APX9351

Three-Phase Sine-Wave Sensor-Less Fan Motor Driver

Features

PWM Sine-Wave Driver

Three-Phase Sensor-Less Drive

OTP (2 Banks) For Function Programming
Adjustable Align Start-up

Built-In External PWM Speed Control

Built-In Quick Start Function

FG, 1/2FG, 1/3FG or 2/3FG Output

Power Saving Function

Built-In Lock Protection and Auto Restart Function

Built-In Adjustable Leading Angle or Auto Leading
Angle

Built-In Adjustable Duty Change Rate

Built-In Thermal Protection Circuit

Applications

e Motor Drivers for Silent Fans
e Variable Speed Control Fans

General Description

The APX9351 provides all the circuitry for sensor-less
speed control of three-phase brushless DC motor. The
Sine-wave Driver method will be better sound quality. The
controller functions include start-up circuit, back-EMF com-
mutation control, Pulse Width Modulation (PWM) speed
control, lock protection, and thermal shutdown circuit.
Using digital programming (OTP x 2 Bank), it's much easi-
er and adjustable for applications. The APX9351 is suitable
for both game machine and CPU cooler that need silent
drivers. It is available in XTDFN3x3-10 package.

Pin Configuration
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Ordering and Marking Information

APx9351-000000-000

Assembly Material
Handling Code
Temperature Range
Package Code
Source Code

Package Code
QH : XTDFN3x3-10

Operating Ambient Temperature Range
|:-40to 105 °C

Handling Code
TR : Tape & Reel

Assembly Material

G : Green Part
X931 S dli Date Cod
R i XXXXX econd line : Date Lode
APXI3STXHXQH - | Third line : OTP Source Code
X9351 Second line : Date Code
: XXXXX Ine :
APX9351 QH : Third line : OTP Blank

Note: ANPEC's green product compliant RoHS and Halogen free.

ANPEC reserves the right to make changes to improve reliability or manufacturability without notice, and advise cus-

tomers to obtain the latest version of relevant information to verify before placing orders.
|
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APX9351

Absolute Maximum Ratings (Note 1)

Symbol Parameter Ratings Unit
Vee VCC Pin Supply Voltage (VCC to GND) -0.3to7 \Y
lout UO/VO/WO Pin Output Current 2 A

Vyo/Vvo/Vwo | UO/VO/WO Pin Output Voltage -0.3to7 \%
Vewm PWM Pin Maximum Input Voltage -0.3to7 \%
SO Pin Output Voltage -0.3to7 \
Iso SO Pin Maximum Output Sink Current 10 mA

Ver FR Pin Input Voltage -03to7 \Y

T, Junction Temperature -40 to 150 °C
Tste Storage Temperature -65 to 150 °C
Tspr Maximum Lead Soldering Temperature (10 Seconds) 260 °C

Note 1: Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are
stress ratings only and functional operation of the device at these or any other conditions beyond those indicated under "recommended
operating conditions" is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

Thermal Characteristics

Symbol Parameter Typical Value Unit
Thermal Resistance-Junction to Ambient ™2 0
On XTDFN3x3-10 19 cw
Power Dissipation, T,=25°C
Po XTDFN3x3-10 1.05 w
Note 2: 0,,is measured with the component mounted on a 556mm x 40mm x 1.6mm glass epoxy board (two-layer) in free air.
Recommended Operation Conditions (Note 3)
Symbol Parameter Range Unit
Vee VCC Pin Supply Voltage Range 2.81t06.5 \%
Vewm PWM Pin Input Voltage Range 0to Ve \%
Ta Ambient Temperature -40 to 105 °C
lout UO/VO/WO Pin Average Output Current 0 to 850 mA

Note 3: Refer to the typical application circuit.
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APX9351

Electrical Characteristics (V..=5Y, T,=25°C, unless otherwise specified)

APX9351

Symbol Parameter Test Conditions Unit
Min. | Typ. | Max.
SUPPLY CURRENT
lect ) Rotation Mode - 3 5 mA
Operating Current
leco Standby Mode (PWM=0) - 14 20 pA
PWM CONTROL
Vewuu | PWM Input High Level Voltage VCC=5V 1.8 - 5.3 \
Vewne | PWM Input Low Level Voltage VCC=5V -0.3 - 0.8 \Y
Vewuu | PWM Input High Level Voltage VCC=3.3V - 1.3 - \
Vewne | PWM Input Low Level Voltage VCC=3.3V - 0.6 - \Y
lowm | PWM High Input Current PWM=VCC - 0 - pA
lowme | PWM Low Input Current PWM=GND - -10 - pA
Fewn | PWM Input Frequency 1 - 50 kHz
Four | Output Switch Frequency - 63 - kHz
Tocs | ooy Cyande Time for Output Duty OTP setting - |osrm| - sec

OUTPUT DRIVERS

Vo Output Driver Saturation Voltage

lour=850mA, T ,=25°C,
Upper and Lower total

- 0.425 | 0.5525 \

Vo Output Driver Saturation Voltage

lour=850mA, T,=150°C,
Upper and Lower total

- 0.6375 | 0.8075 \

Vso SO Pin Low Voltage lso=5mA - 0.1 0.3 \Y

lsoL SO Pin Leakage Current Vgo=5V - <0.1 1 pA
LOCK PROTECTION

Ton Lock Detection On Time Define by SEL - 1.1~1.7 - sec

Tore | Lock Detection Off Time - 5 - sec
FR INPUT

Vern | FR Pin High Level Voltage 25 - VCC \Y

Vere | FR Pin Low Level Voltage 0 - 0.8 \%
QUICK START

Tos | Quick Start Enable Time - 1o [ - | ms
THERMAL SHUTDOWN

OTS | Over Temperature Shutdown Threshold - 165 - °C

Over Temperature Shutdown Hysteresis - 30 - °C
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APX9351

Typical Operating Characteristics

VCC Supply Current vs. VCC Supply Voltage
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APX9351

Pin Descriptions

PIN
FUNCTION
NO. NAME
VO Driver Output Pin. Output signal for driving motor phase V.
WO Driver Output Pin. Output signal for driving motor phase W.
VvCC Supply Voltage Input Pin.
Motor Spin Direction Control Pin.
4 FR Fixed High Level Input (FR=VCC): U > V> W
Fixed Low Level Input (FR=GND): U > W > V
5 SEL Mode Setting. Use a voltage divider from VCC to set SEL pin voltage for setting.
6 PWM PWM Signal Input Pin. Input PWM signal to control rotation speed.
7 SO Rotation Speed Output. This is an open-drain output.
8 SO_SEL | SO Setting. Use a voltage divider from VCC to set SO_SEL pin voltage for setting.
9 COM Motor Neutral Point Input Pin.
10 uo Driver Output Pin. Output signal for driving motor phase U.
Exposed | GND | Ground Pin.
Pad
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APX9351

I/0 Equivalent Circuits

Driver output pin (UO, VO, WO) Power supply input pin (VCC, GND)
VCC
vce [
n A
uo
VO
6]

PWM speed control input pin (PWM) Motor neutral point input pin (COM)
VDD uo
Y
10KQ
50KQ (Normal Mode) 10KQ 10KQ
500KQ (Standby Mode)
WO
VO
PWM O A
10KQ
comMOo y *
KO pHASE
Setting input pin (FR) Rotation speed output pin (SO)
VDD
250KQ
N N
FR O W\ °
20KQ I/ —{
Copyright©oANPEC Electronic Corp. 6 www.anpec.com.tw
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APX9351

I/0 Equivalent Circuits (Cont.)
Setting input pin (SO_SEL) Setting input pin (SEL)

VDD VDD

SuA SuA
10KQ 10KQ
SO_SEL O SELO AVAYAY,
10KQ 10KQ

N

Copyright©oANPEC Electronic Corp. 7 www.anpec.com.tw
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APX9351

Block Diagram

vce [

FR[

SO_SEL [

PWM [

GND [

LJ

ZC

CLOCK

SENSORLESS LOGIC

Y

J] CcoM

VDD
START UP
TIME SETING

250KQ

20KQ

Y

VDD

5pA
10KQ

10KQ

VDD

50KQ (Normal Mode)
500KQ (Standby Mode)

10KQ

LJ

Y

CONTROLLER
&
PRE-DRIVER

\i

Y

PHASE
SEL

vce vce vce
1 MN—e—N]M] U0
/1 r\{] VO

/] /]

______f\___L+ {1 wo
- - - ] so

LOCK PROTECT

LOGIC Tsb

. ____________________________________________________________________________________________________________________________]
Copyright©oANPEC Electronic Corp.
Rev. A.4 - Jun., 2025

www.anpec.com.tw



APX9351

Typical Application Circuits

RSEL‘! RSEL2
SEL
Vin i vce uo
| Reverse: GND |
00~1.5Q FR |l€—— I
i SO_SEL | Forward: VCC |
C1>= 4.7uF
ﬂ_ﬂ COoM
PWM
PWM
Control Signal
VO
; Rso=10KQ | Rsos |
Pull High SQ |
} SO
Voltage M 'Ls(;y\o/ Q | GND wo
SO OUTPUT &—n—— —

Note: Rpww and Rgos are optional to protect internal circuit for abnormal voltage stress.

. ____________________________________________________________________________________________________________________________]
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APX9351

Function Descriptions

Start-Up

The APX9351 uses a step to start sequence to accelerate the motor up to a point where there is sufficient speed such
that the position can be reliably measured.

Align

Aling: Aling Duty and Aling Time setting by OTP.

Sine slope: Slope setting by OTP.
Sine cycle: Speed setting by OTP.

|
!
outu!
i

ouTVv

%

ouTw

FG

Align

i Sine slope

Sine cycle

A

<
it

>

y

OouT U

i

ouTVv

ouTw l

B

170° drive

175° drive

A

TR

Auto Mode

» — > —>

*The picture is for reference only, please refer to the motor.
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APX9351

Function Descriptions (Cont.)
Soft Star

The soft start of APX9351 is divided into two stages. The first is start up accelerate time. In this stage, output duty is from

initial duty to final duty. After accelerate time, enter to second stage. The output duty increase or decrease are based on
target duty value.

Output Duty(%) A

Target Duty

Start up IL_w
Final Duty

Start up
Initial Duty

0%

< Duty Change Rate —p»|

Start up Accelerate time Normal Operation

Soft Start Timing Chart

Output Duty(%) A

Start up ILw

Final Duty -
Target Duty /\ /\ /\ /\ /\ MAAM\A.

Initisatlalg;lzt/g 777777 / w \/ \/ \/ \/

Start up Accelerate time Normal Operation

«q—Duty Change Rate—hi

Soft Start Timing Chart
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APX9351

Function Descriptions (Cont.)

PWM Speed Control (fixed output frequency)

It is possible to change rotation speed of the motor by switching output transistor. The on-duty of switching depends on
the signal from input of PWM terminal. The output PWM frequency is fixed to 63KHz typically.

BEMF Zero Crossing

APX9351 has a BEMF detected comparator. However, BEMF characteristic at zero cross point is very flat, if rotor was at
this position, the BEMF would not be able to detected. The fan makes drive need adequate BEMF.

Suggest Zero cross(Vzc)>13mV

7z N
I Vs \

: / \

—_—— e — e — — — — — —

f
I
I
I
I

«— —y \ /
20°(1.67)mS 20°(1.67)mS N _ _’

-»>
v

1000RPM @6S4P

Lead Angle
The APX9351 built in lead angle controlled. The LA setting by OTP.

Lead Angle
1 AUTO LA MODE
55° T SRR
191 |
§ AUTO LA MODE §
i ADJUSTMENT RANGE i Output Duty
0’ >

9% 100%

. ____________________________________________________________________________________________________________________________]
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APX9351

Function Descriptions (Cont.)

Speed Control Curve

It is possible to change rotation speed of the motor by switching output transistor. The on-duty of switching depends on
the signal from input to PWM terminal.

Output Duty

100 %

; PWM Input Duty

0, T T
0% " 79 9% 100 %

Shutdown Curve

Soft Switch (sine-wave output)

This is a soft switch PWM output to make the phase current smoother, which can reduce the noise of motor in switch
interval. Using PWM duty control to simulate the idea sine wave output current.

Sine Wave
Modulation
(internal signal)

Sinusoidal PWM
Output
(UO,VO,WO0)

. ____________________________________________________________________________________________________________________________]
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APX9351

Function Descriptions (Cont.)
Quick Start and Standby Mode

This IC would enter standby mode when the PWM input keeps low level for more than 10ms (typ.). In standby mode, the
supply current is around 14uA and the lock protection function doesn’t work, therefore, starting fan is unobstructed when
releasing standby mode.

Vewm

. 10ms |
- (typ.)
|
Lock Protect }
|
SO_SEL Control
The APX9351 support FG, 2/3FG, 1/2FG or 1/3FG Output.
SO_SEL Pin Input Voltage Rse 1/RseLs SO Output
GND Open/GND 1/3FG
0.2*VCC(V) ~ 0.55*VCC(V) 20KQ/10KQ 1/2FG
0.55*VCC(V) ~ 0.85*VCC(V) 10KQ/20KO 2/3FG
VCC VCC/Open FG
SEL Control
SEL Pin Input Voltage RseL/Rsei2 Align Time(S) | Align Duty(%) SS_Duty(%) On Time(S)
GND Open/GND 0.2 15 100 1.1
0.2*VCC(V) ~ 0.55*VCC(V) 20KQ/10KOQ 0.2 30 30 1.7
0.55*VCC(V) ~ 0.85*VCC(V) 10KQ/20KO 0.72 30 50 1.3
VCC VCC/Open 0.2 30 75 1.1

Lock Protection and Automatic Restart

The APX9351 provides the lock protection and automatic restart functions to prevent the coil burnout while the fan is
locked. As the fan is locked, the IC will come into start-up operation for 1.1~1.7 seconds. Then, the IC will switch to lock
protection mode to turn off output driver for 5 seconds. After lock protection mode, the IC switches to start-up operation

again. If the locked condition still remains, the lock-and-restart process will be recurred until the locked condition is
released.

Thermal Protection

The APX9351 has thermal protection. When internal junction temperature reaches 165°C, the output devices will be
switched off. When the IC’s junction temperature cools down 30°C, the thermal sensor will turn on the output devices
again, resulting in a pulsed output during continuous thermal protection.

Copyright©oANPEC Electronic Corp. 14 www.anpec.com.tw
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APX9351

Application Information

Input Protection Diode & Capacitor

It is necessary to add a protection diode (D1) to prevent the damage from the power reverse connection. However, the
protection diode will cause a voltage drop on the supply voltage. The current rating of the diode must be larger than the
maximum output current. For the noise reduction purpose, a capacitor (C1) is connected between VCC and GND.

(See Typical Application Circuit) It's suggested that C1 should be placed as close as possible in the VCC pin.

SO Resistor
The value of SO resistor could be decided by the following equation:

_VCC - Vso

SO
ISO

For example:

V=5V, lso=5mA, V50=0.1V, R50=0.98kQ

The value of resistor in the range of 1kQ to 10kQ is recommended.

. ____________________________________________________________________________________________________________________________]
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APX9351

Package Information

XTDFN3x3-10

Copyright©oANPEC Electronic Corp.

Rev. A.4 - Jun., 2025

Pin 1 E{
! Al
} A3N><
S
De |
IRERRRERR
\—Piﬁlcor‘mer‘ N
L 4
IRENIEIINA
N
e o]
s XTDFN3*3-10
g,. MILLIMETERS INCHES
0 MIN. MAX. MIN. MAX.
A 0.30 0.40 0.012 0.016
A1 0.00 0.05 0.000 0.002
A3 0.127REF 0.005 REF
b 0.20 0.30 0.008 0.012
D 2.90 3.10 0.114 0.122
D2 2.40 2.60 0.094 0.102
E 2.90 3.10 0.114 0.122
E2 1.50 170 0.059 0.067
e 0.50 BSC 0.020 BSC
0.30 0.50 0.012 0.020
0.20 0.008
000 0.08 0.003
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APX9351

Carrier Tape & Reel Dimensions

PO

P2

P1

/—@DO — A
| -
® ©|e o i
& ;
Il |
KO L A0 MJZJD1 L LA
SECTION A-A : : :L
H
SECTION B-B |
«
T
Application A H ™ C d D w E1 F
330.02.00( 50 MIN. | 12:4*2.00|13.0+0.501 15 MIN. | 20.2 MIN. | 12.040.30 | 1.75+0.10 | 5.5¢0.05
XTDFN3x3 PO P1 P2 DO D1 T A0 BO KO
4.040.10 | 8.0:0.10 | 2.040.05 | 19*8-10 | 4.5 miN. | 0-6%0-90 |3 30+0.20 | 3.30+0.20 | 0.60+0.10
(mm)
Devices Per Unit
Package Type Packing Quantity
XTDFN3x3 Tape & Reel 3000

. ____________________________________________________________________________________________________________________________]
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APX9351

Taping Direction Information
XTDFN3x3-10

| >

USER DIRECTION OF FEED

o o O O O O O O

il I i il I

Classification Profile
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APX9351

Classification Reflow Profiles

Profile Feature

Sn-Pb Eutectic Assembly

Pb-Free Assembly

Preheat & Soak
Temperature min (T,mi)
Temperature max (Tgmax)
Time (Tsmin to Tsmax) (ts)

100°C
150°C
60-120 seconds

150°C
200°C
60-120 seconds

Average ramp-up rate
(Tsmax tO TP)

3°C/second max.

3°C/second max.

Liquidous temperature (T,)
Time at liquidous (t,)

183°C
60-150 seconds

217°C
60-150 seconds

Peak package body Temperature (T,)*

See Classification Temp in table 9

See Classification Temp in table 10

Time (t,)** within 5°C of the specified
classification temperature (T,)

20** seconds

30** seconds

Average ramp-down rate (T, to Tgya)

6°C/second max.

6°C/second max.

Time 25°C to peak temperature

6 minutes max.

8 minutes max.

* Tolerance for peak profile Temperature (T,) is defined as a supplier minimum and a user maximum.
** Tolerance for time at peak profile temperature (t,) is defined as a supplier minimum and a user maximum.

Note: ANPEC’s green products meet or exceed the lead-free requirements of IPC/JEDEC J-STD-020D for MSL
classification at lead-free peak reflow temperature.

Table 9. SnPb Eutectic Process — Classification Temperatures (Tc)

Package Volume mm® Volume mm’®
Thickness <350 >350

<2.5mm 235°C 220°C

>2.5 mm 220°C 220°C

Table 10. Pb-free Process — Classification Temperatures (Tc)

Package Volume mm’ Volume mm’ Volume mm’®
Thickness <350 350-2000 >2000
<1.6 mm 260°C 260°C 260°C
1.6 mm—-2.5mm 260°C 250°C 245°C
>2.5 mm 250°C 245°C 245°C
Reliability Test Program
Test Item Method Description
SOLDERABILITY JESD-22, B102 5 Sec, 245°C
HOLT JESD-22, A108 1000 Hrs, Bias @ Tj=125°C
PCT JESD-22, A102 168 Hrs, 100%RH, 2atm, 121°C
TCT JESD-22, A104 500 Cycles, -65°C~150°C
HBM MIL-STD-883-3015.7 VHBM = 2KV
MM JESD-22, A115 VMM = 200V
Latch-Up JESD-78 10ms, 1, = 100mA

Copyright©oANPEC Electronic Corp.
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APX9351

Customer Service

Anpec Electronics Corp.

Head Office :

No.6, Duxing 1st Rd., East Dist.,
Hsinchu City 300096, Taiwan (R.O.C.)
Tel : 886-3-5642000

Fax : 886-3-5642050

Taipei Branch :

2F, No.11, Ln. 218, Sec. 2, Zhongxing Rd., Xindian Dist.,
New Taipei City 231037, Taiwan (R.O.C.)

Tel : 886-2-2910-3838

Fax : 886-2-2917-3838
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