NSD12416A-Q1

2CH, 160mQ, 40V, Fully Protected

NOVOSENSE Automotive Low-side Switch

Product Overview
NSD12416A-Q1 is a 160mQ 2 channel low-side switch

Key Features

e AEC-Q100 (Grade 1 alified for automotive
with 48V clamp voltage for automotive applications. It's C Q ( ) qualif ) V
. - L . ; . application
designed for driving resistive or inductive loads with one
side connected to the battery. Internal 48V clamp circuit * Drain current limitation: 2.5A
protects lde\(lce from surge energy when fast « 48V overvoltage clamp
demagnetization at turn-off.
* Thermal shutdown protection
With internal output current limitation, the device is . . .
protected in overload condition. Built-in thermal Thermal swing protection
shutdown protects the chip from over-temperature and * Fault diagnostic block
short-circuit. A thermal swing mechanism is built to limit - Thermal shutdown diaanosis
dissipated power to decelerate power accumulation. 9
Thermal shutdown, with automatic restart, allows the * Very low standby current
devices to recover normal operation as soon as a fault . Very| lect i fibilt
condition disappears. ery low electromagnetic susceptibility
* ESD protection
An internal diagnose function is built to indicate any .
faults when thermal shutdown through an open-drain * RoHS & REACH Compliance
status output pin. This device operates in ambient
temperatures from —40°C to 125°C. . . .
Typical Application
Applications
Vsupply
¢ Automotive Relays
* Valves Load R1
* Solenoid drivers
NSD12416A-Q1 toad Lt Vsupply
* Lighting
DRAIN1 Load R2
[1_| vob1
. . —1 /N1 SOURCE1 Load
Device Information
A\
Part Number Package Body Size M| voo2 DRAIN2
NSD12416A- — /IN2
Q1SPR SO-8 4.9mm x 3.9mm SOURCE2

Figure 0.1 NSD12416A-Q1 Typical Application
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NSD12416A-Q1

1. Pin Configuration and Functions

SOURCE1 | 1 | @ 8 | DRAIN1
VDD1/IN1 | 2 7 | DRAIN1
SOURCE2 | 3 6 | DRAIN2
VDD2/IN2 | 4 5 | DRAIN2

Figure 1.1 NSD12416A-Q1SPR Pinout

Table 1.1 NSD12416A-Q1SPR Pin Configuration and Description

Pin No. Symbol Function

1,3 SOURCE1,2 | PowerMOS source and ground reference for the control section

24 VDD1,2/IN1,2 Voltage cc_)ntrolled input pin with hysteresis, CMOS compatible. They control
output switch state

8,7,6,5 DRAIN1,2 PowerMOS drain

2. Block Diagram

DRAIN1 DRAIN2
N N
N 74N
Chip logic& protection ch2
Chip logic& protection chl
Protection_TSD |
(chip thermal shutdown) |
VDD2/IN2 Egﬁ Protection_current limit
10_input_buffer
VDD1/IN1 Eg Gate driver control logic I
Protection_VDS clamp
AN N

Figure 2.1 NSD12416A-Q1SPR Block diagram
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3. Absolute Maximum Ratings

Parameters Symbol Min Typ Max Unit
. Internally

Drain-to-Source Voltage Vbs clamped \%

Junction Temperature Ty -40 150 °C

Storage Temperature Tstg -55 150 °C

Single pulse avalanche energy (L =

12mH; Ty = 150 °C; R. = 0Q; lout = lim) Eas 40 mJ

4. ESD Ratings

Parameters
Human-body model, per AEC-Q100-002-RevD , VEesp- +2000 v
V(ESD) Electrostatic HBM
discharge Charged-device model, per AEC-Q100-011-RevB ,
1750 \Y,
VEsD-cDM
5. Thermal Information
Parameters Symbol SO-8 Unit
Junction-to-ambient Thermal Resistance Bua 75.4 °C/IW
Junction-to-top characterization parameter Wit 4 °C/W
Junction-to-case (top) thermal resistance Buc top> 23.8 °C/IW
The thermal data is based on the JEDEC standard high-K profile, JESD 51-7, four layers board.
6. Specifications
6.1. Electrical Characteristics
(Voo =ViNn=4.5V 10 5.5V, Ty =-40°C to 150°C. Unless otherwise noted.)
Copyright © 2025, NOVOSENSE Page 4
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Parameters Symbol  Min Typ Max ‘ Unit Comments
Power MOSFET
160 mo |=D5=\} A; Ty =25°C; Vop = Vin
ON-state resistance Ron — o -
320 mo |\?IN—=15A\,/TJ =150°C; Vopb =

Drain-source clamp voltage VeLamp 46 48 56 Vv Vin=0V, Ip = 1A
\I/D(;Iat\;ng-:ource clamp threshold Vorm 40 Vv Vin= 0V, Io = 2 mA

0 3 uA \2/g\l°(=:OV;VDS=13V;TJ=
OFF-state output current Ipss

0 5 uA VIN:OV;VDS=13V;TJ=

125°C
Body diode forward voltage VaD 0.8 Vv Ib=1A;Vin=0V
Input section
Supply current from input pin liss 30 65 LA \?Dl\i-itgtc\a/; Voo=ViN=5V;
5.5 8 licL =1 mA
Input clamp voltage VicL \Y
-0.7 licL = -1 mA

Input threshold voltage VINTH 1 3.5 Vv Vbs = ViN; Ip =1 mA
Switching characteristics
Turn-on delay time ta (oN) 9 us RL=13Q,Vcc=13V
Turn-off delay time td (oFF) 9 us R.=13Q,Vcc=13V
Rise time tr 9 us RL=13Q,Vcc=13V
Fall time tr 5 us | RL=13Q,Vec=13V
Switching energy losses at turn-on Won 26 ud R.=13Q,Vcc=13V
Switching energy losses at turn-off Worr 23 ud RL=13Q,Vcc=13V
Protection and diagnostics
DC short-circuit current liim 1.6 2.5 3 A Vos =13V, Vop = Vin = 5V
Shutdown temperature Trsp 150 175 200 °C
Reset temperature Tr TR1S’ * TR; * °C
Thermal reset of STATUS Trs 135 °C
Thermal hysteresis (Ttsp - TR) Thyst 7 °C
Dynamic temperature AT, 40 K Ty =-40°C, Vec = 13V
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Parameters Symbol  Min Typ Max | Unit Comments

Dynamic temperature hysteresis ATy Hys) 15 K

6.2. Switching characteristics

AD

ko —

10%

A vgen

\

Figure 6.2 NSD12416A-Q1 Switching Characteristics

7. Protections

7.1. Current Limitation

NSD12416A-Q1 has current limitation to protect the silicon and bonding wire in case of overload or short circuit to
battery.

7.2. Thermal Shutdown and Thermal Swing

This device has both absolute and dynamic temperature protection. There are two thermal sensors on the controller
and the MOSFET, the one on the MOSFET is the hottest and another one on the controller is the coldest. The absolute
temperature protection is to shut down the MOSFET when the hottest junction temperature exceeds the Ttsp, and the

dynamic temperature protection is also to shut down the MOSFET when the temperature difference between the
hottest and the coldest exceeds AT..
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8. MCU 1/O Protection

5V

Rprotect

INPUT

Load R

DRAIN

Chip logic& protection

MCU

L

lo_input_buffer

Protection_TSD
(chip thermal shutdown)

Protection_current limit

Gate driver control logic

Protection_VDS clamp

Figure 8.1 NSD12416A-Q1SPR application schematic

SOURCE

NSD12416A has Zener diodes inside for ESD protection and the intrinsic NPN parasitic bipolar, so that resistors for
protection are necessary in series with the digital inputs to limit the current to protect MCU I/Os during transient and

reverse battery conditions.

The value of resistors for protection Rprot is suggested 100ohm~1. 5kohm.
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9. Package Information
9.1. SO-8 Package Information

COMMON DIMENSIONS

0 e (UNITS OF MEASURE=MILLIMETER)

SYMBOL | _MIN NOM | MAX

— A 1.35 1.55 1.75

- Al 0.05 - 0.25

| BTM E—MARK ey | A2 1.30 740 | 1.50

o | —91.20+0.05 é( AS 050 | 060 | 0.70
| DEPTH 0.10+0.10 & o b 0.38 | - 0.47

| / 13} b1 0.37 0.40 0.43

! c 0.17 - 0.25

~ cl 0.17 0.20 | 0.23

1 / Tl D 4.80 | 490 | 5.00
T i —tr E 580 | 6.00 | 6.20
N / =] 3.80 3.90 4.00

-+ e 117 127 | 1.37

INDEX ‘ N 0.45 0.60 0.80

[ ! 0 T.04REF,
] i L2 0.258SC

V- 1 R 0.07 - -

I R1 0.07 = =
h 0.30 0.40 0.50

0 3 - 8

— €Il 15° 17° 19"
Leél b‘J 025® B B 02 " 13 15

o1
>

A—=y

BASE METAL

NOTES:
PLATING ALL DIMENSIONS REFER TO JEDEC STANDARD MS-012 AA
SECTION B-B

DO NOT INCLUDE MOLD FLASH OR PROTRUSION,

=— A2 —

{

Al
(o}

9.2. SO-8 Packaging Information

Pinl POC4,00+0,103 ! DOCLS0+0.107
P22, 0040,05) . _
| ’ | / Te0.3040,05—|
\/ | ! { | ./
EC1L75x0.10% - - . - - | - - - {
T SN _ O, __»f_ ™y Oy [ Ny -
o '(T i R %_J W1/ T; \_i_,j— i
[

SMAX
|
FES.50£005) | ! ! \ f

I H@ % e H%T}f -
‘| i I\ i II
| |

W12, D0

5.5040.10) |—

.
\

EO

a1 02— ‘ \
) ) ~— PL(B.00£0.10)— \ Section A—4’
User direction of feed i \-DICLS0+0.10)
~ 40 (6.60£010 ) = ) ~|—5max
4008020~ | e / 2 | |
\ f
( ! {0\ _~—Chart & | I Vi 1 g
)*\l [7 ‘r r ‘-.l | | (:.J?m E
i | | 3
/ T T g
~ // ( f
\

6.60+0.10

Chart AL
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10. Ordering Information

Part Number ‘ Package MSL SPQ

NSD12416A-Q1SPR S0O-8 3 2500

Note: All packages are ROHS compliant with peak reflow temperature of 260°C according to the JEDEC industry
standard classifications and peak solder temperature.

11. Revision History

Revision Description Date

1.0 Initial version 2024/2/1
1.1 Update key description 2024/3/26
1.2 Update format 2024/417
1.3 Update the recommended value of resistors for MCU I/O protection 2025/5/16
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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, fithess 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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