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Single-Phase BLDC Motor Driver with

Integrated Hall Sensor
AEC-Q100 Compliant

Subject to change without notice

Product Overview

The NSUC1611 is a single-phase brushless DC
(BLDC) motor driver with integrated power MOSFETSs
and an embedded Hall sensor, designed to drive
single-phase BLDC motors with a peak current of up
to 1.4A and hardware overcurrent protection at 2.1A.

The input voltage (VIN) range is 5.5V to 40V (AMR).

The PWM pin accepts pulse-width modulation (PWM)
signals for motor speed control. The FG/RD pin can
function as either a speed feedback signal (FG) or a
status indicator signal (RD).

This device features configurable soft switching, lead
angle control, adaptive commutation, and speed
curve configuration. It also provides comprehensive
protection features, including: input overvoltage
protection (OVP), fast shutdown under undervoltage
conditions, stall protection, overcurrent protection
(OCP), overtemperature shutdown.

The NSUC1611E is available in DFN10 packages,
compliant with AEC-Q100 Grade 1 certification.

Key Features

*  Operating voltage range: 5.5V to 32V

*  Maximum drive current: 2.1A

* Integrated Hall sensor

*  Supports 12C communication

* Integrated high-side and low-side MOSFETs

* Soft switching, lead angle control, and adaptive
commutation

*  Configurable transfer curve and clamping values
*  Optional open-loop or speed closed-loop control

*  Configurable startup duty cycle and duty cycle slew
rate

e Supports PWM input frequency from 50Hz to
100kHz

*  Configurable current limiting

*  Protection features: Over voltage protection (OVP),
Stall protection, Over current protection (OCP),
Over temperature protection, Under voltage
protection (UVP), Fast shutdown.

*  Sleep current < 50uA
*  Optional FG and RD output
*  Operating temperature range: -40°C to +125°C

Applications

*  Seat ventilation fans

*  Automotive fan control systems
*  Cooling fans

*  General-purpose fans

Device Information

Part ]
_Number Packege  Grade BodySie
NSUC1611D ]
-Q1DAHR DFN10 Automotive 3mm x 3mm
NSUC1611D ]
-Q1STGR SOT23-6L | Automotive | 2.9mm x 1.6mm
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Figure 1. NSUC1611 Block Diagram
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1. Pin Configuration and Functions
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Figure 2 NSUC1611 DFN10 Package

6 | OUT1
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4 | PWM/CLK

Figure 3 NSUC1611 SOT23-6L Package

DFN10 SOT23-6L Symbol 10 Type Function
) PWM: PWM input signal for speed or duty control
1 4 PWM/CLK Signal Input
CLK: I*Cclock input
5 2 VDD Power+ Positive power supply
3 6 OUT1 Power Output Half-bridge output 1 (connects to fan winding 1)
6 5 0ouT2 Power Output Half-bridge output 2 (connects to fan winding 2)
8 1 GND Power- Negative power supply (ground)
FG: PWM output signal indicating current speed
10 3 FG/SDA Signal Output RD: Motor running status output
SDA: IC data input/output (bidirectional)
EP / Thermal Pad Thermal Pad Thermal pad
2,7,8,9 / NC NC No connect pin
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2. Absolute Maximum Ratings

Parameters Symbol Min Typ Max Unit Comments

Supply voltage Vop -0.3 40 v

OUTXx pin voltage Vour -0.3 40 Y
PWM pin voltage Vewm -0.3 40 v

FG output voltage Vi -0.3 40 v
Storage temperature Tstorage -40 150 °C
Junction temperature T; -40 150 °C
Operation temperature Toperation -40 125 °C
Lead soldering temperature TrLead 260 °C

3. ESD Ratings

Ratings
Human body model (HBM), per AEC-Q100-002-RevD +2 kv
Electrostatic discharge
Charged device model (CDM), per AEC-Q100-011-RevB *1 kv

4, Specifications

4.1. General Characteristics

Parameters Symbol Min Typ Max Unit Comments

Supply voltage Voo 5.5 32 v
Supply current Ipp 5 mA
Sleep current Isieep 50 uA

4.2, Driver Characteristics

Parameters Symbol ‘ Min ‘ Typ Max Unit Comments
Output PWM frequency fout 24 kHz
Output PWM resolution Dcount res 9 bit
RCO tolerance TOLRCO -5 5 % -40°C < T;<150°C
Closed loop speed tolerance TOLCLSP TBD %

4.3. Protection Characteristics

Parameters j Comments
17.3 18.3 19.3 v
Over;/l? r‘;iﬁzlzrgtl\el ction Voy 1 20.8 22 23.2 v
28.9 30.3 31.8 v
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Over voltage Protect!on Vou noee 1 Y
threshold Hysteresis -
Over voltage filter time tov fit 41.6 us
Over voltage blanking time tov piank 2 ms
Under voltage threshold Vuv tr 7 7.5 8 v
Under voltage hysteresis Vv _nyst 0.5 Vv
Under voltage debounce time tuv_dbc 1.5 ms
2100 mA for D version
1575 mA for C version
Over current protection Ipgror
1050 mA for B version
525 mA for A version
Over current blank time toc_pblank 2 us
Over current debounce time toc_abce 2 us
Time betweer? over current Erretrial pROT 5 ms Auto restart after
retrials - IPROT event.
1400 mA for D version
1050 mA for C version
Current limit Ieiim
700 mA for B version
350 mA for A version
Current limit blank time ter blank 2 us
Current limit debounce time ter abe 2 us
Thermal shutdown threshold TSD 155 165 175 °C
Thermal shutdown hysteresis Tuys 35 °C
4.4, HALL Characteristics
Parameters Symbol ‘ Min ‘ Typ Max Unit Comments
Hall p‘:;i:;‘;igjg"etic Bop 0 15 3.0 mT | T)<150°C
Hall "eiar?s’ﬁor?;g"etic Brp 3.0 15 0 mT | Ty<150°C
4.5. 10 Characteristics
Parameters Symbol ‘ Min ‘ Typ Max Unit Comments
PWM input low voltage Vi 1.0 v
PWM input high Voltage Vin 23 v Vie <=Vpp
PWM internal pull up voltage Vewwmpu 5 v
Copyright © 2025, NOVOSENSE Page 5
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PWM internal pull-up
) Rpwum 100 kQ
resistance
SDA input low voltage Vi 1.0 Y IIC mode
SDA input high voltage Vi 2.3 Y IIC mode
FG output low voltage VrG oL 0.4 v
4.6. INPUT PWM Characteristics
Parameters Symbol Min Typ Max Unit Comments
Input PWM resolution Dein res 7 bit
PWM Input Isr;::/;gration time Eir siow 85.3 ms
PWM input frequency range fpwmimput 50 100k Hz
4.7. 1>C Timing Characteristics
Parameters Symbol Min Typ Max Unit Comments
SCL Clock Frequency fuc.cix 3 400 kHz
Bus Free-Time Between " 13 us
Stop/Start BUF
Hold Time Start Condition typ.sTa 0.6 us
Setup Time for Start Condition tsy.sTa 0.6 us
SCL Low Time tiow 1.3 us
SCL High Time tuicn 0.6 us
Data Setup Time tsy.para 100 ns
Data Hold Time tup:para 0 ns
Setup Time for Stop Condition tsy.sTo 0.6 us
5. REG /| OTP Memory
Address ‘ Bits Parameter Name Description Default Value
6:0 INPUT_MIN Transfer curves - The INPUT setting for point MIN 0x0D
000 15:7 OUTPUT_MIN Transfer curves - The OUTPUT setting for point MIN 0x33
6:0 INPUT_A Transfer curves - The INPUT setting for point A 0x33
0z 15:7 OUTPUT_A Transfer curves - The OUTPUT setting for point A 0xCC
6:0 INPUT_B Transfer curves - The INPUT setting for point B 0x59
0ot 15:7 OUTPUT_B Transfer curves - The OUTPUT setting for point B 0x166
6:0 INPUT_MAX Transfer curves - The INPUT setting for point  MAX 0x78
010 15:7 OUTPUT_MAX Transfer curves - The OUTPUT setting for point MAX Ox1FF
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2:0 INPUT_LC_VALUE

Transfer curve low clamping input value
0x0:4.8% (6)

0x1:7.2% (9)

0x2:9.6% (12)

0x3:12.0% (15
0x4:14.4% (18
0x5:16.8%
0x6: 19.2%
0x7:21.6%

—~ e~~~
N N
— [y
===

0x0

3 OUTPUT_LC_VALUE

Target clamping value for the low clamp region
0x0: 0
0x1: OUTPUT_MIN

0x0

6:4 INPUT_HC_VALUE

Transfer curve high clamping input value
0x0:96.0% (122)

0x1:94.4% (
0x2:93.0% (
0x3:91.4% (
0x4:89.8% (114
0x5: 88.2% (
0x6: 86.6% (
0x7:85.0% (

0x0

0x08
7 OUTPUT_HC_VALUE

Target clamping value for the high clamp region
0x0: 0
0x1: OUTPUT_MAX

0x1

9:8 INPUT_HC_LC_HYST

Transfer curve hysteresis of the clamp threshold values:
0x0: 0.8% (1)

0x1:1.6% (2)
0x2:2.4% (3)
0x3:3.2% (4)

0x0

12:10 INPUT_PLATEAU

Plateau duty for the jump points
0x0: Plateau is extended with 1.6%
0x1: Plateau is extended with 3.2%
0x2: Plateau is extended with 4.8%
0x3: Plateau is extended with 6.4%
0x4: Plateau is extended with 8.0% )
0x5: Plateau is extended with 9.6% (12)
0x6: Plateau is extended with 11.2% (14)
0xT: Plateau is extended with 12.8% (16)
PLATEAU HYST is 0.8%

2
4

(<))

)
)
)
)
0

1

~ e~ e~~~
()

0x0

13 DRV_DIR

Configure output direction
0x0: The output direction (versus magnetic pole) is default
0x1: The output direction (versus magnetic pole) is inverted

0x0
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14 SLEEP_EN

Sleep mode enable

0x0: disable sleep mode

0x1: device will enter sleep mode automatically, if
not no sleep mode is possible (ignored in 12C mode)

0x0

15 SPEED_FILTER

Speed Filter Enable:
0x0: Disable speed filter
0x1: Enable speed filter

0x0

0x0A 2:0 FG_RD_PIN_MUX

Configure FG/RD output
0x0: FG

0x1: FG FREQ DIV 2

0x3: RD initialized high
0x4: RD initialized low
other: RSV

0x0

3 CURRENT_LIMIT_EN

Current limit enable
0x0: Disable current limit
0x1: Enable current limit

Ox1

8:4 CURRENT_LIMIT_STARTUP

0x0A

Current limit for motor operation

Threshold = (CURRENT_LIMIT_STARTUP+1)

Threshold = (CURRENT_LIMIT_STARTUP+1)
)
)

*
*

43.8mA for Version D

( 32.8mA for Version C
Threshold = (CURRENT_LIMIT_STARTUP+1)*21.9mA for Version B
Threshold = (CURRENT_LIMIT_STARTUP+1)*10.9maA for Version A

Ox1F

15:9 CURRENT_LIMIT_RUN

Current limit for motor operation

Threshold = (CURRENT_LIMIT_RUN+1)*10.9maA for Version D
Threshold = (CURRENT_LIMIT_RUN+1)*8.2mA for Version C
Threshold = (CURRENT_LIMIT_RUN+1)*5.5mA for Version B
Threshold = (CURRENT_LIMIT_RUN+1)*2.7mA for Version A

OXTF

1:0 STARTUP_DUTY

Startup DC_OUT
0x0: 12.5%

0x1: 25%

0x2: 50%

0x3: 100%

0x0

0x0C

3:2 LRP_TIMEOUT

Ton_start: Locked Rotor Protection ON time during start-up
0x0:0.32s

0x1:0.41s

0x2: 0.49s

0x3:0.98s

Note : Ton_run = 0.32s (fixed)

0x0

Copyright © 2025, NOVOSENSE
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Initial number of LRP trials with LRP tOFF = LRP tON _start

0x0: 1
5:4 LRP_TRI1 0x1:2 0x0
0x3:3
0x4: 4
Number of LRP trials with LRP Toff = LRP Ton_start after first Toff
activation
0x0: 1
7:6 LRP_TRI2 0x1:2 0x0
0x2: 3
0x3: 4
torF_diagn/ ton_start ratio selection
0x0: 8
0x1: 10
0x2: 12
10:8 LRP_RATIO 0x3: 16 0x0
0x4: 24
0x5:28
0x6: 32
0x7: 36
Open loop or speed loop
11 OL_CL_SELECT 0x0: Open loop 0x1
0x1: Speed loop
DC_OUT change rate selection
12 DC_OUT_CHANGE_RATE 0x0: DC_OUT change rate = 50%/s 0x0
0x1: DC_OUT change rate = 100%/s
Closed loop (PI1) speed regulation
0x0: Acceleration factor =0.075
0x1: Acceleration factor=0.15
0x2: Acceleration factor=0.3
15:13 PI_ACC_FACTOR 0x3: Acceleration factor=0.6 0x4
0x4: Acceleration factor=1.2
0x5: Acceleration factor=1.8
0x6: Acceleration factor=2.4
0xT7: Acceleration factor=3.2
Options to reduce PI during deceleration in closed loop
0x0: deceleration = acceleration
1:0 PI_DEC_FACTOR 0x1: deceleration = acceleration / 2 0x2
0x2: deceleration = acceleration / 4
OXOE 0x3: deceleration = acceleration / 8
For OL_CL_SELECT =1,
7 SPEED_MAX_FACTOR1 MAXSP =(120/PP*FOUT ) / (2*(SPEED_MAX_FACTOR2) * (32 + 0X0
’ 6bit SPEED_MAX_FACTOR1))
Copyright © 2025, NOVOSENSE Page 9
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9:8

SPEED_MAX_FACTOR2
2bit

Where MAXSP unit is mRPM, Fout is 24k, PP is Rotor Pole Pairs

0x0

10

ADAPTIVE_FLAT_DIS

Adaptive flat when run disenable
0x0: Enable when run (Init flat time = FLAT_TIME )
0x1: Disable (fixed flat time = FLAT_TIME)

Ox1

11

FLAT_TIME

Init flat time
0xO0: Init Flat time is 2/16 of EHP, max 4ms
0x1: Init Flat time is min (2 PWM period)

0x1

13:12

RISING_SLOPE

Rising slope

0x0: disable

0x1:1/16

0x2:2/16

0x3: Super-soft (2/16+4/16)

Ox1

15:14

FALLING_SLOPE

Falling slope

0x0: disable

0x1:1/16

0x2:2/16

0x3: Super-soft (2/16+4/16)

0x1

0x10

6:0

LEAD_ANGLE

Lead angle
0x0 =0 (disable lead time)
0x1=0.36

Ox3F =45.64

0x0

MOTOR_IDLE_LSRECIRC

The H-bridge output state during idle mode

0x0:Hi-Z mode

0x1:VBEMF > VMAX_BEMF_BRAKE: H-bridge in Hi-Z to protect it from
excessive current

VBEMF < VMAX_BEMF_BRAKE: H-bridge in passive brake mode

0x0

14:8

MAX_BEMF_BRAKE

Maximum BEMF voltage to allow LS recirculation brake
(MAX_BEMF_BRAKE[6:0]+1)*250mV

0x0

15

UV_Enable

Under voltage protection options
0: Disable, motor continous running
1: Enable, motor stop

0x0

0x12

1:0

RSV

RSV

0x0

OC_RETRY_TIME

IPROT endless repeat enable
0x0: Up to 3 consecutive IPROT activations.
0x1: Unlimited number of IPROT activations.

0x0

Copyright © 2025, NOVOSENSE
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3 RSV RSV 0x0

Overvoltage level selection

0x0: 18V

5:4 OV_PROT 0x1: 22V 0x0
0x2: 28V
0x3: Disable

13:6 CRC CRC-8 0x0

CRC check disable
14 CRC_DISABLE 0x0: Enable CRC check. If CRC Check error, motor will not operation 0x1
0x1: Disable CRC check.

0x0: OTP not write

15 OTP_FLAG 0x1: OTP has written 0x0

7:0 CHIPIDO Chip ID, read only 0x0
0x14 ~

15:8 CHIPID1 Chip ID, read only "

70 CHIPID2 Chip ID, read only "
0x16

15:8 RSV —

6. Application Note

VBAT
0 —

I
1>§§ I

VDD

LDO DVDD/AVDD

; 00nH 5V
Intergrated
-4 D 2) PWM1H Half-
H Bridges
; SQECISDA PWM1L a9
Digital | PWM2H

Control PWM2L

%gpwwscu

Figure 6.1 Typical application diagram

1) TVSdiode or decoupled capacitor is recommended with respect to 1ISO7637-2 Pulse 2a.
2)  Apullup resistor is necessary to connect FG pin to VDD or other power.

3)  OUT capacitor is recommended with respect to EMI test.

7. Package Information
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Top View — Bottom View o e )
cce 0.10
- 9 ddd 0.08
i - ee 0.08
f# 0.10
/| eee|C
o DETAL A
/ \
." ‘ﬂ
\ / < \
/ \ | \
| | |
|
o = | i |
SEATING PLANE - / < | & |
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~— — NOTES'

ALL DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.

Figure 7.1 DFN10(3*3) Package Shape and Dimension in millimeters

D
1
| |
o He—-— _L _____ I . |/[ [! 1\1 <
' | \ i |
| |
| 1
I
: e b c |
Symbol Dimensions In Millimeters Dimensions In Inches
Min. Max. Min. Max.
A 0.700 1.000 0.028 0.039
D 2.850 2.950 0.112 0.116
E 3.700 3.900 0.146 0.154
E1 1.550 1.650 0.061 0.065
b 0.300 0.500 0.012 0.020
c 0.080 0.200 0.003 0.008
e 0.950 BSC 0.037 BSC

Figure 7.2 SOT23-6L(2.9*1.6) Package Shape and Dimension in millimeters

8. Ordering Information
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Standard Ordering Item No.:

Part Number Temperature Power Package
Supply
Voltage (V)
NSUC1611D- raco
Q1DAHR -40~125°C 12 DFN10 TBD 5000
NSUC1611D- R
Q1STGR -40~125°C 12 SOT23-6L TBD 5000
9. Revision History
Revision ‘ Description DEL]
0.0 Initial version. 2025/10/22
0.1 Add Application and package information 2026/3/24
0.2 Revise the pin description for the SOT23 package. 2026/6/9
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IMPORTANT NOTICE

The information given in this document (the “Document”) shall in no event be regarded as any warranty or authorization of,
express or implied, including but not limited to accuracy, completeness, merchantability, fitness for a particular purpose or
infringement of any third party’s intellectual property rights.

Users of this Document shall be solely responsible for the use of NOVOSENSE's products and applications, and for the
safety thereof. Users shall comply with all laws, regulations and requirements related to NOVOSENSE’s products and
applications, although information or support related to any application may still be provided by NOVOSENSE.

This Document is provided on an “AS IS” basis, and is intended only for skilled developers designing with NOVOSENSE’s
products. NOVOSENSE reserves the rights to make corrections, modifications, enhancements, improvements or other
changes to the products and services provided without notice. NOVOSENSE authorizes users to use this Document
exclusively for the development of relevant applications or systems designed to integrate NOVOSENSE'’s products. No
license to any intellectual property rights of NOVOSENSE is granted by implication or otherwise. Using this Document for
any other purpose, or any unauthorized reproduction or display of this Document is strictly prohibited. In no event shall
NOVOSENSE be liable for any claims, damages, costs, losses or liabilities arising out of or in connection with this Document
or the use of this Document.

For further information on applications, products and technologies, please contact NOVOSENSE (www.novosns.com).

Suzhou NOVOSENSE Microelectronics Co., Ltd
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