter Epulse ! 2 3 Hs

® Typ F—HERFHTHELCHAL T RS,

Typ data is for reference only.

BTSN T S E — (v A T RA) e LET

Negative current is defined as coming out of the specified pin.

4o UBSHR R

i
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10. EX{ER, %4 =>4 F+— F(Truth table, timing chart)
10.1. FAREHIEIA B (FR—JL&Logic AH)

Excitation control input (Hall and Logic input)

HHEZ (Truth table)

e Output status
g':fus | | '”p‘“. DIR=H (L)
Halll*' | HallV*' | HallW*' | Enable Brake ouTuU OuTVv ouTw
F1 + - + L H H L) L (H) Z
F2 + - - L H H L) Z L (H)
F3 + + - L H Z H (L) L (H)
Fa - + - L H L (H) H (L) Z
F5 - L H L (H) Z H (L)
Fé - - L H Z L(H) H (L)
Error - - - X H VA Z VA
Error + + + X H Z Z /
Brake X X X L L L L L
Disable*? X X X H X Z Z Z

<1 HallU, HallV, HallW : >+’=H+>H- . ’-’=H+<H-
$%¢2 Disable E72DIIFRMENHNET,

There are conditions for the device to be disable

-HallU, HallV, HallW % HU+, HU-, HV+, HV-{ HW+, HW-\BAERRESND, WiEiey v /{554 &
e0ET,
HallU, HallV and HallW are internal logic signal made from HU+, HU-, HV+, HV-, HW+ and HW-

-Disable DENMEIZBILTIE, [10.12. <Enable 5 & Brake 5ifi -] (DO THA S FFEV E T,
Refer to “10.12 Enable and Brake” for disable operation

10.2. STBY #mF
Stand-By pin
HPEZE (Truth table)

VNG
STBY Status
L EhEIRRE
Operation mode
¥ AR INAIRRE
Stand-By mode

AL ASARRETIE, BRI —E 2RO TS T Ay SN TR IELE T,

In stand-by mode, some internal circuits are shut down with bias current being cut.
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10.3. 7 : FLAG iIm¥F
FLAG output
EHHfEZF (Truth table)

KA.
Status Fault
EEFF OFF(HANAAVE—R U R)
Normal Output OFF (High impedance)
HEERA L
Fault

SHEIE TREORAELARVET,

Below are the fault conditions.

DVpp BIE(NHB Reg &) MMRE LR EIKICHLGE
Under voltage lock out for VBB (internal regulator)

@A77 78 (CP~VBB i EE) MEBEEREFERICH L5 E
Under voltage lock out for charge pump

Ot & = PR M)\ N S
Overvoltage

OIBET T — LR IENT5 6

Thermal alarm

Ot FE AR ENTE D toproce DI H
torrocp after over current detection
O 7 RPN A
Lock detection
-HEIRFEE VBB MR TIIER R B E AR 78 2 &7 > TIE LW 2 Ik R i Ligus
BAEDPHVESTOT, FEHNET,
Please take care for FLAG output due to the internal circuit may not be fixed with VBB being low.

104. FGIE&
FG signal

#4337 Fx—F (Timing chart)
| |

DIR

|
|
|
|
|
|
|
|
|
i
HallV |
|
|

|
|
|
|
|
:
HallU |
|
|
|
|
|
|
|

HallW

FG

-HalU, HallV, HallW {ZBLTiZ, 110.1.phREHI A ) (AR—/Vv&Logic AJ)) |ZZHFEWET,
Refer to “10.1 Hall and Logic input” on HalU, HallV and HallW

*FG 13—V AN Zo TR 0D 2 M SRR B R 35 . M VENEL R £,
FG is toggled by each phase changed
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10.5. RER PWM il

Internal PWM control
5’ AIVTTF v — ]\ (Timing chart)

Lt

LPFSen tLPFsen

| | |
: : A S
il L I ' B
CPWM i b ¥ | |
H H o H |
it Voo ! . _
Hl v bl
1 1 1.
i ro_. i
| 2 S
v | | s |
B UG W | |
SEN ! | ' '
— ' '; OUTx
| [ | I — -
I (. ; I [ !
OUTx ON OFF \ ; CRXH D H AL typ fif)
ﬁ \r,\ - - , The value is typical in the timing chart
AHEREA BN S D513, SEN Ui 1% GND IZ#35EL . REF (ZI 3@ 72 e (i 1V BLE, 72

A7 W COABEREIXENEL £ 97703, A7 EAZIT trppsen S1F

OUTHER

2L Ref ATJBIEHFEPAN) ZHIINL TIZE 0,
If not using this function, you should connect SEN pin to GND and put some voltage (from 1V to
max in VREF voltage range) to REF pin.

(R TR O IR 230 £,

Internal PWM is active in off time, but the device has blanking time that is almost same as t; prsen.

\J
b
5

10.6. 4+ PWM il
External PWM control
%4 37 Fr—k (Timing chart)  CREITOLEUEIZ typ 5)
4 100%ONSIR—» The value is typical in the timing chart
| | | | Il ! [ I 1 1 [ |
S A S T S I b bl S T
| | | | | | |
e 1 L
4 S L
AOUT : i ,:"' i : i i 4 i i
10 ] I [ ! 1 I
157 £ . b L R = Lo
12 4 | | o N
Do | & Lo : | |
Lo | Lo l i |
| | | : : I | |

Disable

::::

Disable

i —

-AOUTi#‘a%@ CEAES 7))12V(typ\

-5l A7 I 73X

|
[ | [ |
| l | [ |
T R 5ARE) LR Tl 77 Disable «lji Eiﬁ@iﬁ—
Outputs are disable below 1.2V (typ, the voltage rising) on AOUT pin.

FCHVET DT, KA Duty 1% 95% (typ., P
ABEREZBE A LZRWNEE ThH- T, ZOMAIA 7 HMITFEAELET,
The max duty is 95% (typ, design value) due to the forced off time. The forced off time is active even
if not using this function.

) MR ERDET, 728

SNHH 4.5V (typ) LA EDOEEEA AOUT i FIZEIINT 5281280, 100% 4 REEL 72V ET, 20D

AOUT ¥ ~OHNEEHPHIL, 4.5~5.5V LLTIZE,
To make 100% ON duty, you should put the external Voltage over 4.5V on AOUT. However, the
voltage range to make 100% ON is from 4.5V to 5.5V.

=Py
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10.7.

AME:
H/S A~

B4g:
L/S Fv

PWM #l|fHIA A (PWM & Decay)
PWM control (PWM and Decay)

24 I7F % — bk (Timing chart)
|

| |

| |

Decay i i

| |

| |

| |
PWM N OFF

| |

Yo | |
H/S " OFF

< I I
L/$ OFF >

— : l

~ o
L/3 " OFF

) .
H/S OFF h

N ! !

ZDOKTIE PWM S+ AN EHTIDORFRO B E R CNET, 7272 LEEETIXN10.6 M55 PWM
Hill4E | DIz B A TR iIA 7 AR X A7 £ E 9,

This diagram only shows the relation between PWM pin and output. However, the forced off time in
“10.6 external PWM control” make the outputs be OFF.

AREREAfE L2 WES 1 PWM Ui 2L L LT &V,

Please tie to “L” when not using this function.

\'

\'

i
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10.8. PWM ENF & RIEAZERENME (Deacy fiF&SRMD iim+F)
PWM and Synchronous rectification (Decay pin and SRMD pin)

SRMD="L’ (/X ¥ 7% —F)
SRMD="L’ (passive mode)

A I 7F % — b (Timing chart)

PWMFavEL S ON OFF ON OFF ON OFF X ON
| | | l
| i | ! i
JRAE  H/SON L/S ON H/S ON L/S ON X OFF H/S ON
| | | | I
M I | | ; |
H/S #2
1) otz mE !
o
40mV T T e b 7—[; _____
| | | i
| | | : |
— | | l 1 1 !
B#E: XH/sx !
L/S # { L/S ON H/S ON L/S ON H/S ON X OFF L/S ON oN OFF L/S ON
| 1 1 : | 1 1 1
| | | ! | ! i
Decay="H’ J | | | i I [ [
(Fast Decay) A#B—B#E | | | - | ' .
0A————— 4| ____________ _: ______ JI- _______ O :_ 4T L _
| | | | | O
Bia—A%E : | : ! | b !
I | I ! | - |
N~ I 1 1 i I | i |
| | | ! | | |
— | | | i | [ |
I I I I I ;
Big: e i [ [ i [ [ !
L/S v { R | | o Lsony i L !
T T T T T |
| | | I | [ i
Decay="L’ Z | | | ; 1 | | |
(Slow Decay) A¥E—B#8 | : | : : l :
0 D R L o L L
| | | | | 0
BiE—AlE : : : S P '
I | I i | | |
— 1 | 1 . 1 |

(

XX OFLAEIT typ 1

The value is typical in the timing chart

‘PWM A7 EED[EIAEWR . L/S A DD OUT S D BN ZEEAL, -40mV (typ, RT) L0 E <

2% LRI R BRI E L E T,

The device stop the synchronous rectification in PWM off time if the voltage on OUT pin, where

low side is ON, is over -40mV (typ, room temp).
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SRMD="H’ (77T 47 E—N)
SRMD="H’ (Active mode)

A X7 F % — b (Timing chart)

PWMFavELS ON OFF ON OFF ON OFF ON
~ | | | | | |
IRAE  H/SON x L/S ON x H/S ON x L/S ON X H/S ON x L/S ON x H/S ON
| | | | | |

A I I I I I I

H/S 72

57 oz e
. - | I
Decay="H’ v I | | | 1
(Fast Decay) | i | i | i

E;%.?J‘/ { JREE  L/SON H/S ON L/SON H/S ON L/SON H/S ON L/S ON
| | | | | |
| | | | | |
| | | | I |

AfE—BHE 1 1 | l

| | | | b

e E— S — e

Big—AHE | | I 1 | -

N I I I | | Yo

| | | | | P

~ | | | | | P
IRAE H/SON X L/S ON X H/S ON X L/S ON X H/S ON X L/S ON ! X H/S ON

| | | | | ;!

H S o ™ !

fr ovTFRE !
40‘“\ I ] 1 :
Decay="L’ v 1 | 1 | 1
(Slow Decay) | ' i i | ! !
; ; ; ; ; [
I I I | I |

L/S ON !

W ES { | N I L
| | | | | |
| | | | | |
| | | I I I

I I | I
| | | T |
I | I I I
- - + + I
| | | | | |
- : : : I I I

CRE P OLAE typ i)
The value is typical in the timing chart

PWM A 7B D[R4 WX OUT v O RBEARIZ LW RIS R EMES 220 £,

Synchronous rectification is active in PWM OFF (current recirculation) without monitor on OUT

pin.
ZOEF—RTITERFEIEDE TUTHMBLREEIXE DLW =0 BIREIAENSK T L%, LT
DIDZENELET,

In this mode, since the excitation mode is not changed even if current recirculation is finished, the
condition of the device is below.
>Slow Decay f: 2 a—h7 L —FIRAEL RS
Slow Decay: Same as short brake
>Fast Decay R : 2A /LB AL E W DIRAEL 72D E T,
Fast Decay: Reverse current starts to flow.
-Fast Decay T PWMBEREZAE L 72T 7' U —2a Tl [RIEEROEIERIH 23 E</eo
7oA CHRTE LT A VIR R L BB ORED BN ET D AT RetED 0 £,

In the application where not using internal PWM with fast decay, the device gets OCP protection
with long term of synchronous rectification due to the reverse current get large.

21/42
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10.9. FEHEAREREFZIEHEEE (Fast Decay BFD &)

Disable function for synchronous rectification (Fast decay only)

A I TFx
|

PWMFavEV S

— F (Timing chart)

ON

|

I
|
OFF I ON

ON *

|

|
| |
e /\/\/\/\/\/‘/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\:/\/W\/\/
I |
| |

—_—

13

RIEBAZ A

—
H/S

AfE:
H/S #Fv 3

L/S

A

H/S

B#E:
L/S #*v <

L/S

0

ON

OFF

OFF

ON

OFF

ON

ON

OFF

[
|
ON X OFF
|
|
|
|
|
|
|
|
[
|
|

*PWM A7 [ 23— £ K¢ ] (CPWM DRy 7 JE 1) ke L7255 12 R EN Ea s LS £,
The device stops synchronous rectification when PWM OFF keeps for 7 cycles of CPWM.

*Brake FFIXZ OMEEEIZENMEL 8 A

Synchronous rectification is not activated when in brake mode.
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10.10. OCP #i|7#

Over current protection

24 I7F % — bk (Timing chart)
- H FIOFF >
|

H/S OUTx

125V = — = 5. =
L/S OUTx /

RIEBHT A 0

=<
>
N
=<
w
|
|
=<
o
[e2]
>
S
>

FL WAL

AL

The value is typical in the timing chart

- FEFT A% — R RF A (CPWM O 128 JA 1)) 1) Disable IREEL72D, €O HEHEIFLET,
After OCP function is detected, outputs are disabled for 128 cycles of CPWM. After the disable time
(128cycles of CPWM) is finished, the device automatically operates again

A TR DX A~ — T R FL HfRERIZ CPWM Oy 7 DHAIL T TIThIVET,

The trigger for off timer count and release of FL output is at the top of CPWM oscillation waveform.

AT HIRIOERIT CPWM ORNADEAIL 7 L7 0F T,

The trigger for release of off timer count is at the bottom of CPWM oscillation.

*FL K50 H ) DIRERDDIEBT I ) A L7 o TR N H ET,

There is time difference between release for FL and actual output on.
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10.11. E—420v Y EH

Motor lock
A X7 F % — b (Timing chart)
|

o |

|
|
|
|
i
|
T 1 XzXEX 1 X 2—-X 127 X 128 X 0
|
|
|

I
| |
| |
| |
| | HAh

FLAG | ! o
! ! oL
| | | [
| | | IA |
| | | I
: I | —

Al : ON X OFF ! X ON

T U | T 1}
| | | [

s 7k I, [BlERRRE (Enable S -="L", Brake fii+="H’) BF DO L #{EZ L £,

Lock detection is active in operation only (Enable=L and Brake=H)

*RST {5 523 —E (] (CLD OFJ 128 JAM) FAEL o7 my 7 LIc L HIL £
The device recognizes lock condition if RST signal (H) is not for about 128 cycles of CLD.

*RST (&, R—/V AT DAL T — vy 7R RTE O R FRE S 2 BIRL£3, FEL<IE 10120
B AT F—hRl11.9Lock Detect] 22 UV E T,

RST means internal signal showing release lock condition as in hall input changing. Please refer to
timing chart in 10.12 Enable and Brake, or refer to 11.9 Lock detect.
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10.12. Enable i+ & Brake ifiF

Enable and Brake
%A 7 F ¥— K (Timing chart)

' I I | I | ' | |
Enable : : : : : :
| | | | | |
T T | T | |
| | | | | | | | | | |
| | | | | | | | | | |

Brake | I | I Lo I

| | | | | | |
| | | | | | | | | | |
| | | | | |
| | | | | | | | |
11 | | | 11 2 3 4 | | 11 2 | |
| | | | | | | | | | |
| | | | | : : | | : :
LDAHI>R— Bt x Ytk X i X Ytk X E{E X 'Jt\yh: ! X ik X Ytk ! !
| : — & |
| | I | | !
£l (VN EIES JL—* EIES D|sab|e: EIES Disable |
| |

*Enable Jiii (I ZESCEIEDNAIZ IRD 2 SOREREHY F97,
Enable pin has two functions with priority below.
Quyr 2 —Utyh
Reset for lock counter

»Enable="H’ O iZay sy 2—n\y MRREL D E T,

Lock counter is reset for Enable being high.

@t /7 Enable/Disable Eh{E

Enable/Disable operation for output

> 11 7] Disable £725 D1, Enable Jiit -2 L'— H’ L 72> Thh CPWM DR IR (R LD 4
AT THI N D 4 [BIHOKE 72D ET,
The device makes output disable at 4™ bottom on CPWM oscillation waveform after down-edge
of Enable signal.

> 1177 Enable 722D 1%, Enable i -5V H —L £72 572 DAL N 77— (CPWM DR BL) D
BAILT LI ET,
The device makes output enable at the first on trigger (the bottom of CPWM wave from) after
Enable pin changing from “H” to “L”.

*Enable="H’Df#], Brake 3 -3 AL ET,
Brake signal is neglected for Enable being high.
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11. B4R ({ERIERE) (Functional description; individual block)

11.1. STBY_IN
Stand-By input

STBY i f- D am PRI KW RS DAR R (RZ LSRRl IR AR) Z i 9~ D8 L7ew F9-, 27
NARIETIL, 2O 7y 7 USADIZIET R TOEIBEO S AT A% 1y MU E A KL £,

STBY i 13D 7y 7 LI BB RS B2 5720 | BB R34 TR0 F 3,

This block is to control the device condition between stand-by mode and normal operation.

In stand-by mode, almost all circuits except for this block are disabled to make low power dissipation.

The threshold voltage on STBY pin is the different from that of other logic pins.

11.2. Reg (Int.REG1. Int.REG2)
Internal regulator (Int.REG1, Int.REG2)

NEB RIS A BRE) 9~ 57 OEIREIE 720 | 2 REHVE T,

Int.Reg 1 [T FIZrP 7, IntReg 2 1T EICT FuasBIEHELRS>TOET,
Reg block is for power supply to operate internal circuits. Reg block has two lines, meaning one is for
logic (Int.Regl) and the other (Int.Reg?2) is for analog circuit.

11.3. Charge Pump
Charge Pump

NAYARD N-ch MOSFET Z #5720 O EBIRERDFT,

CP i #EE1X VBB i &0 7~8V R @\ EEEL7RY E§°, CPH~CPL %i¥-[H, CP~VBB i
FHNCA 2 a7 oY L THERLE 928, FRlsUICEERVET,
This block is gate driver for high-side N-channel MOSFET. The voltage of CP pin is over that of VBB
pin by 7V to 8V. You should put capacitors.at CP-VBB and CPH-CPL, and should also take care below.

»CP-VBB [#]
CP-VBB
CP Jiii 13, W HHFIE VBB it K0 7~8V R S WFEE LRV £, Fv— R 7 alikavk
BIL7CE & 1E VBB b -0 1~ 1.5V BERWEEERDZENHVET,
The voltage of CP pin is over that of VBB pin by 7V to 8V.
However, in start-up conditions, the voltage of CP pin may below that of VBB by 1 to 1.5V.

»CPH-CPL [#]
CPH-CPL
BIFEE (VBB) LREDEEANDVET OT, IHEITERELTRFE,
You should take care of the breakdown voltage for the capacitor due to the voltage on the capacitor
is the same as that of VBB.

11.4. UVLO
Under Voltage Lock Out

NS E] S 2 IE H B E FTREZR B I E 2 Rl A A &> vy M LT (RET DRI E 70D E
. PIEB Reg (2 %) °F +— R 7 (CP-VBB M) DEBEAEH LT,
This block is for protection to avoid the device damaged. The block makes all outputs shutdown if the
device is below voltage where the device can’t control internal circuit.
The block monitors the voltages on Int.Reg2 and charge pump.
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11.5. OVP

Over Voltage Protection

FHEJREE (VBB) R | Mokt i KEAHTE TR B ST hE v vy Mo LT
AN H I FE (S LTI EORLNDREICEATLE T, Ao OVP 13, £ 35V (typ) TEIE
LT, e, TN EOBELZEIINL T E— 22 EIES 52813k EE A,

This block monitors VBB voltage and make output shut down with VBB being near to the absolute

max rating to keep the device endure from the over voltage condition. OVP is active with VBB being
35V (typ). The device can’t be operated with OVP.

11.6. TSD
Thermal Shut Down

HlHE IC DV I afifEEE=S— L, WO RERIKIZRDET,

AR, IC DIREED 160CEBA DL N1 E T vy MU LET,

Z D% HilliE 1IC OIEAD SOCRRENR T DL DT vy M AIRIRSIVET,

7235 ZOMREITE W HNCEMESE T T 20D TIEHV EEAD T, ZORREDNEIELRNED
BGRETZAT o722 T AL TIZE W,
TSD block monitors junction temperature to avoid the overheating of the device.
The block makes all outputs shutdown with junction temperature being over 160C. The TSD is released
with temperature falling by 50C. TSD function is not for use in normal operation. Care should be taken
not to use this function from the thermal design point of view.

11.7. Hall Amp & Comm Logic

Hall Amplifier and Commutation Logic

T TV AT =S NDNEE 5a 5T EHE S R L E T,

ARBLIL T BRI — VR -2 B 3 DR L 2> T E T,
This block makes excitation signal based on the position signal of brushless motor.
The device should be connected with hall-element as a typical application.

11.8. FG Gen

FG generator

Hall Amp&Comm Logic 73BDNLEAE 5451 T, T—X [R5/ UL A% FG S -0 HH I LET,
[FRFC Y 7R OU 2y MHDIE 52 ER L E£T,

This block makes rotation pulse from FG pin through hall amp and commutation logic.

It also makes reset signal for lock detection.

11.9. Lock Detect
Lock Detect

=AY IR IT OIREL IRV FT,

R=/L AT BN CLD Hif- D=7 4 — (CLD) LNHS 5 J8 b Tk £ DM (2 27 45 HH R[]
tep) DZLL D725 6 T— 2y ZREBEHIILE—F ~D@EL L vy MU LET,
This block is motor lock detection.
If hall input signal is not changed for the time of t p, which is made by the capacitor on CLD pin and
internal divider, the device recognizes “lock condition” and also makes all outputs shut down.

CLD i & 'Ly 7 MR tp O BEFRIZ, TREDFHEXTHE SN ET,

The formula regarding t; p and capacitance on CLD pin is below.
tp #20xCy [/JF]

WNERA D > 2 DYy bRy 71tk O S IR BEB D IRIZIZ, LU T OO Sk 3 0%
LR ET,
To reset the internal counter and to resume from all outputs off after lock detection, any of below
condition is needed.

A
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»Brake Ui OB E 7 L —F CL)IZERET D,
Brake pin tie to L (Brake mode)

»Enable Wi DO B AT 4+ £—7 /L CH) IZERET D,
Enable pin tie to H (Disable mode)

>Dir Ui 7O ER A YV 2 5,
Change the logic signal of Dir pin.

> EIROFHRAEIT,
Power up cycle on VBB.

»R— UG 5 a LSS,
Change the hall signal.

R—IVE BBV REDD N AT 2TV By hNENDHE R E 72> TWDT2 | By Z RN CTE—
HMEIELT1% . 1708 TE— N AR — NG BRI b5 6b ey 7ty & T
BERE~NEIRLUET,

Lock counter is reset with every cycle for hall transition.
After motor stopped with lock condition, if the motor is rotated with some external force and hall signal
is changed, the device reset lock condition and operate again.

T EEL TODIRIE Ty 7258 B2 [BDEEL X5 &4 255518, my 78 HRFE S0 b 5
WEHAC, Dir W OimBEA2 VIR 2 57>, F721X Enable ¥ 1-IZ Disable JRBEELZR 7RIS
(CPWM D 4 JAHIAM) O H D7 VA% ATJL TS,

If you intentionally want to avoid lock condition with motor operated, you should change the signal on

Dir pin with shorter term than t.p or should put H signal on Enable pin for short time (below 4 cycles
of CPWM).

N Reg DKL A3 LIS O 1R # K% AE (CP-VBB [ UVLO, TSD, OVP, OCP) NEI{EL CThry

RARERED BRI L 9 DT, /AL UTry 7SN ET, ZOLIRGH | T—2 %15
LSRR LI e T B EREEP DS Th ny 7RG EIC LV IE L FETTOT, =42/
IEENS D012y ZIRENDIE RS D LR HVE T,
Except for internal Reg UVLO, lock detection function is active even if other protection (charge pump
UVLO, TSD, OVP and OCP) is asserted. In this condition, the motor may be stopped with lock
condition even if the abnormal mode is released. To make the motor operate again from this condition,
you should release lock condition after abnormal mode is released.

11.10. PWM OSC
PWM Oscillation

PWM EEBEE AR E T2 L350, WD L OEWEZ A 7 2RO TODIEIEE 52 L E
T TR, AZ\?“:IV?V%’E?ﬁrﬁ)hbf%?}&éﬁfﬁé’&éz ENRHVET,
This block sets the PWM operation frequency and basic signal regarding operation timing in the device.
The capacitor is needed on CPWM pin to oscillate.

TEHR I fpwm 13 CPWM B 1~ 1285957 o3 CPWM Tk, Tt E A THEEESH
9,

Oscillation frequency (fpwwm) is set to the capacitance on CPWM pin. Below is the formula.

T W29, lor]

FEIRBTGT, ERHIRNITR 95%., TREMIRNIZH 5% /2D ER0, 2o TR IR G4~
HiR L7220 E S (AOUT fii F-fEHEZ 4.5V LU ELL TN R),
Oscillation is the triangle waveform where 95% of a cycle is rising term and 5% of a cycle is falling
term. The falling term is forced off time (The voltage on AOUT is below 4.5V).
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11.11. Internal PWM
Internal PWM

INEBB NN T HEWEMEE 5 (T el/EE) IZEbYE, E—Fa/ N liihbe — 7 B4 il
HLES, Favt v VA VR AET D /AR xﬂLZﬁ%/l/&%f%ﬁLTb VR
The block controls peak current of motor winding according to the external analog voltage.
The block also has noise filter for rising edge of chopping ON.

Z0 PWM BREIZ. PWM OSC 72>HD M ME %5 (CPWM i 7 DI IR T O fe T i) TFave s
I :I/l)ﬂ/ {)|L75’ RE LTI (B — 7 B lopea) £70DE, Fav L 7 F 7 LI 0@ EERL
EMR
As a operation of internal PWM function, it is chopping ON with trigger signal from PWM OSC
(Bottom point of CPWM oscillation waveform) and it is chopping OFF with the motor current hit the
peak current setting (Iopeak)-

IOpeak0> /E'f i —Fga@%l‘%itf%lﬂjf%i—é—o

Below is the formula of Iopcak
T = OV 1] Veer:REF S T-8E / Re: BEiEH HHEHUAE
N

VREF: analog voltage on REF pin/ Rg:sense resistance

7235, SEN #iif-% GND (Z##t L . REF (JI# 728 E (1V BLE, 72721 Ref AJJEEE#iPHA) Z2H]
MMTHZET, AT ERN LR ET,
You can neglect the function with SEN pin tie to GND and put the analog voltage (the voltage is put
between 1V and max voltage range on REF pin) on REF pin.

11.12. External PWM
External PWM

AOUT ¥ 1-& CPWM Ui D% gl CTHJJ Duty #RIELET,

AINP, AINN, AOUT @ 3 4ii 7 C7 > 72 S IV TR, FG i T-72 8 B LN D RIEHE EE 5
AEA LT T =Ry 7l R 2280 FRE T,
The block control output duty with comparing the voltage between AOUT and CPWM.
There is amplifier constructed by AINP, AINN and AOUT. With the amplifier, feedback control can be
made by using speed signal from FG pin.

AOUT Ui D FEE (typ fE) I XD, FRLOLHREEL/RDET,
The device operates below ON condition of the voltage for AOUT pin.

@12V LT
Below 1.2V

)13 ;. OFF (177 Disable {Kf8) L7200 F 7,
Outputs are OFF (outputs disable).

®1.5V~3.5V
From 1.5V to 3.5V bV
There is hnear characterlstlc in thlS Voltage range. ON
03.5V~4.5V
From 3.5V to 4.5V AOUT

ZOFMIZT T O ITEED ERARESNTNET,
F7-A Duty 1, H KA Duty (8 95%. BiaafE) CREIESIVET,
The max output voltage of amplifier is set in this voltage range.
Also, output ON duty is set to maximum (95%, ideal).

045V LI E(5.5V LA, AOUT #gf-FInE £ _EIR)
Over 4.5V (Below 5.5V, maximum for input voltage on AOUT pin)
AOUT ¥ 1% 4.5V LA EETHZ 81250, 11X 100% A4 RAEL 720 57,
72720, T 7O H 11 (AOUT 3 ) 13 4.5V ui%ﬁjﬁbfﬁb‘lﬁlﬂﬂ%ﬁzkb“@\Z)f:&)\ A
JVEIINT A0 ERHDE T, ZOFE AOUT ¥~ EHIINIE, AOUT ¥ -FIINEE#FE AN &
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LTSN, NEREIEEIE, ZOHEPH (4.5V ~AOUT i FI N FE G _ERR) o & FEFINCIER &
IRNEIEAERLE L THVE T, (RRCEIEEEIZ )

100% duty can be made by putting over 4.5V on AOUT pin. However, internal circuit can’t make
over 4.5V, meaning it is needed to put over 4.5V externally. Please put the external analog voltage
within the voltage range on AOUT pin. There is no problem with the voltage range (4.5V to
maximum voltage on AOUT pin) from the circuit point of view. (Refer to above example circuit)

B DO BRI, WET 7 I3FR R AR L ARV £, Z D7D IMEIINA 1 T
IHWNERT 7 DR AEL 72> T I B (AOUT Wi - H J 8B D322 TE L70H E CITIERERH#I A
PV ET O THEEBRNET,
Internal amplifier is not balanced with putting external voltage. Please take care it takes some time
for the amplifier and output voltage on AOUT to be balanced after stopping put the external voltage.

AREREZAE L7256 . AOUT i - FEED iR E72 589 AINP, AINN, AOUT i F-ZALBEL
TREW, (fil, AINN & AOUT Z#5i L TRV T — U7+ IR E L T AINP (2 5V FHIIN, 728)

T LZOMRAETY | SREIA 7 WIRIIFEAELETO T, 100%A 2 REEL T D55 13 AOUT i %
4.5V LA EETHINTLTREW,
If not using this function, please connect AINP, AINN and AOUT pins for AOUT voltage to be
maximum. (For example, voltage follower circuit with connecting AINN and AOUT and put 5V on
AINP) But, in this condition, there is forced off time. If you make 100% on condition, please set the
voltage on AOUT over 4.5V.

B NER O EIFEAEK |-, AOUT % 7-5>5 VBB i - ~DEFOBVIAHZEILET,

AOUT % -~ 4.5V LA EEFINT 57 7V —ar Oh | [a0iAH B35 AE L2 ED AOUT i
F-& VBB b T OBABERICITEREZ BV LET
From the circuit point of view, the current may flow from AOUT to VBB.
When you put over 4.5V on AOUT pin, please take care the voltage relation between AOUT and
VBB to avoid the current flow from AOUT to VBB.

11.13. OC&NV Detect

Over current and Negative voltage detect

OUT ¥ - OFEEZEALL , 8 A |l AR A EREN B L OHIE (X THRED &) 2470
E3AR
The block monitors the voltage on output and decides the OCP and synchronous rectification (Passive
mode only).

11.14. PWM Control Logic
PWM Control Logic

FHE T Yy 7onPy 7 AJIE BEBEIZ, PWM Hili#, FHFEGEHIE, Decay /2L 2R BRL
7273 MOSFET ? ON,OFF {3 5 &L £,
The block makes ON/OFF signal for output by the signals from control blocks and logic input signal as
in PWM control, synchronous rectification and decay control.

11.15. Gate Drive
Gate Drive

Control Logic 7HD1E5%%1F T, Wi Nch MOSFET ZBRE 357 UR T A/ D[R IZ/20 F
B
ZOTEYITTANAYAR (LT —25) b —H AR (F 7 —2L) ZFRFHIAA Y F o 7 EESEHERIT
HELR2TNE 60 EEEREZC 7y M ALBBRIESN T ET,
The block is the pre-drive circuit for internal n-channel MOSFET. The block receives the signal from
control logic. The block also has dead-time control, which is to avoid shoot thru meaning simultaneous
ON condition between high-side and low-side.

11.16. OCP Timer
OCP Timer

WERERHLIZEWIE S E23Z1F 2% . PWM OSC O JE 5 L NER 5 8t & TR E25 — i IRF ]
(tocorr) » E—F~DEEL v M LET,
The block makes output off for tocorr after receiving OCP detection signal.
tocorr 1s made from frequency for PWM OSC and internal divider.
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12. £ D 4th(Others)

12.1.

12.2.

12.3.

12.4.

PWM #EEICBEL T
About PWM function

AR 21X PWM HIEIBEREL LT,
The dev1ce has three PWM control function below.

OIS PWM (SEN i -, REF i 1-)
Internal PWM (SEN pin, REF pin)

@415 PWM (CPWM i -, AINP 5 1-. AINN 8i57-. AOUT it 7-)
External PWM (CPWM pin, AINP pin, AINN pin, AOUT pin)

@rY 2 PWM (PWM ¥ 7-)
Logic PWM (PWM pin)

D 3 RFAFERL TOVET, WETIEL, 3 /AT PWM A RABDIELS Hjjjz“/&foaz)otafoa
REF (A 78 Y) LL TR, BROBIEZE A GO TEESEL B3 a2 iz
FENLET,

Internally, the device makes output ON with all three PWM functions being ON condition (priority
with output OFF). Please evaluate and verify if you make combination multiple PWM functions.

BEMREREBEICEAL T

About Thermal shut down

ABEREIL, B OIRE EFIZRHHRE EF;ZL%’E%JJ:?%);&% HEIEL TR, BEIRE I PRAER
(Ty) &V m< REL THVES, AR ITE FINCEIESEL2L DO TIIHVERFA DT, AHERENH)
TELZRNI OB R 2 B LR T,

Thermal shut down function is to avoid the device damaged, so the operation temperature of this
function is over rating for Tg. This function can’t be used in normal operation. Please verify thermal
calculation to avoid this function.

BEFREMEE (OCP) ISEL T

About over current protection (OCP)

AREREIL, IO D BT T — R I KBRS TN 56 OB EA S 1L+ 250 % B
FIELTEY, EERTI TR R ER <4Apeak) i@m@&ﬁbf&@iﬁ“ ABEREITRE H I _@Jﬁfé
THLOTIEHYELELDO T, NE PWM HhE FEH I (FIFR) 2475728 L, @ W B ERRIC
ABEREDNENE L2 L 705k 5T 2 oV \Liff
OCP is to avoid the device damaged when in abnormal mode and the over current flowing through
output power device, so the operation current for OCP is set over absolute max rating of 4A(peak).

This function can’t be used in normal operation. Please verify the operation to avoid the OCP function

being active in normal operation. To achieve this, it is effective to use internal PWM function to control
the over-current.

BEEREMEE (OVP) [CELT
About the over voltage protection (OVP)

T—HPLOFEETRNF =LY EBFEE VBB 28 LH LSS ICH &2 vy Mo L TR
i R T DA ME LTI RE LRV E T, el ) a T vy MY W/LT%HE BEIREED LA IR
FoF, WO IR KEKR LB TLEISLABHVET DT, ZOIO5E TH R O % i
REWEBAIRNII R REBNLET,
This function is estimated for VBB to go up the voltage by the energy generated from the motor.
This function makes output OFF with OVP detected to protect the device. However, VBB may
continue going up the voltage with OVP active, please make some countermeasure to avoid the device
damaged from over-voltage.
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12.5.

12.6.

12.7.

12.8.

PSR E NimF (Flag) ITEALT
About Flag pin

BIREE VBB MKV IREE TIZPEEIEE OBEIEN A2 T, IELWBWR R & H /) LR 608
HVETOT EELZBENLET,
Please take care for FLAG output due to the internal circuit may not be fixed with VBB being low.

Y9 AHDImEFIZONT
Logic inputs/output

Logic A 77 (PWM, Dir, Decay, SRMD, Brake, Enable, STBY) I, 4 —7"> TIZfEH L2V T FEW,
EHLRWES 1L, 27 Vpp X% GND 228 ~DEE ATV, FTEDEIZEEL T FEY,

KA =T THRUIZE G /A AOR B 2 &E TRELDSREINEST 25 80V ET,
Be sure to prevent the logic inputs (PWM, Dir, Decay, SRMD, Brake, Enable, STBY) from being
"OPEN". If some of the logic inputs are not used, be sure to connect them to VDD or GND.
*¢1In case some of the logic inputs stay "OPEN", a malfunction may occur due to external noises.

Logic 1171 (FG, FL) Zff L7254 1%, 434 —7"0 X Gnd IZL T RESEL),
X Vpp ~OHEEHEIT, DA PR~ B D RN DD E T,
When the logic output (FG, FL) is not used, be sure to keep it "OPEN" or Gnd.
2In case it is connected to VDD, it may cause the device's deterioration or/and breakdown.

REEERBENEICDOINT

About the protection circuit operation

AR, 2 DOPRGERIFE(EMERS B 2 A LT 32, 2N b ORERIEEIT N

A NIRRT RN =R Ib o e B AR LTl £, 160 E LT, ARERKICEVAED

DITARNF =N R T A NOFEFHA LB e I hETE EEA,

This product has Two protection circuits (motor coil short-circuit and overheating).

These protection circuits work with detecting the thing that excessive energy joins the driver. Therefore,
it is not possible to protect it when the energy caused by the motor coil short-circuit is outside the
tolerance of the driver.

ZTDMDIEFIR

Notice

AELSX . ADIEAIE MOS B2 L COVETOT, LFONFICEEL TRV,

This driver has MOS inputs. Please notice as following contents.

CHERORBELNTVEETT, ENOREOE R L+ /31T TRV,
FRCAHNTFFERDBAELST VO T, +oREENKLETT,

When static electricity is a problem, care should be taken to properly control the room humidity.
This is particularly true in the winter when static electricity is most troublesome.

CHERDY IC IZHUNESNARWEIIC AT G F 72 ENBOBRERLT v 2 T VIAFFIZIERL T RS
U,
TV NEAR DY 8 ARG L CIRI BN T DR E S BT,
Care should be taken with device leads and with assembly sequencing to avoid applying static
charges to IC leads. PC board pins should be shorted together to keep them at the same potential to
avoid this kind of trouble.
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[17] o .
13. ImFEB A EBEl B (Pin diagram)
Ne | b4 S - B HE Ne | 4 s T-Hs e
1 | HWM
19 | AINN
2| HWP AINP AINN
3 | mvm
HxP HxM 20 AINP
4 HVP
5 | HUM
6 HUP
7 | Decay 21 | CPWM
8 | SRMD X
23 | Enable
24 | PWM
25 | Dir 27| REF
26 Brake
9 | FLAG
|—o<|— cP VBB
- ra 28 | Outw
10| CLD ouix
34 [ Outv O:{
VBB
11 | STBY 36 | OutU
S
E O—
cp 32 S
15 CP
VBB
CPH 31| SEN
16 | CPH
VBB 12 GND
\ 30 | GND
17 CPL 13 VBB
F 14| VBB
29 | N.C
33| N.C
VBB
35| N.C.
18 | AOUT N
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14. §%{fi T — 4 (Evaluation data)
14.1. BhEIRTZ

Operation wave form

TRUCARRBIE I RLET,

Below is the typical waveform.

RFWIEH] (Typical waveform)

Tekfl |

r
:

HU+

@'Z : : ﬁ ﬁ [0 ﬁ | ﬁ : ﬁ' TOUTU

OuUTU

Chi] 2.00V @i 1.00 A< MA4.00ms A Chi & 2.32V

Ch3 100V
i#/30.00 %
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14.2. FEA4FM

Thermal characteristic

TRUCREBEME A RLET, Fo, MERMFZLLFIORLET,

Below is the thermal characteristic and measurement condition

- SK A AN — N ] 6 L OV AL AT A 5 — 224 T

SK evaluation board and motor in SK lab use

*VBB=24V
*Decay=L (Slow Decay)

ST1-6633M D38 EEi 4 (Thermal characteristic for SI-6633M)

SI-6633M F& & ks

—120 |
%100 | /
E 80 | ,/
S L
o 40 =]

20

0 |
0 0.5

1 15 2
i A7 EHRI[A]

Tt 1X Ta & Ttab R fLEAARZ 7358) EOIRJE 4T/ F3

Delta Tt is the temperature difference between Ta and Ttab (temperature at exposed pad).
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143. V=77«

Linearity

TN =7V T 1Rt AR L ET, Eo MIERMFZ LU FIORLET,
Below is the linearity and measurement condition

LRI — N B L OMikERTA 3 4H BLDC & — 2 H]

SK evaluation board and motor in SK lab use

VBB=24V

REF=AOUT=5V

Decay=L (Slow Decay)

DIR=H

SENSE=GND

PWM Duty vs FG B O FE (Linearity; PWM Duty vs FG frequency)

PWM duty vs FG J& %

400

300

FGER L

200

100

0 100

40 60 (o]
PWM=L duty[%]
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15. #xFH1{t#k(Blanding)

SI-6633M ¥—F 4 L1k
SI-6633M Marking Specification

L«]
[—]
=]
L=]
=
L]
=

N
N
L]
=]
Q]
o]
@]

o
\

o~
®]
]
S |
©
©

ipin

X 4 ¥—No N R
Discriminati | Mark No Contents
WiEE o |[BEESTE
Year Thelast digit of year

AssyIR A BT BBFTRRT B,
Month by number or alphabet when assembly is started
1~9ADBE 1 ~ 9]
[1-9] i case from January to September
HiEA 3 _[10ADHE  Toi(t—)
Month it [10] in case October
1MADBE INJ
[11] in case November
12A0BE D)
[12] in case December
1H~108 :l1]
[1] in case from first to tenth

85558 11A~20H T2

Week @ [2] in caes from eleventh to twentieth
21H~31H T3]
[3] in case from twenty first to thirty first
EHO—F

(2 -)N-f--“.
Control code | ¥~
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16. #H@LHk(Packing)
16.1. Hfifs8E, EREME. B2

Container/Material/The number of parts per reel

T—EU 7 &L, 2500pcs/E &5,
Container is taping. The number of parts is 2500pcs per reel.

IR DTy R S U TS,
Remainder is packed with combination with next lot.

162. T—E T
The material of taping

IZEEs
Material
VK ATF—7 7—7"Ig : 16[mml]
Emboss tape The width of tape : 16mm
Y=
Reel 9330 [mml]

T8
laminate bag

#4272 0.075x%380% 450 [mm]
Size :0.075x380% 450 [mm]

Fi]

Inner packing figure

#42" 340x360x 55 [mml]
Size : 340x360% 55 [mm)]

Al
Outer packing figure

FA2" 350%370%230 [mml]
Size : 350x370%230 [mm)]
BRADE 4V —L

4 reels(max) per 1 outer box

163. T—J5|IEHLE

Emboss tape diagram

L&x
ONONONONONONONONONONONG)
® ® ‘. ‘. ‘.
OO O0O0OO0O0O O
<< > > o >
A e A
50 f&# 53 LA L i 50 f& 43 LA L
Trailer m0111(131 ted Reader
Over 50pcs of vacant Over b50pcs of vacant
pocket pocket

KY—H—Hh, bL—F =T, IN—T =T Te—b— A IR TNDHTL,
It is heat-sealed with cover tape in reader and trailer.
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16.4. #¥~% ( XM )

Dimension, material and diagram

IVRRT—T
Emboss tape

2,00 +.10 SEE NOTE 3
N AT 4,00 SEE NOTE %
0.30 .05 —-”——

16.4.1.

REV DESCRIPTION OATE
1 | DRANING FORMAT CHANGE 7724/
g1.540.1/-0.0
12.00
1,50 MIN
75 1.10
/ ]

(o@ﬁcwa?oooocm:o@o
R 0.3 HAX
) ! ; ! . E3
b I Ay e o o w8
f ! J oA : !
/ \ 16443
\
L_ \ -}
Ko
il Ao=6. 30
Bo=6. 30
SECTION A - A Ko=1.10
16.42. 1)—JL
Reel
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7—7°ME : 16.0mmm
W1l :17.5+1.0 mm
W2 ;21.5+1.0mm

(B mm)

Dimension in millimeter

16.5. REFEH

Storage condition

OREBRBITIRE 5~30°C-FXHEE 90% LU FEL, REHIRIZH LB 25 12 22H LIREL TS
12EVN, BREMR IR 5~30°C AHXHIEE 70% UL F THREL T2y,
Storage environment is below.
Temperature: 5 degrees-30 degrees
Humidity: 90% or below
Storage limitation is within 12month from packing date

@ OB WIRAIEB X 7235515 125°C. 20 FEHI DA —F 2 7 24T 5T REWY,

[, 77— 7L O T — 7 ROV — VIR TS EE Ay N—F 7 AEEATIS &
IZ M Heatproof | £72 1T ER R P HVFHFEN R LB IIBLAEX T ETR—F 7 %175
TR&W,

If the above storage condition (17-5.1) is expired, the device is needed to have baking with 125
degrees for 20 hours. Also, Tape and, reel are not guaranteed with the temperature and time
condition. If the device should be baked, it is needed to use container with “heatproof” or
temperature to cover baking condition. And the container is needed to have static electricity control.
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17. §Eli-R— K734 — > E|(Pattern layout for evaluation board)

Hdhm  (Component side (top) of evaluation board)

Y- (Solder side (bottom) of evaluation board)

000000000 O ¢ o
O 8300 2

NININININS
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18. {4k £ M X E (Caution/Warning)

« RBIZFHIN TODENMEF R OEIEFNIL, #FH EOoZBLLORLIELO T, ZhBISER 32846 LT
5= O T2EFTA . MPIETAHE, £ DMMOMERI DR EFEREICOWTHT —UIBEEZ AV EE A,
Application and operation examples described in this document are quoted for the sole purpose of reference for the
use of the products herein and Sanken can assume no responsibility for any infringement of industrial property
rights, intellectual property rights or any other rights of Sanken or any third party which may result from its use.

- BRERIEARE BEMEO M IS0 TOET A, B ARG T, HOMERTORM, SROFEAITRET bV
A, B OBERIZIVAEREL T AT Sl RS AR E R 2R AESER VIO EHH OEE
ITANT, BBV AT b TR R ARG R DR AT - TS,
Although Sanken undertakes to enhance the quality and reliability of its products, the occurrence of failure and
defect of semiconductor products at a certain rate is inevitable. Users of Sanken products are requested to take, at
their own risk, preventative measures including safety design of the equipment or systems against any possible
injury, death, fires or damages to the society due to device failure or malfunction.

* AFICREHS N TODRENIT, — i E TR GERL  FEME ., BE AR, SRR 2O S
HIEEEX L'Cia@iﬁ‘o _ﬁﬁﬁdﬂffn T AR E A ET RO ETRHZ B W LET,
IV MEFEMEANER S D 3% B (i AR 28 & 2 ORI IS E , 2@ 15 S A B - DAL | Al e A
IRENV~DE 2 TR OBKITIT SR TR O TR O AERRFICE A S i o B & fiiﬂ
ERRENNZLET,
FRsh Tra WMERME DS BEREN DI E (I 22 T ae . SR 1l ZE A Rr 723D O PR R 2 O3Bk
DILEIZIDEENEORVEE AL 2N TTES N,
Sanken products listed in this document are designed and intended for the use as components in general purpose
electronic equipment or apparatus (home appliances, office equipment, telecommunication equipment, measuring
equipment, etc.). Please return to us this document with your signature(s) or seal(s) prior to the use of the products
herein.
When considering the use of Sanken products in the applications where higher reliability is required (transportation
equipment and its control systems, traffic signal control systems or equipment, fire/crime alarm systems, various
safety devices, etc.), please contact your nearest Sanken sales representative to discuss, and then return to us this
document with your signature(s) or seal(s) prior to the use of the products herein.
The use of Sanken products without the written consent of Sanken in the applications where extremely high
reliability is required (aerospace equipment, nuclear power control systems, life support systems, etc.) is strictly
prohibited.
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In the case that you use our semiconductor devices or design your products by using our semiconductor devices,
the reliability largely depends on the degree of derating to be made to the rated values. Derating may be interpreted
as a case that an operation range is set by derating the load from each rated value or surge voltage or noise is
considered for derating in order to assure or improve the reliability. In general, derating factors include electric
stresses such ‘as electric voltage, electric current, electric power etc., environmental stresses such as ambient
temperature, humidity etc. and thermal stress caused due to self-heating of semiconductor devices. For these
stresses, instantaneous values, maximum values and minimum values must be taken into consideration.
In addition, it should be noted that since power devices or IC’s including power devices have large self-heating
value, the degree of derating of junction temperature (Tj) affects the reliability significantly.

« ARFICRFHESIN WG OTHEHIZHz-T, ZNHOM IO M 25 b6, ik
ZNHOREIZWERRY | LT RYE OMAT SO NN T B A i 3356 121E, fEHE ORI "C%@)Xﬁé‘)
_ﬁn‘f@LﬁOTQiéb\o
When using the products specified herein by either (i) combining other products or materials therewith or (ii)
physically, chemically or otherwise processing or treating the products, please duly consider all possible risks that
may result from all such uses in advance and proceed therewith at your own responsibility.
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Anti radioactive ray design is not considered for the products listed herein.
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Sanken assumes no responsibility for any troubles, such as dropping products caused during
transportation out of Sanken’s distribution network.
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