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VN7003AH

High-side driver with CurrentSense analog feedback for

automotive applications

Octapak
GAPGCFT00162

Features
Max transient supply voltage Vce 40V

. 4to
Operating voltage range Vce 28V
glr)) on-state resistance (per Ron 35mq
Current limitation (typ) ILimH 135 A
Stand-by current (max) IsTBY 0.5 pA
Minimum cranking supply )
voltage (Vcc decreasing) Vusb_cranking 3V

AEC-Q100 qualified ‘

Extreme low voltage operation for deep cold
cranking applications (compliant with LV124,
revision 2013)
1 General
- Single channel smart high-side driver
with CurrentSense analog feedback
- Very low standby current
- Compatible with 3 V and 5 V CMOS
outputs
1  Diagnostic functions

=a =4

Datasheet - production data

1  Protections
- Undervoltage shutdown
- Overvoltage clamp
- Load current limitation
- Self limiting of fast thermal transients
- Loss of ground and loss of Vcc
- Reverse battery
- Electrostatic discharge protection

Applications

Specially intended for Automotive smart power
distribution, glow plugs, heating systems, DC
motors, relay replacement and high power
resistive and inductive actuators.

Description

The device is a single channel high-side driver
manufactured using ST proprietary VIPower®
technology and housed in the Octapak package.
The device is designed to drive 12 V automotive
grounded loads through a 3 V and 5 V CMOS-
compatible interface, providing protection and
diagnostics.

The device integrates advanced protective
functions such as load current limitation, overload
active management by power limitation and
overtemperature shutdown.

A sense enable pin allows OFF-state diagnosis to
be disabled during the module low-power mode
as well as external sense resistor sharing among
similar devices.

Table 1: Device summary

- Overload and short to ground (power Order codes
limitation) indication Package T Tred
- Thermal shutdown indication ape and ree
- OFF-state open-load detection Octapak VN7003AHTR
- Output short to Vcc detection
- Sense enable/ disable
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Block diagram and pin description
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Block diagram and pin description

Figure 1: Block diagram
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Table 2: Pin functions

Name Function

Vee Battery connection.
OUTPUT | Power outputs. all the pins must be connected together.
GND Ground connection.
INPUT Voltage controlled in_put pin with hysteresis. Compatible with 3 V and 5 V CMOS outputs.
It controls output switch state.

CS Analog current sense output pin delivers a current proportional to the load current.

SEn Active high compatible with 3 V and 5 V CMOS outputs pin; it enables the CurrentSense

diagnostic pin.

DocIlD029238 Rev 4 5/37
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Figure 2: Configuration diagram (top view)
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Table 3: Suggested connections for unused and not connected pins

Conn;iztion / CurrentSense N.C. Output Input SEn
Floating Not allowed X X X X
Togoua | ORI | [ Nt T isica | T 15k
Notes:

Mx: do not care.
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2 Electrical specification
Figure 3: Current and voltage conventions
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VE = Vout - Vec when Vout > Vee and INPUT = LOW

2.1 Absolute maximum ratings

Stressing the device above the rating listed in Table 4: "Absolute maximum ratings" may
cause permanent damage to the device. These are stress ratings only and operation of the
device at these or any other conditions above those indicated in the operating sections of
this specification is not implied. Exposure to the conditions in table below for extended
periods may affect device reliability.

Table 4: Absolute maximum ratings

Symbol Parameter Value Unit
Vee DC supply voltage 38
Vecrk Maximum tranS|ent.supEIy voltage (1ISO7637-2:2004 Pulse 5b level 20 Vv
IV clampedto40V;RL= 4 q)
-Vee Reverse DC supply voltage 16
-lenp DC reverse ground pin current 200 mA
Internally
lout OUTPUT DC output current limited A
-lout Reverse DC output current 38
Iin INPUT DC input current
: -1to 10 mA
Isen SEn DC input current
CS pin DC output current (Venp = Vec and Vsense < 0 V) 10
Isense - - mA
CS pin DC output current in reverse (Vcc < 0 V) -20
Maximum switching ener ingl I
Ewmax 9 gy (single pulse) TBD mJ
Toemag = 0.4 ms; Tjstart = 150°C
[S71 DoclD029238 Rev 4 7137




Electrical specification VN7003AH
Symbol Parameter Value Unit
Electrostatic discharge (JEDEC 22A-114F)
4000 \%
1 INPUT
2000 \%
i CurrentSense
VEsp 4000 \%
1 SEn
1  OUTPUT 4000 v
4000 \%
T Vce
VEsp Charge device model (CDM-AEC-Q100-011) 750 \
Tj Junction operating temperature -40 to 150 oc
Tstg Storage temperature -55 to 150
2.2 Thermal data
Table 5: Thermal data
Symbol Parameter Typ. value Unit
Riniboard | Thermal resistance junction-board @ 2.1
Ruj-amb | Thermal resistance junction-ambient (JEDEC JESD 51-5) @ 57.9 °C/W
Rijamb | Thermal resistance junction-ambient (JEDEC JESD 51-7) W 15.4
Notes:
(MDevice mounted on four-layers 2s2p PCB
@Device mounted on two-layers 2s0p PCB with 2 cm? heatsink copper trace
2.3 Electrical characteristics
7V <Vcc <28V, -40°C < Tj < 150°C, unless otherwise specified.
All typical values refer to Vcc = 13 V; Tj = 25 °C, unless otherwise specified.
Table 6: Electrical characteristics during cranking
Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
_ Minimum cranking supply
Vusn_ cranking voltage (Vcc decreasing) 5 3 v
Ron On-state resistance lour =4 A; V.CC =3V, o} 15 mq
Vcc decreasing
Trep® Shutdovx_m temperature (Vcc Vec =3V 140 5 oC
decreasing)
Notes:
(Mparameter guaranteed by design and characterization; not subject to production test.
8/37 DoclD029238 Rev 4 ‘Yl




VN7003AH Electrical specification
Table 7: Power section
Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
Vce Operating supply voltage 4 13 28 \%
Vusp Undervoltage shutdown 3 \
VUSoReset Undervoltage shutdown 5 Vv
reset
Undervoltage shutdown
VusDhyst hysteresis 0.3 \%
lour =15 A; Tj = 25°C 3.5
Ron On-state resistance lour = 15 A/ Tj = 150°C ! mq
lour=15A;Vec =4V,
Tj=25°C 525
Roson in reverse battery Vcec =-13 V; lout =-15 A;
Ronrev | ¢ ondition Tj=25°C 35 ma
Is =20 mA; Tj=-40°C 38
Velamp Clamp voltage \%
Is =20 mA; 25°C < Tj< 150°C 41 46 52
Veec =13V,
ViN=Voutr =Vsen =0V, 0.5 HA
Tj=25°C
. Vee =13V,
oty | PP current in Standby | = vour = Vsen =0 v; 14 | pA
e Tj=85°C @
Vee =13 V;
VIN=Vour =Vsen=0V; 11 HA
T;=125°C
Standby mode blanking Vec=13V;Vn=5V;
to_sTeY time Vsen=0V;lout=0A 60 300 | 550 HS
Vec=13V; Vsen=0V;
Is(on) Supply current VIN=5V,lour=0A 4 6.5 | mA
Control stage current _ ) .
Ienpon) | consumption in ON-state. VCC__ 13_\/’ VSE" =5V 9 mA
. Vin=5V;lout=15A
All channels active.
V.IN_: Vf)uT =0V;Vcc=13V; 0 0.01 05
Off-state output currentat | Ti=25°C
IL(off) _ HA
Vee =13V Vin=Vour =0V, Vcc =13V, 0 1
Tj=125°C
VE Qutput - Vcc diode voltage | lout =-15 A; Tj = 150°C 0.7 \%
Notes:
WPowerMOS leakage included.
@parameter specified by design; not subject to production test.
Kys DoclD029238 Rev 4 9/37




Electrical specification VN7003AH
Table 8: Switching
Vcec =13 V; -40 °C < Tj < 150 °C, unless otherwise specified
Test : .
Symbol Parameter conditions Min. | Typ. | Max. | Unit
tdon)® Turn-on delay time at T; = 25 °C 10 50 | 120
- Rt=0. 87 us
td(om™® Turn-off delay time at T; = 25 °C 10 60 100
(dVout/dt)on® | Turn-on voltage slope at T; = 25 °C 0.075 | 0.28 | 0.7
RL=0. 87 Vius
(dVout/dt)ei® | Turn-off voltage slope at T; = 25 °C 0.075 | 0.33 | 0.7
Won Switching energy losses at turn-on RL=0.87 d & 18 136® | mJ
(twon)
Wore Switching energy losses at turn-off R=0.87 d & 2 360 | mJ
(twotr)
Differential Pulse skew
tskew™® RL=0.87 d -50 0 50 us
(trHL - trLH)
Notes:
(Dsee Figure 6: "Switching times and Pulse skew"
@Parameter guaranteed by design and characterization; not subject to production test.
Table 9: Logic inputs
7V <Vcc<28V;-40°C<Tj<150°C
Symbol Parameter Test conditions ’ Min. ’ Typ. ‘ Max. ‘ Unit
INPUT characteristics
Vi Input low level voltage 0.9 \Y
I Low level input current Vin=09V 1 HA
ViH Input high level voltage 2.1 \%
liH High level input current Vin=21V 10 HA
Vi(hyst) Input hysteresis voltage 0.2 \%
In=1mA 5.3 7.5
VicL Input clamp voltage \%
In=-1mA -0.7
SEn characteristics (7 V < Vcc < 18 V)
VsenL Input low level voltage 0.9 \Y
IsenL Low level input current Vin=09V 1 HA
VsEnH Input high level voltage 2.1 \%
IsenH High level input current Vin=2.1V 10 HA
Vsenthysy | Input hysteresis voltage 0.2 \%
In=1mA 53 7.5
VsencL Input clamp voltage \%
In=-1mA -0.7
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Table 10: Protection

7V <Vcc<18V,;-40°C<T;<150°C

Symbol Parameter Test conditions Min. Typ. Max. | Unit
o Vec =13V 80 135 175
lume® | DC short circuit current
4V <Vcc<18V @ 175 A
Short circuit current Veec =13V,
lum . . 38
during thermal cycling TrR<Tj< TtsD
Trsp Shutdown temperature 150 175 200 °C
Tr Reset temperature®@ Trs+1 | Trs+ 7 °C
Trs T_hermal _re_set_ of f_ault Vsgn = 5V 135 °C
diagnostic indication
T Thermal hysteresis 7 oc
st (Trsp - TrR)@
@ T_so | Dynamic temperature Vee =13V 60 K
lout=2A;L=6 mH; Vcce - v
Turn-off output voltage Tj=-40°C 38
VDEMAG
clamp loutr=2A;L=6mH, Vce - Vce - Vce - v
Tj=25°C to 150°C 41 46 52
Notes:
(Mparameter guaranteed by an indirect test sequence.
@parameter guaranteed by design and characterization; not subject to production test.
Table 11: CurrentSense
7V <Vcc<18V;-40°C<Tj<150°C
Symbol Parameter Test conditions Min. Typ. Max. | Unit
CurrentSense clamp Vsen =0 V; Isense = 1 mA -17 -12 \
VseNsE_cL
voltage Vsen = 0 V; Isense = -1 mA 7 v
Current Sense characteristics
lout = 200 MA;
KoL® lout/IsENSE Vsense = 0.5 V; 8350 | 16800 | 25150
Vsen=5V
lout=1A;V =0.5V;
Ko lout/lsense o SENSE 9000 | 16650 | 24500
Vsen=5V
lout=1A;V =05V,
dKo/Ko@® | Current sense ratio drift | .o~ SENSE -30 30 %
Vsen=5V
| =10A;V =4V,
Ki lout/Isense our SENSE 13150 | 16450 | 19750
Vsen=5V
. . | =10A;V =4V,
dK1/Ki@® | Current sense ratio drift | .o~ SENSE -10 10 %
Vsen=5V
lout=15A; V =4V,
Ka lout/lsense ouT SENSE 14200 | 16450 | 19100
Vsen=5V
lout=15A; V =4V,
dK2/K2@® | Current sense ratio drift | .o~ SENSE -7 7 %
Vsen=5V
DoclD029238 Rev 4 11/37
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VN7003AH

7V <Vcc<18V;-40°C<Tj<150°C
Symbol Parameter Test conditions Min. Typ. Max. | Unit
lour =45 A; V =4V,
Ks lout/lsense our SENSE 14760 | 16450 | 18670
Vsen=5V
dKs/K3@® | Current sense ratio drift lour :_45 Al Vsense =4V, -5 5 %
Vsen=5V
CurrentSense disabled:
Vsen =0 V; 0 0.5 WA
CurrentSense disabled;
| CurrentSense leakage 1V<V 5O -0.5 0.5 HA
SENSEO current - < Vsense <
CurrentSense enabled:
Vsen=5V;ViNn=5V,; 0 5 HA
lour = 0 A;
Output voltage for Vsen =5V,
Vout csp® | CurrentSense Rsense = 2.7k  ;in=\B V; 5 \Y;
shutdown loutr=15A
CurrentSense Vee =7 V;.RSENSE = Z!.O k q
VSENSE_SAT saturation voltage Vsen=5V;Vin=5V; 5 \%
lour = 15 A; Tj = -40°C
Vec =7V, Vsense =4V,
Isense_sat® | CS saturation current VIN=5V;Vsen=5V,; Tj=- 4 mA
40°C
. Vec =7V, Vsense =4V,
lout_sat® Output saturation VN=5V;Vsen=5V; Tj=- 75 A
current o
40°C
OFF-state diagnostic
OFF-state open-load
VoL voltage detection VIN=0V;Vsen =5V, 2 3 4 \%
threshold
OFF-state output sink Vin =0 V; Vour = Vou;
| -100 -15
LA ] current T) = -40°C to 125°C hA
Ot ot | =5 Vw0
(psTKON edge of INPUT (see xSEn =_54\\// lour =0 A; 100 350 700 Hs
Figure 7: "tDSTKON") ouT =
Settling time for valid
¢ OFF-state open load ViN=0V; Vour=4V; 60 s
oLV diagnostic indication Vsen=0Vto5V K
from rising edge of SEn
oo | e degnese | =0V, Vi =5 s | w0 | s
b_voL y 9 | Vour=0Vtoav H
edge of Vour
Fault diagnostic feedback (see Table 12: "Truth table")
CurrentSense output Vee=13V;Vn=0V,;
VSENSEH voltage in fault Vsen=5V; lout=0A; 5 6.6 \V
condition Vour =4 V; Rsense =1k q
CurrentSense output
IsensEH current in fault Vec =13V, Vsense =5V 7 20 30 mA
condition

12/37

DocIlD029238 Rev 4

3




VN7003AH

Electrical specification

3

7V <Vcc<18V,;-40°C<T;<150°C

Symbol Parameter Test conditions ‘ Min. ‘ Typ. ’ Max. ‘ Unit
CurrentSense timings (current sense mode)®
Current sense settling VIN=5V;Vsen=0V to
tosensein | time from rising edge of | 5V; Rsense =1k Q ; 60 us
SEn RL=0.87q
Current sense disable ViN=5V;Vsen=5V to
tosenseir | delay time from falling O0V;Rsense =1k q ; 5 20 us
edge of SEn RL=0.87q
Current sense settling Vn=0Vto5YV;
tosensezn | time from rising edge of | Vsen=5V; Rsense =1k Q ; 100 380 us
INPUT RL=0.87q
C_:urrent sense settling Vin =5 V: Vsen = 5 V-
time from rising edge of _ ]
X Rsense = 1 k q senst
isensezq | lout (dynamic response | _° o ) 200 us
= 90% of IsenseEmAX;
to a step change of -
RL=0.87q
louT)
Current sense turn-off VINn=5V1to0OV;Vsen=5
toseENsE2L delay time from falling V;Rsense =1k q ; 50 250 us
edge of INPUT RL=0.87q
Notes:

Mpigital filtering is applied for testing

@All values refer to Vcc = 13 V; Tj = 25°C, unless otherwise specified.

®)Parameter guaranteed by design and characterization; not subject to production test.

“Transition delay are measured up to +10% of final conditions.

Figure 4: IOUT/ISENSE versus IOUT
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Figure 5: Current sense precision vs. IOUT

Figure 6: Switching times and Pulse skew
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