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Product Overv_ew Key Features

NSD12416-Q1 is a 160mQ 2 channel low-side switch with

. e * AEC-Q100 (Grade 1) qualified for automotive applicdion
48V clamp voltage for automotive applications. t§

designed for driving resistive or inductive loads with one * Drain current limitation: 2.5A
side connecteq to the bttery. hternal 48V clamp ¢ ircuit « 48V overvoltage clamp
protects device from surge energy when fast

demagnetiation at turn-off. * Thermal shutdown protection

e Thermal swing protection
Wth internal output current limitation, the device is

protected in overload condition. Built-in thermal s hutdown * Faultdiagnostic tock

protects the chip from over-temperature and short-circuit. A - Thermal shutdown diagnosis
thermal swing mechanism is bilt to limit dissipate d power
to decelerate power accumulation. Thermal shutdown, with
automatic restart, allows the devices to recover normal *  Very low electromagnetic susceptitity
operation as soon as a fault condition disappears.

¢ Verylow standbpcurrent

e ESD protection

A n internal diagnose function is bilt to indicate any faults *  RHS &FEA CHCompliance
when thermal shutdown through an open-drain status
output pin. This device operates in amkent tempera tures
from -40° C to 125° C.

yp.ca -App.cat on

Vsupply
App .cat ons Load R
* Automotive Relays
y NSD12416-Q1 | LoadLl Vsupply

e Valves M
Z_|vpDL e g

* Solenoid drivers /N1 Load R

e Lighting —STAT1 SOURE1 Load L2
B ) G VS v
/N2 DRA N2

Dev_ce InforEat_on —{ STA T2 SOURCE2

Part Null ber Pac age Body _ it l

NSD12416-Q1SPR SO-8 4.9mm x 3.9mm Figure 0.1 NSD12416-Q1 Typical A pplication
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~ P_n Conf_gurat.on and Funct_ons

VDD1/ N1

STATUS1

VDD2/ N2

STATUS2

4

DRA N1

SOURCE1

DR N2

SOURCE2

Figure 1.1 NSD12416-Q1SPRPinout

Tale 1.1 NSD12416-Q1SPRPin Configuration and Desc ription

PIN NO. RO Fa NC ION
13 VDD1,2/ N1,2 Vol.tage controlled input pin with hysteresis, CMOS compatite. They control output
switch state
2,4 STATUSL,2 Open drain digital diagnostic pin
8,6 DRA N1,2 PowerMDS drain
7,5 SOURCE1,2 PowerMDS source and ground reference for the control section
-Boc d,_agrag

Chip logic&protection ch2

D_ input_ bffer

Chip logic&protection chl

Protection_ TSD
(chip thermal shutdown)

Protection_ current limit

Gate driver control logic
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- Abso ute Max_{ uE xat_.ngs
Para‘ eters Aﬁ— M.n yp Max Jnt
Drain-to-Source Voltage Vbs rz:::;:z; Y
DC Drain Current Io Thermal limited A
NPUT Pin Current I'voo -1 10 mA
STATUS Pin Current drat -1 10 mA
Junction Temperature T -40 150 °C
Storage Temperature Tstg -55 150 °C
il;égéi [ét:lsRe:aovg;laEUchlel:emn)ergy (L=12mH T, Ere 40 mJ

4. E _ReiiiinitfiGmmmm— B

Para Eete rs

Human-bdy model, per A EC-Q100-002-RevD  , Vesp-rav +4000 \

V(ESD) Electrostatic discharge
Charged-device model, per A EC-Q100-011-RvB ; Vesp.com +750 v

a herEa -InforEat_on

Junction-to-amkent Thermal Resistance 0 77.8 °C/W
Junction-to-top characteriation parameter (URES 4.25 °C/W
Junction-to-case (top) thermal resistance B¢ ctop> 25 °C/W

The thermal data is bsed on the JEDEC standard hig h-K profile, JESD 51-7, four layers bard.
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... E ectr_ca-Character_st_cs

(Vbo=Vn=4.5Vt0 5.5V, T, =-40° C to 150° C. Unless otherwise noted.)

Para‘eters Aﬁ— M_n yp Max | Jnt Co‘ ‘ents
Power MO i
160 mQ lb=1A; J=25°C; ¥p=Vn =5V
ON-state resistance Ron
320 m0 lb=1A; J=150°C; Yo=Vn =5
Vv
Drain-source clamp voltage Veraw 46 48 56 \Y Vv =0V, lp=1A
Drain-source clamp threshold Ve 40 v Va =0V, Ip =2 mA
voltage
0 3 A Wi =0V; bs=13V; T;=25°C
OFF-state output current bss
0 5 A Vi =0V; Wbs=13V; T;=125°C
Body diode forward voltage Ve 0.8 v b=1A; N=0V
Input sect on
Supply current from input pin Iss 30 65 A ON-state; Yo=Vn =5V; bs=0V
5.5 8 let =1 mA
hput clamp voltage Vo \
-0.7 bL=-1mA
hput threshold voltage V nTH 1 3.5 v Vps=Vn; b=1mA
Db -
Status low output voltage Vsrat 0.5 \Y Istat=1 mA
Status lealage current | LsTat 10 A \brar=5V
Status pin input capacitance Csrat 100 pF Vstat=5V
5.5 8 Istat=1 mA
Status clamp voltage Vsrc v
-0.7 ISTATz -1mA
_plslpigcharacterstes -
Turn-on delay time ta (o) 9 s R.=13Q,Vps=13V
Turn-off delay time td (orF) 9 s R.=13Q,Vps=13V
Rse time tr 9 S RL=13Q,Vps=13V
Fall time tr 5 S RL=13Q,Vps=13V
Switching energy losses at turn-on Won 26 J R=130Q,Vps=13V
Switching energy losses at turn-off Wore 23 J R=130Q0,Vps=13V
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Para‘ eters A— M.n yp Max @ Jsnt Co‘ ‘ents
Protect_on and d_agnost_cs
DC short-circuit current liim 1.6 2.5 3 A \bs =13V, Vpp=Vy =5V
Shutdown temperature Trsp 150 175 200 °C
Reset temperature Tr Te+1l| Te+5 °C
Thermal reset of STATUS & 135 °C
Thermal hysteresis ( Trsp - Tr) Twst 7 °C
Dynamic temperature AT, 40 K T,=-40°C, \bs = 13V
Dynamic temperature hysteresis AT 5 (ws) 15 K
. .~ ruetabe
Cond_t ons Input Dra_n _ D —
L H H
Normal operation
H L H
L H H
Current limitation
H X H
L H H
Over-temperature limitation
H H L
L H X
VDD under-voltage
H H X
. . . _pbshengchoracterstes -
A D
|
\,

10%

A Vgen

Figure 6.2.2 NSD12416-Q1 Switching Characteristics
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- Protectons

-~ Current I.._E_tat_on

NSD12416-Q1£.35 current limitation to proteEt the silicon and bnding wire in case of overload or shor t circuit to bttery.

- - her@a shutdown and ther@a sw._ng

This device has bth abolute and dynamic temperatu re protection. There are two thermal sensors on the controller and the
MDSFET, the one on the MOSFET is the hottest and th e one on the controller is the coldest. The abolut e temperature
protection is to shut down the MOSFET when the hott est j unction temperature exceeds the Tsp, and the dynamic temperature
protection is also to shut down the MOSFET when the temperature difference btween the hottest and the coldest exceeds

AT,.

7;, App _-_s:at_on_nforEat_on

Vcc
5V
DRAN
Roull up Chip logic&protection
Protection_TSD
(chip thermal shutdown)
Forotect VDD/ N
Eg Protection_ current limit
I\ﬂ: U b_input_ bffer
Gate driver control logic ——|
Fprotect STATUS Protection_ VDS clamp

|||—

Figure 8.1 NSD12416-Q1SPRapplication schematic

SOURCE

X
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?.~. MCa 1 O protect.on

NSD12416 has Z ener diodes inside for ESD protectionand the intrinsic NPN parasitic kpolar, so that r esistors for protection
are necessary in series with the digital inputs to limit the current to protect MU J Os during transi ent and reverse bttery
conditions.

The value of resistors for protection can b calcul ated pthe formula as shown blow:

0.7 Vicu_ou -V
< < —
= Nprot =

/[atchup l/Hmax

Where | iechup 1S the MU | O latch up current, V wu_our is the output voltage of MU J O, V 4 is the High-level input voltage of
NSD12416, |, is the High-level input current.
Let: latchup 220mMA 5 Meu_out 2.5V, 50 35Q < R prot < 15K, the recommended value is 1K).

'}‘ - heva ue of _idenienipiietuipeliotebtior——7— — -

Because the STATUS pin is open drain output, a pullup resister is needed to fix the high voltage during normal operation.
When the fault occurs, the voltage level of STA TUSis pulled down B the internal MSFET on. The value of pull up resistor can
b calculated  the formula as shown blow:
Vpull-up N ‘Ron < Rpu”_up < Vpulll-up VOH
oL leak
Where V pup is the minimum of pull-up supply, Vo is the maximum of MU logic low, R . is the on resistance of the MOSFET of

STATUS pin, ¥ is the minimum of MU logic high, | ik is the maximum lealage current of STATUS pin.
Let: Vpuuup = 45V, Pon= VSTA]/ kraT= SOOQ, VoL= 09VVoH = 21V lieak = 10UA , SO 2K < Rpuuup < 240K).
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e

~ -~ >
COMMON DIMENSIONS
D L2 = (UNITS OF MEASURE=MILLIMETER)
SYMBOL [ MIN NOM MAX
A 1.35 1.55 1.75
Al 0.05 - 0.25
EREMEIL T ey . A2 1.30 1.40 1.50
S L — A3 0.60 0.70
b - 0.47
bl 0.40 0.43
c - 0.25
cl 0.20 0.23
D 4.90 5.00
i Io&60 ) %.20
g 400
1.87
|
il
|
I
o1
>t
™ b
ML L o
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~ - Order_ng InforEat_on

Part Nu‘ ber
NSD12416-Q1SPR SO-8

2500

classifications and peaksolder temperature.

Note: A [l paclages are ROHS compliant with peakref low temperature of 260° Caccording to the JEDEC indistry standard

~-- Aev_s on H_story

Aev_s.on Descr_pton Date

1.0 hitial version 2024/ 2/ 1
1.1 Update ley description 2024/ 3/ 26
1.2 Update format 2024/ 4/ 7
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IMPOx AN NO ICE

The information given in this document (the “Document”) shallin no event b regarded as any warranty or authoriation of,
express or implied, including bt not limited to ac curacy, completeness, merchantality, fitness for a particular purpose or
infringement of any third partys intellectual prop erty rights.

Users of this Document shall b solely responsite  for the use of NOVOSENSES products and application s, and for the safety
thereof. Users shall comply with all laws, regulations and requirements related to NOVOSENSES product s and applications,
although information or support related to any application may still b provided { NOVOSENSE.

This Document is provided on an “A'S §” bsis, and is intended only for sklled developers designing w ith NOVOSENSE’
products. NOVOSENSE reserves the rights to male cor rections, modifications, enhancements, improvements or other
changes to the products and services provided without notice. NOVOSENSE authorizs users to use this D ocument exclusively
for the development of relevant applications or systems designed to integrate NOVOSENSES products. No license to any
intellectual property rights of NOVOSENSE is granted bimplication or otherwise. Using thisDocument forany other purpose,
or any unauthorizd reproduction or display of this Document is strictly prohitied. h no event shall NOVOSENSE b liake
for any claims, damages, costs, losses or lialiti es 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.novasns.com).
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