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NPH770280Q

Automotive Dual-Channel 80mQ Smart High-Side Driver
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NPH770280Q
Automotive Dual-Channel 80mQ Smart High-Side Driver

. Features
Compliant with AEC-Q100

Dual-channel high-side driver with integrated
current sense feedback

Operation voltage range: 4V to 28V, AMR 40V

On resistance:
—  40mQ (Typ, T, =25°C)
- 80mQ (Max, Ty = 150°C)

Load current I nomy: 1.5A (Typ)
Maximum overcurrent limit: 15A (Typ)

Very low standby current consumption: 0.1pA
(Max)

Support down to 2.85V VCC during deep cold
crank

3V/5V CMOS compatible input

Multlple diagnostics through CS pin
High accuracy analog output proportional to
loading current
— Overload and output short to ground alarm
— Open load diagnostic in OFF state
— Output short to VCC detection
— Support CS output enable/disable

Protections

— Vcc undervoltage shutdown

— VDS clamp for protection of inductive load

— Thermal shutdown

— Overcurrent protection

— Dynamic overtemperature protection

— Output latch/hiccup through the FaultRST
pin

— Loss of ground and loss of V¢ protection

— Battery reverse insertion protection

— ESD protection

Packages: SSOP16PP and SSOP14PP

. Applications

All types of automotive resistive, inductive and
capacitive loads

Power supply protection in ADAS: radar and
sensors

Automotive headlamps

3. Description

The NPH770280Q is an automotive dual-channel
smart high side driver. It features 3V/5V CMOS
compatible input control interface and two
independent output channels. It can also provide
smart  protections  and diagnostics.  The
NPH770280Q is extensively used in 12V automotive
power supply systems.

The NPH770280Q integrates advanced protection
functions, including overcurrent limit protection, and
dynamic overtemperature protection. Additionally,
NPH770280QASSOP16P provides configurable
output latch/hiccup function though the FaultRST
pin when thermal shutdown or overcurrent event
occurs.

The NPH770280Q also integrates multiplexed
analog output through the CS pin to provide complex
diagnostic functions, including accurate analog
output proportional to loading current, over load, and
output short to ground alarms, output short to Vcc,
and open load detection in OFF state.

The NPH770280Q SEn pin provides the function of
enable/disable of diagnostic functions in OFF state,
which can be used to obtain low power consumption
if disabled. When multiple NPH770280Q devices are
used in one system, the SEn pin can also be used to
achieve sampling CS voltage through one single
ADC channel of MCU by paralleling CS outputs of
multiple NPH770280Q devices, which greatly
optimizes the system and reduces system cost.

The NPH770280Q supports the SSOP16PP and
SSOP14PP packages. See Table 1 for the order
information.
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Table 1. Order Information

CH Vce Rdson o . Pkg.
Order Number Package Mark #) V) (mQ) K2 Iuimit (A) | Rating Option
NPH770280QASSOP16P SSOP16PP H770280Q 2 4-28 40 1200 15 Auto T/R-3000
NPH770280QASSOP14P SSOP14PP H770280Q 2 4-28 40 1200 15 Auto T/R-3000

4. Pin Configuration and Functions

Figure 1 illustrates the pin configuration.

IMPUTO ] 1 16 [ OUTPUTO ecuDc]1 - — —, 14|21 OUTPUTD
= DA =podlavth ENH | 12 ouTRuo
SELOC] 5 l : 12 3 OUTPUTA i I e

| SELOC 5 | | 10 =3 OUTPUT1
NCEH 6 | Mg ouTPUT INPUT1 = 6 | 992 ouTPUTH
cs—d v o _ _ I 10 |32 oUTPUTH RV 7 L_-R a3 OUTPUTA

IMPUT1C] & 9= OUTPUTA

N TAB =Ver —— TAB =Vce
NPH770280QASS0P16P NPHTT0280QASSOP14P

Figure 1. Pin Configuration

Table 2 lists the pin functions (NPH770280QASSOP16P).
Table 2. Pin Functions (NPH770280QASSOP16P)

Position | Name Type Description
1 INPUTO Input Voltage c9ntro|led input pin with hysteresis, compatible with 3V and 5V CMOS outputs. It controls
output switch state.
JE— Active low compatible with 3V and 5V CMOS outputs pin; it unlatches the output in case of fault; If kept
2 FaultRST Input .
low, sets the outputs in auto-restart mode.
3 SEn Input Active high compatible with 3V and 5V CMOS outputs pin; it enables the CS diagnostic pin.
4 GND Ground Ground connection. Must be reverse battery protected by an external diode / resistor network.
5 SELO Input Active high compatible with 3V and 5V CMOS outputs pin; addressing the CS multiplexer.
6 NC Not connect for this pin.
7 Cs Output Analog current sense output pin. It delivers a current proportional to the load current.
8 INPUT1 Input Voltage cs)ntrolled input pin with hysteresis, compatible with 3V and 5V CMOS outputs. It controls
output switch state.
9-12 OUTPUT1 Output Power outputs. All the pins must be connected together.
13-16 OUTPUTO Output Power outputs. All the pins must be connected together.
Vee Power Battery connection
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Table 3 lists the pin functions (NPH770280QASSOP14P).
Table 3. Pin Functions (NPH770280QASSOP14P)

Position Name Type Description
1 GND Ground | Ground connection. Must be reverse battery protected by an external diode / resistor network.
2 INPUTO Input ;/lj)tléelljgges\tlzv(i)tr;';]r()sq:?efnput pin with hysteresis, compatible with 3V and 5V CMOS outputs. It controls
3 SEn Input Active high compatible with 3V and 5V CMOS outputs pin; it enables the CS diagnostic pin.
4 Cs Output | Analog current sense output pin. It delivers a current proportional to the load current.
5 SELO Input Active high compatible with 3V and 5V CMOS outputs pin, addressing the CS multiplexer.
6 INPUT1 Input E)/Stléebgzes\z(i)tggcél'l[gge?nput pin with hysteresis, compatible with 3V and 5V CMOS outputs. It controls
7 RSV Reserved for internal use. Pulled down to GND internally. Leave this pin floating in application.
8-10 OUTPUT1 Output Power outputs. All the pins must be connected together.
11 NC Not connect for this pin.
12-14 OUTPUTO Output Power outputs. All the pins must be connected together.
Vce Power Battery connection
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5. Specifications

5.1 Absolute Maximum Ratings

Table 4 lists the absolute maximum ratings of the NPH770280Q.
Table 4. Absolute Maximum Ratings

Parameter Description Min Max Units
DC supply voltage, Vcc 38 \%
Reverse DC supply voltage, —Vcc 0.3 \%
Voltage Maximum transient supply voltage (ISO 16750-2:2010 Test B clamped to 0 Vv
40V; R =4Q), Vcerk
Maximum jump start voltage for single pulse short circuit protection, 28 Vv
Veess
DC reverse ground pin current, =lgnp 200 mA
OUTPUT DC output current, lour Internally limited A
Reverse DC output current, —loyr TBD A
INPUT DC input current, iy -1 10 mA
SEn DC input current, lsgn -1 10 mA
Current SELO DC input current, lsg. -1 10 mA
FaultRST DC input current, ler -1 1.5 mA
CS pin DC output current (Veno = Vee and Veense < V), lsense 10 mA
CS pin DC output current in reverse (Vec < 0V), lsense -20 mA
li/lszz(oigtyjnl;;v:itching energy (single pulse) (Toemac = 0.4ms; Tistart = TBD mJ
Junction, T, -40 150 °C
Temperature
Storage, Tsg -55 150 °C

Note: Stresses beyond those listed under Table 4 may cause permanent damage to the device. These are stress
ratings only, which do not imply functional operation of the device at these or any other conditions beyond those
indicated under Table 6. Exposure to absolute-maximum-rated conditions for extended periods may affect device

reliability.
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5.2 ESD Ratings
Table 5 lists the ESD ratings of the NPH770280Q.

Table 5. ESD Ratings

Parameter | Symbol Description Value | Units
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001® TBD

Electrostatic

Discharge V(esp) Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001™ V¢, output 0, and output 1 TBD Y,
Charged-device model (CDM), per JEDEC specification JESD22-C101? TBD

Note 1: The JEDEC document JEP155 indicates that 500V HBM allows safe manufacturing with a standard ESD

control process.

Note 2: The JEDEC document JEP157 indicates that 250V CDM allows safe manufacturing with a standard ESD

control process.

5.3 Recommended Operating Conditions

Table 6 lists the recommended operating conditions for the NPH770280Q.
Table 6. Recommended Operating Conditions

Parameter Description Symbol Min Nom Max Units
Power Supply
Power Supply 4 28 \%
Digital Inputs
Digital Input Voltage Vbi 0 5.5 %
Temperature Range
Operating Ambient Temperature Ta -40 125 °C
5.4 Thermal Information
Table 7 lists the thermal information for the NPH770280Q.
Table 7. Thermal Information
Parameter Symbol | NPH770280QASSOP16P | NPH770280QASSOP14P | Units
Junction-to-Ambient Thermal Resistance Resa 30.3 29.8 °C/IW
Junction-to-Top Characterization Parameter Yot 3.2 3.0 °C/IW
Junction-to-Case (Bottom) Thermal Resistance ReJc(pot) 1.2 1.2 °C/IW
Page 6 of 17
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5.5 Electrical Characteristics

Table 8 lists the electrical characteristics of the NPH770280Q. 7V < Vcc < 28V; —-40°C < T, < 150°C, unless
otherwise specified. All typical values refer to Vcc = 13V; T,y = 25°C, unless otherwise specified.

Table 8. Electrical Characteristics

Parameter Symbol Conditions Min | Typ | Max | Units

During Cranking

Minimum Cranking Supply Voltage (Vcc

Decreasing) Vusb_cranking 2.85 \
Power
Operating Supply Voltage Vee 4 13 28 \%
Undervoltage Shutdown Vusp 2.85 \%
Undervoltage Shutdown Reset VUsbReset 5 \
Undervoltage Shutdown Hysteresis Vusphyst 1.25 \%
lour = 1A; T; = 25°C 40.0 44.2
NPH770280QASSOP16P Ron lour = 1A; T, = 150°C 75.2 mQ
On-State lour = 1A; Vee = 4V; T, = 25°CP 41.1
Resistance® lour = 1A; T, = 25°C 402 | 44.4
NPH770280QASSOP14P Ron lour = 1A; T, = 150°C 75.4 mQ
lour = 1A; Vee = 4V; Ty = 25°CO 41.3
Nominal Load Current Per Channel (2 Channels lLnom) T, < 150°C00 15 A

Active)

Vee = 13V, Vin = Vour = Ver = Vsen = 0V,
VseLo = OV, T;= 25°C

0.01 0.1

: Vee = 13V; Vin = Vour = Ver = Vsgn = 0V
Supply Current in Standby at V¢ = 13V® I 0.1 A
PRl y ce sTey Vselo=0V; Ty = 85°C® "

Vee = 13V, Vin = Vour = Ver = Vsen = 0V,
VseLo = OV, T;= 125°C

Vee = 13V; Vin = Vour = Ver = V. =
Standby Mode Blanking Time to_stey " N TouT T R T TSELD 650 us
OV, Vsen = 5V tO oV

Vee =13V, Vsgn = Ver = V. =0V;V
Supply Current Iscon) ce SEn T YRR T TSRO o 3.7 5.0 mA
=5V, Vine = 5V, louto = 0A, lours = 0A

Vce = 13V, Vsgn = 5V; Ve =V =0ov,
Control Stage Current Consumption in ON State. ce Sen PR TSED

| Vino =5V; Vi =5V, | =2A; 1 = 6.0 mA
A” Channels Active_ GND(ON) INO IN1 ouTo OouT1
2A
Vin = Vour = OV; Vsgn = 0V, Ve = 13V, 0.15 05
T;=25°C
Off-State Output Current at Ve = 13V® I (ofry WA
Vin = Vour = 0V; Vsgn = 0V; Ve = 13V, 3
T,=125°C
Output - Vcc Diode Voltage at T; = 150°C Ve lour = =3A; Ta = 125°C 0.7 V
Switching (Vcc = 13V; —=40°C < T; < 150°C, Unless Otherwise Specified)
Turn-On Delay Time at T, = 25°C® td(on) 35 65 95
R.=4.3Q us
Turn-Off Delay Time at T, = 25°C® taoft 20 60 | 100
Turn-On Voltage Slope at T; = 25°C® (dVour/dt)on | R.=4.3Q 0.06 0.2 0.4 Vius
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Parameter Symbol Conditions Min | Typ | Max | Units

Turn-Off Voltage Slope at T, = 25°C® (dVour/dt)o 0.15 0.38 0.6
Switching Energy Losses at Turn-On (twon) Won RL=4.3Q TBD mJ
Switching Energy Losses at Turn-Off (twor) Worr RL=4.3Q TBD mJ
Differential Pulse Skew (tpu. — tpi1)© tskew R.=4.3Q -100 | -32 40 us
Logic Inputs (7V < Vcc < 28V; =40°C < T; < 150°C)
INPUTO/1 Characteristics
Input Low Level Voltage Vi 0.9 \%
Low Level Input Current I Vin = 0.9V 0.8 HA
Input High Level Voltage Vin 2.1 \%
High Level Input Current I Vin=2.1V 10 HA
Input Hysteresis Voltage Vihyst) 0.15 \Y
FaultRST Characteristics
Input Low Level Voltage VErL 0.9 \%
Low Level Input Current IFRL Vi =0.9V 0.8 UA
Input High Level Voltage VErH 21 \%
High Level Input Current IFRH Vin = 2.1V 10 HA
Input Hysteresis Voltage VERhyst) 0.15 \%
SELO Characteristics (7V < Vcc < 18V)
Input Low Level Voltage VseLL 0.9 \%
Low Level Input Current IseLL Vin = 0.9V 0.8 HA
Input High Level Voltage VseLn 21 \%
High Level Input Current IseLH Viy =2.1V 10 MA
Input Hysteresis Voltage VsEL(hyst) 0.15 \Y
SEn Characteristics (7V < V¢c < 18V)
Input Low Level Voltage VsenL 0.9 \Y,
Low Level Input Current IsenL Viy=0.9V 0.8 YA
Input High Level Voltage Vsenn 2.1 \
High Level Input Current IsenH Vin = 2.1V 10 HA
Input Hysteresis Voltage Vskn(hysy 0.15 \%
Protections (7V < Vcc < 18V; =40°C < T; < 150°C)

e mnsEe o | s |
DC Short-Circuit Current lumk \S/;;:ei\;;;:; 150°C, with 10pH TBD TBD A

4V < Ve < 18V®@ TBD
Short-Circuit Current During Thermal Cycling I Vee =13V, Tr < T < Trsp 7.5
Shutdown Temperature Trsp TBD 175 TBD

TTSD OC

Reset Temperature® Tr 1—0
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NPH770280Q
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Parameter Symbol Conditions Min | Typ | Max | Units
Thermal Reset of Fault Diagnostic Indication Trs Ver = OV; Vsen = 5V 135
Thermal Hysteresis (Trsp — Tr)? Thvst 10
Dynamic Temperature AT sp T, =-40°C; Vcc = 13V 60 °C
Ver = 5V to OV within 2ms after fault ’ ms
occurs; Vsen = 5V; Vin = 5V, Vsgo = OV
i @
Fault Reset Time for Output Unlatch tLaTcH RsST Ver = 5V to OV longer than 2ms after
fault occurs; Vsg, = 5V; Vin = 5V; Vsgio = 50 us
ov
IOUT = 100mA, TJ =-40°C TBD \%
Turn-Off Output Voltage Clamp Vbemac v
lour = 100mA; T; = 25°C to 150°C a5 \Y
Current Sense (7V < Vcc < 18V; =40°C < T; < 150°C)
VSEn = OV, ISENSE =1mA -10.0 -9.3
Current Sense Clamp Voltage Vsense_cL \
Vsen = 0V lsense = ~1mA 51
Current Sense Characteristics
- K lour = 0.25A; Vsense = 0.5V; Vsgn = 5V; 1100 | 1190 | 1280
OUT/ ISENSE 0 TA - 25°C
lour = 0.25A; V. =0.5V; Vsgn = 5V, TBD TBD
Current Sense Ratio Drift®® dKo/Ko our SENSE Sen %
Ta =-40°C to 150°C
lour = 0.5A; Vsense = 0.5V; Vsgn = 5V; T | 1150 | 1200 | 1250
lout/lsense K °
=25°C
lour = 0.5A; V. =05V; Vsen =5V; T TBD TBD
Current Sense Ratio Drift®® dKu/K; ouT SENSE SEn A %
= -40°C to 150°C
lour = 15A; Vsense = 4V; Vsgn = 5V; Ta= | 1160 | 1200 | 1240
lout/lsense Kz 25°C
lour = 15A; V. =4V;Veg, =5V;Ta= | TBD TBD
Current Sense Ratio Drift®® dK/IK, our SENSE SEn A %
-40°C to 150°C
- K lour = 3A; Vsense = 4V; Vsen = 5V; Ta = 1200
out/Isense 3 25°C
Current Sense Ratio Drift®® dKa/Ks lour = 3A; Vsense = 4V: Vsen = 5V TBD TBD %
CS Current for OL Detection Isense oL lour = 0.01A; Vsense = 0.5V; Vggn = 5V 8.9 12 PA
Current sense disabled: Vsg, = 0V 0.5 HA
Current sense disabled: =1V < Vgense < | —0-5 0.5 A
4v® .
Current sense enabled: Vsg, = 5V; 4.6
Current Sense Leakage Current Isenseo Channel ON; lour = OA; Diagnostic LA
selected; VINO = 5V, V|N1 = 5V, VSELD =
0V; louto = 0A; lour: = 3A
Current sense enabled: Vsg, = 5V; 1
Channel OFF; Diagnostic selected: Vno UHA
=0V; Vi1 = 5V, Vseo = 0V, lours = 3A
. Vee = 7V, Rsense = 2.7kQ; Vsen = 5V, Vin 5.1 5.5
CS Saturation Voltage V. \
g SENSESAT | 2 BV Vsero = OV lour = 6A; T, = ~40°C
Vee = 7V; V. = 4V; Vi = 5V; Vsgn = TBD
CS Saturation Current® Isense saT c¢ SENSE " SEn mA

5V, VSELO = OV, IOUT = 6A, Ta=25°C

Page 9 of 17

© 2023. All Rights Reserved.
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Current Sense on ChX to Vsgnsen on ChY

1kQ

Parameter Symbol Conditions Min | Typ | Max | Units
Vee = 7V; Vsense = 4V; Viy = 5V; Vg = TBD
Output Saturation Current® lour_sat e SENSE ™ SEn A
5V; Vsero = 0V; Ta = 25°C
OFF-State Diagnostic
OFF-State Open-Load Voltage Detection Vo Vsen = 5V; Chx OFF; Chx diagnostic 20 29 40 Vv
Threshold selected; Vino = OV; Vg0 = OV
OFF-S.tate Output Current During Open Load o) Vin =0V, Vour = VoL, Vsen =5V, T; = 05 10 50 A
Detection® -40°C to 125°C
Vsen = 5V; Chx ON to OFF transition;
- i i i i Chx diagnostic selected;
OFF-State Dlagnostl? Delay Time from Falling tosrion g 200 370 600 us
Edge of Input (See Figure 6) €.g. ChO: Vino = 5V t0 OV; Vsgio = 0V
louto = 0A; Vour = 4V
Settling Time for Valid OFF-State Open Load Vino = OV; Ving = OV; Ver = OV Vseio =
. . . . to oL v 30 60 us
Diagnostic Indication from Rising Edge of SEn T 0V; Vour = 4V; Vsgn = 0V to 5V
. . ) - Vsen = 5V; Chx OFF; Chx diagnostic
OFF-State Diagnostic Delay Time from Rising
to_voL selected; e.g. ChO; Vino = OV; Vsgio = 10 30 us
Edge of VOUT
OV, VQUT =0V to 4V
Fault Diagnostic Feedback (See Table 8)
Vee = 13V; Rsense = 1kQ
Current Sense Output Voltage in Fault Condition VsenseH e.g. Cho in open load: Vino = OV; Vsgn = 4.7 5.1 5.5 \%
5V; Vsero = 0V, louto = OA; Vour = 4V
Current Sense Output Current in Fault Condition Isensen Vce = 13V; Vsense = 5V 5.4 6.5 7.6 mA
Current Sense Timings (Current Sense Mode—See Figure 5)®
Current Sense Settling Time from Rising Edge of VN = 5V; Vsen = OV to 5V; Rsense = 1kQ;
tosense1H 20 60 us
SEn RL=4.3Q
Current Sense Disable Delay Time from Falling VN = 5V; Vsen = 5V to OV; Rsense = 1kQ;
tosenselL 12 20 us
Edge of SEn R =4.3Q
Current Sense Settling Time from Rising Edge of Viy =0V to 5V; Vsen = 5V; R = 1kQ;
g g Edg tosensean IN SEn SENSE 160 200 us
INPUT R =4.3Q
Current Sense Settling Time from Rising Edge of
lour (Dynamic Response to a Step Change of Atpsensezq Vin = 5V; Vien = 5V Reense = 10 loeuse 30 Hs
o = 90% of Isensemax; RL = 4.3Q
lour)
Current Sense Turn-Off Delay Time From Falling Vv =5V to 0V; Vsen = 5V; Rsense = 1kQ;
tosenseaL 8 30 us
Edge of INPUT R =4.3Q
Current Sense Timings (Multiplexer Transition Times)®
Vino = 5V; Vine = 5V, Vsgn = 5V; V =
Current Sense Transition Delay from ChX to o m SEn SELO
chy o xtoy 0V to 5V; louto = OA; lout: = 3A; Rsense = 10 20 us
1kQ
Vino = 5V; Vine = 5V, Vsgn = 5V; V =
Current Sense Transition Delay from Stable o m SEn SELO
o cstovsensen | OV 1o 5V; louto = 0A; louti = 3A; Rsense = 14 20 us

Note 1: For each channel

Note 2: Parameter guaranteed by design and characterization; not subject to production test.

Note 3: Parameter guaranteed only at Vcc =4V and T, = 25°C

Note 4: PowerMOS leakage included

Note 5: Parameter specified by design; not subject to production test.
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Note 6: See Figure 4.

Note 7: All values refer to Vcc = 13V; T, = 25°C, unless otherwise specified.
Note 8: Parameter granted at -40°C < T, < 125°C

Note 9: Transition delays are measured up to £10% of final conditions.
Note 10: Not subject to production test and specified by design.

TBD
Figure 2. lout/Isense vs. lout

TBD

Figure 3. Current Sense Accuracy vs. lour
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Figure 5. Current Sense Timings (Current Sense Mode)
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6. Typical Characteristics

Figure 7. On-State Resistance vs. Tcase Figure 8. On-State Resistance vs. Vcc
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7. Package Information

The NPH770280Q is available in the SSOP16PP and SSOP14PP packages.

7.1 SSOP16PP Package

Figure 9 shows the SSOP16PP package view.
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Figure 9. SSOP16PP Package View

Table 9 provides detailed information about the dimensions of the SSOP16PP package.
Table 9. Dimensions of the SSOP16PP Package

Dimensions in Millimeters Dimensions in Inches
Symbol

Min Max Min Max
A 1.350 1.650 0.053 0.065
Al 0.000 0.100 0.000 0.004
A2 1.350 1.550 0.053 0.061
b 0.200 0.300 0.008 0.012
c 0.170 0.250 0.007 0.010
D 4.700 5.100 0.185 0.201
D1 3.510 3.710 0.138 0.146
E 6.050 6.200 0.238 0.244
E1 3.800 4.000 0.150 0.157
E2 2.400 2.600 0.094 0.102
e 0.500 (BSC) 0.020 (BSC)
L 0.400 0.900 0.016 0.035
8 0° 8° 0° 8°
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7.2
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7.3 SSOP14PP Package

Figure 9 shows the SSOP14PP package view.
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Figure 10. SSOP14PP Package View

Table 9 provides detailed information about the dimensions of the SSOP14PP package.
Table 10. Dimensions of the SSOP14PP Package

Dimensions i

n Millimeters

Dimensions in Inches

Symbol
Min Max Min Max
A 1.350 1.650 0.053 0.065
Al 0.000 0.100 0.000 0.004
A2 1.350 1.550 0.053 0.061
b 0.200 0.300 0.008 0.012
c 0.170 0.250 0.007 0.010
D 4.700 5.100 0.185 0.201
D1 3.900 4.100 0.154 0.161
E 6.050 6.200 0.238 0.244
E1 3.800 4.000 0.150 0.157
E2 2.440 2.640 0.096 0.104
e 0.6500 (BSC) 0.026 (BSC)
L 0.400 0.900 0.016 0.035
8 0° 8° 0° 8°
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8. Tape and Reel Information
TBD
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