Sine-wave Driving, High Voltage 3-phase Motor Drivers

with Built-in Hall Amplifiers

SX6814xM Series

Description

The SX6814xM series are high voltage 3-phase motor
drivers, which are driven by a sinusoidal control and
suitable for 8- and 10-pole motor systems. Whereas a
typical 10-pole DC motor outputs a rotation signal of 15
pulses, the IC can output a 12-pulse rotation signal which
is equivalent to an 8-pole motor. This enables your
application to use an existing 8-pole DC motor system for
10-pole DC motor driving with no change. The IC
supports Hall elements and Hall IC inputs. In addition,
with its sensorless-controlled sine-wave driving system at
startup, the IC offers suppressed audible noise, such as in
a spoke motor startup operation. Supplied in a thin SOP36
package, where a controller, a gate driver, the output
transistors of three phases, and bootstrap diodes are
highly integrated, the SX6814xM series requires only a
few external components for building a motor driver. This
also allows a motor driver to be highly reliable in
performance and design-friendly with its compactness.

Features

e Pb-free (RoHS Compliant)

e Low Noise, High Efficiency
(Sinusoidal Current Waveform)

e Suppressed Audible Noise at Startup and Stop

e Reduced Number of Parts Achieved by Built-in
Bootstrap Diodes with Current-limiting Resistors

e Hall Element and Hall IC Inputs

e Selectable Rotation Pulse Signal FG Output
(0.8 ppr, 1.0 ppr, 2.4 ppr, 3.0 ppr)

e Application-specific Optimal Settings with External
Signals: Rotation Speed, Phase Advance Angle,
Rotation Direction, Enabling/Disabling of Motor
Lock Detection

e Various Phase Advance Settings
(External Phase Advance; Internal Phase Advance with
Linear to Cubic Function Operations)

e 3.3V Reference Voltage Output
(Used for Driving Hall Elements etc.)

e Standby Function

e Adjustable Oscillation Frequency (OSCR Pin)

e Protections Include:

- VREG Pin Undervoltage Lockout (UVLO_VREG)

Undervoltage Lockout for Power Supplies
VBx Pin (UVLO_VB)

VCC1 Pin (UVLO_VCC)

Overcurrent Limit (OCL)

Overcurrent Protection (OCP)

Thermal Shutdown (TSD)

Motor Lock Protection (MLP)

Reverse Rotation Detection

Hall Signal Abnormality Detection
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Data Sheet

Package
SOP36 (Leadform: 1891)

Not to scale
Selection Guide

Ros(on)
Part Number Vpss lo (max.)
SX68141M* 250V 20A 150
SX68140M* 10A 6.0 Q
SX68144M 600 V 15A 3.6Q
SX68145M 20A 25Q

* Under development
Applications

e Fan Motor for Air Conditioner
e Fan Motor for Air Purifier and Electric Fan

Typical Application
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. _____________________________________________________________________________________________________________________________|
1. Absolute Maximum Ratings

Current polarities are defined as follows: current going into the IC (sinking) is positive current (+); current coming out
of the IC (sourcing) is negative current (—).
Unless specifically noted, Ta =25 °C.

Parameter Symbol Conditions Rating Unit | Remarks
250 SX68141M
Power MOSFET Breakdown SX68140M
Voltage Voss | Io=100pA 600 V' | sxe8144M
SX68145M
Ve VCCx-COM 20
; VB1-U,
Logic Supply Voltage Vas VB2_V1, 20 \Y
VB3-W1
1.0 SX68140M
1 Tc=25°C, 1.5 SX68144M
Output Current (DC)® lo | 1;<150°C 2.0 A "sx68141M
2.0 SX68145M
15 SX68140M
Tc=25°C, 2.25 SX68144M
Output Current (Pulse) lop pulse width < 100 pis 30 A SX68141M
3.0 SX68145M
VVREG Pin Output Voltage VReG 3.59 \Y
VREG Pin Output Current Irec 30 mA
Input Voltage 1 (HUP, HUN,
HVP, HVN, HWP, HWN,
OSCR, LA, OCP, IS1, 1S2, Ving 05t Vees |V
IS3)
Input Voltage 2 (VSP) Vine) —0.5t0 10 \Y
Output Voltage (FG) Vo —0.5 to VRres \Y
LSx Pin Voltage (DC) Vispg | LSx-COM —0.7t0 7 \Y
LSx Pin Voltage (Surge) Visiure) | LSX-COM —4to7 \Y
Allowable Power Dissipation Po Tc=25°C 35 W
e i | -
Junction Temperature® T, 150 °C
Storage Temperature Tste —40 to 150 °C

() Should be derated depending on an actual case temperature. See Section 17.4.

@ Refers to a case temperature measured during IC operation.

® Refers to the junction temperature of each chip built in the IC, including the control stage, gate drive stage, power
MOSFETs, and bootstrap diodes.
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2.  Recommended Operating Conditions

Parameter Symbol Conditions Min. Typ. Max. Unit Remarks
— 140 200 SX68141M
. SX68140M
Main Supply Voltage Vpc | VBB-LSx o 300 400 \Y SX68144M
SX68145M
Ve VCCx-COM 13.5 — 16.5
: VB1-U,
Logic Supply Voltage Vas | VB2V, 135 B 165
VB3-W1
Input Voltage 1 (HUP, HUN,
HVP, HVN, HWP, HWN,
OSCR, LA, OCP, ISL, 152, | V™N® 0 - 33 |V
1S3)
Input Voltage 2 (VSP) Vine 0 — 5.4 V
Bootstrap Capacitor Cs 1 — — uF
lor<2.0A 0.45 — — SX68140M
N lop<3.0A 0.3 — — SX68141M
Shunt Resistor © Rs  [or<225A 0.4 = = Q 'sxe8144M
lor<3.75A 0.24 — — SX68145M
RC Filter Resistor Ro — — 100 Q
RC Filter Capacitor Co 100 — 2200 pF
Operating Case Temperature Tcop — — 100 °C
IS Pin Setting Resistor @ Ris 1 — 10 kQ

@ Should be a low-inductance resistor.
@ In case the 1Sx and GND pins or the 1Sx and VREG pins are shorted, noise may be superimposed depending on the
pattern layout. In case a resistor with the value out of the recommended operating conditions is used, the IC may start

operating before the I1Sx pin reaches the setting voltage (see Section 11). In those cases, be sure to check the actual
operations.
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3. Electrical Characteristics

Current polarities are defined as follows: current going into the IC (sinking) is positive current (+); current coming out
of the IC (sourcing) is negative current (—). Unless specifically noted, Ta = 25 °C, Vcc = 15 V.

3.1 Characteristics of Control Parts

Parameter Symbol Conditions | Min. ‘ Typ. | Max. | Unit
Power Supply Operation
Low-side Logic Operation Start VVoltage Vceon) 10.5 115 12.5 V
VCCx-COM
Low-side Logic Operation Stop Voltage Vec(orr 10.0 11.0 12.0 \Y
High-side Logic Operation Start VVoltage VBson) | VB1-U, VB2-V1, 9.5 10.5 11.5 \Y
High-side Logic Operation Stop Voltage VBs(oFF) VB3-W1 9.0 10.0 11.0 \YJ
oo [ ETY 2 6 10 | mA
Logic Supply Current lccisTay) | Vsr =0V 30 80 180 | nA
Vex=15V, Vs =54V,
lgs VBX pin current in 30 90 300 LA
1-phase operation
Input Signal
||-|Slf,h| Igg?/féé?pUt Current 1 (LA, VSP, Lt Vin = Viee o 20 60 HA
II_Solv,vlléez\,/iISg;pUt Current 1 (LA, VSP, i VinL = 0V o - 2 HA
High Level Input Current 2 (OCP) liH2 VN = VReg -5 — 5 LA
Low Level Input Current 2 (OCP) li2 Vine=0V — 15 50 HA
FG Pin High Level Output Voltage Vo 2.97 — 3.63 V
FG Pin Low Level Output VVoltage Vo — — 0.5 \Y
PWM Control
PWM Carrier Frequency® fc OSCR = COM 19 20 21 kHz
Internal Oscillator Frequency® fosc OSCR = COM 9.55 10.2 10.8 | MHz
Dead Time® to OSCR = COM — 1.2 — us
Vsp=2.0V — 0 3 %
Control IC Output Pulse Duty Cycle D Vep =3.75V 47 50 53 %

i ion)®
(Excluding Forced Commutation) Ver = 5.4V (driven by

sinusoidal control)
Vsp = 2.1V, startup
torque set to small via
the 1S3 pin (see Table
11-3)

Vsp = 2.1V, startup
torque set to large via
the 1S3 pin (see Table
11-3)

93.7 — 100 %

Control IC Output Pulse Duty Cycle
(During Forced Commutation)®

@) Refers to an internal signal; guaranteed by design.
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Parameter Symbol Conditions | Min. ‘ Typ. | Max. | Unit
Protection
OCL Threshold Voltage Vi 0.46 0.50 0.54 \%
OCL Blanking Time tekocy) | OSCR =COM — 2.1 3.7 us
OCP Threshold Voltage V1rip 0.7 0.8 0.9 \Y
OCP Blanking Time tekocr) | OSCR =COM — 15 2.7 us
OCP Hold Time tp OSCR =COM 12.2 12.8 134 ms
MLP Detection Time® tp OSCR = COM 4.2 5.0 5.8 s
MLP Hold Time® tun OSCR = COM 25.5 30 35 s
TSD Operating Temperature® Tou — 130 — °C
TSD Releasing Temperature® ToL \I/:iEt%;u?r?;gsink — 90 — °C
TSD Hysteresis Temperature® ToHvs) — 40 — °C
VREG Pin Output Voltage VReG Irec = 0 mA to 30 mA 2.97 3.3 3.58 \Y
\égef;iign\yoqfaeggo'tage Lockout VivaL 245 | 248 | 252 | Vv
;{/gsaiisén\zqurgoltage Lockout Voves 274 275 277 v

@ Refers to an internal signal; guaranteed by design.
© Refers to the junction temperature of the gate drive stage.
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3.2 Transistor Characteristics

Figure 3-1 provides the definitions of switching characteristics described in this and the following sections. Ves
represents the voltage between the gate and source of an internal power MOSFET.

Vbs

v

Figure 3-1. Switching Characteristics Definitions

3.21 SX68140M

Parameter Symbol Conditions Min. Typ. Max. Unit
Drain-to-Source Leakage Current Ibss | Vbs=600V, Ves=0V — — 100 HA
Drain-to-Source On-resistance Roson) | Io=05A — 5.8 6.0 Q
Source-to-Drain Diode Forward _

Voltage Vsp | Isp=05A — 1.0 1.6 \%
High-side Switching
Source-to-Drain Diode Reverse ¢ Vbc =300V, o 120 . ns
Recovery Time " YCC ; éiV,
. . D=0 ’
Rise Time b | ves=0-15voris—ov, | — 50 — ns
Fall Time s Ti=25°C, — 40 — ns
inductive load
Low-side Switching
Source-to-Drain Diode Reverse t Vbc =300V, o 120 o ns
Recovery Time " Vee ; 15V,
B X Io=05A,
Rise Time b | Ves=0-15Vor15-0v, | — S0 — ns
Fall Time e Ti=25°C — 40 — ns
inductive load
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3.2.2 SX68141M

Parameter Symbol Conditions Min. Typ. Max. Unit
Drain-to-Source Leakage Current Ibss | Vbs=250V, Ves=0V — — 100 HA
Drain-to-Source On-resistance Rpsony | Ib=1.0A — 1.25 15 Q
Source-to-Drain  Diode Forward Vep lp =1.0 A o 10 15 v
Voltage
High-side Switching
Source-to-Drain  Diode Reverse i Vbc =150V, o 75 - ns
Recovery Time " YCC z éi\V,

R . D=1 ’
Rise Time b | Ves=0-15Voris—ov, | — 60 — ns
Fall Time tr Ty=25°C, — 55 — ns
inductive load
Low-side Switching
Source-to-Drain  Diode Reverse ¢ Vbc =150V, o 95 o ns
Recovery Time " Yco z éSA Vv,
. . D=1 ,
Rise Time b |ves=0-15voris—ov, | — 50 — ns
Fall Time tr Th=25°C, — 20 — ns
inductive load
3.2.3 SX68144M

Parameter Symbol Conditions Min. Typ. Max. Unit
Drain-to-Source Leakage Current Ipss | Vbs=600V, Ves=0V — — 100 MA
Drain-to-Source On-resistance Roson) | Io=0.75 A — 29 3.6 Q
Source-to-Drain  Diode Forward Vo lsp =0.75 A o 0.95 15 v

Voltage
High-side Switching

Source-to-Drain  Diode Reverse

Voc =300V,

Recovery Time tr | Vec=15V, — 120 _ ns
Rise Time t lo=0.75A, P -
d Ves = 0—15 V or 15—0 V, - —
Fall Time t T1=25°C, o 40 - o
inductive load

Low-side Switching
Source-to-Drain Diode Reverse i Voc =300V, B 110 — -
Recovery Time i ch ; %55) X,

i i p=0. )
Rise Time b | Ves=0—15Vor 15-0V, — 60 — ns
Fall Time t Th=25°C, o 30 o o

inductive load
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3.24  SX68145M

Parameter Symbol Conditions Min. Typ. Max. Unit
Drain-to-Source Leakage Current Ibss | Vbs=600V, Ves=0V — — 100 HA
Drain-to-Source On-resistance Rpsony | Ib=1.0A — 2.0 2.5 Q
\S/%l:gg:o-Dram Diode Forward Vep lp =1.0 A o 10 16 v
High-side Switching
Source-to-prain Diode Reverse t, Vbc = 300V, o 115 o ns
Recovery Time Vee =15V,

Rise Time tr {?Gz ilg—A;ls Vor 150V, — 55 — ns
Fall Time | P=25°C — 35 — ns

inductive load

Low-side Switching

Source-to-Drain  Diode Reverse i Voc =300V, - 115 - s
Recovery Time " Yco z éSA Vv,

. b=1.0A,
Rise Time b |ves=0-15voris—ov, | — % — ns
Fall Time tr T1=25°C, — 35 — ns

inductive load
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3.3 Bootstrap Diode Characteristics

Parameter Symbol Conditions Min. Typ. Max. Unit
Bootstrap Diode Leakage Current ltep | VrR=600V — — 10 HA
Bootstrap Diode Forward Voltage | Vs g:ozgélf cﬁ;d od — 1.0 1.3 V
Bootstrap Diode Series Resistor Reoot 45 60 75 Q
3.4 Thermal Resistance Characteristics
Parameter Symbol Conditions Min. Typ. Max. Unit
- - All power MOSFETSs
-to- ® — _ °
Junction-to-Case Thermal Resistance Ric operating® 10 C/w
Junction-to-Ambient Thermal All power MOSFETSs R
Resistance Ria operating® — — 35 C/W
/ .
Vslalninininininintain!nintininn!nt
9.6 mm Measurement point
e [ 0000 1 (00 AV [0 [l 7
4 mm
@ ®
 JOUTUUouonvuouuuuy, S

Figure 3-2. Case Temperature Measurement Point

() Refers to a case temperature at the measurement point described in Figure 3-2.
@ Mounted on a CEM-3 glass (1.6 mm in thickness, 35 pum in copper foil thickness), and measured under natural air

cooling without silicone potting.
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4. Mechanical Characteristics

Parameter Conditions Min. Typ. Max. Unit
Package Weight — 1.4 — g

5. Block Diagram

VCe2( P VB1
[ AW VB2
veeld & P—W @3 vB3
______________ N ________________'I|___________ ____l
: | |
uvLovee I !
: | VREG |
| | 36 VvBB
VREG UVLO |
VREG(9 @3vioma) [0 (vec/ssv) o]  Rese ¥ M !
: ! uvLO uvLO | VBB
OSCR(Q) osc |—>| Triangle wave | | : (VCC/5V) (VB) :
! : | I g 5 5
HUP(3) - HIND; ! > Ho1!
.- Sine wave '
HUN® matrix HIN2! | ] :85'
HVP(®) Position HINSI | ™|  High-side : oy U
HVN(®) estimation Square wave Drive system : | driver t Vi
HWP(7) matrix control circuit | N1l : X Wi
HWN unz ] 8 [
® Rotation freg. : t g | V2
and direction > L|N3I : S : w2
detection | =
VSP( | > |
a9 ¥ Lot I"Z} ;} =
| | > | — — —
LAG [ Low-side driver | LO2
|
! Lo3!
1s1dD ADC h T
! ! LS3
152@2) | ! I
|
15303 STBY | | I LS2
Control FO (Error) , | Control Thermal |
G circuit | : circuit shutdown :
d
FeO oCL/OCP i — Ls1
Controller ! [ ¥ Gate Driver |
com(®
9,
OCP

Figure 5-1. Block Diagram
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|

6. Pin Configuration Definitions

Top View Pin Pin Description
Number| Name
10— Vvcel VBB 336 1 VCC1 | Logic supply voltage input 1
2 ] OSCR B2 OSCR | Input for oscillator frequency setting signal
3 ] HUP W1l 134 3 HUP | U-phase Hall element positive signal input (+)
4 | HUN VB3 133 4 HUN | U-phase Hall element negative signal input (—)
5 C— HVP VB2 132 5 HVP | V-phase Hall element positive signal input (+)
6 ——] HVN Vi /31 6 HVN | V-phase Hall element negative signal input (—)
7 ] HWP 30 7 HWP | W-phase Hall element positive signal input (+)
8 — HWN VBB 1 2 8 HWN | W-phase Hall element negative signal input (-)
o — coMm 28 9 COM | Logic ground
10— VREG U 10 VREG Intern.al regu!ator Qutput _
Function setting pin 1 (the number of rotation
ne/4ist LS1 126 11 IS1 | pulses, the number of motor poles, standby
12— 1S2 VBl 125 function setting)
13— 1S3 ol 12 1S2 Function setting pin 2 (phase advance setting)
— ve o 1 | s | e i e dreon. moor
IS FG 2 14 LA | Input for phase advance angle setting signal
16— VSP Ls2 —3 211 15 FG Rotation pulse signal output (2.4 ppr)
17— OCP LS3 [—120 16 VSP Input for motor speed control signal
18 ] VCC2 w2 19 17 OocCP Input for overcurrent detection signal
18 VCC2 | Logic supply voltage input 2
19 W2 W-phase output (connected to W1 externally)
20 LS3 W-phase low-side power MOSFET source
21 LS2 | V-phase low-side power MOSFET source
22 — Pin removed
23 V2 V-phase output (connected to V1 externally)
24 — Pin removed
25 VB1 | U-phase high-side floating supply voltage input
26 LS1 U-phase low-side power MOSFET source
27 U U-phase output
28 — Pin removed
29 VBB | Positive DC bus supply voltage (+)
30 — Pin removed
31 V1 V-phase output (connected to V2 externally)
32 VB2 | V-phase high-side floating supply voltage input
33 VB3 | W-phase high-side floating supply voltage input
34 w1 W-phase output (connected to W2 externally)
35 — Pin removed
36 VBB | Positive DC bus supply voltage (+)
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7. Typical Application

Figure 7-1 is a typical application which uses signals input from the Hall elements.

CR filters and Zener diodes should be added to your application as needed. This is to protect each pin against surge
voltages causing malfunctions, and to avoid the IC being used under the conditions exceeding the absolute maximum
ratings where critical damage is inevitable. Then, check all the pins thoroughly under actual operating conditions to ensure
that your application works flawlessly.

Voo —T_ AN Ul
. —H— W\,
A Cn g NV
os¢ VB8 Voc
+
o I Csi Cbc
U-phase T fm\Wl
Hall element ® VB3
—* VB2
V-phase C
Hall element 4
P — _—
. | Ce2 Ces
W-phase CraL_ Vi
Hall element L q
Rio VBB
—W— RuZ
CpH I
4>—| |—0 Controller U i
Gate Driver |
CpRI ] CBl
0—|| LS1
Risi2 VB1
‘D—‘V\/\,
;VZ ("m
Ris22 \\
—— VW
Risz2 LS2
< 3
RLAZ RLAl
p LS3’
q
Cia L
Rsp
E&
il —
AN ®
Ro
TRE
1 1 l

Figure 7-1.  Application Using Signals Input from Hall Elements

SX6814xM-DSE Rev.1.1 SANKEN ELECTRIC CO., LTD. 14
May 21, 2026 https://www.sanken-ele.co.jp/en
© SANKEN ELECTRIC CO., LTD. 2023



https://www.sanken-ele.co.jp/en

SX6814xM Series

8. Physical Dimensions

e SOP36 Package (Leadform: 1891)

22 +0.2
(Includes mold flash)
+0. 15
+0. 15 0.25 —0. 05 |
0'4*0.05
il bbnhlnlonnlslagg” *
~E
S| = <
HiZ H
S
EE
7
CATTTTurrrrrryrrery .. f
P=1.2 £0.2 1. 05 £0.2 A

=

+

N

WKW@
0.8 *£0.2 | ] 0t 0.2
(From backside to root of pin) | ﬂ

(R—end)

Enlarged view of A (S = 20/1)

NOTES:

e Dimensions in millimeters
e Pb-free (ROHS compliant)
e When soldering the products, it is required to minimize the working time within the following limits:
Reflow (MSL3):
Preheating: 180 °C/90+ 30 s
Solder heating: 250 °C /10 £ 1 5 (260 °C peak, 2 times)
Soldering iron: 380 + 10 °C/ 3.5+ 0.5 s, 1 time
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e Land Pattern Example
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T00000000000000000

Unit: mm
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9. Marking Diagram

36 19
0000 0 oaf0 0 nnn

| SX6814xM Part Number
'YMDDXXXX !
O ____________________ 1
LIlLILIIJLIIJLILILILILIIJLILILILILIIJ18
Lot Number:
) ) Y is the last digit of the year of manufacture (0 to 9)
—— Pin 1 Indicator M is the month of the year (1to 9, O, N, or D)

DD is the day of the month (01 to 31)
XXXX is the control number

.|
17
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10. Truth Tables

Table 10-1 and Table 10-2 are truth tables for motor driving by the trapezoidal control in a forward or reverse rotation,
respectively. The IC drives the motor with the sinusoidal control, based on the trapezoidal control defined in the truth
tables. In the reverse rotation detection, the IC drives the motor with the trapezoidal control.

Table 10-1. Truth Table for Trapezoidal Control (Forward)

Position Sensing Signal U-phase V-phase W-phase
HU HY HW High—_side Low—gide High—_side Low—_side High—_side Low—§ide
Transistor Transistor Transistor Transistor Transistor Transistor
H L H OFF ON ON OFF OFF OFF
H L L OFF ON OFF OFF ON OFF
H H L OFF OFF OFF ON ON OFF
L H L ON OFF OFF ON OFF OFF
L H H ON OFF OFF OFF OFF ON
L L H OFF OFF ON OFF OFF ON
L L L OFF OFF OFF OFF OFF OFF
H H H OFF OFF OFF OFF OFF OFF

Table 10-2. Truth Table for Trapezoidal Control (Reverse)

Position Sensing Signal U-phase V-phase W-phase
HU ny HW High-_side Low-_side High-_side Low-_side High-_side Low-_side
Transistor Transistor Transistor Transistor Transistor Transistor
L H L OFF ON ON OFF OFF OFF
L H H OFF ON OFF OFF ON OFF
L L H OFF OFF OFF ON ON OFF
H L H ON OFF OFF ON OFF OFF
H L L ON OFF OFF OFF OFF ON
H H L OFF OFF ON OFF OFF ON
H H H OFF OFF OFF OFF OFF OFF
L L L OFF OFF OFF OFF OFF OFF
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11. Pin Settings: 1S1, 1S2, and 1S3

Table 11-1 to Table 11-3 list the settings for the ISx pin. Setting the ISx pin voltages at startup enables the individual
pin settings (e.g., the number of rotation pulse signals, phase advance angles, rotation directions).

Table 11-1.  IS1 Pin Settings
Number of FG Output Pulses
IS1 Pin Voltage (Typ.) Number of Rotation Eulse Periods | Number of FG Output Standby Function
Motor Poles | P Electrical Angle of Pulses per Motor
360° Rotation
0to 1/8 Vrec 8 poles 3 ppr 12 pulses Enabled
1/8 Vrec t0 2/8 Vres 8 poles 3 ppr 12 pulses Disabled
2/8 VRree 10 3/8 Vreg 10 poles 2.4 ppr 12 pulses Enabled
3/8 VReg 10 4/8 Vres 10 poles 2.4 ppr 12 pulses Disabled
4/8 Vrec 10 5/8 Vrec 10 poles 0.8 ppr 4 pulses Disabled
5/8 Vrec t0 6/8 Vres 10 poles 0.8 ppr 4 pulses Enabled
6/8 Vrec t0 7/8 Vres 8 poles 1 ppr 4 pulses Disabled
7/8 Vrec t0 8/8 Vres 8 poles 1 ppr 4 pulses Enabled
Table 11-2. 1S2 Pin Settings
I1S2 Pin Voltage (Typ.) Phase Advance Function Ph::;tﬁgvlzﬁgg;%fgle
0 to 1/8 VRres External phase advance 0° to 59.53125°
1/8 Vreg 10 2/8 Vrec Cubic function operation 0° to 58°
2/8 VreG t0 3/8 VRes Quadratic function operation 0° to 29°
3/8 VRreg 10 4/8 VRree Quadratic function operation 0°to 41°
4/8 Vrec t0 5/8 VRres Quadratic function operation 0° to 58°
5/8 Ve 10 6/8 Vree Linear function operation 0° to 29°
6/8 VRreg 10 7/8 VRree Linear function operation 0°to 41°
718 VreG 10 8/8 Vres Linear function operation 0° to 58°
Table 11-3. 1S3 Pin Settings
IS3 Pin Voltage (Typ.) Rotation Direction Motor Lock Protection Torque at Startup
0to 1/8 Vrec Reverse (CCW) Enabled Small
1/8 Vrec t0 2/8 Vres Reverse (CCW) Enabled Large
2/8 Vreg t0 3/8 Vreg Reverse (CCW) Disabled Small
3/8 Vrec t0 4/8 Vreg Reverse (CCW) Disabled Large
4/8 Vreg 10 5/8 Vrec Forward (CW) Disabled Large
5/8 Vrec t0 6/8 Vreg Forward (CW) Disabled Small
6/8 VRreg 10 7/8 Vrec Forward (CW) Enabled Large
718 Vrec t0 8/8 Vrec Forward (CW) Enabled Small
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12. Timing Charts

The timing charts below represent the operational waveforms of each pin under different conditions, e.g., forward
rotation (no phase advance), forward rotation (phase advance by 15°), and reverse rotation: Figure 12-1 to Figure 12-3
show 10-pole DC motor operations, and Figure 12-4 to Figure 12-6 show 8-pole DC motor operations. The following
symbols used in these figures represent the signals generated inside the IC: Sy, Sv, Sw, Sx, Sv, Sz.

| Hall Elémeﬁt I‘npu‘ts - |

jp— E o o 4 L
-~
HUP . N . N . N . N . -~
4 . o’ . e . e . o’ .
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UN - R4 — N Pid . i . e - e
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VN ~4 Pid ~q 4 ~q e ~d Pid - ~q Pid
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| FG Pin Output
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| Sinusoidal PWM Waveforms (Inside the IC, Position Sensing Signal at Freq. of >1.0 Hz) |

Su ~ ~ ~ ~ /—\/—
s, —_— —_—— —— ~N —_—
Sw — — — — —

Sinusoidal Output Waveforms (Line Voltage, Position Sensing Signal at Freq. of >1.0 Hz) |

U-Vx

VX-Wx —

Wx-U

Figure 12-1. 10-pole DC Motor Operational Waveforms (Forward, No Phase Advance)

SX6814xM-DSE Rev.1.1 SANKEN ELECTRIC CO., LTD. 20
May 21, 2026 https://www.sanken-ele.co.jp/en
© SANKEN ELECTRIC CO., LTD. 2023



https://www.sanken-ele.co.jp/en

SX6814xM Series

|HaIIEIe‘mer;1tIr;1put;s; — |

YT S R B N [ S R N S R R S A P A S S S R S
~ P [~ 4 o ~ ~
HUN ™~ 1.- - N . S .
---' e '---' T '---' " ---' " --" "
TR S AR S R N PSR SR P S N PP
- td - td -~ e ~ d - 4
., . ., . ., . ., . . ’
A3 rd - rd - rd - rd A3 rd
HVN . . . . . . . . . .
el LT k4 —! L' .=’ —! L' il —! LT k4 —! LT k4
5 POSLINN [ S | PO S O A U (A PO S (O S VO A R
4 . 4 . 4 ~ 4 ~ 4 .
. ., . ., ’ -~ ’ -~ ’ .,
\
~ . . . ~
HWN .- N |- N % N % -
d T --l’ T '~-i’ " '~-i’ T '~-i’ T -

| FG Pin Output

FG

| Sinusoidal PWM Waveforms (Inside the IC, Position Sensing Signal at Freq. of >1.0 Hz) |

NN

Su N /

Sv / N / TN Y

™\ / ™\ /

NN NN

Sw TN yana TN

N\ / N N /
Output Waveforms (Line Voltage, Position Sensing Signal at Freq. of >1.0 Hz) |

Sinusoida

U-Vx

Figure 12-2. 10-pole DC Motor Operational Waveforms (Forward, Phase Advance by 15°)

SX6814xM-DSE Rev.1.1 SANKEN ELECTRIC CO., LTD. 21
May 21, 2026 https://www.sanken-ele.co.jp/en
© SANKEN ELECTRIC CO., LTD. 2023



https://www.sanken-ele.co.jp/en

SX6814xM Series

| Hall Element Inputs |
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Figure 12-3. 10-pole DC Motor Operational Waveforms (in Reverse Rotation Detection)
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Figure 12-4. 8-pole DC Motor Operational Waveforms (Forward, No Phase Advance)
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Figure 12-5. 8-pole DC Motor Operational Waveforms (Forward, Phase Advance by 15°)
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Figure 12-6. 8-pole DC Motor Operational Waveforms (in Reverse Rotation Detection)
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13. Flowcharts

Figure 13-1 shows the flowchart of 1Sx pin reading, and Figure 13-2 shows the flowchart of sine-wave driving at startup.

VCC 2 Uygrn
VSP21.0V

1S1 pin reading Other block processing

1S2 pin reading

A A A y

External phase Cubic Quadratic || Quadratic || Quadratic Linear Linear Linear
advance operations | | operation operation operation operation operation operation

0° t059.53125°| | 0° to 58° 0° to 29° 0°to 41° 0° to 58° 0° to 29° 0°to 41° 0° to 58°

1S3 pin reading Other block processing

LA pin reading

A

Coefficient calculation
from 1S2, 1S3, and
LA pins

A A
'/) Phase advance anglev/)

Phase advance angle .
calculation from LA pin calculation from
P VSP pin

Figure 13-1. Flowchart of 1Sx Pin Reading
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Startup
VSP221V

<
<

Y

CW/CCW!/stop
determination

A

Bootstrap capacitors Bootstrap capacitors
> charging charging
(30 ms) (400 ms)

y

Initial excitation

A

4

Forced commutation
(TRYRUN)

Forced commutation Synchronization failure

determination

Synchronization complete

Normal operation

- . Internal processing reset
(sine-wave driving) P g

Figure 13-2. Flowchart of Sine-wave Driving at Startup
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14. Functional Descriptions

For concise descriptions, this section employs notation
systems that denote the electrical characteristics symbols
listed in Section 3 and the electronic symbol names of the
typical applications in Section 7. All the characteristic
values given in this section are typical values, unless they
are specified as minimum or maximum. For pin and
peripheral component descriptions, this section employs
a notation system that denotes a pin name or an electronic
symbol name with the arbitrary letter “x”, representing
the certain numbers and letters (1 to 3 and U to W). Thus,
“the VCCx pin” is used when referring to either or both
of the VCCL1 and VCC2 pins.

14.1 Pin Descriptions

14.1.1 VCC1 and VCC2

These are the logic supply pins for the built-in control
ICs. The VCCL1 pin has the undervoltage lockout for
power supply (see Section 14.7.2.2). The VCC1 and
VCC2 pins must be externally connected on a PCB
because they are not internally connected. To prevent
malfunction induced by supply ripples or other factors,
puta 0.01 pF to 0.1 pF ceramic capacitor, Cpx, Near these
pins. To prevent damage caused by surge voltages, put an
18 V to 20 V Zener diode, DZ, between the VCCx and
COM pins. Voltages to be applied between the VCCx and
COM pins should be regulated within the recommended
operational range of Vcc, given in Section 2.

MIC

Figure 14-1. VCCx Pin Peripheral Circuit

1412 OSCR

Figure 14-2 shows the OSCR pin and its peripheral
circuit. To adjust a frequency of the internal oscillator,
connect a resistor, Rosc, to the OSCR pin. To reduce
noises on the pin, connect a noise filter capacitor, Cosc,
with a capacitance of about 0.1 pF. Figure 14-3 shows
how the carrier frequency, fewwm, and the resistance, Rosc,
are related. When the OSCR and COMP pins are shorted,
the carrier frequency is set to fc = 20 kHz. The following
characteristics depend on a frequency of the internal
oscillator:

e OCP Hold Time, tp

SX6814xM-DSE Rev.1.1
May 21, 2026

e OCL Blanking Time, tek(ocL)
e OCP Blanking Time, tsk(ocr)
o MLP Detection Time, tip

e MLP Hold Time, t.n

Figure 14-2. Internal Circuit Diagram of OSCR Pin
and Its Peripheral Circuit

21.0
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N
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élg.o \
=9}

N
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~
o
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Rosc (kQ)

Figure 14-3. Typical Performance Curve of OSCR Pin

14.1.3 HUP, HVP, and HWP;
HUN, HVN and HWN

These are the input pins for Hall element signals. The
HxP pin is connected to the positive node of a Hall
element, whereas the HxN pin is connected to the
negative node of a Hall element. As Figure 14-4
illustrates, connect a noise filter capacitor, Cnx, with a
capacitance of about 0.1 pF, between the HxP and HxN
pins. Cxx must be placed near the IC with a minimal
length of traces. The IC incorporates the protection circuit
that detects abnormal signals from the external Hall
elements (see Section 14.7.7).

VRes
Rui Vkes

Hall
element

Intemal
logic signal

Figure 14-4. Internal Circuit Diagram of HxP and HxN
Pins and Their Peripheral Circuit
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1414 COM

This is the logic ground pin for the built-in control ICs.
Varying electric potential of the logic ground can be a
cause of improper operations. Therefore, connect the
logic ground as close and short as possible to a shunt
resistor, Rs, at a single-point ground (or star ground)
which is separated from the power ground (see Figure
14-5).

U1 VBB (OVobe

COM

Create a single-point

ground (a star ground) near

% Rs, but keep it separated
from the power ground.

Figure 14-5. Connections to Logic Ground

1415 VREG

This is the 3.3 V regulator output pin, which can be
used for the power supply of the external Hall elements.
A maximum output current of the VREG pin is 30 mA.
To stabilize the VREG pin output, connect a capacitor,
Cpr, of about 0.1 pF to the pin. The VREG pin also has
the undervoltage lockout. For more details on this
function, see Section 14.7.1.

Ul

Internal reference|
voltage

— Intemal

logic signal

——————> Intemal circuits

Figure 14-6. Internal Circuit Diagram of VREG Pin

14.1.6 1S1,1S2, and IS3

These are the function setting pins. The 1Sx pin is for
changing pin voltages to be applied and for setting the
corresponding functions.

The 1S1 pin sets the number of FG output pulses based
on the number of motor poles to be connected, and
enables and disables the standby function. The 1S2 pin
determines the phase advance control. The 1S3 pin selects
the motor’s rotation direction, enables and disables the
motor lock protection, and sets the torque level at startup.
For more details on the pin settings, see Table 11-1 to

Table 11-3, respectively.
Section 14.4 describes the standby function; Section
14.7.5 explains the motor lock protection.

1417 LA

The IC features the phase advance function. When the
external phase advance is selected by the 1S2 pin, an
analog voltage applied to the LA pin determines the phase
advance angle. When the internal phase advance is
selected by the 1S2 pin, a voltage input to the LA pin
determines the coefficient of the internal function
operation. Section 14.6 gives detailed explanations on the
LA pin settings and the phase advance function.

1418 FG

The FG pin outputs a rotation pulse signal that is
generated based on a position sensing signal. A rotation
pulse signal is inverted at each edge of the Hall element
signal assigned to the U-, V-, and W-phases. As shown in
Figure 14-7, the FG pin is internally pulled down to the
COM pin.

Use the IS1 pin to set the number of rotation pulses to
be output from the FG pin (see Table 11-1). The IC
outputs a rotation signal equivalent to an 8-pole DC motor
operation even in the operation where a 10-pole DC
motor is connected. This enables your application to use
an existing 8-pole DC motor system for 10-pole DC
motor driving with no change. Equation (1) defines the
number of signals per motor rotation.

1
N=E><Pole><ppr. 1)

Where:
N is the number of signals per motor rotation (pulse),
Pole is the number of poles (pole), and
T is the rotation pulse periods per electrical angle of

360° (ppr).
E VRrec Ul

Internal
logic

200 kQ F signal

Figure 14-7. Internal Circuit Diagram of FG Pin

1419 VSP

The IC controls the speed of motor rotation with an
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analog voltage applied to the VSP pin. For more details
on the motor speed control, see Section 14.5.

14.1.10 OCP

This pin serves as the input of the overcurrent
protection (OCP) which monitors the currents flowing
through the output transistors. The IC determines which
of the overcurrent limit (OCL) and overcurrent protection
(OCP) functions to activate according to the level of a
voltage applied to the OCP pin. Section 14.7.3 provides
further information about the OCP circuit configuration
and its mechanism.

14.1.11 VBB

This is the input pin for the main supply voltage, i.e.,
the positive DC bus. All of the power MOSFET drains of
the high-side are connected to this pin. Voltages between
the VBB and COM pins should be set within the
recommended range of the main supply voltage, Voc,
given in Section 2.

To suppress surge voltages, put a 0.01 pF to 0.1 uF
bypass capacitor, Cs, near the VBB pin and an electrolytic
capacitor, Cpc, with a minimal length of PCB traces to the
VBB pin.

14.1.12 VB1, VB2, and VB3

The VB1, VB2, and VB3 pins are connected to
bootstrap capacitors, Cgyx, for the high-side floating
supply. For proper startup, turn on the low-side transistors
first, then fully charge the bootstrap capacitors, Cgx.

For the capacitance of the bootstrap capacitors, Cax,
choose the values that satisfy Equations (2) and (3). Note
that capacitance tolerance and DC bias characteristics
must be taken into account when you choose appropriate
values for Cgx.

Cex(HF) > 800 X ty,(or) 2

1 pF < Cgy < 220 pF 3)

In Equation (2), let t_orr) be the maximum off-time of
the low-side transistor (i.e., the non-charging time of Cgy),
measured in seconds.

Even while the high-side transistor is not on, voltage
across the bootstrap capacitor keeps decreasing due to
power dissipation in the 1C. When the VBx pin voltage
decreases to Vesorr) Or less, the high-side undervoltage
lockout (UVLO_VB) starts operating (see Section
14.7.2.1). Therefore, actual board checking should be
done thoroughly to validate that voltage across the VBx
pin maintains over 11.0 V (Vs > Vas(orr) during a low-

SX6814xM-DSE Rev.1.1
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frequency operation such as a startup period.

As Figure 14-8 shows, a bootstrap diode, Dgootx, and
a current-limiting resistor, Reootx, are internally placed in
series between the VCCx and VBx pins. Time constant
for the charging time of Cgx, 1, can be computed by
Equation (4):

T = Cpx X Rpoorx » 4
where Cgy is the optimized capacitance of the bootstrap

capacitor, and Rgootx is the resistance of the current-
limiting resistor (60 Q £ 20%)).

yEyly

olo

1T
T
e
TR
it

Gate Driver

|
g
o—¢

]

Figure 14-8. Bootstrap Circuit

Section 14.2 describes the startup sequences of the IC
in detail; Section 14.3 explains the procedures to charge
the bootstrap capacitors.

Cex of about 1 puF must be placed near the IC, and
connected between the VBx and output (U, V1, W1) pins
with a minimal length of trances.

Care must be taken not to apply negative potentials
between the VBx and COM pins because it may cause
permanent damage to the IC.

14.1.13 U, V1, V2, W1, and W2

These pins are the outputs of the three phases, and serve
as the connection terminals to the 3-phase motor. The V1
and W1 pins must be connected to the V2 and W2 pins on
a PCB, respectively. The U, V, and W1 pins are the
grounds for the VB1, VB2, and VB3 pins. The U, V1, and
W1 pins are connected to the negative nodes of bootstrap
capacitors, Cgx. Since high voltages are applied to these
output pins (U, V1, V2, W1, W2), it is required to take
measures for insulating as follows:

e Keep enough distance between the output pins and
low-voltage traces.
e Coat the output pins with insulating resin.

SANKEN ELECTRIC CO., LTD. 30
https://www.sanken-ele.co.jp/en

© SANKEN ELECTRIC CO., LTD. 2023


https://www.sanken-ele.co.jp/en

SX6814xM Series

14.1.14 LS1,LS2, and LS3

The LS1, LS2, and LS3 pins are internally connected
to the low-side power MOSFET sources of the U-, V-,
and W-phases, respectively. The LSx pin should be
connected to an external shunt resistor, Rs, on a PCB.
When connecting the shunt resistor, use the resistor with
low inductance (required), and place it as near as possible
to the IC with a minimum length of traces to the LSx and
COM pins. Otherwise, malfunction may occur because a
longer circuit trace increases its inductance and thus
increases its susceptibility to improper operations. In
applications where long PCB traces are required, add a
fast recovery diode, Ds, between the LSx and COM pins
in order to prevent the IC from malfunctioning.

Ul VBB
VBB Voc
LS1
LS2
9COM LS3 ¢
% Put a shunt resistor near

Add a fast recovery

diode to a long trace. the IC with a minimum

length to the LSx pin.

Figure 14-9. Connections to LSx Pin

14.2 Startup and Stop Operations

For audible noise suppression, the IC employs two
different motor driving strategies: the sinusoidal control
for startup operation and the ramp-down control for stop
operation to gradually decrease a current value. For the
flowchart of sine-wave driving at startup, see Figure 13-2.

When the VCCx pin voltage reaches Vccony = 11.5 V,
the IC starts operating. At this time, the IC detects all
information about the IS1 to 1S3 pin settings and reflects
the information to the motor driving control. The IC
identifies a motor rotation state from position sensing
signals detected by the HxP and HxN pins. Then,
according to the IS1 to IS3 pin settings, the IC generates
a sine-wave signal to rotate the motor (forced
commutation, open-loop). In addition, the IC can change
a current value at forced commutation (i.e., torque level)
which is optimal for your application (with the 1S3 pin
settings).

The IC then waits for the VSP pin voltage to reach a
certain level at which output duty cycles are controllable.
At startup, the IC operates according to the VSP pin
voltage levels as follows:

e Vep<10V
All the output signals are off.
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e 10V<Ve<21lV
The IC starts charging bootstrap capacitors. For more
details, see Section 14.3.

e 21V<Vs<54V

The IC controls its output duty cycles according to the
VSP pin voltage levels. Regardless of the IS1 pin settings,
the standby function is disabled at startup.

Table 10-1 and Table 10-2 are truth tables for motor
driving by the trapezoidal control in a forward or reverse
rotation, respectively. Figure 12-1 to Figure 12-6 are
timing charts showing 10- and 8-pole DC motor
operations.

When the IC detects a state in which the motor rotates
inversely to the preset direction, the motor driving system
is immediately switched to the trapezoidal control before
a rotation of 60° electrical angle completes. For detailed
descriptions on the reverse rotation detection, see Section
14.7.6.

The following are the important considerations for
appropriate power startup and shutdown sequences.

e The startup torque (current during forced
commutation) can be set via the 1S3 pin (see Table
11-3). However, the current that can be set by the IC
does not guarantee proper startup for all motors. Be
sure to check the actual operation.

e To turn on the IC, be sure to increase the VSP pin
voltage last. To turn off the IC, be sure to decrease the
VSP pin voltage first.

e The IC has a hysteresis for the output duty cycle control
start voltage (2.1 V < Vgp). To restart the IC, decrease
the VSP pin voltage to < 1.9 V.

e When you have enabled the motor lock protection by
the 1S3 pin, be sure to apply a voltage to the VBB pin
at the timing described below. At startup, apply a
voltage to the VCCx pin and the VREG pin voltage,
VREG, increases. Then, apply a main supply voltage
to the VBB pin within the period from VREG increase
to an MLP detection time, t.o. When a position sensing
signal stays unchanged even after a lapse of t.p, the IC
determines this condition as a motor lockup state and
activates the motor lock protection (see Section 14.7.5).

14.3 Charging of Bootstrap Capacitors

It is required to fully charge bootstrap capacitors, Cagx,
at startup. The charging sequence depends on the VSP pin
voltage, Vsp. When 1.0 V < Vgp < 2.1 V at startup, the IC
turns on the low-side power MOSFETS at every PWM
cycle in order to charge Cgx. When Vsp > 2.1V, the IC
controls the motor speed according to the VSP pin voltage
levels (see Section 14.5). However, note that the I1C does
not charge Cgx even when 1.0 V < Vsp < 2.1 V along with
the motor rotating inversely to the preset direction, or the
motor coasting at a frequency of >0.25 Hz. If a sudden
rise in the V'SP pin voltage up to 2.1 V or more occurs at
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startup, the IC starts the motor speed control after
charging Cagy for a period of 1 ms + 5%.

14.4 Standby Function

The IC has the standby function. When the VSP pin
voltage decreases to 0.7 V or less and the Hall element
input cycle becomes 0.25 Hz, the IC shifts to the standby
mode. During the standby operation, the IC stops
oscillating to minimize power consumed by the IC. When
the V'SP pin voltage increases to 1.0 V or more, the IC
releases the standby mode and shifts back to its normal
operation.

Set the 1S1 pin to enable or disable the standby function
(see Table 11-1). For stable startup operation, the standby
function is disabled during the I1C startup regardless of the
setting value of the VSP pin voltage.

14.5 Motor Speed Control

The IC controls the speed of motor rotation with an
analog voltage applied to the VSP pin. When 2.1 V < Vsgp
< 5.4V, the IC controls its output duty cycles depending
on the V'SP pin voltage levels. For the IC operation when
Vsp < 2.1V (i.e., the startup sequence), see Section 14.2.

A duty cycle of an output signal is determined
according to a digital signal that is generated by the built-
in AD converter from the VSP pin input voltage. The
higher the VSP pin voltage increases, the higher the duty
cycle becomes, thus causing the motor to rotate faster.
When decelerating the motor, do not decrease Vsp rapidly
to prevent an increase in phase current due to phase shift.
Figure 14-10 depicts how a duty cycle varies according to
the VSP pin voltage, Vsp. While Vsp maintains at 5.4 V
or more, the IC controls its output signals at duty
cycle = 100%.

Figure 14-11 is an internal circuit diagram describing
the VSP pin and its peripheral circuit. A voltage to be
applied on the VSP pin, Vspp, must be set to <10 V, i.e.,
below the rated V'SP pin input voltage. Rsp should have a
resistance of about 100 Q; Csp should have a capacitance
of about 0.1 pF.

SX6814xM-DSE Rev.1.1
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Figure 14-10. VSP Pin Voltage vs. Duty Cycle

gVSPP Ul
Rsp 65kQ  400kQ Vres
0—(2 AD
VSP P— converter
VREG
Standby
1V release
VREG
Csp — Test mode

Figure 14-11. Internal Circuit Diagram of VVSP Pin and
Its Peripheral Circuit

14.6 Phase Advance Function

The IC features the phase advance function. The phase
advance function has options allowing motor-appropriate
settings: the external phase advance and the internal phase
advance (with linear to cubic function operations). Use
the 1S2 pin to set the phase advance function (see Table
11-2).

14.6.1 External Phase Advance

When the external phase advance is selected, an analog
voltage applied to the LA pin determines the phase
advance angle. As shown in Figure 14-12, the VREG pin
voltage divided by two resistors, R a1 and Ria, is applied
to the LA pin. Figure 14-13 plots how a phase advance
angle changes over the LA pin voltage. Once the phase
advance angle is set, each phase shifts £0.46875° every 4
cycles of a Hall signal to the preset angle. The phase
advance angle should range from 0° to 59.53125°
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Figure 14-12. Internal Circuit Diagram of LA Pin and
Its Peripheral Circuit
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Figure 14-13. LA Pin Voltage vs. Phase Advance
Angle

14.6.2 Internal Phase Advance

When the internal phase advance is selected, a phase
advance angle is calculated based on the motor rotation
speed (i.e., the VSP pin voltage, Vsp). The built-in AD
converter reads the value of Vsp every 50 ps and
calculates a value of the phase advance angle in each case.
The calculated phase advance angle is stored in the
internal register as a target value at the timing of the Vsp
value reading. The IC then compares an actual phase
advance angle with the stored target value every
mechanical angle of 360°. And PWM signals shift
through 0.4687° until the actual value reaches the target
value.

There are three functions available to calculate values
for the internal phase advance: linear function, quadratic
function, and cubic function. For the linear and quadratic
functions, you can select the upper limit of the phase
advance angle. Additionally, coefficients applied to these
calculations are adjustable by the angle, LAn
corresponding to the LA pin voltage.

Below are the equations applied to individual function
operations.

e Cubic Function Operation

Note that which equation to apply depends on the value
of Vsp. The following equations determine the phase
advance angle, LA. The phase advance angle should
range from 0° to 58°.

When 2.1V <V <3.75V:
LA = ax (Vgp — 2.1)% . (5)

When 3.75 V < Vep < 5.4 V:
LA = LAy —a x (3.3 — (Vsp — 2.1))° - (6)

Where:
LA is the phase advance angle (°),
Vsp is the VSP pin voltage (V),
LA is the angle corresponding to the LA pin voltage
(°), and
a is the coefficient (see the equation below).

LAy

=—— 7
4= 2% 1.652 )
__ 58
<
.
o
2
% 29
5]
8
=) .
é Setting Range
f 0
* 2.1 3.75 5.4

Vs (V)

Figure 14-14. Cubic Function Characteristics

e Quadratic Function Operation
When 2.1 V < Vg <54V, the phase advance angle,
LA, is calculated by Equation (8):

LA =ax (VSP - 21)2 . (8)

Where:
LA is the phase advance angle (°),
Vsp is the VSP pin voltage (V),
a is the coefficient (see the equation below).

LAy

=— 9

4= 1652 ®)
letting LA be the angle corresponding to the LA pin

voltage (°).

When the quadratic function is applied to the internal
phase advance, you can select the upper limit of the phase
advance angle (29°, 41°, 58°) by setting the 1S2 pin. The
quadratic function operation uses the soft-clip function
that allows the phase advance angle to reach the upper
limit selected. Table 14-1 shows the upper limit of the
phase advance angle and the phase advance angle at
which the soft-clip function operates.
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Figure 14-15. Quadratic Function Characteristics

Table 14-1. Soft-clip Function

I Phase Advance Angle at
Upper Limit of Phase Which Soft-clip Function
Advance Angle
Operates
29° 24°
41° 35°
58° 49°

e Linear Function Operation
When 2.1 V < Vgp < 5.4V, the phase advance angle,
LA, is calculated by Equation (10):

LA =ax (Vgp —2.1). (10)

Where:
LA is the phase advance angle (°),
Vsp is the VSP pin voltage (V),
a is the coefficient (see the equation below).

=— 11

AT 165 (1)
letting LA be the angle corresponding to the LA pin

voltage (°).

When the linear function is applied to the internal
phase advance, you can select the upper limit of the phase
advance angle (29°, 41°, 58°) by setting the 1S2 pin.

. 58

I au

&

2

< 29

Q

2

s .

2 Setting Range

2

£ 0

2.1 3.75 5.4

VSP (V)

Figure 14-16. Linear Function Characteristics

14.7 Protection Functions

This section describes the various protection circuits
provided in the SX6814xM series, such as those designed
to detect a voltage drop across power supplies, an
overcurrent condition, an abnormal motor state, and so on.

14.7.1 VREG Pin Undervoltage Lockout
(UVLO_VREG)

When the VREG pin voltage decreases to
Vuwre = 2.48V or less, the VREG pin undervoltage
lockout (UVLO_VREG) circuit gets activated. When the
UVLO_VREG is activated, the internal control circuit
stops and the internal logic is reset. As a result, the high-
and low-side power MOSFETS are turned off. When the
VREG pin voltage increases to Vyvrn = 2.75 V or more,
the IC releases the UVLO_VREG operation. The IC starts
up according to the flow shown in Figure 13-1, and the
high- and low-side power MOSFETS resume operating
according to position sensing signals.

14.7.2 Undervoltage Lockout for Power
Supplies (UVLO)

In case the gate-driving voltages of the output
transistors decrease, their steady-state power dissipations
increase. This overheating condition may cause
permanent damage to the IC in the worst case. To prevent
this event, the SX6814xM series has the undervoltage
lockout (UVLO) circuits for each of the high-side (the
VBXx pin) and the low-side (the VCC1 pin) power supplies.

The UVLO does not guarantee a reset of the internal
logic. To reset the internal logic, set the VREG pin
voltage to VuvrL = 2.48 V or less.
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14.7.2.1. VBXx Pin (UVLO_VB)

Figure 14-17 shows the UVLO_VB operational
waveforms. When the voltage between the VBx and
output (U, V1/V2, or W1/W2) pins (VBx—HSx) decreases
to Viesorr) = 10.0 V or less, the UVLO_VB circuit gets
activated and turns off the high-side power MOSFETS.
When the voltage between the VBx and HSx pins
increases to Veson) = 10.5 V or more, the IC releases the
UVLO_VB operation. Then, the high-side power
MOSFETs resume operating according to position
sensing signals from the first input pulse (rising edge).

HINx

LINx t

A O A

VBx—HSx I

Veson) | \
Ves(orp)

UVLO_VBrelease
0 >

VREG *}
33V (yp)

0 »

VSP ¢
210V

. HOX restarts at positive edge
HOXxX after UVLO_VB release.

_

I O
L.

SalimlimEmE

FO
No FO output at UVLO_VB
0

Figure 14-17. UVLO_VB Operational Waveforms

14.7.2.2. VCC1 Pin (UVLO_VCC)

Figure 14-18 shows the UVLO_VCC operational
waveforms. When the VCC1 pin voltage decreases to
Vecorr = 11.0 V or less, the UVLO_VCC circuit gets
activated and turns off the high- and low-side power
MOSFETs. When the VCC1 pin voltage increases to
Vecony = 115 V or more, the IC releases the
UVLO_VCC operation. Then, the high- and low-side
power MOSFETS resume operating according to position
sensing signals.
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Figure 14-18. UVLO_VCC Operational Waveforms

14.7.3 Overcurrent Limit (OCL) and
Overcurrent Protection (OCP)

The IC has two different protections against
overcurrent conditions: the overcurrent limit (OCL) and
the overcurrent protection (OCP).

Figure 14-19 is an internal circuit diagram describing
the OCP pin and its peripheral circuit. The OCP pin
detects overcurrents with voltage across an external shunt
resistor, Rs. Because the OCP pin is internally pulled up,
the OCP pin voltage increases proportionally to a rise in
the current running through the shunt resistor, Rs.

Note that overcurrents are undetectable when one or
more of the U, V1/V2, and W1/W?2 pins or their traces are
shorted to ground (ground fault). In case any of these pins
falls into a state of ground fault, the output transistors may
be destroyed.
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Figure 14-19. Internal Circuit Diagram of OCP Pin
and Its Peripheral Circuit

Figure 14-20 shows the OCL and OCP operational
waveforms. The overcurrent limit (OCL) is a protection
against relatively low overcurrent conditions. When the
OCP pin voltage increases to Vuim = 0.50 V or more, and
remains in this condition for a period of a blanking time
(tekocL) = 2.1 us when OSCR = open) or longer, the IC
turns off the high-side power MOSFETs. The OCL
operation is automatically released at each PWM cycle.

The OCP is a protection against large inrush currents.
When the OCP pin voltage increases to Vtrip = 0.8 V or
more, and remains in this condition for the blanking time
or longer, the OCP circuit is activated. The blanking time
depends on the OSCR pin setting. When OSCR = COM,
tekoce) = 1.5 ps. Then, the high- and low-side power
MOSFETSs are turned off for a certain period of time
(tr = 12.8 ms when OSCR = open). After that, the high-
and low-side power MOSFETS resume operating
according to position sensing signals.

SANKEN ELECTRIC CO., LTD. 36
https://www.sanken-ele.co.jp/en

SX6814xM-DSE Rev.1.1
May 21, 2026

HINx

LINX{
O »

ocpt

tek(ocr) tp

tek(ocL)

V1rip
Vim

HOx

LOx

FO

Figure 14-20. OCL/OCP Operational Waveforms

The OCL and OCP are used for detecting abnormal
conditions, such as an output transistor shorted. In case
short-circuit conditions occur repeatedly, the output
transistors can be destroyed. For this reason, motor
operations must be controlled by the external
microcontroller so that it can immediately stop the motor
when fault signals are detected. If you need to resume the
IC operation thereafter, set the IC to be resumed after a
lapse of >2 seconds.

For proper shunt resistor setting, your application must
meet the following:

e Use the shunt resistor that has a recommended
resistance, Rs (see Section 2).

e Set the OCP pin input voltage to vary within the rated
input voltage 1, Ving (see Section 1).

e Keep the current through the output transistors below
the rated output current (pulse), lop (see Section 1).

It is required to use a resistor with low internal
inductance because high-frequency switching current will
flow through the shunt resistor, Rs. In addition, choose a
resistor with allowable power dissipation according to
your application.
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14.7.4 Thermal Shutdown (TSD)

The SX6814xM series incorporates the thermal
shutdown (TSD) circuit. In case of overheating (e.g.,
increased power dissipation due to overload, or elevated
ambient temperature at the device), the IC shuts down the
high- and low-side power MOSFETS. Figure 14-21 shows
the TSD operational waveforms.

The TSD circuit in the MIC for gate driver monitors
temperatures (see Figure 5-1). When the junction
temperature of the MIC for gate driver, Typrv), increases
to Tow = 130 °C or more, the TSD circuit is activated.
When Tjprv) decreases to Tp. = 90 °C or less, the
shutdown condition is released. The output transistors
then resume operating according to input signals. Note
that junction temperatures of the output transistors
themselves are not monitored; therefore, do not use the
TSD function as an overtemperature prevention for the
output transistors.

NMimle .

e

Tiorn!
TDH

TDL

HOx

LOx

FO+

Figure 14-21. TSD Operational Waveforms

14.7.5 Motor Lock Protection (MLP)

When the state in which a position sensing signal stays
unchanged within a rotation of 60° electrical angle
persists for a motor lock hold time (t.p = 5.0 s when
OSCR = COM) or longer, the motor lock protection
(MLP) circuit gets activated (see Figure 14-22). Then, the
high- and low-side power MOSFETS are turned off for a
certain period of time (t.4 = 30 s when OSCR = COM).

After that, the high- and low-side power MOSFETS
resume operating according to position sensing signals.

In case the MLP circuit is activated 10 times in a row,
the IC stops operating in a latched state.
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Also, in case the OCL circuit is activated with the
motor remaining locked even when the operations started
after a lapse of t., the IC stops operating in a latched state.

To release the latched state, turn off the power supply
and decrease the VREG pin voltage to VuyvrL = 2.48 V or
less.

HU

HV

HW

vspt
2.1V

MLP operation: 1st  2nd 3rd 10th

HOXx I \L
! tth o

)
T M,

LOx

o [MHTTI___[mi

FO

: L]

Figure 14-22. MLP Operational Waveforms

When the MLP circuit is activated 10 times in a row
and the IC stops operating in a latched state, the MLP
count is reset by lowering the VSP pin voltage below
1.0 V and then raising it to 2.1 V or higher (see Figure
14-23).
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Figure 14-23. MLP Operational Waveforms
(V'SP Reset)
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Figure 14-24 shows the waveforms when thermal
shutdown (TSD) operates while the motor lock condition
continues. When the junction temperature of the MIC for
gate driver, Tyorv), increases to Tpn = 130 °C or more,
the high- and low-side power MOSFETSs are turned off.
Then, when Tjprv) decreases to Tp =90 °C (typ.) or less
and t_ 4 elapses, the high- and low-side power MOSFETS
resume operating according to position sensing signals.
At this time, the MLP continues operating.
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Figure 14-24. MLP Operational Waveforms
(TSD Operation)

During the MLP operation, direct currents through one
or more of the power MOSFETSs raise their junction
temperatures. Therefore, care must be taken not to allow
the junction temperatures to exceed the absolute
maximum rating.

14.7.6 Reverse Rotation Detection

This function switches the motor driving system to the
trapezoidal control when the motor rotates in a direction
opposite to the preset direction (see Table 14-2). When
the IC detects a reverse rotation state during motor
rotations, the motor driving system is immediately
switched to the trapezoidal control before a rotation of
60° electrical angle completes.

Table 14-2. Motor Driving Controls
during Reverse Rotation

IS3 Pin Settings | Motor Direction | Driving System
Forward Trapezoidal

Reverse (CCW) - -
Reverse Sinusoidal
Forward Sinusoidal

Forward (CW) -
Reverse Trapezoidal
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14.7.7 Hall Signal Abnormality Detection

As Figure 3-1 shows, signals from the external Hall
elements are input into the corresponding comparators.
The IC then receives the comparator outputs as the motor
positional information, i.e., position sensing signals.

When all the position sensing signals (HU, HV, HW)
are either in a high or low state, the Hall signal
abnormality detection function gets activated and turns
off the high- and low-side power MOSFETSs (see Figure
14-26). When the IC detects input states other than those
above, each of the high- and low-side power MOSFETS
responds in accordance with the input logic levels of the
position sensing signals. For the truth tables for the
position sensing signals and the output transistors, see
Table 10-1 and Table 10-2.

R Con
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Hall element

——I——+e HVP

V-phase
Hall element

|
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Rro %

Figure 14-25. Internal Circuit Diagram of HxP and
HxN Pins and Their Peripheral Circuit
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Figure 14-26. Hall Signal Abnormality Detection
Operational Waveforms

15. Design Notes

The IC is designed to optimally control motors used in
applications such as indoor A.C. unit fans and air purifier
fans.

If the IC is used under conditions requiring higher
output or with a heavy load on the motor, overheating due
to overload or startup failure may occur, resulting in
unstable operation.

Be sure to thoroughly check the specifications of the
IC, the motor, and the control settings before use.

15.1 PCB Pattern Layout

Figure 15-1 shows a schematic diagram of a motor
drive circuit. The circuit consists of current paths having
high frequencies and high voltages, which also bring
about negative influences on IC operation, noise
interference, and power dissipation. Therefore, PCB trace
layouts and component placements play an important role
in circuit designing.

Current loops, which have high frequencies and high
voltages, should be as small and wide as possible, in order
to maintain a low-impedance state. In addition, ground
traces should be as wide and short as possible so that
radiated EMI levels can be reduced.

=
IIEI:_B_‘
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|
|
|
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|
—6
- RO\
: < Ground traces should
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Gate |
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|
|
|
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Hig |-1|e
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|
i

_____ J p
High-frequency, high-voltage

current loops should be as small
and wide as possible.

Figure 15-1. High-frequency, High-voltage Current
Paths

15.2 Considerations in IC Characteristics
Measurement

When measuring the leakage current of the output
transistors (power MOSFETS) incorporated in the IC,
note that all of the output (U, V1, V2, W1, W2), LSx, and
COM pins must be appropriately connected. Otherwise,

SX6814xM-DSE Rev.1.1
May 21, 2026

SANKEN ELECTRIC CO., LTD. 39
https://www.sanken-ele.co.jp/en

© SANKEN ELECTRIC CO., LTD. 2023


https://www.sanken-ele.co.jp/en

SX6814xM Series

the output transistors may result in permanent damage. T VBB
Also note that the gate and source of each output | I S
transistor should have the same potential during the ! | J} J}
leakage current measurement. Moreover, care should be ! :_'E 1514
taken during the measurement because each output ! [ Qi | Q| Qu
transistor is connected as follows: : : w1
o All the high-side drains are internally connected to the | MiCs | v
VBB pin. | : oY QE}_
e In the U-phase, the high-side source and the low-side | ! V2
drain are internally connected to the U pin. (In the V- | bojon O Raqgwr _71Z
and W-phases, the high- and low-side transistors are : :—|E:1L|'<E
unconnected inside the IC.) | — Lss
e The high-side gates are internally pulled down to the coml | : Ls
output pins. (I)& L Ls1
e The low-side gates are internally pulled down to the %9 I 3
COM pin.

The following are circuit diagrams representing typical
measurement circuits for leakage current: Figure 15-2
shows the high-side transistor (Qin) in the U-phase;
Figure 15-3 shows the low-side transistor (Q1L) in the U-
phase. And all the pins that are not represented in these
figures are open. When measuring the high-side
transistors, leave all the non-measuring pins open. When
measuring the low-side transistors, connect only the
measuring LSx pin to the COM pin and leave the other
pins open.

Figure 15-3. Typical Measurement Circuit for Low-
side Transistor (Q1.) in U-phase

LS3

coM 9 Ls2
I —

LS1

Figure 15-2. Typical Measurement Circuit for High-
side Transistor (Qn) in U-phase

i —_ VBB

e
|
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| H%*EI% +

|

| I Q| Qan| Qan

| t

: t W1

| : V1
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16. Calculating Power Losses and
Estimating Junction Temperature

This section describes the procedures to calculate
power losses in output transistors (power MOSFETS), and
to estimate a junction temperature. Note that the
descriptions listed here are applicable to the IC, which is
controlled by a 3-phase sine-wave PWM driving strategy.
For quick and easy references, we offer calculation
support tools online. Please visit our website to find out
more.

e DT0050: SX6814xM Series Calculation Tool
https://www.semicon.sanken-ele.co.jp/en/calc-
tool/mosfet_caltool en.html

Total power loss in a power MOSFET can be obtained
by taking the sum of the following losses: steady-state
loss, Pron; switching loss, Psw; the steady-state loss of a
body diode, Psp. In the calculation procedure we offer,
the recovery loss of a body diode, Prgr, is considered
negligibly small compared with the ratios of other losses.

The following subsections contain the mathematical
procedures to calculate these losses (Pron, Psw, and Psp)
and the junction temperature of all power MOSFETS
operating.

16.1 Power MOSFET Steady-state Loss,
Pron

Steady-state loss in a power MOSFET can be
computed by using the Rpson) VS. Ip curves, listed in
Section 17.3.1. As expressed by the curves in Figure 16-1,
a linear approximation at a range the Ip is actually used is
obtained by: Rosony = o % Ip + .

12.0 VCCx =15V
10.0
g 80 T,=125°C —
= y =1.13x +L—/
\%_/ 6IO T = 750C _
840 = [ N AL
o 4
20 TJ =25°C—
0.0
0.0 05 0 .

o (A)

Figure 16-1. Linear Approximate Equation of
Robs(on) Vs. Ip

The values gained by the above calculation are then
applied as parameters in Equation (12), below. Hence, the
equation to obtain the power MOSFET steady-state loss,
PRON, is:

1 T
Pron = ﬂf Ip (@)* X Rpg(ony (@) X DT x de
0

1 3
_ 3
= 2\/20((31T + 32 M X cos 9) Im

+2 (1+ ! M x 9)1 . (12
B st 3m cos B ) Iy”“.
Where:
I is the drain current of the power MOSFET (A),
Ros(on) is the drain-to-source on-resistance of the power
MOSFET (Q),
DT is the duty cycle, which is given by

T_1+M><sin(<p+6)
= > ,

M is the modulation index (0 to 1),

cosb is the motor power factor (0 to 1),

Im is the effective motor current (A),

a is the slope of the linear approximation in the Rpscon)
vs. Ip curve, and

B is the intercept of the linear approximation in the
Ros(oN) Vs. Ip curve.

16.2 Power MOSFET Switching Loss, Psw

Switching loss in a power MOSFET can be calculated
by Equation (13) or (14), letting Iu be the effective
current value of the motor:

e SX68141M

2 DC
Pow = — X fo X ag X Iy X ——. (13)
SW - c X Ag T

e SX68140M / SX68144M / SX68145M

2 bC
Pow = — X fo X o X Iy X ——=. (14)
SW = c X Ug M~ 300

Where:
fc is the PWM carrier frequency (Hz),
Vpc is the main power supply voltage (V), i.e., the VBB
pin input voltage, and
ae is the slope on the switching loss curve (see Section
17.3.1.2).
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16.3 Body Diode Steady-state Loss, Psp

Steady-state loss in the body diode of a power
MOSFET can be computed by using the Vsp vs. lIsp
curves, listed in Section 17.3.1. As expressed by the
curves in Figure 16-2, a linear approximation at a range
the Isp is actually used is obtained by: Vsp = o x Isp + P.

12

T,=25°C | ———

1.0 ———T =

%0 | N
_-
20.6 et

> T,=75°C | T,=125°C

0.4

0.2

0.0

0.0 05 1.0 15
Iso (A)
Figure 16-2. Linear Approximate Equation of

VSD VS. |s|3

The values gained by the above calculation are then
applied as parameters in Equation (15), below. Hence, the
equation to obtain the body diode steady-state loss, Psp,
is:

1 T
Psp = ﬁf Vsp (@) X Isp(¢) X (1 —DT) x d¢
0

1 1 4 )
=—oc(———M><cosS)IM

2 2 31‘[\/_
2 1
+?B(

(15)
T
E_§M X cosG)IM.
Where:
Vsp is the source-to-drain diode forward voltage of the
power MOSFET (V),
Isp is the source-to-drain diode forward current of the
power MOSFET (A),
DT is the duty cycle, which is given by

_1+M><sin((p+9)

DT )
2

M is the modulation index (0 to 1),

cosB is the motor power factor (0 to 1),

Im is the effective motor current (A),

a is the slope of the linear approximation in the Vsp Vvs.
Isp curve, and

B is the intercept of the linear approximation in the Vsp
vs. Isp curve.
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16.4 Estimating Junction Temperature of
Power MOSFET

The junction temperature of all power MOSFETSs
operating, T, can be estimated with Equation (16):

T] = R]—C X {(PRON + PSW + PSD) X 6} + TC . (16)

Ry.c is the junction-to-case thermal resistance (°C/W) of
all the power MOSFETS operating, and

Tc is the case temperature (°C), measured at the point
defined in Figure 3-2.
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17. Performance Curves

17.1 Transient Thermal Resistance Curves

The following graph represents transient thermal resistance (the ratios of transient thermal resistance), with steady-
state thermal resistance = 1.

2 1.00 —_—

s
T

‘_E" L

5 NS

£ 0.10 =

5

:

=

s

2

€ 001

0.001 0.01 0.1 1 10

Time (s)

Figure 17-1. Transient Thermal Resistance
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|
17.2 Performance Curves of Control Parts

Figure 17-2 to Figure 17-24 provide performance curves of the control parts integrated in the SX6814xM series,
including variety-dependent characteristics and thermal characteristics. T, represents the junction temperature of the
control parts.

Table 17-1. Typical Characteristics of Control Parts

Figure Number Figure Caption
Figure 17-2 Logic Supply Current, lcc vs. Tc (Vsp =0 V)
Figure 17-3 Logic Supply Current, Icc vs. Tc (Vsp =5.4 V)
Figure 17-4 Logic Supply Current, lccistayy Vs. Tc (Vsp =0 V)
Figure 17-5 Logic Supply Current, Icc vs. Logic Supply Voltage, Vcc
Figure 17-6 Logic Supply Current, lccistay) VS. Logic Supply Voltage, Vcc
Figure 17-7 Logic Supply Current in 1-phase Operation (Vsp =0V), Igs vs. Tc
Figure 17-8 Logic Supply Current in 1-phase Operation (Vsp =5.4 V), lgs vs. Tc
Figure 17-9 1S1/1S2/1S3/LA Pin High Level Input Current, I vs. Tc
Figure 17-10 V'SP Pin High Level Input Current, I vs. Tc
Figure 17-11 OCP Pin High Level Input Current, lj2 vs. Tc
Figure 17-12 FG Pin High Level Output Voltage, Von Vvs. Tc
Figure 17-13 Logic Operation Start VVoltage, Veson) Vs. Tc
Figure 17-14 Logic Operation Stop Voltage, Vssoorr) VS. Tc
Figure 17-15 Logic Operation Start VVoltage, Vccon Vs. Tc
Figure 17-16 Logic Operation Stop Voltage, Vccorr VS. Tc
Figure 17-17 UVLO VB Filtering Time vs. Tc
Figure 17-18 UVLO VCC Filtering Time vs. T¢
Figure 17-19 Current Limit Reference Voltage, Vum Vs. Tc
Figure 17-20 OCP Threshold Voltage, Vrip Vs. Tc
Figure 17-21 OCL Blanking Time, teskocy) + Propagation Delay, tp vs. Tc
Figure 17-22 OCP Blanking Time, tsk(oce) + Propagation Delay, tp vs. Tc
Figure 17-23 OCP Hold Time, tp vs. Tc
Figure 17-24 VREG Pin Voltage, Vreg Vs. Tc
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VCCx=15V,VSP=0V 70 VCCx=15V,VSP=54V
7.0 ! .
60 | L Max. 60 e Max.
. 50 I E———— Typ. - 50 //// Typ.
T 40 —] ———={min. | & *° g Min
g 30 i g
20 2.0
1.0
1.0
0.0
0.0 " . " " 0 120 150 -30 0 30 60 9 120 150
. T¢(°C)
Tc(°C)
Figure 17-2. Logic Supply Current, lcc vs. Figure 17-3. Logic Supply Current, lcc vs.
Tc (Vsp =0 V) Tc (Vsp =54 V)
VCCx=15V,VSP=0V VCCx=15V,VSP=0V
120 7.0
_____ Max.
100 == 6.0 Max.
ﬁ 80 S . |30 ve.
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& L —— 3.0
8 40 — d===T7" 8
e R 2.0
20 1.0
0 0.0
-30 0 30 60 90 120 150 12 14 16 18 20
Tc(°C) Vee (V)
Figure 17-4. Logic Supply Current, lccstay) VS. Figure 17-5. Logic Supply Current, lcc vs.
Tc(Vsp=0V) Logic Supply Voltage, Vcc
VCCx=15V,VSP=0V VBx=15V,VSP=0V
90 120
80 __{Max. | Max.
-------------- 100 et
L — i ™. | || Typ
. 60 T —— M)zfl' 80 B '
< 50 — === : z - L — _| Min
< 40 F==7T7 2 80— [ ———
£ 30 B 40 ==~
g 20
= b 20
0 0
12 14 16 18 20 -30 0 30 60 90 120 150
VCC (V) TC (oc)
Figure 17-6. Logic Supply Current, lccstay) VS. Figure 17-7. Logic Supply Current in
Logic Supply Voltage, Vcc 1-phase Operation (Vsp =0 V), lgs vs. Tc
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VBx =15V, VSP =5.4V IN = VREG
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Figure 17-8. Logic Supply Current in Figure 17-9. 1S1/1S2/1S3/LA Pin High Level
1-phase Operation (Vsp =5.4 V), Igs vs. Tc Input Current, Iy vs. Tc
IN = VREG IN = VREG
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Figure 17-10. VSP Pin High Level Input Current, ljn1 Figure 17-11. OCP Pin High Level Input Current, Iz

vs. Te -
3.4 -
12.0
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; S I |
> L ———Typ. S ol | -
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Figure 17-12. Pin High Level Output VVoltage, Vo Figure 17-13. Logic Operation Start VVoltage, Ves(oon)
vs. Te vs. Tc
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Figure 17-14. Logic Operation Stop Voltage, Ves(orr) Figure 17-15. Logic Operation Start VVoltage, Vccon)

vs. Tc vs. Te
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Figure 17-16. Logic Operation Stop Voltage, Vcc(orr Figure 17-17. UVLO_VB Filtering Time vs. Tc
vs. Tc
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Figure 17-18. UVLO_VCC Filtering Time vs. T¢ Figure 17-19. Current Limit Reference Voltage, Viim
vs. Tc
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Figure 17-20. OCP Threshold Voltage, Vtrip VS. Tc Figure 17-21. OCL Blanking Time, tek(ocv) +
Propagation Delay, tp vs. Tc
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Figure 17-22. OCP Blanking Time, tgk(oce) + Figure 17-23. OCP Hold Time, tp vs. Tc
Propagation Delay, tp vs. Tc
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Figure 17-24. VREG Pin Voltage, Vreg VS. Tc
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17.3 Performance Curves of Output Parts

17.3.1 Output Transistor Performance Curves

17.3.1.1. SX68140M

120 VCCx =15V 1L ‘
___________ T,=25°C —
00 10 —
............................. T,=125°C P it S
g 89 == | 508 ST E
Z 60 ——t—————"7" T,=75°C 3 06 RN
z .
& > T,=75°C T,=125°C
o
e 40 T,=25°C | 0.4
2.0 0.2
0.0 0.0
0.0 02 0.4 0.6 0.8 1.0 0.0 02 04 06 08 1.0
b (A) Isp (A)
Figure 17-25. Power MOSFET Rps(on) VS. Ip Figure 17-26. Power MOSFET Vsp VS. Isp
17.3.1.2. SX68141M
TBD TBD
Figure 17-27. Power MOSFET Rps(on) VS. Ip Figure 17-28. Power MOSFET Vsp VS. Isp
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17.3.1.3. SX68144M

VCCx =15V
12.0 12
T,=25°C ]
10.0 1.0 =t
g ke N e e i
2 60 S B L 206 o
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o 40 = === 0.4
2.0 T,=25°C 0.2
0.0 0.0
0.0 05 1.0 15 0.0 0.5 1.0 15
Ib (A) Isp (A)
Figure 17-29. Power MOSFET Rps(on) Vs. Ip Figure 17-30. Power MOSFET Vsp Vs. Isp
17.3.1.4. SX68145M
6.0 VCCx =15V 14 .
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Figure 17-31. Power MOSFET Rps(on) VS. Ip Figure 17-32. Power MOSFET Vsp VS. Isp
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17.3.2 Switching Loss Curves

17.3.2.1. SX68140M

Conditions: VBB pin voltage = 300 V, half-bridge circuit with inductive load.
Switching Loss, E, is the sum of turn-on loss and turn-off loss.

200 VBx =15V 200 VCCx =15V
150 150
T;=125°C ) Ts :\125°C ——————————
g w0 \] ___________ 3 10 \l _________
w1 N o N
50— 1 T N/ 50 / R — |
---------- L — ::::;/
0 e | T, =25°C . = Ty=25°C
0.0 0.2 0.4 0.6 08 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Ip (A) I (A)

Figure 17-33. High-side Switching Loss Figure 17-34. Lowe-side Switching Loss

17.3.2.2. SX68141M

Conditions: VBB pin voltage = 150 V, half-bridge circuit with inductive load.
Switching Loss, E, is the sum of turn-on loss and turn-off loss.

TBD TBD

Figure 17-35. High-side Switching Loss Figure 17-36. Low-side Switching Loss
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17.3.2.3. SX68144M

Conditions: VBB pin voltage = 300 V, half-bridge circuit with inductive load.
Switching Loss, E, is the sum of turn-on loss and turn-off loss.

200 VBx =15V 200 VCCx=15V
150 150
Ty=125°C | .- Ty=125°C |
= 100 N = 100 A\
= | 1\, |l 3 ———————
Y —§ ———————— / = /}L—__ N/
50 = N 50 = N
Ty=25°C Ti=25°C
0 0
0.0 0.5 1.0 15 0.0 0.5 1.0 15
Ip (A) Ip (A)
Figure 17-37. High-side Switching Loss Figure 17-38. Lowe-side Switching Loss
17.3.2.4. SX68145M
Conditions: VBB pin voltage = 300 V, half-bridge circuit with inductive load.
Switching Loss, E, is the sum of turn-on loss and turn-off loss.
400 VBx =15V 400 VCCx=15V
350 350
300 300
230 Ty;=125°C 250 T,=125°
= 200 2~ = | 5 200 1=125°C
= 0N L 3 \ e
o 150 Sy == o 150 N\ =
100 ————F——= = N 100 ————= = N
50—k 50—
0 = | Ty=25°C 0 == | T1=25°C
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Ip (A) Ip (A)

Figure 17-39. High-side Switching Loss
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17.4 Allowable Effective Current Curves

The following curves represent allowable effective currents in 3-phase sine-wave PWM driving with parameters such
as typical Rpson) or Vcegsar), and typical switching losses.

17.5 SX68140M

Operating conditions: VBB pin input voltage, Vpoc = 300 V; VCCx pin input voltage, Vcc = 15 V; modulation index,
M = 0.9; motor power factor, cosd = 0.8; junction temperature, T; = 150 °C.
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Figure 17-41. Allowable Effective Current (fc = 17 kHz)
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L
17.6 SX68141M

Operating conditions: VBB pin input voltage, Vpoc = 150 V; VCCx pin input voltage, Vcc = 15 V; modulation index,
M = 0.9; motor power factor, cosf = 0.8; junction temperature, T; = 150 °C.

TBD

Figure 17-42. Allowable Effective Current (fc = 17 kHz)
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L
17.7 SX68144M

Operating conditions: VBB pin input voltage, Vpoc = 300 V; VCCx pin input voltage, Vcc = 15 V; modulation index,
M = 0.9; motor power factor, cosf = 0.8; junction temperature, T; = 150 °C.
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Figure 17-43.  Allowable Effective Current (fc = 17 kHz)
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L
17.8 SX68145M

Operating conditions: VBB pin input voltage, Vpoc = 300 V; VCCx pin input voltage, Vcc = 15 V; modulation index,
M = 0.9; motor power factor, cosf = 0.8; junction temperature, T; = 150 °C.

fo =17 kHz

2.0

15

1.0

0.5 ==

Allowable Effective Current (Arms)

0.0 =
25 50 75 100 125 150
Tc(°C)

Figure 17-44.  Allowable Effective Current (fc = 17 kHz)
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18. Pattern Layout Example

This section contains the schematic diagrams of a PCB pattern layout example using an SX6814xM series device. For
details on the land pattern example of the IC, see Section 8.
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Figure 18-1. Pattern Layout Example
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Figure 18-2. Circuit Diagram of PCB Pattern Layout Example
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19. Typical Motor Driver Application

This section contains the information on the typical motor driver application listed in the previous section, including a
circuit diagram, specifications, and the bill of the materials used.

e Motor Driver Specifications

IC SX68140M
Main Supply Voltage, Voc | 300 VDC (typ.)
Rated Output Power 50 W

e Circuit Diagram
See Figure 18-2.
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o Bill of Materials

Symbol Part Type Ratings Symbol Part Type Ratings
C1 Ceramic 0.1 uF,35V R9 General 1kQ, 1/8 W

C2 Ceramic 0.1 uF, 35V R10 General 1kQ, 1/8W

C3 Ceramic 0.1 uF, 35V R11 General 1kQ, 1/8W

C4 Ceramic 0.1 uF,35V R12 General 1kQ, 1/8 W

C5 Ceramic 0.1 uF,35V R13 General 1kQ, 1/8 W

C6 Ceramic 0.1 uF, 35V R14 General 2.7kQ, 1/8 W

Cc7 Ceramic 0.1 uF, 35V R15 General 4.7kQ, 1/8 W

C8 Ceramic 0.1 uF,35V R16 General 18 kQ, 1/8 W

C9 Ceramic 0.1 uF,35V R17 General 18 kQ, 1/8 W

C10 Ceramic 0.1 yuF, 35V rR18® General Open

Cl1 Ceramic 0.1 uF,35V R19 General 1k, 1/8W

C12 Ceramic 0.1 uF,35V R20 General 2 kQ, 1/8 W

C13 Ceramic 0.1 pF,35V RS1 Metal plate | See Section 2.

Ci14 Ceramic 0.1 uF, 35V RS2 Metal plate | See Section 2.

C15 Ceramic 0.1 pyF, 35V RV1 Trimmer 100 kQ, 0.5 W

Cl6 Electrolytic 1 uF, 50V RV2 Trimmer 100 kQ, 0.5 W

C17 Ceramic 0.1 uF,35V RV3 Trimmer 100 kQ, 0.5 W

C18 Ceramic 1uF,35V RV4 Trimmer 100 kQ, 0.5 W

C19 Ceramic 0.1 pyF, 35V RV5 Trimmer 100 kQ, 0.5 W

C20 Ceramic 0.1 yF,35V JP1 Jumper Open

C21 Ceramic 1pF,35V JP2 Jumper Short

C22 Ceramic 1uF,35V JP3 Jumper Open

C23 Ceramic 1uF,35V JP4 Jumper Short

C24 Ceramic 1pF,35V JP5 Jumper Open

C25 Ceramic 0.1pF, 35V JP6 Jumper Short

R1® General 1kQ, 1/8 W CH1 Pin header | Equiv. to B2P3-VH

R2@ General 1kQ, 1/8 W CH2 Pin header Equiv. to B3P5-VH

R3@ General 1kQ, 1/8W SV1 Connector 2.54 mm pitch pin header
R4@ General 1kQ, 1/8W SV2 Connector 2.54 mm pitch pin header
R5@ General 1kQ, 1/8 W SV3 Connector 2.54 mm pitch pin header
R6® General 1kQ, 1/8 W Sv4 Connector 2.54 mm pitch pin header
R7©® General 1kQ, 1/8 W SV5 Connector | 2.54 mm pitch pin header
R8®) General 1kQ, 1/8W IC IC SX68140M

@) Refers to the setting value when fpwm = 17 kHz (typ.).
@ Should be connected for noise filtering.
© Should be connected when your application employs Hall IC inputs.
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Important Notes

All data, illustrations, graphs, tables and any other information included in this document (the “Information”) as to Sanken’s products
listed herein (the “Sanken Products™) are current as of the date this document is issued. The Information is subject to any change
without notice due to improvement of the Sanken Products, etc. Please make sure to confirm with a Sanken sales representative that
the contents set forth in this document reflect the latest revisions before use.

The Sanken Products are intended for use as components of general purpose electronic equipment or apparatus (such as home
appliances, office equipment, telecommunication equipment, measuring equipment, etc.). Prior to use of the Sanken Products, please
put your signature, or affix your name and seal, on the specification documents of the Sanken Products and return them to Sanken.
When considering use of the Sanken Products for any applications that require higher reliability (such as transportation equipment
and its control systems, traffic signal control systems or equipment, disaster/crime alarm systems, various safety devices, etc.), you
must contact a Sanken sales representative to discuss the suitability of such use and put your signature, or affix your name and seal,
on the specification documents of the Sanken Products and return them to Sanken, prior to the use of the Sanken Products. The
Sanken Products are not intended for use in any applications that require extremely high reliability such as: aerospace equipment;
nuclear power control systems; and medical equipment or systems, whose failure or malfunction may result in death or serious injury
to people, i.e., medical devices in Class Il or a higher class as defined by relevant laws of Japan (collectively, the “Specific
Applications™). Sanken assumes no liability or responsibility whatsoever for any and all damages and losses that may be suffered by
you, users or any third party, resulting from the use of the Sanken Products in the Specific Applications or in manner not in
compliance with the instructions set forth herein.

In the event of using the Sanken Products by either (i) combining other products or materials or both therewith or (ii) physically,
chemically or otherwise processing or treating or both the same, you must duly consider all possible risks that may result from all
such uses in advance and proceed therewith at your own responsibility.

Although Sanken is making efforts to enhance the quality and reliability of its products, it is impossible to completely avoid the
occurrence of any failure or defect or both in semiconductor products at a certain rate. You must take, at your own responsibility,
preventative measures including using a sufficient safety design and confirming safety of any equipment or systems in/for which the
Sanken Products are used, upon due consideration of a failure occurrence rate and derating, etc., in order not to cause any human
injury or death, fire accident or social harm which may result from any failure or malfunction of the Sanken Products. Please refer
to the relevant specification documents and Sanken’s official website in relation to derating.

No anti-radioactive ray design has been adopted for the Sanken Products.

The circuit constant, operation examples, circuit examples, pattern layout examples, design examples, recommended examples, all
information and evaluation results based thereon, etc., described in this document are presented for the sole purpose of reference of
use of the Sanken Products.

Sanken assumes no responsibility whatsoever for any and all damages and losses that may be suffered by you, users or any third
party, or any possible infringement of any and all property rights including intellectual property rights and any other rights of you,
users or any third party, resulting from the Information.

No information in this document can be transcribed or copied or both without Sanken’s prior written consent.

Regarding the Information, no license, express, implied or otherwise, is granted hereby under any intellectual property rights and
any other rights of Sanken.

Unless otherwise agreed in writing between Sanken and you, Sanken makes no warranty of any kind, whether express or implied,
including, without limitation, any warranty (i) as to the quality or performance of the Sanken Products (such as implied warranty of
merchantability, and implied warranty of fitness for a particular purpose or special environment), (ii) that any Sanken Product is
delivered free of claims of third parties by way of infringement or the like, (iii) that may arise from course of performance, course
of dealing or usage of trade, and (iv) as to the Information (including its accuracy, usefulness, and reliability).

In the event of using the Sanken Products, you must use the same after carefully examining all applicable environmental laws and
regulations that regulate the inclusion or use or both of any particular controlled substances, including, but not limited to, the EU
RoHS Directive, so as to be in strict compliance with such applicable laws and regulations.

You must not use the Sanken Products or the Information for the purpose of any military applications or use, including but not
limited to the development of weapons of mass destruction. In the event of exporting the Sanken Products or the Information, or
providing them for non-residents, you must comply with all applicable export control laws and regulations in each country including
the U.S. Export Administration Regulations (EAR) and the Foreign Exchange and Foreign Trade Act of Japan, and follow the
procedures required by such applicable laws and regulations.

Sanken assumes no responsibility for any troubles, which may occur during the transportation of the Sanken Products including the
falling thereof, out of Sanken’s distribution network.

Although Sanken has prepared this document with its due care to pursue the accuracy thereof, Sanken does not warrant that it is
error free and Sanken assumes no liability whatsoever for any and all damages and losses which may be suffered by you resulting
from any possible errors or omissions in connection with the Information.

Please refer to our official website in relation to general instructions and directions for using the Sanken Products, and refer to the
relevant specification documents in relation to particular precautions when using the Sanken Products.

All rights and title in and to any specific trademark or tradename belong to Sanken and such original right holder(s).
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