e Fortior Tech

[~ FA1611S

Datasheet

Single-phase BLDC Motor Controller
with Built-in Hall Sensor
FA1611S

Fortior Technology (Shenzhen) Co., Ltd

V1.3 1 www.fortiortech.com



Fortior Tech

~ FA1611S

Contents

3 VS =T 4 T L3N o e [Tt o oY TR S 3
1.1 OVEIVIEW etieiiiieiitttee ettt e ettt e et e e ettt et e e e e s bbb e e e e e e e s nne b e e e e e e e e s nnbebeeeeseeaannnrraeeeesessaannrnnaeas 3
A Yo7 ] Tor= Y d [ o -SSR 3
L3 FEATUIES ettt e et e et e e e h e e et e e e R e e e e et e e e e e e e e ae e e s nreeens 3
1.4 Typical APPliCation DIagram.....ccouiiiuie ittt ettt ettt et ee st e st e e sbeesbeesbaeesateesabeesbaeenseeesaseas 4
L4 L FALBILLS ..ottt ettt ettt e et b e e a e e e bt e et e e b et e ehe e e n bt e et e e e b et e neeeanbeeenreeeneeeanreas 4

N SV e Yot o o 1l 21 Lo Yol BT == o SRR 5
R 7 1 PSPPSR 5

1.5.2 PiNOUL DIABIamM ..ucieeiiiieiiiiiieeee e eessitite et e e e s sttt e e e e s e sssabttreeeesesssassbaaeeessssanstanaeeeessssssssnneeeessssnnnes 6

L1.5.3 FALBLLS SOPSB.....ceeeeeieeteeette ettt ettt ettt ettt bt e st e e et e e e bt e e aaeeesabeeeabeeebeeesabeesabeesabeeenneeenneeas 6

SN 1o T D7) T T oY o TP TPPRUPPTT 6
1.6.1 FALBLLS SOPB PINS ....eeeiieeiiieetie ettt et e et e et e ettt e et e st e e bt e e saeeesmbeesabeeeabeeeneeesabeesabeeenneeennneas 6

2 Package INfOrmation .......coiiieeiiiiiieiiiiiiiiiiniiniirie s resessssesssssssesesssseessssssesesssssensssssasnsssssanes 7
2L FALBTLLS SOPSB ...ttt ettt ettt ettt st e sttt sttt e te e st e e s ate e s bte e abeesabeesataesabeeeateessbeesnsaesnsaeenseeennseesasaeenses 7
3.0rdering INformMatioN .......c.cieiiiiiieiiiiiiiiir st rese s sesssssssesasssssessssssenssssssensssssasnsssssanes 8
4 Electrical CharacteriStiCs......uuu. ittt s e e e s saaa s ss s s e e ees 9
4.1 Absolute MaximuUM RAINES ....veeeeiiieeieiiieecciieeeecitee e estre e e esreeeesetteeeesbreeeesabaeeesassaeeeasaeeeesnsaeeesassaeessnns 9
4.2 Global Electrical CharaCteriStiCs .......uiiieeiiieeiiee ettt ettt et e sbe e et e st e e st e eaeeesareaens 9
4.3 Protection Electrical CharaCt@riStiCs. . ... .o iiiiieie ettt st saee e sre e 9
4.4 10 Electrical Characteristics (DIR/SPEED/FG) ....ccovviieueeeiieeireeeereeesteeeetreeereeeeveeeeteeeetveesveseresentneenaneas 10
4.5 Package Thermal RESISTANCE ....cccuuiiiieiiee et e s ee e e s e e tee e e st e e e e snteeeeentaeeesnneeeeennseneennns 10

L3 T Tt T T4 T 0 T=T o T o N 11
oI Y o 1=T<To I @o 14 (o USRS 11
oI 0 Y o= Te J oY o] 1Y/ T [T 11

oI Y o= Te J 0o Yo o I OV TSI 11

5.2 L0 ANGIE SOTEINES .o vreei ettt ettt ete e e et e et e e e ette e e e s sabeeeesabbeeeesataeeeeaabaeeeasbaeeeabbeeeeanraneennns 11
I} = Ta U] oI e M@ TU ] d o TV A @] o1 d o) SR 12
DL SPEED ..ttt ettt e a ettt e et e e e b et e b et e eabe e et e e e bt e e beeeaateeeabeeebeeeaheeeanbeenabeeaa 13
5.5 MOLOr LOCK PrOTECION ...uviiuiiiiieiieitesttet ettt st st sttt st st st st et e abeeateebeeaee 13
5.6 CUrrent Limiting ProteCioN.........uiiiiiiiiiiiiiee e e e e e e st a e e e e e e s sssbbaaeeaaeeeas 13
5.7 OVEIrCUITENT PrOTECTION ..ceiiieiiee ettt ettt e et e e sttt e e st e e e s nteeesanneeeesaareeeesanreeesaans 13

6 REVISION HISTOIY . ccuiiiiiiiiiiieiiiii ittt rree e reeeereaeerenseseasereassseasesensssensesensssensssanssssnsssansssansssanssnnnne 14

V1.3 2 www.fortiortech.com



Fortior Tech

=

FA1611S

FA1611S Single-phase BLDC Motor Controller with Built-in Hall Sensor

1 System Introduction
1.1 Overview

FA1611S is a fully integrated IC with built-in
MOS and Hall-based sensor for single-phase BLDC
motor driver applications. It supports soft-switching
square-wave control mode, and features with low
noise. Motor control parameters, such as soft-
switching slope, lead angle, etc., can be flexibly
configured via GUI to achieve required efficiency
and reduce noise, in order to meet different
application requirements. Moreover, the chip
supports multi-segment speed control curve,
protection restart configurations and FG/RD output

to fulfill different input and output requirements.

1.2 Applications

Cooling fans, water-cooling fans, refrigerator

fans, etc.

1.3 Features

VCC range: 3.3V ~ 16V

B Drive current: 450mA@85°C

B High level of integration with built-in MOS
and Hall-based sensor

B Highly sensitive Hall-based sensor

B Soft-switching square-wave control for single-
phase motor

B FG and RD output

SPEED and I’C modes for motor speed
regulation

Built-in EFUSE

Configurable multi-segment output curve

Forward and reverse direction control

Soft-on feature protects the motor from abrupt
startup and reduces current shock and noise

B Support protection features, including current
limiting protection (CLP), over-current
protection (OCP), temperature sensor detect

(TSD), motor lock protection (MLP), etc.
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1.4 Typical Application Diagram

1.4.1 FA1611S
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C1 and C2 shall be mounted close to IC PIN on the PCB.

Figure 1-1 Typical Application Diagram of FA1611S
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1.5 Functional Block Diagram

1.5.1 FA1611S
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Figure 1-2 Functional Block Diagram of FA1611S
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1.5.2 Pinout Diagram
1.5.3 FA1611S SOP8
o
SPEED/SCL 1 8 VDD5
FG/RDISDA FORTIOR "
FA1611S
Vv 3 6 VSS
XXXXXX
VCC 4 5 U

Figure 1-3 FA1611S SOPS8 Pinout Diagram

1.6 Pin Definitions

The 10 types are defined as follows:

DI = Digital Input

DB = Digital Bidirectional

DO = Digital Output
P = Power Supply

1.6.1 FA1611S SOPS Pins

Table 1-1 FA1611S SOP8 Pin Descriptions

Pin FALOLIS 10 Type Function Description
SOPS8
SPEED/ | DI/ Speed control input; PWM speed regulation; Frequency ranges: 0.1 ~ 100kHz
SCL DB I’C SCL
FG/RD/ 5 DO/ Speed indication output, configured as collector open-drain output
SDA DB I2C SDA, configured as collector open-drain output
v 3 DO V-phase output from H bridge
vee 4 P Power supply. The input voltage range is 3.3V ~ 16V, with a capacitor of
4.7uF or above connected to ground
U 5 DO U-phase output from H bridge
VSS 6 P Ground
NC 7 - Not connected
VDD5 8 P Internal LDO output, with a 1pF ~ 4.7uF capacitor connected to ground
V1.3 6 www.fortiortech.com
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2 Package Information
2.1 FA1611S SOP8
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Figure 2-1 FA1611S SOP8 Package Drawings and Dimensions
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3 Ordering Information

Table 3-1 Model Selections

Soft-switching N N N
Square-wave

FA1611S | 3.3~16 1 - - v v -40 ~ 150 v SOP8

V1.3 8 www.fortiortech.com
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4 Electrical Characteristics
4.1 Absolute Maximum Ratings

Table 4-1 Absolute Maximum Ratings!!]

(Ta =25°C and VCC = 12V unless otherwise specified)

Parameter Test Conditions | Min. Typ. Max. Unit
Operating Ambient Temperature Ta -40 - 85 °C
Operating Junction Temperature T -40 - 150 °C
Storage Temperature -55 - 150 °C
VCC to VSS Voltage -0.3 - 20 \%
VDDS5 to VSS Voltage -0.3 5 6.5 \Y
U/V to VSS Voltage -0.3 - VCC+0.3 \Y
SPEED/SCL, FG/RD/SDA, NC to VSS Voltage -0.3 - VDD5+03 | V

Note: Stress values greater than "Absolute Maximum Ratings" listed above may cause irremediable damages

to the device. These are stress ratings only, and it is NOT recommended to use your device in conditions that

go beyond these stress ratings. Exposure to "Absolute Maximum Ratings" for extended periods may affect

device reliability.

4.2 Global Electrical Characteristics

Table 4-2 Global Electrical Characteristics

(Ta =25°C and VCC = 12V unless otherwise specified)

Parameter Test Conditions Min. Typ. Max. | Unit
VCC Operating Voltage 33 - 16 A%
VDD5 Operating Voltage | = 0~10mA 4.8 5 5.2 A%
Ivce Operating Current Ta=85°C - - 450 mA
Ivce Standby Current - 25 - mA
Rdson (H+L) - 1 - Q
Output Signal Wave 22 24 26 kHz
Positive Magnetic Threshold - 1.5 3 mT
Negative Magnetic Threshold -3 -1.5 - mT
4.3 Protection Electrical Characteristics
Table 4-3 Protection Electrical Characteristics
(Ta =25°C and VCC = 12V unless otherwise specified)
Parameter Test Conditions Min. | Typ. | Max. | Unit
Motor Lock Protection ON Time during
- 0.75 - s
Startup Ton sTART
Motor Lock Protection ON Time during
. - 0.3 - S
Normal Operation Ton ruN

V13
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Parameter Test Conditions Min. | Typ. | Max. | Unit
Motor Lock Protection OFF Time Torr - 4 - S
CLP Current Ircp - 1.2 - A
OCP Current locp - 1.6 - A
TSD Threshold Temperature - 165 - °C
TSD Recovery Temperature - 140 - °C
4.4 10 Electrical Characteristics (DIR/SPEED/FG)

Table 4-4 10 Electrical Characteristics (DIR/SPEED/FG)

(Ta =25°C and VCC = 12V unless otherwise specified)

Parameter Test Conditions Min. Typ. Max. Unit
High-level Input Voltage Viu VCC > 5.5V 2.8 - 55 v
High-level Input Voltage Viu VCC < 5.5V 2.8 - VCC
Low-level Input Voltage Vi -0.3 - 1 v
SPEED Pull-up Resistor! - 33 - kQ
SPEED Pull-down Resistor!!! - 33 - kQ

Note:

[1] SPEED pull-up resistor or pull-down resistor is selected according to internal configurations.

4.5 Package Thermal Resistance

Table 4-5 SOP8 Package Thermal Resistance

Parameter Test Conditions Value Unit
Junction-to-ambient Tefperature JEDEC standard, 1S0P PCB 150 °C/W
JA

Note: The actual measurements may vary depending on the conditions.

V13
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5 Function Description
5.1 Speed Control
5.1.1 Speed Control Modes

The chip supports two types of speed control input interface: SPEED and I?C, and only one of them can
be chosen at a time. If SPEED is selected, the speed signal is input to SPEED pin, and if I>C is selected,
SPEED pin serves as the clock line (SCL) and FG/RD/SDA pin as the data line (SDA).

5.1.2 Speed Control Curve

DCout(%) A

Ymax F—-———-——————— ="~ - m - ——————

Y75 |~ mm oo
Y50 fo——mmmmmmmmmm oo

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
Yon - i :
|
|

.

Xon Xp 50 75 98 100 DCin(%)

Figure 5-1 Speed Control Curve

The chip outputs four-segment speed control curves, where Xon ranges from 0 to 50%, Xp from 0 to
50%, Yon from 0 to 50%, Y50 from 25 to 75%, Y75 from 50 to 100% and Ymax from 75 to 100%, and the
slope of each curve must be positive.

5.2 Lead Angle Settings

The lead angle is controlled by Lead Lag0/1/2/3 and ranges from -11° to 40°. The output lead angle is
determined by SPEED input.

V1.3 11 www.fortiortech.com
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Figure 5-2 Lead Angle Settings
5.3 Startup and Output Control

The startup duty cycle can be set as 0~50% or 30~70%, and startup acceleration as 90%/s, 65%/s, 45%/s
or 25%/s.

Speed detection and fault indication (FG/RD/SDA) pin is an open-drain output. Frequency
multiplication of the FG signals can be set as 1, 1/2, 1/3 or to follow Hall output. RD signals can be output
as STABLE, ~STABLE or ~RUN signal.

DCout A

100% —— — — — — — — —

80% _——— — — — — — — e — .

50% - — —_ _ = .=

|
30% |
l
I
|

HALL

FG

FG/2

L L
Fer2 LI Ly
LML

FG*3

STABLE
~STABLE

~RUN

Figure 5-3 Output Waveform during Startup

(Startup Duty Cycle at 30~70% and Acceleration at 95%/s)
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Figure 5-4 Output Waveform of Motor Lock Detection during Startup

(Startup Duty Cycle at 30~70% and Acceleration at 95%/s)
5.4 SPEED

Speed control (SPEED) pin is used to input duty cycle for speed regulation depending on the settings.

In addition, SPEED pin serves as the clock line (SCL) for I>)C communication.

5.5 Motor Lock Protection

Motor lock protection circuitry monitors operating state of the motor. Motor lock protection ON time
during startup is 0.75s, and motor lock protection ON time during normal operation is 0.3s. When the
conditions (Hall-based duration) for motor lock are satisfied, the chip shuts down and waits for 4s to decide
whether to restart (depending on software settings).

5.6 Current Limiting Protection

The chip turns off the high-side output when it detects the current limiting protection signal, and releases
the high-side output until the protection signal returns to the normal.

5.7 Overcurrent Protection

When the sampling current exceeds the overcurrent protection threshold, the chip shuts down and waits

for 4s to decide whether to restart (depending on software settings).

V1.3 13 www.fortiortech.com
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6 Revision History

Rev.

Description

Date

Prepared By

V12

First release, translated from Chinese version 1.2

2023/10/20 Eric Deng

V13

1.

Added test condition "VCC > 5.5V" to the parameter "High-level
Input Voltage V" in Table 4-4 10 Electrical Characteristics
(DIR/SPEED/FG), modified the minimum value "0.7*VDD5"
as 2.8V and added the maximum value 5.5V;

Added the parameter "High-level Input Voltage V4" (test
condition VCC <5.5V) in Table 4-4 10 Electrical Characteristics
(DIR/SPEED/FG);

Modified the maximum value "0.2*VDD5" of Low-level Input
Voltage V. in Table 4-4 10 Electrical Characteristics
(DIR/SPEED/FG) as "1V" and added the minimum value 0.3V.

2024/03/07 Eric Deng
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Copyright Notice
Copyright by Fortior Technology (Shenzhen) Co., Ltd. All Rights Reserved.

Right to make changes — Fortior Technology (Shenzhen) Co., Ltd. reserves the right to make changes in the
products - including circuits, standard cells, and/or software - described or contained herein in order to
improve design and/or performance. The information contained in this manual is provided for the general
use by our customers. Our customers should ensure that they take appropriate action so that their use of our
products does not infringe upon any patents. It is the policy of Fortior Technology (Shenzhen) Co., Ltd. to
respect the valid patent rights of third parties and not to infringe upon or assist others to infringe upon such
rights.

This manual is copyrighted by Fortior Technology (Shenzhen) Co., Ltd. You may not reproduce, transmit,
transcribe, store in a retrieval system, or translate into any language, in any form or by any means, electronic,
mechanical, magnetic, optical, chemical, manual, or otherwise, any part of this publication without the
expressly written permission from Fortior Technology (Shenzhen) Co., Ltd. You may not alter or remove
any copyright or other notice from copies of this content.

If there are any differences between the Chinese and the English contents, please take the Chinese version as
the standard.

Fortior Technology (Shenzhen) Co., Ltd.

Room 203, 2/F, Building No.11, Keji Central Road 2,

Software Park, High-Tech Industrial Park, Shenzhen, P.R. China 518057
Tel: 0755-26867710

Fax: 0755-26867715

URL.: http://www.fortiortech.com

Contained herein
Copyright by Fortior Technology (Shenzhen) Co., Ltd. All rights reserved.
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