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Self-Protected High Side
Driver With IDLE Mode &
Analog Current Sense

Product Preview
NCV84003G

The NCV84003G is a fully protected single channel high side driver
that can replace mechanical fuses and provide power in a smart power
distribution architecture. It can also switch a wide variety of loads,
such as bulk capacitors, bulbs, solenoids, and other actuators. The
device incorporates advanced features designed for zonal applications
such as a smart low power IDLE mode, a dedicated capacitive load
charging mode, adjustable overcurrent thresholds and built-in It
profiles for fuse replacement. The device also features
over—temperature shutdown with automatic latch—off. A Current
Sense pin provides precision analog current monitoring of the output
as well as fault indication.

Features
® 5V/3.3V compatible control input
® Low standby current

¢ Smart Low Power IDLE Mode with extremely low operating current

& auto transition to Normal Mode

® Dual-purpose IDLE status feedback and control

® Capacitive charge mode for active inrush management with
auto—entry and exit

® Adjustable overcurrent threshold

* Adjustable Intelligent I%t protection

® Absolute and Differential thermal shutdown

¢ Intelligent retry with latch off in fault state

® Proportional analog current sense output multiplexed with discrete
fault output levels for fault differentiation

® Off State Open Load and Short Circuit to VgarT Detection

® Under-voltage shutdown and Over—voltage protection

® Protection against loss of ground and loss of VaTT

® Inverse Current protection with FET turn on in inverse mode

® ESD protection

® Reverse battery protection with external components

* AEC-Q100 qualified

FEATURE SUMMARY
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ORDERING INFORMATION

Device Package Shipping’
NCV84003G TSSOP14-EP XXX
(Pb-Free)

Nominal Operating Voltage Range Vp 61018 \Y

Ron@ T, =25°C Ron 3 mQ
Default Output Current Limit (typ) lim 125 A
IDLE mode GND Operating Current laND 80 uA

@T,=85C

This document contains information on a product under development. onsemi reserves
the right to change or discontinue this product without notice.

© Semiconductor Components Industries, LLC, 2024 1
March, 2024 - Rev. PO

tFor information on tape and reel specifications,
including part orientation and tape sizes, please
refer to our Tape and Reel Packaging Specification
Brochure, BRD8011/D.

Typical Applications

® Replace fuses in zonal car platforms

® Power on Bulk Capacitors, Resistive, and
Inductive Loads

® Automotive / Industrial

Publication Order Number:
NCV84003G/D




Table 1. PIN DESCRIPTIONS

NCV84003G

Pin # Symbol Description
1 GND Ground Reference
2 IN Logic Level Input for Output Activation
3 CS_EN Logic Level Input for Diagnosis Enable
4 CS Current Sense/Diagnostic Output
5 12t_ADJ Adjustable 12t Profile Input
6 IDLE_FLG IDLE State Flag for MCU
7 AOC Adjustable Over—Current Threshold Input
11 NC No Connect
08-10, 12-14 ouT Output
E-pad VD Battery Connection
| | Eg VD
Drain Voltage
Monitorin Monitoring
Supply .
Biasing '
- Thermal | _ ' ™l
Protection In;e'rse : IEI '
Inductive Current | 1o
Output Clamping Protection |' i
IN > ESD Control Charge Pump H_|H s
AOC X »| protection Ij4 + A [ :
CS_EN o 1/0Signal [¢— Capacitive |\|/|Do|;jEe Overcurrent | | '
CS X« Conditioning Mode Control Detection+’t
12t ADJ o Level Shifters T Lot
IDLE FLG [« Load Current Sense
- Rev f_’ Fault Detection N ouT
Blocking
NCV84003G

GND

Figure 1. Block Diagram
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NCV84003G
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Figure 2. Voltage and Current Definitions
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NCV84003G

Electrical Specifications

Table 2. MAXIMUM RATINGS (Note 1)
—40°C =< T, < 150°C unless otherwise specified

Value

Rating Symbol Min Max Unit
GENERAL
Supply Voltage (Note 2) Vp -0.3 28 \
Supply Voltage for Load Dump Protection Vp LD 35 \%
Supply Voltage for Short Circuit Protection Vb _sc 0 24 \%
Reverse Polarity Voltage, t < 2 min, load : 2 Q, Setup : Refer to Figure 19 Vb _REV 0 16 \
SHORT CIRCUIT CAPABILITY
Repetitive Short Circuit Capability per AEC Q100-12, LSC and TSC, RSC 1000 - k
100 ppm, 300 ms Grade A cycles
DIGITAL INPUT PINS: IN, CS_EN
Current at Input Pins IDIG_IN_MAX -1 1 mA
Current at Input Pins in Rev Battery, t < 2 min IDIG_IN_MAX_REV -1 10 mA
Voltage at Input Pins VDIG_IN_MAX -0.3 6.5 \%
IDLE_FLG PIN
Current at IDLE_FLG Pin libLE_MAX -1 1 mA
Current at IDLE_FLG Pin in Rev Battery, t < 2 min libLE _MAX_REV -1 10 mA
Voltage at IDLE_FLG Pin VIDLE_MAX -0.3 6.5 \Y
CURRENT SENSE OUTPUT
Current at Current Sense Output lcs_MmAXx -25 Ics_Fault_ILIM mA
Voltage at Current Sense Output Ves MAx -0.3 Vp \%
ANALOG INPUT PINS: AOC PIN, I2T_ADJ PIN
Current at input pin IANA_IN_MAX -1 1 mA
Voltage at input pin VANA_IN_MAX -0.3 6.5 \
OUTPUTS
Power Dissipation Tp = 85°C, T; = 150°C (Note 5) Pmax 3
Drain—Source Voltage at Power Transistor Vbs_max VzoL \Y,
Single Pulse Inductive Load Switching Energy Eas TBD mJ
(L=1mH,Vp =135V, I_ peak = 6.5 A, TysTarT = 150°C)
GROUND TERMINAL
Current through GND pin IaND -50 50 mA
TEMPERATURES
Operating Junction Temperature Ty -40 150 °C
Storage Temperature Ty storage -55 150 °C
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NCV84003G

Table 2. MAXIMUM RATINGS (Note 1)
—40°C = T, < 150°C unless otherwise specified

Value
Rating Symbol Min Max Unit
ESD
ESD Susceptibility all pins HBM VESD_HBM -2 +2 kV
ESD Susceptibility OUTx to GND, Vp connected, HBM VESD_OUT_HBM -4 4 kV
ESD Susceptibility all pins CDM VESD_cbm -500 500 \%
ESD Susceptibility pin (corner pins), CDM VESD NC -750 750 \%

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality
should not be assumed, damage may occur and reliability may be affected.

Not subject to production testing.

For transient application only. Extended operation at absolute maximum voltage may affect device reliability.

HBM test setup per AEC-Q100:EIA-JESD22-A114-B.

CDM test setup per AEC-Q100:EIA-JESD22-C101-A.

Board construction based on JEDEC JESD 51-7 for a four layer 2s2p board with forced air convection. Vias were added under the exposed
pad as shown in Figure 3.

arON~

Table 3. THERMAL RESISTANCE RATINGS

Parameter Symbol Max Value Unit
Thermal Resistance

Junction-to-Top (Note 6) Psi gt 1.7 °C/W
Junction-to-EPAD (Note 6) Psi 6_PAD 0.27 °C/W
Junction-to—-Ambient - 1sOp min pad (Note 6) ﬁthJA 144 °C/W
Junction-to—-Ambient - 1s0p +1in"2 Cu (Note 6) Rihia 50 °C/W
Junction-to—Ambient — 2s2p min pad (Note 7) Rihia 34 °C/W
Junction-to-Ambient - 2s2p +1in"2 Cu (Note 7) Rihda 22 °C/W

6. Board construction based on JEDEC JESD 51-3 for a single layer 1s0p board with forced air convection.
7. Board construction based on JEDEC JESD 51-7 for a four layer 2s2p board with forced air convection. Vias were added under the exposed
pad as shown below.

2s2p 2s2p with vias 2s2p +1in*2 Cu 2s2p + 1in*2 Cu with vias

Figure 3. Board Construction for Thermal Performance
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NCV84003G

Table 4. SUPPLY ELECTRICAL CHARACTERISTICS (6 < Vp =< 18 V; —40°C = T, < 150°C unless otherwise specified)
Typical Values measured @ Vp =13.5V, T = 25°C

Value
Rating Symbol Conditions Min Typ Max Unit
Nominal Supply Voltage Range Vp NOM 6 13.5 18 \
(Note 8) B
Extended Supply Voltage Range Vps Ex ViNn=5V,RL=4Q,31V=Vp=28V 0.5 \%
(Notes 8, 9) - Ramp down Vp from 28 V to 3.1 V
Under Voltage Shutdown Vp uv ViN =5V, Vp Falling, 2.4 29 3.1 \
B FromVpg<0.5Vtolgyr=0
Minimum Operating Voltage Vp MIN Vin=5V, Vp Rising, 2.9 3.4 4.1 \%
- From lgyT=0to Vpg < 0.5V
Under Voltage Shutdown VD UV HYS 0.5 \Y
Hysteresis -
Supply Undervoltage Recovery tuv Recover Norm | Vos en=5V, V|y =0V — 5V aftert > 25 5 7.5 ms
Time - Normal Mode (Note 8) B B - tNorms VD Rising,
FromVp=0V —=Vp=Vp MINtOVDS <
0.5V (See Figure 17)
Supply Undervoltage Recovery tuv Recover CL Vecs e =ViN=0V 5V, Vp Rising, 250 500 750 us
Time - CL Mode (Note 8) - B FromVp=0V —=Vp=Vp minto
Vps < 0.5V (See Figure 17)
Quiescent Current lq_ss5 Vp =18V, Ty < 85°C, 500 nA
ViN=Ves EN=0V,Vour=0V
Quiescent Current lq_1s0 Vp =18V, T, = 150°C, 5 20 uA
ViN=Vcs EN=0V, Voyr=0V
Quiescent Current, la piIAG Vp=18V,V|N=0V,Vgs en=5V 1.8 2.4 mA
Diagnostic Active B B
Normal Operating Current IaND ON Vp=18V,ViN=Ves eEn=5Y, 5 6 mA
B Ves<5V™
Operating Current in IDLE Mode IGND IDLE Vp=18V,V|N=5V, Vcs en =0V, 80 uA
B lour=0.5A, T <85°C

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product
performance may not be indicated by the Electrical Characteristics if operated under different conditions.

8. Not subject to production testing.

9. Extended operation outside the nominal supply voltage range may affect device reliability. Parametric performance not guaranteed.
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NCV84003G

Table 5. POWER OUTPUT ELECTRICAL CHARACTERISTICS (6 < Vp < 18 V; —40°C =< T = 150°C unless otherwise specified)
Typical Values measured @ Vp =13.5V, T = 25°C

Value
Rating Symbol Conditions Min Typ Max Unit
On-state Resistance Ron_25 lout=INom=15A,VN=5V, Ty=25°C 3 mQ
On-state Resistance RoN 150 lout=INnoMm=15A,VIN=5Y, 5 mQ
- Ty=150°C
On-state Resistance - Low Ron Lv louT=2A,Vp=3.4V,T;=150°C 6 mQ
Voltage -
On-state Resistance - Inverse Ron INV 25 louT=-4A,Vp=135V,T;=25°C 3 mQ
Current -
On-state Resistance - Inverse RoN INV 150 louT=-4A,Vp=13.5V, T;=150°C 6 mQ
Current - -
On-state Resistance - IDLE RoN IDLE 85 louT=05A,Vp=135V, T;<85°C 300 mQ
Mode I
Normal Mode Threshold VDS_NO,m Vin=0YV, VCS_EN =5V 1 \
Output Leakage Current ILEAK 85 ViIN=Ves en=0V,Vour =0V, 0.5 A
B “Ty<85°C
Output Leakage Current ILEAK 150 ViIN=Ves en=0V,Vour =0V, 15 A
- Ty <150°C
IDLE Mode Enable Threshold - libLE TF ViIN=5V, VipLE FLG = Low — High 1.3 1.5 1.7 A
Falling - -
IDLE Mode Disable Threshold - lbLE TR ViIN=5V, VpLE FLG = High — Low 1.8 2.5 3.5 A
Rising B -
Drain-to-Source Clamping VzoL louT=5mMA, V=0V 35 36 39 \%
Voltage (Vp — Vour)
Body Diode Forward Voltage Ve louT=-1A, Ty=150°C, 0.7 \
Vg =Vour - Vb
OUT slew in H-Bridge |[dVouT/dt] 10 V/us
Configuration (Note 10)

10. Not subject to production testing.
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Input Pins

All low—voltage control inputs are compatible with 3.3 V
and 5 V microcontroller supply voltages. All inputs
comprise of a voltage Schmitt—trigger circuit to enable
direct drive from voltage sources and prevent uncontrolled

NCV84003G

oscillations due to slow transitions at the inputs. Each input

resistor.

Table 6. DIGITAL INPUT (IN, CS_EN), AND IDLE_FLG PIN CHARACTERISTICS
(6 =Vp =18V, —40°C =< T < 150°C unless otherwise specified)

features a pull-down element to prevent uncontrolled input
states in case of an open pin condition. Unused inputs should
be left open or connected to device GND through a 4.7 kQ

Value

Rating Symbol Conditions Min Typ Max Unit
Low Level Digital Input Voltage VDIG_IN_L 0.8 \%
High Level Digital Input Voltage VpiG_IN_H 2 \
Digital Input Voltage Hysteresis VDIG_IN_HYS 0.25 \%
Digital Input Pull-down Current IIN_PD 08Vs=Vy=2V 1 25 A
IDLE_FLG Pin Output Voltage VIDLE low lpLE FLG = 0.5 MA 0.2 0.5 \%
Low
IDLE_FLG Pin Leakage Current IIDLE_leakage VipLE FLG=5V,ViN=Vcs EN=0V 0.5 2 uA

Table 7. SWITCHING CHARACTERISTICS (6 < Vp < 18 V; —40°C = T, = 150°C unless otherwise specified) (See Figure 11)

(Note 11)

Value

Rating Symbol Conditions Min Typ Max Unit
Turn ON Delay - CL Mode tb oN oL Vp=135V,R =2Q 80 200 400 us
(VlN Lo — Hito VOUT =10% VD) -7
Turn ON Time - CL Mode ton oL 200 700 1200 us
(Vin Lo — Hi to Voyt = 90% Vp) -
Turn ON Delay — Normal Mode tb ON Norm 20 70 140 us
(ViIN L0—>HitOVOUT=10%VD) -
Turn ON Time - Normal Mode toN Norm 50 130 200 us
(ViN Lo — Hito Voyt = 90% Vp) -
Turn OFF Delay tb OFF 10 50 130 us
(ViN Hi = Lo to Voyt = 90% Vp) B
Turn OFF time torr 30 100 200 us
(VlN Hi — Lo to VOUT =10% VD)
Turn ON / OFF Matching - Aton-oFF —20 20 60 us
Normal Mode: ton — torr
Slew Rate ON - CL Mode SRoN cL 0.015 0.03 0.045 V/us
(Vout = 30% to 70% Vp) -
Slew Rate ON - Normal Mode SRoN Norm 0.15 0.3 0.45 V/us
(Vout = 30% to 70% Vp) B
Slew Rate OFF (Voyt = 70% to SRoFF -0.45 -0.3 -0.15 V/us
30% Vp)
Slew Rate Matching Normal ASR —-0.15 0 0.15 V/us
Mode: SRoN_Norm — SRorr
Turn ON Energy — Normal Mode Won Vp=18V,R.=2Q, 1.5 mdJ
(Note 11) Vout: 10% Vp <— 90%Vp
Turn OFF Energy — Normal Mode Worr 1.5 mJ

11. Not subject to production testing.
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Protection

NCV84003G

Table 8. PROTECTION CHARACTERISTICS (6 < Vp < 18 V; —40°C = T, = 150°C unless otherwise specified)

Value
Parameter Characteristic Symbol Conditions Min Typ Max Unit

Over-current Detection (Ad- ILim Vp = 15V, Raog = 4.7 kQ, Setup based 112 125 138 A
justable) (Note 12) on AECQ100-012 Load Short Circuit

Vp = 15V, Raoc = 10 kR, Setup based 90 100 110

on AECQ100-012 Load Short Circuit

Vp = 15V, Raoc = 20 k<2, Setup based 64 75 86

on AECQ100-012 Load Short Circuit

Vp = 15V, Ragc = 30 kQ, Setup based 40 50 60

on AECQ100-012 Load Short Circuit
Normalized Over—current detec- ILim(FB) Vps =17V 0.6*ILm A
tion at High Vpg (Note 12)
Normalized Over-current detec- ILimMys) Vp>Vp ys 0.6*ILm A
tion at High Vp for Jump Start -
(Note 12)
Differential Thermal Shutdown TbTsD 80 °C
Threshold — Normal Mode
(Note 12)
Differential Thermal Shutdown TpbTsp oL 30 °C
Threshold - Capacitive load B
Mode (Note 12)
Max allowed time in capacitive tmax_cap 50 ms
switching mode (Note 12) -
Thermal Shutdown Threshold Ttsp 150 175 200 °C
(Note 12)
Thermal Shutdown Hysteresis TTsD HYS 15 °C
(Note 12) -
Over-Voltage Protection Clamp Vzov Current into the Vp pin, Ip = 5 mA, 35 36 39 \%

ViN=0V
Drain Voltage for Current Limita- Vp Js 20.5 225 24 \%
tion Reduction in Jump Start -
(Note 12)
12.Not Subject to production testing.
Table 9. RETRY STRATEGY (See Figure 17)
Value
Parameter Characteristic Symbol Conditions Min Typ Max Unit

Number of Retries in Fault after NCOUNT lout = luim, or TymBs) > Ttsp, or 1
Counter Reset (Notes 13, 14) TyoiFF) > ToTsp, <t Monitor = 100%
IN based Counter Reset Time tiN(Rst) VN =0V, Fault Counter > 0 40 70 100 ms
(Note 13)
CS_EN based Counter Reset tcs EN(Rst) VN =0V, Fault Counter > 0 150 us

Time (Note 13)

13.Not Subject to production testing.

14.Not valid in Capacitive load mode.
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NCV84003G

Table 10. 12t PROTECTION THRESHOLDS (6 < Vp < 18 V; —40°C = T, =< 150°C unless otherwise specified)

Value
Rating Symbol Conditions Min Typ Max | Unit

12t Current Thresholds (Notes 15, liot 1 Ri2t ADJ = 4.7 kQ TBD | 02*lp 11 | TBD | A

16) liot 2 TBD | 0.25* i 11 | TBD
liot 3 TBD | 0.3*l 11 | TBD A
liot 4 TBD | 0.35* ) 11 | TBD A
li2t 5 TBD | 0.4*l 11 | TBD A
lizt 6 TBD | 0.5*I 1 | TBD A
2t 7 TBD | 0.6*I 11 | TBD A
izt 8 TBD [ 0.7*l ¢y | TBD A
lot o TBD [ 0.8*lp ¢y | TBD A
lizt 10 TBD [ 09*I ¢y | TBD A
liat 11 125 A
liat 11 Riot_ apg = 10 kQ2 TBD 100 TBD A
liat 11 Riot_apg = 20 k2 TBD 75 TBD A
lat 11 R|2t_ADJ =30 kQ TBD 50 TBD A

15.Not Subject to production testing.
16.Raoc = 4.7 kQ to ensure full 12t range.
Table 11. 12t PROTECTION THRESHOLDS (6 < Vp =< 18 V; —-40°C = T = 150°C unless otherwise specified)
Value
Rating Symbol Conditions Min Typ Max Unit

12t Time Control (Notes 17, 18) tiot 1 lout = hiat_1 TBD 31.6 TBD ms
tot 2 lout = li2t 2 TBD 21.2 TBD ms
tiot 3 lout = li2t 3 TBD 15.1 TBD ms
tiot 4 lout = li2t 4 TBD 1.4 TBD ms
tiot 5 lout = li2t 5 TBD 7.9 TBD ms
tizt 6 lout = li2t 6 TBD 5.3 TBD ms
tiot 7 lout = li2t 7 TBD 3.8 TBD ms
tiot 8 lout = li2t 8 TBD 2.8 TBD ms
tit o lout = li2t o TBD 2.2 TBD ms
tiat_10 lout = li2t_10 TBD 1.8 TBD ms
tiat_11 louT = li2t_11 1.6 ms

12t Time Control Accuracy tiot_acc -20 20 %

(Note 17)

17.Not Subject to production testing.
18.Raoc = 4.7 kQ to ensure full 12t range.
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Diagnostic Functions

NCV84003G provides

diagnostic information and

NCV84003G

dynamic current sensing on the diagnostic output pin CS.

Table 12. DIAGNOSTIC TRUTH TABLE

Operating Condition IN | CS_EN | IDLE MODE Output Voltage CS Output
Normal Operation L H X ~GND HiZ, if Fault Counter = 0
ICS_FAULT if Fault Counter > 0
Short Circuit to GND - GND HiZ, if Fault Counter = 0
Overcurrent ICS_FAULT_lLlM if Fault Counter > 0
Over Temperature ~ GND Hiz, if Fault Counter = 0
ICS_FAULT_TSD if Fault Counter > 0
Short Circuit to VgatT VBATT lcs_FAULT_oSoLs if Fault Counter = 0
ICS_FAULT if Fault Counter > 0
Open Load <Vp-Vps_osoL | HiZ, if Fault Counter = 0
ICS_FAULT if Fault Counter > 0
>Vp-— VDS_OSOL |CS_FAULT_OSOL: if Fault Counter = 0
ICS_FAULT if Fault Counter > 0
Inverse Current >Vp |CS_FAULT_OSOL: if Fault Counter = 0
ICS_FAULT if Fault Counter > 0
Normal Operation H Disabled ~Vp Ics = lout / Knowm
Enabled Ics = lout/ Knom it louT > libLe_TR
HiZ if lout =< lipLe_TF
Short Circuit to GND - Over X ~GND Ics FAULT ILIM
Current Detection - B
Over Temperature (Absolute or X ~GND lcs FAULT TSD
Differential) B B
Short Circuit to VgaTT Disabled VBATT ICS_OL < ICS < I0UT / Knyowm
Enabled VBaATT HiZ
Open Load Disabled ~Vp Igs = ICS(OL)
Enabled ~Vp Hiz
Underload Disabled ~Vp ICS(OL) < ICS < IOUT / Knom
Enabled ~Vp Hiz
Inverse Current X >Vp Hiz
Diagnostics Disabled X L X X HiZ

Current Sense Ratio K
The accuracy in load current estimation through sensed
current can be improved by performing a calibration routine

during end of line (EOL) testing. The calibration procedure
can be performed at the nominal load current at one single
temperature (25°C).
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Diagnostics

NCV84003G

Table 13. CURRENT SENSE CHARACTERISTICS (6 < Vp < 18 V; —40°C = T, = 150°C unless otherwise specified)

After Two-Point Calibration
(Note 20)

Value

Rating Symbol Conditions Min Typ Max Unit
CS Leakage Current, CS la cs pis ViIN=5V,Vecs en=0V,IL=15A 0.5 uA
Output Disabled -7 -
CS Leakage Current, CS la cs EN ViN=5V,Vcs en=5V,IL=0A 1 uA
Output Enabled - B
CS Operation Voltage for Ves_saT(NOM) Vp=6V,ViN=Ves en=5V,IL=15A, 0 0.5 1 \'%
nominal operation (Note 19) - lcs > 0.5 % Ics_Nowm
CS Operation Voltage for Ves_SAT(Fault)_ILIM Vp=6V,ViN=Vgs EN=5V, 0 0.5 1 \%
in—fault operation (Note 19) B - Ics > 0.5%Ics_Fautt_ILIM
CS Operation Voltage for Ves_sAT(Fault) TSD Vp=6V,ViN=Vgs EN=5V, 0 0.5 1 \%
in—fault operation (Note 19) B B Ics > 0.5*Ics_Fault_ TsD
CS Operation Voltage for VCs SAT(Fault) 12t Vp=6V,ViN=Vcs en=5V, 0 0.5 1 \
in—fault operation (Note 19) - B Ics > 0.5%Ics_Fault_j2t
CS Operation Voltage for OFF [ Vcs saT(Faulty osoL Vp=6V,V|y=0V,Vgs en=5V, 0 0.5 1 \
State Open Load operation B B IL=0A, Igcs > 0.5%Ics Fautt 0soL
(Note 19) -7
CS Saturation Current in Ics saT 8 10 mA
normal mode (Note 19) B
CS Fault Indication Current: lcs_FAULT ILIM ViIN=5V,Vgs EN=5V 6.7 8.5 10 mA
Overcurrent detection Fault Counter > 0, loyuT = lLm
(Note 19)
CS Fault Indication Current: Ics FAULT TSD VIN=5V,Vgs EN=5V 3.8 5 6.5 mA
TSD/DTSD (Note 19) B - Fault Counter > 0, Ty > Ttgp or

TyoiFF) > TpoTsD

CS Fault Indication Current: 12t ICS FAULT 2t Vin=5YV, VC EN=5V 1 1.4 1.8 mA
Activation (Note 19) - B Fault Counter > 0, It Monitor = 100%
CS Fault Indication Current in lcs EAULT osoL VIN=0V,Ves EN=5V 1.9 2.5 3.5 mA
OFF State Open Load - B Fault Counter = 0, Vps < Vps_osoL
CS Pin Clamp to Power Supply Ves cL lcs=1mA 35 36 39 \'%
Current Sense Ratio 1 K1 louT=05A 14000 | 20000 | 26000
Current Sense Ratio 2 Ko louT=0.75A 16000 | 20000 | 24000
Current Sense Ratio 3 Kz louT=2A 18000 | 20000 | 22000
Current Sense Ratio 4 Ka louT=85A 19000 | 20000 | 21000
Current Sense Ratio 5 Ks lout=15A 19400 | 20000 | 20600
Max Current Sense Ratio Drift Krela K4 / Ks, including temperature drift 0.97 1 1.03

19.Not Subject to production testing.
20.Not subjected to production testing. For more information, refer to the AND9733/D Applications Note.
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NCV84003G

Table 14. CURRENT SENSE TIMING (6 < Vp < 18 V; —40°C =< T, = 150°C unless otherwise specified) (See Figure 29)

Value
Rating Symbol Conditions Min Typ Max Unit
Current Sense Settling Time after ts cs ENH ViIN=5V,Vgcs EN=0V =5V 20 us
Diagnostic Activation, Stable - Vp=135V, I =15A,
Output and Load Conditions - lcs =90% Ics sTATIC
Nominal Load (Note 21) Rcs = 1.2kQ, Ccg < 100 pF
Current Sense Settling Time after ts cs ENL VIN=5V,Vgs EN=0V =5V 60 us
Diagnostic Activation, Stable - Vp=135V,VipLE FLg=5V,
Output and Load Conditions — IL=0.75A, Ics =90% Igs sTATIC
Light Load (Note 21) Rcs = 1.2 kQ, Ccg < 100 pF
Current Sense Settling Time after | ts cs LoaD u ViIN=Ves EN=5V,Vp=13.5V 20 us
Load Current Change (Note 21) - B IL=10A—=15A,1lgs =90 % Ics sTATIC
Rcs = 1.2 kQ, Ccg < 100 pF
Current Sense Output Disable ts cs DI ViN=5V,Vgs EN=5V =0V 20 us
Time (Note 21) - Vp=13.5V, I = 15A,
Ics = 10% Ics_sTaTiC
Ros = 1.2 kR, Cgg < 100 pF
Current Sense Output Disable ts cs DIS F ViN=0V,Vecgs EN=5V—=0V 20 us
Time- In Fault (Note 21) -7 Vp = Voyur = 13.5Y,
Ics = 10% Ics_sTaTiC
Rgs = 1.2 kR, Cgg < 100 pF
Standby Mode activation after tNorm Ves eN=0V—=5VtioVN=0V—=5V 200 us
Diagnostic activation (Note 21) for normal mode entry (See Figure 11)
21.Not Subject to production testing.
Table 15. OPEN LOAD / UNDERLOAD DETECTION AND TIMING
(6 =Vp =18V, —40°C < T < 150°C unless otherwise specified)
Value
Rating Symbol Conditions Min Typ Max Unit
Open Load Detection Threshold, Vps osoL ViN=0V,Vgs en=5V 1.3 1.8 2.3 \
OFF State (Note 22) B -
Open Load Detection Delay OFF tosoL Blank VIN=5V—=0V,Vgcs en=5V 70 150 250 us
State B Vp=Vour =135V,
Ics = 90% Ics_FauLt
Rcs = 1.2 kQ, Cgs < 100 pF
Open Load Detection Threshold, loL oN VIN=5V,VCS EN=5V 30 150 mA
ON State (IDLE Mode Disabled) B ICS =1CS(OL) =4 uA
(Note 23)
22.Not subject to production testing.
28.Limits may be widened.
Table 16. IDLE MODE DETECTION AND TIMING (6 < Vp = 18 V; -40°C = T, = 150°C unless otherwise specified)
Value
Rating Symbol Conditions Min Typ Max Unit
IDLE Mode Exit Detection Delay tDLE_Ext ViIN=5V,loyt=05A—=15Ato0 50 us
VipLE_FLG = 10% max VipLe_FLG
IDLE Mode Entry Detection YDLE_Ent ViN=5V,lopyt=15A—=05Ato 250 us
Delay VIDLE_FLG2= 90% max VipLg_FLG:
1<t Monitor = 0%
IDLE Mode Entry Blanking Time tibLE_BIk ViN=0—>5V,Vcs EN=5V, 350 us

louT=05A
VipLE_FLG = 90% max VipLE FLG

www.onsemi.com
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Application Diagram and Pin Description

NCV84003G is a single channel smart high—side driver
with a very low resistance n—channel output transistor. The
required gate overdrive voltage for the transistor is
generated by a charge pump that is integrated into the device.
The output driver’s protection scheme is designed to support
linear resistive loads as well as loads with high inrush
current, e.g. bulk capacitors and lighting bulbs. The
embedded control and protection functions provide full
protection to the device as well as full-featured load
diagnostic for open load, underload and short circuit through

a current sense output that delivers a fraction of the load
current in nominal operation multiplexed with a fixed
current output in a fault state. An accurate slew rate control
is provided to minimize conducted EMI in case of a constant
PWM operation. The device features an ultra—low operating
current in IDLE mode to address system leakage
requirements in zonal applications.

The device provides direct control input (IN) and a
diagnostic enable input (CS_EN) to control the information
to be provided at the current sense output.

Rz atT
VearT + L
- Zvo_ext CsuppLy s
PU — P>
Vbp
Vbp
Raoc Vo ; i
ouT s BJ AOC
RipLE sns RibLE FLa ouTH |
IN =AM AN X IDLE_FLG
Z
- Rep Cour
Micro out YWY i
Controller Rizt_apy = =
JT_ AN P 12t_ADJ
Rcs En
ouT AN X Cs_EN
Rap Rsense
AD e AN JCs
GND
Vss
Cos —— /%S/ Zcs Res
Ranp
— — —_ = = 7

Figure 4. Application Diagram

NCV84003G is supplied by the Vp pin, which can be
directly connected to the battery net. The Vp pin is used as
power supply to the control circuitry as well as the common
drain supply for output channels. In order to support all
board net transients following ISO7637-1, an external
protection concept as shown in Figure 4 is recommended.

The zener diode Zyp gxt is used to clamp overvoltage
events as well as to provide a free—wheeling path in the event

of loss of battery (Vp) with charged inductive loads. Rgnp
is required to limit the maximum current flowing through
Zyp (see Figure 18) in case of an over—voltage event. Since
all low—voltage I/O pins feature input protection diodes, it
is required to insert series resistances into the connection
lines between the controlling device (e.g. microcontroller)
and NCV84003G.
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Table 17. RECOMMENDED EXTERNAL COMPONENTS

Reference Value Function
Rin 4.7 kQ Provides protection of the micro controller during overvoltage and reverse polarity. Ensures the channel
is OFF during loss of GND.
Rcs EN 4.7 kQ Provides protection of the micro controller during overvoltage and reverse polarity. Ensures the channel
B is OFF during loss of GND.
Ri2t ADJ 4.7kQ ~30kQ | Recommended range for selecting 12t. Open circuit and short to GND not recommended (See Overcur-
B rent Shutdown).
RibLE FLG 10 kQ Open drain resistor to logic level voltage.
RiDLE sNs 4.7 kQ Provides protection of the micro controller during overvoltage and reverse polarity. Ensures the channel
- is OFF during loss of GND.
Raoc 4.7 kQ ~ 30 kQ | Recommended range for selecting overcurrent threshold. Open circuit and short to GND not recom-
mended (See Overcurrent Shutdown).
Rcs 1.2kQ Current Sense resistor.
Rsense 4.7 kQ Provides protection against overvoltage, reverse polarity, and loss of GND. The value of this resistor
should be selected with the micro controller specification.
Ccs 100 pF Current Sense signal filtering.
Ra/p 4.7 kQ Current Sense signal filtering.
Zcs 10 V Zener Diode | Provides protection micro controller during overvoltage at CS. Should be selected with the micro con-
troller specification.
Rpuy 1.5 kQ Polarizes the NCV84003G output during OFF state open load diagnosis.
Rpp 47 kQ Output polarization. Improves the NCV84003G immunity to electromagnetic noise and also used for
short to VgaTT detection.
Spy BC807 Switches the battery voltage for OFF state open load diagnostic.
Renp 47 Q Provides protection during overvoltage.
Zyp_Ext 30 V Zener Diode | Provides protection of the device during overvoltage.
CsuppLY 100 nF Filtering of voltage spikes on the battery line.
Cout 4.7 nF Protection during ESD and BCI on output.

Modes of Operation

NCV84003G is designed to operate in the following
distinct modes of operation as stated below. Irrespective of
the modes below, it should be noted that if Vp < Vpuy), then
the internal logic may be reset to default, and values of
timers/counters cannot be guaranteed.

a. Sleep Mode

If IN and CS_EN have been observed as low for a
duration longer than tiN(rst) and It Monitor is
zero, then the device enters sleep mode. The
output FET is off, and the internal reference blocks
are shut down and digital logic is reset (as in case
of supply—based reset) in this mode to offer
extremely low quiescent current (See Table 4).

b. Standby Mode

If IN has been observed low for a duration more
than tiN(rst) and CS_EN is high then device
operates in standby mode. The output FET is off,
and the off state diagnosis for open load and short
circuit to VT are available and 12t monitor is
active in this mode. If CS_EN continues to be

c. Capacitive Load (CL) Mode

If IN is set to high, the output stage is powered on,
and device enters normal or CL mode of operation
depending on the state prior to turn on. In case of
turn on (IN = Lo — Hi) from sleep mode, the
device automatically transitions into CL
(capacitive load) mode where the turn on slew rate
is reduced and corresponding turn on time is
increased. This allows for a delayed turn on profile
to charge any capacitive loads connected to the
output of the device. The retry strategy and
protection features are tailored to charge a
capacitive load as described in the section
Capacitive Load Switching. Further, the exit
conditions from CL mode are also described in
this section. In case of PWM operation, device
stays in CL mode unless one of the exit conditions
is met. PWM frequency and duty cycle should be
set externally to ensure that load is sufficiently
charged in required time. If CS_EN is set to High,
then diagnosis is available in CL mode.

high, device stays in standby mode.
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d. Normal Mode

Once the capacitive load is fully charged, the
device transitions to normal mode. The turn on
timing and slew in this mode are designed to
support faster switching operation. The current
sense pin outputs a current proportional to the load
current if CS_EN is set to high. In case the
capacitive load switching is not required in the
application, it is recommended to switch on
CS_EN before forcing the input Lo — Hi from
sleep. This ensures that device enters normal mode
once input is enabled. The minimum time between
CS_EN: Lo — Hi and IN: Lo — Hi should be
more than tnorm, for the output stage to turn
subsequently on in normal mode. If already in CL
mode, the normal mode can still be entered by
meeting one of the exit conditions described in
Capacitive Load Switching mode. Similar to the
CL mode, device can be driven in PWM operation
in normal mode. If IN and CS_EN are both forced
low for a period greater than tyN(rst) and 1%t
monitor equals zero, then device enters sleep
mode.

e. Protect Mode

While operating in normal mode, the device may
observe either of the fault conditions described in
Protection Features, that trigger protect mode and
lead to latching—off of the output stage. A fault
current output on the CS pin will be provided if
CS_EN is enabled. The reset conditions for the
fault counter are described in section ON State
Fault Retry Strategy. If any of the reset conditions
are met, device exits protect mode. ON state fault
takes precedence over Off State Open Load
(OSOL) in off state if fault counter is greater than
ZEro.

f. IDLE mode

A dedicated IDLE mode has been designed in
NCV84003G for applications that require reduced
operating current while the output stage is turned
on (at relatively small output current levels) over
extended periods. These applications may, for
example, involve the SmartFET providing power
to electronic modules that require a software
routine to be executed while the car is parked. In
such case, limiting the operating current is very
critical to reduce the current consumption of the
automotive system. The open drain IDLE_FLG
pin allows the microcontroller to control the IDLE
functionality as explained below.

If IDLE mode is desired in an application, IDLE_FLG pin
needs to be supplied with logic level voltage with a pull-up
resistor. As the internal logic is activated from sleep mode
(by asserting either/both IN/CS_EN high), it executes an
internal routine to sense the voltage referenced at this pin. If
the sensed voltage is greater than the threshold described in

Table 6, then IDLE mode detection is enabled. This routine
is associated with a blanking time, per Table 14, during
which, a decision to enable IDLE functionality is still being
determined.

Once the blanking time has elapsed and IDLE
functionality is enabled, NCV84003G automatically detects
an entry into IDLE mode by sensing the level of output
current. Current thresholds for IDLE mode entry and exit are
defined in Table 5. If the output current falls below Iip1 g TF
while IN = Hi, then device enters IDLE mode. The Roy of
the output stage in this mode is higher than normal mode
Ron (See Table 5) while conducting extremely low
operating current out of the GND pin (See Table 4).
Protection mechanisms in the form of overcurrent,
undervoltage and thermal shutdown are not available during
operation in this mode. In addition, the current sense output
and diagnosis are turned off. The CS_EN input is
recommended to be forced low in this mode to limit the
operating current.

If the IDLE_FLG pin is connected to GND (via a resistor),
then IDLE functionality is disabled, and device continues to
operate in normal mode even if load transitions to current
levels below I1py g Tpwhile IN = High. Current sense output
and protection features also operate as usual in such case.
This implementation lets the application microcontroller to
decide if IDLE functionality should be present or not by
controlling the reference supply to IDLE_FLG pin.

It should be noted that the internal routine for activating
IDLE mode detection is only performed once at exit from
sleep mode, or in case of digital logic reset with Vp < Vp yv,
i.e., the reference supply at IDLE_FLG pin will not be
continuously sensed for in normal operation. Therefore, for
applications that do require IDLE mode functionality, this
pin should always be supplied with logic voltage before
attempting to switch on the output or activate any
diagnostics.

Further, an entry into IDLE mode is prohibited, a.) in CL
mode, or b.) if I2t monitor is greater than zero or c.) if the
sensed current is low because of a fault counter being latched
in case of an ON-State fault (See ON State Fault Retry
Strategy). For example, if IoyT < IIpLE TF as the output
stage is turned on from sleep into CL mode, the decision to
enter IDLE mode will not be made until the IDLE blanking
time (as defined above) has elapsed and the device has
transitioned to normal mode. In typical cases, this time is
at—least toN cL + tiDLE Ent, Where tipLE Ent 1S the transition
time to IDLE mode from normal mode (note that IDLE
blank routine executes in parallel with the output stage turn
on).

The IDLE FLG pin serves a dual purpose by also
indicating the status of the IDLE mode in the application. If
the IDLE mode functionality is enabled and the output
current reduces below Iipr g TF then open drain IDLE_FLG
output observes a logic high voltage to indicate operation in
IDLE mode, and vice versa. The state of this pin should be
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disregarded during the IDLE blanking time during which
IDLE functionality is being sensed for.

While operating in IDLE mode, if the output current
increases above Iipr g TR, such as in case of overload, short
circuit to GND or normal load activation, then device exits
into Normal mode and all the protection features are
enabled. The voltage at IDLE FLG pin is asserted low
indicating an entry into normal mode. The response time for
the device to enter normal mode is described in Table 7.

If the input is asserted high — low during operation in
IDLE mode to switch off the output stage, then the device
directly enters the sleep mode.

The following timing diagram depicts the transitions in
and out of IDLE mode and the block diagram in Figure 6
describes IDLE operation internal to the device.

The flowchart in Figure 8 summarizes the sequence of
operations associated with IDLE functionality.

-AND -
IN = Low

CS_EN = High

IN = High — Low*
- AND
1t Monitor = 0

STANDBY

_ A MODE

IN = High — Low* IN = High — Low
AND -

It Monitor = 0

IN = High
IN = High — Low*

PROTECT
MODE

IN = High*

NORMAL
MODE

Fault Counter > 0

CS_EN = Low — High

IN=CS_EN = Low*

I’t Monitor = 0

IN = Low — High*

IN = Low — High

IN = High — Low*
-AND -
1’t Monitor = 0

- AND - lour < lpLe_TR
-AND -
IN = Low

IN = High — Low* CAPACITIVE

LOAD MODE

Exit Conditions
Exit Conditions Met Not Met

lout < lipLE_TF
AND -

‘ 1t N-Ionitor =0 lour < lioLe_Tr
-AND -
IN = High
Fault Counter =0
-AND - *see State Transition Table
lout > lpLe ¢ for transition qualifier
Figure 5. NCV84003G Operation Modes and Transitions
Table 18. STATE TRANSITION TABLE
Present State Target State Transition Criteria Transition Qualifier
UNPOWERED SLEEP MODE Vp > Vp_mIN -
SLEEP MODE CAPACITIVE LOAD MODE IN = Low — High -
SLEEP MODE STANDBY MODE CS_EN = Low — High -
- AND -
IN = Low
NORMAL MODE IDLE MODE lout < libLE_TF 12t Monitor = 0
NORMAL MODE PROTECT MODE Fault Counter > 0 -
NORMAL MODE STANDBY MODE IN = High — Low tin(Rst) Expired
NORMAL MODE SLEEP MODE IN = High — Low tin(Rst) Expired
- AND -
CS_EN = Low over tin(Rst)
- AND -
12t Monitor = 0
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Table 18. STATE TRANSITION TABLE

NCV84003G

Present State Target State Transition Criteria Transition Qualifier
STANDBY MODE NORMAL MODE IN = Low — High t> thorm
STANDBY MODE SLEEP MODE IN = CS_EN = Low tin(Rst) Expired

- AND -
12t Monitor = 0
STANDBY MODE CAPACITIVE LOAD MODE IN = Low — High t < thorm
IDLE MODE SLEEP MODE lout < lpLE_TR -
- AND -
IN = Low
IDLE MODE NORMAL MODE louT > ioLE_TR -
PROTECT MODE STANDBY MODE IN = High — Low tin(rst) Expired
- AND -
CS_EN = High/CE_EN = Low for t
< tin(Rst)
PROTECT MODE SLEEP MODE IN = High — Low tin(Rst) Expired
- AND -
CS_EN = Low over tin(Rst)
- AND -
12t Monitor = 0
PROTECT MODE NORMAL MODE IN = High tin(rst) Not Expired
- AND -
tcs_en(Rst) Expired
CAPACITIVE LOAD MODE STANDBY MODE IN = High — Low tin(rst) Expired
- AND -
CS_EN = High/CE_EN = Low for t
< tiINRst)
CAPACITIVE LOAD MODE SLEEP MODE IN = High — Low tin(Rst) Expired
- AND -
CS_EN = Low over tin(Rst)
- AND -
12t Monitor = 0
CAPACITIVE LOAD MODE NORMAL MODE Exit Conditions Met (Note 24) -

24.Refer to section Resistive and Capacitive Load Switching Characteristics.
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Figure 6. IDLE Mode Timing Diagram
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Figure 7. IDLE Mode Operational Block Diagram
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lVD > Vi(Min)

Sleep Mode |«

\ 4

Scan IDLE_FLG
during this time

tipLe_BLank
Expire?

IDLE logic

Vioie_ri6 > Viotew .
Disabled

IDLE logic Enabled & YES
Wait for output ON in

Vipie_pi = High 2 Low
Output ON normal mode

Normal Mode? NO

Monitor Load Current —3

Normal Mode

AAA

Protections and Smarts Enabled,
Vioie_rie = High = Low

YES

12t Monitor= 0?
Monitor Load

Protection and diagnostics disabled, Current
Vibie_rg = Low = High —> y YES
IDLE Mode
IN : High = Low x
NO
Figure 8. NCV84003G IDLE Mode Flowchart

Power Stage Output ON-state Resistance

NCV84003G provides output power through an Like any MOSFET, the output’s ON-state resistance Ron
integrated N-channel vertical power MOSFET. The gate increases with the junction temperature Tj. Ron also
overdrive is provided by an integrated charge pump. depends on the supply voltage Vg (Figure 9).
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Figure 9. ON-state Resistance

In the idle mode of operation, the Roy of the power stage
increases to a higher value (See Table 5) as the internal
controls are re—configured to allow for a reduced operating
current consumption at lighter loads.

Resistive and Capacitive Load Switching
Characteristics:

NCV84003G provides an integrated slew—rate control
mechanism to minimize EMC in case of device switching.
The turn on profiles are actively adjusted between CL mode
and normal mode to differentiate a capacitive load from
other types of loads.

As a default turn on strategy from sleep mode, the device
automatically enters CL mode when IN is enabled. While
switching on into CL mode, the slew rate is reduced leading
to a gradual turn on of the output stage. The delayed turn on
allows the device to charge a capacitive load by providing
more power to meet the inrush requirements of the capacitor.
The load levels in the initial phase of capacitor charging can
be quite high causing a severe transient stress on the device.
To avoid such stress, the differential thermal shutdown
threshold is reduced during operation in CL mode
(See Table 8). The high capacitive inrush may trigger the
DTSD or overcurrent trip threshold and invoke a shutdown
of the output stage. To ensure that the load is fully charged,
the control circuit allows for multiple retries
(See Figure 11), thereby overriding the fault retry strategy
described in the ON-State Fault Retry Strategy section.

As the capacitive load is being charged, the output voltage
gradually increases. The drain—source voltage drop Vpg is

continuously sensed and once it reaches the threshold
defined by Vps Norm, the device exits to normal mode with
normally defined DTSD threshold and retry strategy.
Further, a max time specified by tmax_cap is designed in to
avoid extended operation in this condition.

Since there may be applications that do not require
capacitive charging, the following design implementations
allow the device to operate in normal mode.

If CS_EN is forced low — high before turning on the input
by a time period longer than tyorm, then the device
automatically enters normal mode upon enabling the input.
Further, if already in CL mode, applying a CS_EN pulse
longer than tcs gN(rst) While IN = low will force the device
into normal mode of operation. Such an implementation is
similar to the exit from fault mode (See the Fault Retry
Strategy section).

The exit conditions to Normal Mode are summarized
below:

1. Auto exit at Vpg < Vps Norm, indicating that
capacitive load has sufficiently charged.

2. tmax_Cap €Xpire as auto—exit to prevent extended
operation in capacitive load mode.

3. Forcing CS_EN low — high before IN
low — high by at least tNorM.

4. Applying CS_EN pulse that is longer than
tcs_EN(Rst) while IN = low.

The waveforms below depict the difference in turn on
slew rates and turn on profiles when switching on a nominal
resistive load from sleep vs standby mode.
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Figure 10. Resistive Load Switching Timing in turning on into a) Capacitive Load and b) Normal Mode

The transition between modes and the exit conditions
cited above are described in the idealized wave—set below.

Forcing entry into normal mode

Capacitive charge
P d from PWM

required in PWM

Turning on from Sleep Device goes into sleep ‘ Device goes into sleep Device goes into sleep

' ! | t> tos enrsy
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""ri*::,‘*::::::::::::E:::E-’::::::::::::::;I:::::::::::‘ . ‘
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ol e vd j
Active Sleva Foldsl‘l)ack at
turn on from Sleep
Figure 11. Capacitive Load Inrush Management
Output Clamping with Inductive Load Switch Off relative to the supply voltage Vp. During output clamping
The output voltage Voyt drops below GND potential with inductive load switch off, the energy stored in the
when switching off inductive loads. This is because the inductance is rapidly dissipated in the device resulting in
inductance develops a negative voltage across the load in high power dissipation. This is a stressful condition for the
response to a decaying current. The integral clamp diode device and the maximum energy allowed for a given load
(Zcp) clamps the negative output voltage to a defined level inductance should not be exceeded in any application.

www.onsemi.com
22




NCV84003G

A%
Vi
ZCL
v Vearr | |
'_ —_—
IN | Control < Z T
= LOgiC — /ZS/ Body
out 2%
D
GND L, R
? Rano
—

Figure 12. Output Clamping
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Figure 13. Inductive Load Switching Timing
The channel’s energy capability [J] for inductive
switching is given as follows, referring to Figure 12:
Vo — Vour RL - lour L
E=(Vop-Vour) | —=— M[1-——— ) +lour | = (ea. 1)
RL Vo = Vour RL
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Protection Features

In application, the device can be subject to stressful
conditions which are outside of normal operating range. To
prevent damage and destruction of the device from these
fault conditions, several protection functions are integrated
in device design. It is important to diagnose and remove any
fault condition that may exist since the protection functions
cannot prevent damage over sustained fault state operation.

Inverse Current
The protection logic in the device detects when the output
voltage Vour rises above the supply voltage Vp and adjusts

the output stage to be turned on in an inverted configuration,
thereby shunting the body diode and limiting the losses in
case of an inverse current flow. The parameter
Ron vv (See Table 5) specifies the resistance offered by
the output stage in an inverted configuration. The current
sense output stays low during inverse current conduction at
the output stage. During Inverse Current operation,
protection features as discussed in the ON-State Fault Retry
Strategy section may not be available.

VearT
Vb
Output Stage turned on =
ini iqurati )
in inverse configuration '_T
Control
Logic

linv
ouT

‘ Viny
COMP

Vout > Vp

GND
g Rano

Figure 14. Inverse Current

Loss of Ground Protection

When device or ECU ground connection is lost and the
load is still connected to ground, the device will turn the
output OFF. In loss of ground state, the output stage is held
OFF independent of the state of the input. Protection
mechanisms and current sense output of the device will not

be available during loss of device ground. Series resistors
are recommended between the device and microcontroller
to prevent the I/O pins from providing a parasitic GND path
through microcontroller. Finally, it should be noted that loss
of device ground protection is not guaranteed if the device
is operating in IDLE mode.
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Figure 15. Loss of Ground Protection

Undervoltage Protection

The device has two under voltage threshold levels,
Vp min and Vp yyv. Switching function (ON/OFF) requires
supply voltage to be at least Vp wmn. The device features a
lower supply threshold Vp yy, above which the output can

VOUT

A

remain in ON state, if already ON. The protection and
diagnostic features are available and functional down to
Vp uv (if switch already ON), however, may deviate from
the nominally specified parametric performance.

/

Vb wv

Vb min

»\/p

Figure 16. Under-voltage Behavior

In case the supply voltage drops below Vp yy while the
channel is ON (Vi = High), the output stage shuts off and
a delay time tyy Recover 1S incorporated before turning on
the output again once the supply increases more than
Vp min- Such a protection scheme precludes fast repetitive
turn on and turn off events and reduces the transient stress
on the device as the supply periodically increases or
decreases around the under—voltage threshold while
conducting high currents. Once initiated, this delay timer is

independent of the transitions at the IN pin as shown in the
figure below. The delay tyy Recover iS not present if the
power supply voltage is greater than Vp w at the time of
turning the channel ON (Vn: Low — High).

Further, this delay time is shortened in capacitive load
mode (See Table 4) to allow fast inrush required for
charging capacitive loads at low battery conditions such as
cranking at cold temperatures. The waveforms below depict
the behavior in case of an under—voltage event.
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Figure 17. Under-voltage Recovery Timing

Overvoltage Protection
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Figure 18. Overvoltage Protection Circuit

The NCV84003G employs a set of over—voltage
protection zener clamp diodes— Zyp, Z¢r, Zgsp and Zcs,
which protect the device against abnormal high voltage
events. Zyp protects the logic part by clamping the voltage
between supply pin Vp and ground pin GND to Vzyp. Zcs
limits the voltage at current sense pin to Vp — Vzcs. The
output power MOSFET has an integrated drain to gate
clamp Zcy that provides protection by actively clamping the
voltage across the MOSFET to ~Vzcr. During overvoltage
protection, current flowing through Zyp, Zcs and Zcp, must
be limited. Load impedance Zp limits the current in output
clamp. In order to limit the current in Zyp, a resistor, Rgnp,
is required in the GND path. External resistors Rcs and
RsenNsE limit the current flowing through Zcg and out of the
CS pin into the micro—controller I/O pin. With Rgnp, GND
pin voltage is elevated to Rgnp*Ignp during normal

operation and must be accounted for while driving the logic
inputs referenced to GND. ESD diodes Zgsp clamp the
voltage at logic inputs IN, CS_EN and I2t_ADJ, analog
input AOC, as well as at open drain IDLE pin relative to the
GND pin voltage. External resistors Ryn, Raoc, Rcs BN,
Rt Apy and RipLE FLg are required to limit the current
flowing out of these pins. During overvoltage exposure, the
device transitions into a self-protection state, with
automatic recovery after the supply voltage comes back to
the normal operating range. The parametric spec, diagnostic
capability as well as short circuit robustness and energy
capability of the output MOSFET cannot be guaranteed
during overvoltage exposure.
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Reverse Battery Protection

In case of Reverse Battery connection, the external load
limits the current through the body diode of the output FET.
An integrated blocking mechanism blocks the reverse
current flowing into the GND and reduces the constraints on
the value of Rgnp. The diagnostic output stays OFF in a
reverse battery configuration and no protection feature such
as over—current detection or over—temperature shutdown is

available. A typical application setup for reverse battery
protection is shown in Figure 19. The current in the ESD
protection diodes at logic pins and AOC input are limited by
resistors RiN, Res ENs Rsns IpLEs Rize apy and Raoc
respectively. Resistors Rcs and Rsgnsg limit the current
flowing in the CS pin. The resistor values have to be chosen
to limit the current within the current ratings specified in the
absolute maximum rating section.

Voo v >
5
- RpLE FLG
icro
Controller _’91
Rsns_ioie IDLE_FLG Zcs |
—
lpLEREV) Rsense cs :
cL
Rin IN ’f 2 y —
ZE NG Control L BATT
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— {o]
|CS_EN(REV) ] 12t ADJ } J (! Conducts
N ]
AOC % ouT
-—
Riat apy Raoc 7 % % lout_Rrev
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Zesp L
|GMREV T
Icsrev)
laoc(rev) GND
li2t_ADJ(REV)
Reno

Figure 19. Reverse Battery Protection Circuit

Overload Protection

Overcurrent, I2t, and over temperature shutdown
mechanisms are integrated into NCV84003G to provide

protection from overload, capacitive inrush or output short
to ground conditions.
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Overcurrent Shutdown

To serve multiple applications with different current and
power requirements, NCV84003G offers an adjustable
overcurrent detection mechanism. The overcurrent
detection threshold can be adjusted by the user externally
with the help of a resistor at AOC pin referenced to GND.
The overcurrent threshold is designed to fold back with the
AOC resistor between 80% (for Raoc = 10 kQ) and 40%
(for Raoc = 30 kQ) of its maximum value. Every 1 k2

increase in Rpypc in the linear range (See Figure 20) folds
back the overcurrent threshold by 2% of its maximum
value. Table 8 provides thresholds specific to Raoc=
10 k€2, 20 k€2 and 30 k€2 which are folded back to 80%, 60%
and 40% of the highest overcurrent threshold respectively.
An Rpc resistor outside the linear range sets the threshold
at its maximum value. Figure 20 depicts the dependence of
overcurrent detection threshold on R resistor.

Overcurrent Detection vs. Raoc
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As shown in Figure 20, to set the threshold to its default
maximum value, it is recommended to use a resistor at AOC
pin that is sufficiently smaller than 10 k€2 or sufficiently
greater than 30 kQ2 while avoiding the resistors close to
transitions in and out of linear range. For example, Raoc =
4.7 kQ or Ragc = 40 kQ will ensure that overcurrent
detection threshold is set to its maximum value. Further, an
Raoc = 4.7 kQ is recommended to protect the ESD
structures at this pin against reverse battery and overvoltage
events. It is not recommended to short AOC pin to GND in
order to protect the internal ESD from stresses inflicted in
such events. Further, leaving this pin floating, or open in the
application can lead the internal interface susceptible to
inadvertent high frequency injections and is also therefore
not recommended.

It’s possible for the current profile to observe some
overshoot beyond the specified Iy jp threshold (especially in
case of extremely low impedance shorts) because of the

20

25 30 35 40 45 50

Raoc (kQ)
Figure 20. Adjustable Overcurrent Detection vs Raoc

delay between current detection and consequent shut—off of
the output stage. The safety of the device, will, nevertheless
be ensured in a short circuit event.

The overcurrent detection threshold is reduced to a lower
value in case of high drain—source voltage. This is done to
limit the amount of power dissipation in the device and
consequential thermal transients. The curve below depicts
the trend in normalized Iy ypf where the value “1” represents
the peak measured at Vpg =5 V. A similar protection logic
is applied at high Drain voltages, specifically for conditions
such as Jump Start (See Table 8). The corresponding I%t
profiles (as described below), are specifically designed for
harness protection and do not change with applied Vp or
Vps.

Finally, the over—current detection is designed to be
relatively independent of junction temperature to ensure that
it does not infringe with the 12t protection.
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Overcurrent Detection Variation
With D-S Voltage
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Figure 21. Over-Current Detection Variation with Drain-Source Voltage

12t Protection

In addition to overcurrent shutdown, NCV84003G
comprises of a smart overload protection in the form of an
It function that emulates the current vs time profile of a
conventional fuse. The built—in circuit forces a shutdown of
the output stage when high current is conducted over
extended intervals exceeding the It limit of the device per
the curve depicted in Figure 22 below. Table 10 specifies the
I2t profile in the form of maximum ON time permitted at
different current thresholds. As the current level increases
above the minimum threshold I; 1, the internal It monitor
increases in value as well. Furthef, the 2t monitor accounts
for the changes in load level by integrating the timing
response as output current increases through multiple
thresholds, thereby keeping track of the “accumulated heat”
as in case of a fuse. The intelligent monitor also reduces in
value in case the output current falls below the threshold
Itz 1 to account for the “heat lost” in applications such as
PWM at overload. When the I2t monitor reaches 100% of the
designed in limit, the output stage is safely shut off. Once
shut off, the retry strategy is defined in the section ON State
Fault Retry Strategy. This response allows proper sizing of
the harness in an application by ensuring that a given current
will never exceed over a given time threshold thereby
keeping the harness insulation within the defined safe
operating limits.

The It function is bound on the lower end by highest
allowed steady state current I, 1 below which the It
protection is inactive. It is also bound on the upper end by the
maximum It threshold, Iy 11 that is associated with the
minimum allowed ON time.

Similar to the adjustability in overcurrent detection
NCV84003G offers adjustability in I?t profiles that allow
the user to choose wire harness size for different applications
with the same device. The external resistor at 12t ADJ pin

allows scalable profiles in a foldback pattern as depicted in
the figure below. Similar to AOC dependence on external
resistor, the 12t profile also folds back with the 12t_ADJ
resistor between 80% (for Rpp; apy = 10 k€2) and 40% (for
Rzt apy =30kQ) of the highes_t designed profile (outermost
curve per Figure 22). Every 1 kQ increase in Ryp; apj in the
linear range (See Figure 22) folds back the I?t profile by 2%.
Table 10 provides maximum current thresholds for I%t
profiles specific to Ry apy = 10 k€, 20 k€2 and 30 kQ
which are folded back to 80%, 60% and 40% respectively of
the maximum current threshold for the highest I?t profile.
Other current thresholds for the selected profile, thereby,
scale commensurately by the same percentage of the
corresponding threshold for the highest profile. Figure 23
plots the It profiles for the specified resistor values. It
should be noted that these curves are only representatives of
the allowed range, and any I’t profile can be selected
between these curves by varying the Ry Apj resistor based
on the requirements of the application. The internal logic
defaults to the highest 1%t profile if the Ry Apj resistor is
less than or equal to 4.7 kQ, and defaults to the lowest 12t
profile if the RI2t_ADJ resistor is greater than or equal to
40 k€ (Refer to Figure 22).

To select the highest 12t profile in the application, it is
recommended to use a resistor at 12t ADJ pin that is
sufficiently smaller than 10 k€2 while avoiding the resistors
close to transitions in to linear range. For example, Ryp; Apjy
= 4.7 kQ will ensure the selection of highest profile. In case
of an inadvertent open circuit, or a high “leakage” resistance
observed at this pin will cause the selection of lowest I%t
profile to guarantee safety of application harness, PCB
traces etc.

Lastly, as in case of AOC pin, it is not recommended to
short 12t_ADJ pin to GND in order to protect the internal
ESD from stresses inflicted in reverse battery, or
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over—voltage events. Leaving this pin floating, or open in the

application can lead the internal interface susceptible to high
frequency injections and is also therefore not recommended.

12t Profile vs. Rizt_aps
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Figure 22. Adjustable It Profiles vs Rjat_apy
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Figure 23. 12t Protection Implementation

It should also be noted that the profiles depicted in
Figure 23 are assuming Tystart) < 100°C for each current
step and that the device is mounted on a four-layer 2s2p
board based on JEDEC JESD 51-7 specification (See
Table 3). Having inadequate external heat sinking in the
application may cause the junction temperature to rise
rapidly and output stage may be shut off sooner than the
times indicated because of thermal shutdown.

NCV84003G can serve multiple load and harness
conditions by allowing independent adjustability of

over—current detection threshold and I%t profile. For
example, if a high 1%t capability is desired with a reduced
over—current threshold for the load, or a high load inrush is
desired while keeping the 12t profile for the harness at
minimum, then the example profiles as depicted in
Figure 24 can be referenced. Caution must be exercised
while selecting an overcurrent trip threshold that is
significantly greater than the maximum current threshold
(TIr¢ 11) for the selected 12t profile. In such a case, the 1%t
monitor will enforce the same allowed ON time — tppy 11 for
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any current greater than Iy 11 until the overcurrent

protection is triggered.
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Over Temperature Protection

NCV84003G has two over temperature shutdown
mechanisms. They are implemented by incorporating an
absolute and a differential temperature sensor. To prevent
damage and/or destruction, when either of the two sensors
is activated, the output will be switched OFF. In case of a
prolonged high power dissipation condition, a rapid increase
in the junction temperature creates a severe temperature
gradient within the device. When this differential
temperature swing reaches the defined threshold (TpTsp,
per Table 8), the differential temperature sensor is activated
thereby switching OFF the device. In case if the junction

Current [A]
Figure 24. 12t Maximum Overcurrent Adjustability

temperature reaches thermal shutdown temperature Ttsp,
the absolute temperature sensor is activated, and the output
stage will be switched OFF. The output will be allowed to
turn back ON when the differential temperature drops to a
safe value determined by the hysteresis Ttsp gys (See
Table 8) with a retry strategy presented in the next section.

It should be noted that in capacitive load mode, the DTSD
threshold is reduced to Tptsp cL (See Table 8) to limit the
transient stress on the device while charging a capacitive
load. Further, the thermal protections as described above
will override the 1%t protection in case the differential or
absolute thermal limits of the die are exceeded.
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Figure 25. Over-Temperature Protection

ON State Fault Re-try Strategy

The timing diagram below explains the re—try strategy in
case of an overcurrent and/or over—temperature fault state.
It should be noted that while the particular example below
considers an overcurrent detection condition in case of short
circuit to GND, the same philosophy can be applied to re—try
strategy in case of an over—temperature shutdown event as
well.

When exposed to the fault conditions mentioned above,
the device emulates the behavior of a fuse and the output
stage is latched off after incrementing the fault counter once

to protect the device from subsequent high power re—try
pulses. The fault counter can be reset to zero (default) by
forcing IN low for a time period t > tiN(Rst), Or by forcing a
diagnostic enable pulse while IN = low as shown above. If
the IN pin is switched Low — High before the tiNrst) timer
expires, then the output stage is forced to stay off. The timer
is reset and starts over again when the input goes low the next
time. A diagnostic enable based reset provides a faster
solution to reset the counter (typically used in cases where
the application microcontroller detects a normal operating
condition, and a quick re-start is desired).
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Figure 26. Re-try Strategy in Case of Current Limit and/or Over-Temperature

The retry strategy as defined above is overridden while
turning on into capacitive load mode to allow multiple
retries while charging a capacitive load. It is therefore
recommended to exit the capacitive charging mode with an
IN pulse (See Resistive and Capacitive Charging) in case of
a shorted load to prevent the device from repetitive transient
stresses in this mode. The current sense fault output and

voltage at the output node should be sensed to make this
decision.

In case of extended overload condition applied to the
device, the I?t monitor increases in value and eventually
reaches 100% of the designed limit which then latches off
the output stage. The condition is depicted in the wave—set
below.
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Figure 27. Re-try Strategy in Case of Current Limit and/or Over-Temperature

The flowchart in Figure 28 below summarizes the
operation in case of an ON-state fault.
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Figure 28. On-State Re-try Strategy Flowchart
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Current Sense Output Timing
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Figure 29. Current Sense Timings

Open Load/Short to Vgart Detection in OFF State

OFF State Open Load (OSOL) diagnosis can be
performed by activating an external resistive pull-up path
(Rpyu) to VearT: To calculate the pull-up resistance, external
leakage currents (designed pull-down resistance,
humidity—induced leakage etc.) as well as the open load
threshold voltage Vps osorL have to be considered. A
switch can be used open the battery connection to Rpy to
prevent undesired leakage through this path in case an open
load diagnostic is not required.

A short circuit to Vparrin off state is also detected by the
same analog circuit block.

It should be noted that OSOL Fault current range is
exclusive to and lower than other fault conditions such as a
TSD or a current limit. This segregation of fault levels will
help user to distinguish an OSOL fault from a case where a
fault is being flagged high in OFF state due to an un—expired
Fault counter (See Table 12).
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Figure 30. Off State Open Load Detection Circuit
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Figure 31. Transient Thermal Response
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