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1. & C®IZ(General Description)

AKICIE 3 HZTILL A DC F—XHTFIRIANIC TT, ZOFNSAAFMREN N T R80T —
MOSFET Ll A AIRET, 30V £TOE—XBIRABEICHIEL TOET, 120° Mg CRlESH-
RV FE TRV IC Lo THUI R Z 21TV E T,

PEREL L CITZEAEITAHMEI 9% PWM SBIHl#E, @ v b AR 22 TOET,

PSS CIE, K708 A —RO{GDYICEA A0 MOSFET CHHA (70, [BAM$ O )
HEZER CEET,

A8 5T enable, direction, brake AJ1% iz . PN PWM ([CXHEIRHIEI FIRE TS, X, nvs
HI) TG Ik, E— ¥ Olaliaa BT 5 L TR T,

SI-6633C is a complete 3-phase brushless DC motor pre-driver. The device is capable of
driving a wide range of N-channel power MOSFETs and can support motor supply voltages up
to 30 V.

Commutation logic is determined by three Hall-element / Hall IC inputs spaced at 120°.

The device has PWM current control to limit rush current, thermal shut down and
synchronous rectification.

Internal synchronous rectification reduces power dissipation by turning on the appropriate
MOSFETs during current decay, thus shorting the body diode with the low RDS(on) MOSFET.

The device has enable, direction and brake input with internal PWM feature. Also, it can
monitor the rotation of the motor by FG output.

2. T 7iBEHE(Features)

06 % 1D N Fv> /L MOSFET % X&)
Drive 6 N-channel MOFETSs

® K— L A J1%fhts

Hall element input

® -l CR PR AE PR

Protections

> 1t 7 = PR

Over voltage protection

> REERGE
Under voltage lock out

> R L Ok CRA%, B a— Rt
Over current protection

> B R

Thermal shutdown

>y Z A
Motor lock detection
> FOm TR 1k pRE
Short-through Protection
® FLEIRAE R IT DT T — I JitkEE
Alarm output pin (FLAG) is active when any protection is activated.
® L )RR AR 2 [ R
Synchronous rectification with low power dissipation.

O PWM il fR
Fixed frequency PWM (Internal PWM) with peak current control.

OFG /)
Motor speed output by hall input transition (FG).

@ AR IINAT—FR
Stand-by mode
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3. N - &EFS > F2K(Package information, recommended foot print)

Unit : mm

H—< LRy MpE QFN36Pin /Xy /7r—
QFN36 package with exposed pad

0 T0P VIEW BOTTOM VIEW
[2[0 15[} ]
/2 Xﬂe& 15[§]
| :
| : d
| O
=< " O
| O
i O
| O
| O
| O
#1 Pin Indicator With Laser Mark C0. 3(#1 Pin Indicator)
/01005
4
L 1 e Y I L | [ 0.08]S
] B
227 NBIR GRERERSY)
Recommended foot print (red line)
COMMON DIMENSIONS
e T D WX & 6omm .
A 0.70 079 0. 80 = 584'00”"“
A 0. 20 REF, IZIZIZ1N NN
b 0.18 0,23 0. 28
) 2. 90 6. 00 6. 10
I? 4,43 4,58 473 . g
E 2. 90 6, 00 6 10 & ;
(2 443 456 473 ol
e 0. 90 BSC, -
k U. 85 - - 0.82x0.30mm
L 0.3 0.42 02 | | | mnpnaRpa A _4.58xs8mm
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4. 70v Y E &t ABEAI(Block diagram and application circuit)
4.1. Hall =FA A (Hall element input)

55V _T_ i
1 .
i;[ v] I’ﬂ'_| v li

VBB=10~30V

VDD=8~

IntReg ¢ | g A e
— 5 M g
) (7]
0 o— ©°
o]
5
§-fovio Il
OVP
Hall Amp HallU
Hallv
e
— TSD
Hallw
P Y
Gate Drive
& e
[TFL | OoCP
i Lft g
— Comm
e H roce :
| Control
- qosc i
Lock Detect | —|  Logic
)
M
R
3
Enable +
Brake
PWM
Decay

4[

c] [§]

oo}

S
+—

Yo vBEHA S 4125




m SI-6633C 7 74— 3>~/ —+h Ver.15

4.2. HalllC A (Hall IC input)

i 1 H rg'_| WW
o 5] L5

- VBB=10~30V

VDD=3~

.+
T
EENEN g
|
dung a8 ey
LLn J i+

L
% Int.Reg
. -~
¢ *— uvio — cp
L ovP
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‘ Hallv M
Hallw TSD
| H
‘ i
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& e
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5. ¥iF3(Pin assignment)

&S ¥4 S FHE RE
Pin No. Pin Name Functions
PWM {8 5 A8+
! PWM PWM input
. BT REIVEEZ T
2 Dir . L.
Direction input
= r
3 Decay Decay {3 77.177 i
Decay input
7T RF
4 ND
G Ground
5 CPL Fo—VR T BRI BT TV HF Low
Pumping for charge pump - Low
6 CPH FX— VR T RFH LT A=A T3 T High
Pumping for charge pump - High
] VBB E—SBRANKT
Motor power supply
g — Fo—VR T F =V T T Ay T oY RT
Reservoir pin for charge pump
ZdN s
? GND Ground
H AdmF OUTW
10 SW Output for W phase
NAFART — 8T W
11 GHW High side gate for W phase
m—Y AR — MY A5 F W
12 GLW Low side gate for W phase
i A¥mF OUTvV
13 SV Output for V phase
1 GHV PNAFARG—MEIRT V
High side gate for V phase
a—¥ AR — M8 F V
15 GLV Low side gate for V phase
i A+ OUTU
16 Y Output for U phase
17 GHU /M{#{F7—+m7w%?U
High side gate for U phase
a—% AR — 8T U
18 GLU Low side gate for U phase
19 GND 77 RRF
Ground
s m
20 Sen El;lt*ﬁﬂj.ﬁiﬁ%
Current sensing input
21 Ref P8 PWM B E T
Analog input for internal PWM current control
1 - =L RFANRT HW+
Hall input W+
23 W R—ILRTF A DT HW-
Hall input W-
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&S Y F 4 i T4 RE
Pin No. Pin Name Functions
24 HV+ R—IRFANImF HV+
Hall input V+
25 HV- R—IFRFANGEF HV-
Hall input V-
26 HU+ R—IRFANImF HU+
Hall input U+
27 HU- R—IFRFANGEF HU-
Hall input U-
28 GND 77 Rt
Ground
2 LD Ovo RAREBER T
Setting for lock detection timer
30 CosSC A F o 7 SR BER R b
Setting for switching frequency
" VoD By BIRHT
Logic power supply
0 FG FG Hjﬁu#h‘f
Output for FG signal
33 FL RERMHART
Output for protection detected
34 Brake TVERATIS
Brake input
35 Enable vy 7A=Y M5 5&Enable 55 A J1iGT
Reset for lock counter and Enable input
16 GND TR T
Ground
20 ~ O
a2 ] a @ A a
& & a = 2 8 8 o &
{ I L L L I L L L B
SRR R
PWM[ i [ |HU-
Dir[ 2 1 [ @ |HU+
Decay ___J___J |___25____ HV-
GND[ ] Lo [Hv
opL| 7] SI-6633C 7w
oPH| ] R
VBB| 7 | |REF
VCP| & 1 | = |SEN
GND| s = |GND
EEEEEREEE
Yoy UoBRHKRAEH 7125
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6. )& KE & (Absolute maximum rating)

HE 5 &H BARIE BfT
Items Symbol Condition Spec Units
BERERX
% 03~
Power supply BB 0.3~38 \Y
HABE
Output voltage Vour -1~38 A%
ASysAHEBE
Logic input voltage Voo -0.3~6 \%
R—ILAKBE
Hall input voltage Vaar -0.3~6 \Y%
Ref ANRE
Reference input voltage Vit -0.3~6 \Y%
BREBE
+0.
Sense voltage Vsuxse 0.5 \Y%
B 5350 S ,o8 8
BEIYVY LavinE Ty = <
Junction temperature
RERE
Storage temperature Te -40~150 C
BERERE
Ambient temperature Ta -20~85 C
18T —DRUER R Wit SR ARG FRES (2 FEEAR ; 60mm X 77mm) 3 .
Thermal resistance 0JA SK evaluation board(2 layer PCB; 60mm*77mm)

(%) MO BEINLT 2—T A2 /v | JEPIREE BEKIBIC &> THIFRE T D2 EDR DV ET, VWied
AR TITIRWTh, IRL THRE SN EAR BT & OB K A TR (Tj=150C) il 2 720 &

NILTLZENY,

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)).

7. #EARE)1EEFE (Recommended operating range)

HE e | REE | BE e
Item Symbol Spec Unit Remarks
BRERE N
Power supply Vs 10~30 AV
:/ﬁﬂ-)b%ijﬁ%& Van ss .
Logic power supply
OSvH ANBE
Logic input voltage ViIN(Logic) 0~5.5 A\
RO RE \4 0.5~5.5 Vv 0.5V LT Tl ERFIEFEENKIBIETLET,
L ARRE - — Current accuracy is going down under 0.5V.
R=ILAKBE
Hall input voltage ViaLL 0.2~4 AV
BHEE
+0.
Sense voltage Vsense 0.5 Y
Ror—SRE
Package temperature Tc 105 C
EnEEERE
Ambient temperature Ta -20~85 C
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8. Er&FI| & (Power dissipation)
2R i — A IS OJRCE #E (Power dissipation)

4
— 354
= 3
o) 34
[a W} b
K 2.5 \\
ftig 3
{(ft P N
[RRT mow LN
~ OF
PN
2
0.5
0 .lll a2 A 0 a2 A 0 [ | a A a8
20 0 20 40 60 80 100
FAFRE Ta [C]

¥t FTME AR GE AR (2 BEIR; 60mm X 77mm)
SK evaluation board(2 layer PCB; 60mm*77mm)
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9. BEXAFtE(Electrical characteristics)
%%ﬂ fcﬁ% %/ﬁ\ N TA: + 250C N VBB:24V\ VDDZSV
(T.=25°C,Vp=24V, Vpp=5V, Unless Otherwise Noted.)
B EE £s EH Spec B HB g
Item Symbol MIN | TYP | MAX Unit Condition
Output Drivers
VBB EJEFEE e
VBB 10 = VBBOV \4 .
Power supply voltage range Motor operation
BIYEIRIE (HHJ) OFF &)
] 10 20 ™A | Mot tion(Output disabl
TEIEET - otor operation(Output disable)
Power supply current ) RERAE—FR
50 200 nA Stand-by mode
Control Logic
VDD E i B/
. Vop 3 - 5.5 \% y
Logic supply voltage range Motor operation
] os X o | BERREE(Hi7 OFF )
VDD - EF - ) Motor operation(Output disable)
Logic supply current REUNAT—R
100 180 S00 HA Stand-by mode
Logic A/ BE M - T | e Y
Logic input voltage Vina VDDx0.75 - - v
Logic ANEFR Iino -1 = 1 pA Vingys Vin=0V
Logic input current TIvay 1 e 1 pA Vixay, V=5V
AT 745 - —509
Logic input filter tLoGic 0.3 0.5 0.95 us fin—SOkHz, Duty—50 %
COSC S8R )8 B3 -
COSC oscillation frequency fosc 4 25 32 KHz Cosc=330pF
Gate Drive
NP ARHABIE V. 6 _ 9 v Vbb IZX LT, Igate=2mA
High side output voltage SR For VBB. Igatg=2mA
v—Y AN HAEE -
Low side output voltage Vesw) 6 ) ? v Toare=2mA
K747 B Toate 20 30 60 mA | GH=GL=4V, VCP=VBB+TBD
Drive current
TIREAL
Deadtime faesa ) 1000 ) s
Internal PWM
Ref I FANER
Reference input current Lret S 01 ! nA
Ref 35F A ST R EE 46EH Vs 05 ] s v
Reference input voltage range
Sen jﬁ%)\j} B Tsen 5 -0.1 1 pA Vsen=0~1V
Sense input current
BRHBE Vsen Vrer<0.095 | Vegex0.1 | Vigex0.12 v Vre=1~5V
Sense voltage
YA HI 71/ 5/ . ) ) p REEEE
Current sense filter time LPESen : Guaranteed by design
X1:Typ 7 —ZIIRXFHEREL THEAL T RSV,
Typ data is for reference only.
K2 RPOAEFII S 2D EZ R TRV E T,
Negative current is defined as coming out of the specified pin.
Yoy UoBRHKRAEH 10/25




SI-6633C 7 U —3>/—hk Ver. 15
%%ﬂ fo‘?% %/ﬁ\ N TA: TL 250C N VBB:24V\ VDDZSV
(T.=25°C,Vp=24V, Vpp=5V, Unless Otherwise Noted.)
BILHE s EH Spec Bifi REREH
Item Symbol MIN ‘ TYP | MAX Unit Condition
Protection
FL H1fafEE -
FL output saturation voltage Viow 0.2 0.4 0.7 v Tre=2mA
FL i 18m7A4 Eif -
FL output On current Trion S 75 15 mA V=2V
FL HAU—9ER -
FL output leak current Irorn 0 ) 0 nA Vre=S.5V
BB EE LowSideMOSFET f&H
OCP detection voltage Vocr 14 1.5 165 v (OUT-GND &)
BRI 1715 W) e 1 oms | 1s | 3 | mERE
OCFP filter time fLrocr ) ) :l Guaranteed by design
OCP H{Jj OFF #A~=—Hv b
OCP output off timer count Noce_orr 256 256 256
VBB B EEREREETL
VBB OVP threshold voltage Vazoy 33 35 37 v
VBB BB ERHEERTITR
VBB OVP hysteresis Viovis | 125 2 35 Y
CLD %7 FE4RE =
CLD oscillation frequency fup 100 128 164 Hz Cuo=0.1pF
ayIBHEA~—HY b
Lock detection timer count Nio 256 256 AN
BRERESERE snst oo
TSD threshold temperature Torso 151 170 185 c ﬁﬁiﬁfﬁ‘:ﬁiﬁ% aranteed
BREWERTYLR 4 Hre rising, &
% . by design.
TSD hysteresis Trrsony 10 Q 20 T y cesign
VDD EEERERREE Voo BIE 78
VDD UVLO threshold voltage Voouy 2.65 2.8 2.95 v Vpp rising
VDD EEEREERTILR
VDD UVLO hysteresis Voouvis S 0.15 025 v
VBB EEE REFEREE v ) 9 9.9 v Vs BIE L H R
VBB UVLO threshold voltage g, ) Vg rising
VBB EEEREERTISX ! ) 03 i v
VBB UVLO hysteresis Satlidl )
FG
FG H71pafnEE -
FG output saturation voltage Vrce 02 04 0.7 v Trc=2mA
FG HAY—VER -
FG output leak current Trcig 0 ) S0 nA Vre=5.5V
Hall Logic
R—ILAAER —0.2~
Hall input current Tuare -5 0.1 1 HA Vin=0.2~4V
FEL T A IR Vewe | 02 - 4 v
Common mode input voltage range
AC AF B E#iH
AC input voltage range Vaar 60 ) ) mVip
ERTUT A BXFHRAE
Hysteresis Vavs 25 40 VaaLL mV Guaranteed by design
IPWVRBRETANE
Pulse reject filter fpuise ! 2 4 hs
X1:Typ 7 —ZFaxatime L THAHL TFE,
Typ data is for reference only.
X2 ZPOAERITH GG F DI 2 EREZ R TV ET,
Negative current is defined as coming out of the specified pin.
YU VERKASH 11/25
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10. EXE{ER. 24 X >4 F v — F(Truth table, timing chart)

10.1. FhREHIEIA 1 (FR—JL&Logic A7)
10.1 Excitation control input (Hall and Logic input)

# 10-1 Hall A7) &4l AT
Table 10-1 Hall and Logic input

Input Output status
REEE DIR=H DIR=L
Halll® " | Halv™ " | Hallw™' | Enable | Brake | OUTU | OUTV | OUTW | OUTU | OUTV | OUTW
F1 + - + L H H L / L H /
F2 + - - L H H / L L / H
F3 + + L H / H L / L H
F4 - + - L H L H / H L /
Fb - + + L H L VA H H VA L
F6 - + L H / L H / H L
Error - - - L H / / / / / /
Error + + + L H / / / yA / /
brake X X X L L L L L L L L
disable™3 X X X H H / VA VA / Z /
StandBy X X X H L YA Z Z Z Z Z

X:don’t care Z:High Impedance

X1 HalU, HallV, HallW :’+=H+>H- [ ’=* =H+<H-
#2 Disable L@ BICIEEHENHY T,

There are conditions for disable

eHallU, HallV, HallW |X HU+, HU-, HV+, HV-, HW+, HW-)»bA R Sb, Wia Yy 715
A ERVET,
HallU, HallV and HallW are internal logic signal made from HU+, HU-, HV+, HV-, HW+
and HW-.

eDisable L72AH5EMFIZOWTL, K 10-9 25 MRFEVET,
Refer to Fig 10-9 for condition of “disable”
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10.2. FLEH (755470
10.2 Flag Output

# 10-2 FL 1)
Table 10-2 Flag output

FL 7/ K RE(Status)

Hi-Z #) /ER HE(Operation)

Abnormal Under voltage lock out

i E A (TSD)

Thermal shutdown

B (OVP)

Over voltage protection

W E R & Hi ) OFF #ifH (OCP)

Over current protection and output off time
- B EE (VBB, VDD) 3BV VR EE TIZHES R OB ERS RN 2L /s TIEL W2 WG SR
HURWGEDRHVET O T, EEBRVET,

Please take care for FLAG output due to the internal circuit may not be fixed with
supply voltage (VBB and VDD) being low.

10.3. FG &
10.3 FG signal
10-3FG # A X7 Fx— |k
Fig 10-3 FG timing chart
|

DIR

HallU

|
|
|
|
|
|
|
|
|
i
Hallv :
|
|

HallW

FG

-HalU, HallV, HallW (ZBL TiZ, [10.1 BhEEHIEA ) (AR—/L &Logic AJ)) | 2SRV ET,
Refer to “10.1 Hall and Logic input” on HalU, HallV and HallW.

‘FG 1 IAR— WV AN Z o T 0 D 5 GBS s 35 . M VENES 2D £,
FG is toggled by each phase changed.

Yo vERKARA 13/25
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10.4. Internal PWM i
10.4 Internal PWM control

10-4 W PWM # A X 7 F ¥ — b
Fig 10-4 Internal PWM control timing chart

| I |
: : : .I_.l.tLPFSenI : : ltLPFSenI :
| | | ’ . : :
COSC | | | i | |
! I s 0.1%REF | !
N N N . |
L LS Nl '\
[ ! ! Sen
! bi=o /N
[ RS 'v\/'/—)
7 N ]
- = — ____:/_. St Tttt — | \
Sen / | I I
— : OUTx
| by I | L
| R EpEON V! /.-’ L I i
OUTx \ /
p—

| REEREEON.

- ARHIEE B L2 GE1E, Sen 13X GND, REF (3 VDD 128t L T7EE0Y,
Connect Sen pin to GND and Ref pin to VDD if not using this function.

10.5. PWM #ll##IA 51 (PWM&Decay)
10.5 PWM control (PWM and Decay)

10-56PWM # A1 X 7 F ¥ —Fh
Fig 10-5 PWM control timing chart

| | | | | | |
| | | ] | | |
Decay : : : : : : :
| | | | | | |
| | | | | | I I
OFF | —
PWM !
~ | | | | L | |
AfELH/S L/S H/S L/S H/S| L/S H/S | L/S
HAA T
R BE | | | | | : : :
Bl L/S H/S L/S H/$S .1 LS |
\__ I I I I | | | I

*Brake %, PWM i+, Decay %D A NG S I3 BRI E T,
PWM and Decay signal is ignored in Brake mode.

‘PWM AN 2 L2 E 13, -2 LW ELTRESUY,
Connect PWM pin to “L” if not using this function.

Yo vERKARA 14125
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10.6. RIEAZ KIS L (Fast Decay D #)
10.6 PWM operation in Fast Decay (Decay="H")
10-6 RIS A I 7 F ¥ — b
Fig 10-6 Synchronous Rectification timing chart

| ] | |
| [} [} [} |
PWMFawE s ON | OFF X ON X OFF X ON X OFF X ON XOFF
| | | | | | |
AANANAAAN AAA
| | | |
T2 3! 1 2 3 1 2 3 4 5 6 7 ! 12
I | I ! I : I I
ma H/s| LS ws | oLss X H/S L/S XOFF s | L/s
HhA | |
:Ij(:ﬁ:‘?\ | | | | | ) | |
g L/S| H/S | L/s | oH/S X L/S H/S XOFF /s { w/s
i !

‘PWM Favt’>7 OFF #f23— @& (COSC Of 7 M) Mk Lizih & LR I R B E 4
fEIEsEET,
If the device keeps OFF (PWM="H") for 7 cycles of COSC, SR function is disabled.

‘Brake FFZZOMREIZEMEL EH A,
This function is not applied to Brake mode.

10.7. OCP il
10.7 OCP control
10-70CP 24 X 7F ¥ —F
Fig 10-7 OCP timing chart

HA'L

R OEAEIE typ H)
The value is typical in the timing chart

< BRI . —ERFH (COSC @ 256 JE#) /) OFF &7eh, 20t HEEIRL£7,
After OCP event is detected, outputs are disabled for 256 cycles of COSC. After the
disable time finished, the device automatically re-starts again.

-t 71 OFF Kl Z A ~—T1w k& FL HfEERIZ COSC Dy 7T DEAIL 7 TITOIET,
The trigger for off timer count and release of FL output is at the top of COSC oscillation
waveform.

-OFF #IE OfiEERIT COSC DARRLDHAIL 7 L7R0ET,
The trigger for release of off timer count is at the bottom of COSC oscillation.

177 OFF Bfff] D A~—A MEH ) Disable EL CHU By REILER A,

The timer count for output off is not reset with output disable.

A

Yo oESHREH 15125
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10.8. E—420v Y EH
10.8 Motor lock detection

RST j

FLAG

Hh

10-8 my ZHmZ A I 7 Fv— b
Fig 10-8 Motor lock detection timing chart

=
N
N
(&)
o1
N
-1
o
=
N

§

ON OFF

|
|
|
|
|
|
|
i
HAL i
|
|
|
|
|
|
|
|
|

| |

| (-

| | :

e VAVAVAVAAVAVAVAVAVAVAVAVAVAVAVAVEVAVAVAVAY
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sy 7KL, EIERIKEE (Enable di—+="L, Brake ui+=H") O LB EEZ L F T,

Lock detection is enabled only in motor operating (Enable="L", Brake="H").

-CLD O3B HACHI 256 B, v/ fEbRT 5155 (RST) OIAEN2h -T2 6 T—H

oy 7 WL T 1A vy ML E T,
The device recognizes lock condition if RST signal (H) is not for about 256 cycles of CLD.

‘RST 1551, X 10-8 <ol 11.[a]1 B4 sl (8 51 [=15#) 1> 111.11 Lock Detect] & FRFEV F T,

Please refer to Fig 10-8 above and 11.11 Lock detect.
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10.9. Enable &Brake i+
10.9 Enable and Brake

10-9 Enable & Brake D% A X 7 F ¥ — |k
Fig 10-9 Enable and Brake timing chart
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-Enable % 1B LB EDNAIZ, IRD 3 DOBERERHOET,
Below is the function of Enable pin with higher priority.
OARHZ 341l (Brake i1 & DORLAH)
(DStand-by control (combination of Brake=L and Enable=H)

Brake="L'. Enable="H’ D AT LD ILE TAX L NA~BITL, ZOMEENBIANDLLEA
A IRLET,
Combination of Brake="L” and Enable="H” make the device get stand-by mode. To get
out of stand-by mode, it is needed to remove this combination.

TR RBAL L SARFIXT v — VAR T RIESCNE Reg 2MEILLET, D7D ARZ L AfiffRE

72 TPDEERIZENELZ M T 2L TITIIRFRIZ D0 ES, 72 FL m 13, AZ U A
ITH LY, fREREIINERIRRE I > T IS E T,
In stand-by mode, charge pump circuit and internal regulator is disabled. It takes
some time for the device to resume the operation after the device released stand-by
mode. For FL pin, output is H in stand-by mode and it is according to the device
condition after stand-by mode is released.

@uy s —t ok
@Reset for lock counter
Enable="H' O iZay 7 o 22—y NIKREE D E T,

The device is in reset of lock counter for Enable="H”

(@ 7] Enable/Disable EfE
(®Enable/Disable control of output

Hi ) Disable £724?1%, Enable Wi -2 L—"H 72> T COSC DFIERIEL (KRR LD H
AT TAT RN DN 4 [ H DOR;ER0E, HJ) Enable £7225013, Enable fif-2VH—'L'E
72572 RDOA R F— (COSC DRRL) DEAIL 7 LR ET,

The device counts the oscillation of COSC after Enable pin changing from “L” to “H”.
After counting 4 cycles of COSC, the device gets in “disable” mode. The device recovers
to “enable” mode with switching Enable pin from “H” to “L” immediately.
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11. BB (ERIEER) (Individual circuit structure)

11.1. UVLO
11.1 Under Voltage Lock Out

IR AEDN [EF EME ATREZR B ELL N LR oo R R FEZ T DRI IR0 £,
K ERH#IT VDD, IC ONEEIRET v — VAR I CHIELEEREEZE=4—L TV ET,
F=H— L CWDEENREIVERNG AR, M E vy MO LET,
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 VDD, internal regulator and charge pump.

11.2. TSD
11.2 Thermal Shut Down

HlE IC DV rvasiffErt=4—L, B OEEE I RERIK IR0 ET,

WERFEIT, IC DIREED 17T0CHHITET EH 32L&y MU ALET, D%, il IC
DOIFED 15 CRER T T DL IOV vy "N ATRERSIVE T 728 ZOMKEEITE F I E)
TESE T T 2D TIEIHVEREADT, ZORENEELRWIIBGRF 21T o702 T AL
TLIEENY,

TSD block monitors junction temperature to avoid the overheating of the device.

The block makes all outputs shutdown with junction temperature being over 170C. The

TSD is released with temperature falling by 15C. 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.

11.3. OVP
11.3 Over Voltage Protection

[ZHINEN S EEIRERE (VBB) 23kt i KESATITETERRDE, HET Yy ML
T%%&'Ez#ﬂi%ﬁ?él— (XL Tt O 518 8 E R (OVP) IRRBICBATLE T,
AL O OVP 13, £ 35V . CEMEL £, Zeds, T UL EOBELHINL ThE—4 2 EfFEE5Z
LITHPREE 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 under OVP
condition.
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11.4. Charge Pump
11.4 Charge Pump

NAYAR (ET7—2) > Nech MOSFET % BREh 4572 DA £ /ﬁ TR0ET,
W EERHCIE, CP s 713 3R /ﬁ? (VBB) &0 TV R S W EBALRIBIZ 20 £, FEEIEICIT=
YT Y PBELRDET, PR AIEREREVWET,
This block is boost supply to drlve high-side N-channel MOSFET.
The voltage of CP pin becomes higher than that of VBB pin by 7V. You should put
capacitors at CP-VBB and CPH-CPL, and should also take care below.

% CP-VBB ]
¥ CP-VBB
WL CP %77 VBB i - KORBALERVET N, T — VR 7N E#EL CP i DO
JER EHFTHETOR], CP fn{-8E/E2 VBB i 1-4&0 1V RE TRLZLBHET,
The voltage of CP pin is higher than that of VBB pin. However, in start-up conditions,
the voltage of CP pin may be lower than that of VBB by 1V.

v CPH-CPL f#]
¥ CPH-CPL
VBB LEIEOEENIMDVET OT, MEICIFEREL TRV,
You should take care of the breakdown voltage for the capacitor since the voltage on
the capacitor is same as that of VBB.

11.5. Gate Drive & OCP
11.5 Gate Drive and OCP

Gate Drive (3 Control Logic Dfg 5 %51 CTHi/) Nch MOS FET Z8R#) 457 VR Z A/ DA%

W20 ET,
ZDTavIZTAAYTAR (LT —2) bo=YAK (F7—2) Z[AIF _x/r/%:/ﬁ@wﬁéﬁéﬁﬂ Z
BELRTIIR RO WEIBREREEST M ALH R ESNTCWET, FARR LI, BERR

R (OCP) big#Hisn QR ZOEE R ER 1T, m—*j%b MOS FET 75> ON DX

DRV A EE (OUT~GND HEHE) 2 E=2—LTkY, TOBEEEIL 1.5V (typ) IZ72VFET,
Gate Drive circuit is pre-driver which drives external output MOSFET according to the
signal from control logic.
The block also has the dead time function which is to avoid short-through condition
between high side and low side. In addition, the device has OCP (Over Current
Protection) function. This feature is achieved by monitoring drain voltage (the voltage
between OQUT and GND) with low side MOSFET being active. The threshold voltage is
1.5V (typ)

11.6. Hall Amp
11.6 Hall Amplifier
FRAERYIR AR — VR T2k LE T,

The device should be connected with hall element as a typical application.

11.7. FG Gen
11.7 FG generator

Hall Amp 6D f5 5&5%1FC, B—X s/ V2% FG b0 HH L ET,

Ry 7OV By N OIE 52 ER L £T,

This block makes rotation pulse from FG pin through hall amp and commutation logic.
It also makes reset signal for lock detection.

Yo vERKARA 19/25




SanKen S16633C 7T U= 3/ — b Ver. 15

11.8. Commutation & Control Logic
11.8 Commutation and Control logic

Hall Amp 7OAF7ALE(E 5 PWM $iIlH1E 7= SREEEERNDD A 7E572E 706, Gate
Drive ~i%%/\U—MOSFET ® ON,/OFF {§ & &L £,
This block makes ON/OFF signal of external MOSFET to gate drive block.

The signal is made from position signal from Hall amp, PWM control signal and the
signal from protection circuit.

11.9. Internal PWM
11.9 Internal PWM

DA T LEIIEEE 5 (7T rsEBE) IZa DY B—F 3/ o — 7 &Eifi il
LET,

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.

RBFavt o T FRHIRAET D /AR T o7 N2 a5 L CWOET PWM #{EEL T,
OSCHBDNHE 5 TFavt’ s 7 A 8720 aA/VERD R E Llc it (B — 27 B i B Topeak) £72
He, Fayt e IATLRNET Ay F 7 ER I, OSC DEHIZHD fosc T—ELRVET

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).

IOpeak @%hﬁ;'fﬁ§i\ —Fga@%‘l’%it“c%: lﬂ‘(%ij—o
Below is the formula of Iopeak

0.1xV
[ Opeak ~ x RE%S [A]

772U, Veer: REF Ji -8 E Rs: @R HEHTE
Vrer: analog voltage on REF pin/ Rs : sense resistance

AHEREZE H L2V A1, Sen ¥m 1-1% GND, REF % 11X VDD S8 -52& T, W PWM
A IR L 72 <720 E 5,
You can neglect the function with Sen pin tie to GND and REF pin tie to VDD.

11.10.0SC
11.10 PWM Oscillation

T DELDOEAAIL 7RO AR TOET,

DD T AT oA L CRIRIMES T2 M ERHVET,

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.
FEIRJE ML fosc 1% OSC e IC#Ek 322y 7 TRk ED, MRt EA TR MESNET,

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

Sosc [kHZ] ~ S%OSC [nF]
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11.11. Lock Detect
11.11 Lock Detect

F—Huy KB oM RE LRV ET,

CLD iD= % (Cup) &N 47 JE b Tk £ — E R A — /v A TG B E L L 72V R EE
MIETLHE, BE—Fay ZIRBEHIILE—4 ~DEEZT Yy MU LUET, [FRFIC FL G203
Low &720my 7 REETHAHZ AR ET,

This block is motor lock detection.

If hall input signal is not changed for the time of tLp, which is made by the capacitor on

CLD pin and internal divider, the device recognizes “lock condition” and also makes all

outputs shut down. In addition, FL pin goes low to indicate lock condition.

CLD ¥ - F &Ly 7/ IR tuo OBFRIL, FRRostEA TR SN ET,
The formula regarding tLp and capacitance on CLD pin is below.

tp #20xC [/1F]

WD 2 DYy Newy Vit D vy b ARBED DR G SE 2720121, BLF ofiriu)»
DIEFH ANITTHMERHVET,

To reset the internal counter and to resume from all outputs off after lock detection, any

of below condition is needed.

YR =V AN A SED,
Change the hall signal.

JeBrake i OBl A7 L —% (L) 12X ET 5,
Brake pin tie to L (Brake mode)

YcEnable Vi - OiaEi a7 4 2—7 /L CH) TR ET D,
Enable pin tie to H (Disable mode)

YeDir Wi 7 OFm A YV 2 D,
Change the logic signal of Dir pin.
YRR D B EAZIT),
Power up cycle on VBB.
Ty 7 fR TR — 218 (15 (B D BEK CTE—X B EHRL TR —/V A IR UIR DA E, A2
Uty h&hmy ZRAEMRIE D HE R L ET,
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 XL TOOIREE Ty 7z Rl A IZ BN L IO & 25613, vy 78 R J0d 5
WEHIC, Dir dia - OimER a0 2 57>, F721% Enable Jin 112 Disable IREEE/2H7R VIV VIE
(COSC DRy 4 JAMIA) OH D/ A% A TJLTTES VY,

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

the signal on Dir pin with shorter term than trp or should put H signal on Enable pin for

short time (shorter than 4 cycles of CPWM).

723 VDD OIREFIRE LA OIRGERERE (Reg & CP-VBB [ UVLO, TSD, OVP, OCP) ®#)
ECIImy s oo 2 =3By b T2~ — AT ik LE T, ZNOIREERRIZE > TE—X
MEILLTEGEITmy 7 ThH LI | AORGEREREIC DT — 2T IDIREL DG 1OV E T,

Except for VDD UVLO, lock detection function is active even if other protection (Internal

Reg and 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.
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12. 3 FEBIER[E B (Pin diagram)

&5 b FR Bl
1 PWM
2 Dir
3 Decay
34 Brake
35 Ena 20 Sen
32 FG
33 FL
VBB
3
5 CPL CPL 21 Ref
3
vCP 22 HW+
6 CPH
VBB 23 HW-
R 24 HV+
8 VCP 25 HV-
Hx- Hx+
26 HU+
11 GHW
27 HU-
10 SW - _
14 GHV
29 CLD
13 SV
17 GHU
16 SU 30 cosc
12 GLW
T VBB
31 VDD
15 GLV 4 GND
9. GND
19 GND
18 GLU 28 GND
36 GND
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13. Bi4EiB 2 (operational waveform)
VBB=24V,DIR=H,Slow decay
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14. iR — FEEE (Evaluation board schematic)
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15. §{fi7/R— K734 — > E(Evaluation pattern layout)
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[l (component side)

N (solder side)
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