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VN7004CLH

High-side driver with CurrentSense analog feedback for

automotive applications

Octapak

GAPGCFT00162
Features
Max transient supply voltage Vce 40V
Operating voltage range Vece | 4t028V
Typ. on-state resistance (per Ch) Ron 4 mQ
Current limitation (typ) ILimH 135 A
Stand-by current (max) IsTBY 0.5 pA

e AEC-Q100 qualified g
e  General
—  Single channel smart high-side driver
with CurrentSense analog feedback
—  Very low standby current
—  Compatible with 3.0 V and 5 V CMOS
outputs
¢ Diagnostic functions
Overload and short to ground (power
limitation) indication
Thermal shutdown indication
OFF-state open-load detection
—  Output short to Vcc detection

Datasheet - production data

—  Loss of ground and loss of Vcc

—  Configurable latch-off on
overtemperature or power limitation

— 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, and to provide protection
and diagnostics.

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

A combination of INPUT and FR_DIAG pins
latches the output in case of fault, disables the
latch-off functionality and enables OFF-state
diagnostic.

Table 1: Device summary

e  Protections Order codes
—  Undervoltage shutdown Package
- Overvoltage clamp Tape and reel
- Load current limitation Octapak VN7004CLHTR
—  Self limiting of fast thermal transients
November 2016 DoclD027770 Rev 5 1/36
www.st.com

This is information on a product in full production.




Contents VN7004CLH

Contents
1 Block diagram and pin description ..........ccooevviiiiiiiiieceieeee e, 5
2 Electrical specification........ccoooeviiiiiiii e 7
2.1 Absolute Maximum ratiNgS .........uueiieeeeiieeeeiee e e e e e eeeanns 7
2.2 Thermal data...........eueuiiiiiiiiiiii e 8
2.3 Main electrical characteriStiCs ...........coovvviiiiiiiiiiii e 8
2.4 Electrical characterisStiCS CUIVES .........oooveveeiiieee, 16
3 PrOtECIIONS. .o 20
3.1 Power IMItatioN .......oooeie e 20
3.2 Thermal SHULAOWN..........iiiiiii e 20
3.3 Current IMItationN .........oevviiiiiiiiiiieeeeeeee e 20
3.4 Negative voltage Clamp...........oeiiiiiiiiiic e, 20
4 Application information ..., 21
4.1 GND protection network against reverse battery..........ccccccvvveveeeneen. 21
4.2 Immunity against transient electrical disturbances......................... 22
4.3 MCU 1/OS ProteCHION. ... .ccceiiiieiiice e e e e 22
4.4 CS - analog CUMENt SENSE ......coevviiiiiiiiiiiiiieeeeeeeeeeeeeeeee et 23
44.1 Principle of CurrentSense signal generation .................eevvvvvevevenennns 24
4.4.2 Short to VCC and OFF-state open-load detection .......................... 26
5 Package and PCB thermal data............cccooovvviiiiiiii e 28
5.1 Octapak thermal data...............ccoorviiiiiiiiii e, 28
6 Package information ..........ccoooeiiii i 31
6.1 Octapak package iNnformation............ccccevvvvveiiiiiiiiiiiiiiiiiiiieeeeeeeeeee 31
6.2 Octapak packing information..............cceevvvieiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeee 32
6.3 Octapak marking information .............cccoooeeieeiiiiiiiiii e, 34
7 REVISION NISTOTY .uuiiiiiiiii e eeeaee 35
2/36 DoclD027770 Rev 5 ‘W




VN7004CLH List of tables

List of tables

TabDIE 1: DEVICE SUIMIMAIY .....eeiiiiitiiieeiitieee ettt e ettt e e sttt e e s te et e e sbe et e e skt et e e s bbe e e e s nbe e e e abbb e e e e anbn e e e e anbnneesnnnneeas 1
Table 2: Pin fUNCLIONS .. ...ttt e e e e e e sttt e e e e e e s s s aanb e e e e e e e e e s e annbnneeeaaens 5
Table 3: Suggested connections for unused and not connected PINS..........cccvvveeeieeeiniiiiiiiieee e 6
Table 4: ADSOIULE MAXIMUM FALINGS .....eeiiiiiiiiie ittt e s b e e e tbr e e e s asbe e e e s annneeesaanneeas 7
LI o1 SR B =T g0 =T - L= RSP 8
LI o] SR T 01V =T Y= Tod o o RSP 8
LI Lo (=T V11 (11 o S 9
JLIE= Lo (=TS I Yo T ] 10 SR 10
I 1o (SO B o o) =T ox 1o o PSPPI 10
I 1o I O O N g =T o £ST=T g T PR TPPR 11
QL= Lo Lo B I 01 1 = o[ SRR 15
Table 12: FR_DIAG fUNCHONAITY ......oiiueiiieiiiiiie ittt ettt 15
Table 13: ISO 7637-2 - electrical transient conduction along supply liNe.........cccccoeiiii i 22
Table 14: CurrentSense pin levels in Off-STate..........coouiii i 26
TabIe 15: PCB PrOPEITIES .. ..eeeiiiiieiieiiieee ettt e sttt sttt sttt e st b e e s e bt e e aa st e e e s aasbe e e e aabbe e e e anbneeeenbreeeeannee 28
Table 16: TherMal PArAMELETS .......oiiiiiiiieiiiiie et e et ettt e s et e e e e bt e e s sbbe e e e e nnbeeeeenneee 30
Table 17: Octapak MeChaNICal GALA ..............uuuiiuieiiieiiiiieieieieie e rerererererernrnrnrnrnrnnns 31
Table 18: REEI AIMENSIONS .....cooiiiiiiiieii ettt e e e e e e s bbbttt e e e s e s st b br e e e e e e s e e aanbreneeeeens 33
Table 19: DOCUMENL rEVISION NISTOTY ......uuiiiiiieiiieiiiiietiieieeseseeeeeeeeeeeeeereaerererereeerererererseeesrerersrsrsrersrnrnrnnnrnnns 35

3

DocID027770 Rev 5 3/36




List of figures VN7004CLH

List o

Figure 1:
Figure 2:
Figure 3:
Figure 4:
Figure 5:
Figure 6:
Figure 7:
Figure 8:
Figure 9:

f figures

2] (oot Qe [ =T | =10 o H OO P PP PP PPPPPPPRPON 5
Configuration diagram (T0P VIEW).......couueiieiirieeeiiiiie e ittt e sttt ettt e e e e e e eanee e e s annr e e e s anneeees 6
Current and VOItAgE CONVENTIONS .......oiiuiiiieiiiiee ettt e bbb e e en e e e s annr e e e s anneeees 7
IOUT/ISENSE VEISUS TOUT ...ttt sttt sttt ettt ettt e et e nbe e e st e e e sane e eneeas 13
Current sense PreciSion VS. TOUT ... e st e e s s ssree e e e e s st e e e e e e e s s annrreneeeees 13
SWitching tiMES aNd PUISE SKEW ......uuiiiiiiii et e e e s e e e e e s nnrreeeeee s 14
TDSTKON. .ttt ettt ettt s et bt e s s et e e R et e ss R e e e abe e e b et e aaE e e e nnneennn e e nne e e snneeanneeen 14
OFF-State OULPUL CUITENT ...evutiiiee ettt e e e e e e et r s e e e e e e e eb b a e e e e e e eesbaaaneeeas 16
S =TT | o}V oW 14 = ) S SP 16

Figure 10: IGND(ON) VS. TOUL ....uuuiiiieeiiiiiiiiie e ee e e seste e e e e e s et e e e e e s e ss st e e e e e e e s santaaaeeeeeeessannsnnneeeeaessaanns 16
Figure 11: Logic input high 1@VEl VOILAGE .........vveiiiiiiiieiiiie ettt 16
Figure 12: LogiC INPUL [OW 1E€VEI VOITAIGE .....ceoiiiiiee ettt e e 16
Figure 13: High [evel 10giC INPUL CUITENT .......iiiiiiii ettt e et e e et e e e snneeeean 16
Figure 14: Low level [0giC INPUL CUMTENT ........oiiiiii ettt e et e e e b e e e e sbneeeeans 17
Figure 15: LogiC INPUL NYSIEIESIS VOITAGE ...eeiiuviiiiiiiiiie ettt et e et e e et e eeen 17
Figure 16: UNdervoltage SNULHOWN ...........uiiiiiiiiee ettt et e et e e e s nneeeean 17
Figure 17: ONn-state reSIStANCE VS. TCASE ....ccieieie i e i e ettt 17
Figure 18: On-state reSiStanCe VS. VCC ... 17
Figure 19: Turn-0n VOILAGE SIOPE ......cccii i 17
Figure 20: Turn-off VOILAgE SIOPE ......cccoo i 18
Lo UL SR A 1Yo o IR £ T I o= T = 18
FIGUIE 22: WO VS, TCASE ..e ittt ittt ettt ettt e e sttt e e st e e e e aaba e e e e anbb e e e e abbeeeesbbeeeean 18
FIGUIE 23: ILIMH VS. TCASE ... utiiieiittiie ettt ettt ettt e st e e e sttt e e sabb e e e aabe e e e e aabb e e e e sbbeeeesbbeeaean 18
Figure 24: Turn-off oUtPUL VOItAGE ClAMP ....ccoiiiiiii et e e 18
Figure 25: OFF-state open-load voltage detection threShold .............coooiiiiiiiiiiiiii e 18
FIQUIE 26: VS ClAMP VS. TCASE ..eiiiiitiiiie it ettt ettt ettt ettt e st e e e st e e e sabb e e e e aaba e e e e anbb e e e e anbbeeeesbneeeean 19
FIQUIE 27: VSENSEN VS. TCASE ...eeiiiitiiiii ittt ettt ettt et e ettt e st e e e sabb e e e e sabb e e e e abbeeeeannbeeeean 19
Figure 28: ApplIication iagram .........ccoooiiii i ————————— 21
Figure 29: Simplified iNternal SITUCLUIE .......cccoe i 21
Figure 30: CurrentSense and diagnostic — block diagram.............ccooe oo, 23
Figure 31: CurrentSense bIoCK diagram .........coooo i 24
Figure 32: Analogue HSD — open-load detection in off-state .............ccee oo, 25
Figure 33: Open-load / short to VCC CONAItION.......cccoiii e 26
Figure 34: Maximum turn off current Versus iNdUCTANCE ...........ccooiiiiiiiiiiiie e 27
Figure 35: Octapak on two-layers PCB (2s0p t0 JEDEC JESD 51-5).......ccciiiiiiiiiiiiiiiiiiieee e 28
Figure 36: Octapak on four-layers PCB (252p t0 JEDEC JESD 51-7) .....ccoiiiiiiiiiiiiiie et 28
Figure 37: Rthj-amb vs PCB copper area in open box free air conditions ...........cccccceeeiiiieiiiiiiee e 29
Figure 38: Octapak thermal impedance junction ambient single pulSe ... 29
Figure 39: Thermal fitting model fOr OCLAPE@K ............eeiiiiiiiiiiiiie e 30
Figure 40: Octapak package diMeNSIONS .......cccocieiiiiiiie i 31
FIgure 41: OCtapack FEEI L3 ... .o ———— 32
Figure 42: OCtapak CAITIEF TAPE .....oiiii ittt ettt e e e e ettt e e e e e s st bbe e e e e e e e e aannbbbbeeeaaaeeanns 33
Figure 43: Octapak schematic drawing of leader and trailer tape ..........c..ueeeeiiiiiiiiiii e 34
Figure 44: Octapak marking iNfOrMEatioN...........ooi it e e e 34

4/36

3

DocID027770 Rev 5




VN7004CLH Block diagram and pin description

1 Block diagram and pin description
Figure 1: Block diagram

vce
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Battery
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VCC -GND
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shutdown VCC-ouT
L Clamp
INPUTNi Gate Driver }7
A
FR_DIAG ¢ Current
’\ Fault Reset Limitation
Faut || _— [T|L_ _Power Limitation_
Diagnostic Overtemperature
Short to VCC
OpenLoad in OFF K factor
Current f)
cs Sense \
L pgout
Vsensen
T &

GAPG2002141448CFT

Table 2: Pin functions
Function

Name

Vee Battery connection.
OUTPUT | Power outputs. All the pins must be connected together.

GND Ground connection.
Voltage controlled input pin with hysteresis. Compatible with 3 V and 5 V CMOS outputs.

INPUT It controls output switch state.
Analog current sense output pin delivers a current proportional to the load current.
It sets auto-restart and latch-off protection. Moreover, it enables OFF-state diagnostic.

cs
FR_DIAG
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Figure 2: Configuration diagram (top view)

Tab=V

outpuT [ |-
ouTPUT |~
OuUTPUT [«

INPUT [ =
csSl
FRDAG[ _ =

GND ~

GAPG2804161118CFT

Table 3: Suggested connections for unused and not connected pins

Connpeif]“onl cs N.C. | Output Input FR_DIAG
Floating Not allowed X @ X X X
ogons | TN [ | N[ Tesgniska | Thowt o1
Notes:

(MX: do not care.
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VN7004CLH

Electrical specification

2

2.1

Electrical specification

Figure 3: Current and voltage conventions
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VE = Vout - Vcc when Vout > Vee and INPUT = LOW

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

3

Symbol Parameter Value Unit
Vee DC supply voltage 38
-Vee Reverse DC supply voltage 16 Vv
Vv Maximum transient supply voltage (ISO7637-2:2004 Pulse 5b level 40
CCPK IV clamped to 40 V; RL = 4 Q)
-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
IFrr_piac | FR_DIAG DC input current
CS pin DC output current (Veno = Vee and Vsense < 0 V) 10
Isense : - mA
CS pin DC output current in reverse (Vcc< 0 V) -20
Maximum switching energy (single pulse
Enmax g gy (single p ) 105 mJ
(Toemac = 0.13 ms; Tjstart = 150 °C)
DoclD027770 Rev 5 7/36
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Symbol Parameter Value Unit
Electrostatic discharge (JEDEC 22A-114F)
4000 \%
. INPUT
2000 \%
v . CurrentSense 4000 v
" |+ FR._DIAG
OUTI'PUT 4000 v
o
4000 \%
. Vce
VEsp Charge device model (CDM-AEC-Q100-011) 750 \
Tj Junction operating temperature -40 to 150 oc
Tstg Storage temperature -55 to 150
Thermal data
Table 5: Thermal data
Symbol Parameter Typ. value Unit
Rijcase | Thermal resistance junction-case (M 1.45
Ruj-amb | Thermal resistance junction-ambient (JEDEC JESD 51-5) @ 58.1 °C/W
Rijamb | Thermal resistance junction-ambient (JEDEC JESD 51-7) W 15.6
Notes:
(MDevice mounted on four-layers 2s2p PCB
@Device mounted on two-layers 2s0p PCB with 2 cm? heatsink copper trace
Main 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: Power section
Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
Vee Operating supply voltage 4 13 28
Vusp Undervoltage shutdown 4
VUSoReset :irgc;rvoltage shutdown 5 vV
Vusohyst Endervo!tage shutdown 0.3
ysteresis
lour=15A; Tj=25°C 4
Ron On-state resistance lour =15 A; Tj = 150°C mQ
lour=15A; Vec =4 V; Tj= 25°C
Rpson in reverse battery | Vcc =-13 V; lout = -15 A;
RoNRev | oondition Tj=25°C 4 mQ
Is =20 mA; Tj=-40°C 38
Velamp Clamp voltage
Is =20 mA; 25°C < Tj < 150°C 41 46 52 \%

DocID027770 Rev 5
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VN7004CLH Electrical specification
Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
Veec =13V,
ViN = Vout = VFR piac =0V, 0.5
Tj=25°C
Supply current in Vee =13V
IstBY Vin = Vout = VFr piag = 0V, 1.4 HA
= (1) — !
standby at Vcc =13 V T = 85°C @
Vee =13V,
Vin = Vout = VFr piag = 0V, 11
Tj= 125°C
Standby mode blanking Vec=13V;Vn=5V;
to_sTeY time Ver_piac = 0 V; lout =0 A 60 300 | 550 HS
Vee =13 V; VR piac =0 V;
Ison) Supply current VIN=5V: lour = 0 A 4 6.5 mA
Control stage current
| consumption in ON Vee =13 V; VFrR DIAGc =5 V; 9 mA
GNPON) 1 state. All channels Vn=5V;loutr=15A
active.
V.IN_: VSUT =0V;Vcc=13V,; 0 001 | o5
Lo Off-state output current | Ti =25°C A
(9)
atVec =13V ViN=Vour=0V; Vcc =13 V; 0 11
Tj= 125°C
Output - Vcc diode _ . R
Ve voltage lour =-15 A; Tj = 150°C 0.7 \%
Notes:
WPowerMOS leakage included.
(@pParameter specified by design; not subject to production test.
Table 7: Switching
Vee =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
- RL=0.87Q us
td(otn V) 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 Q V/ius
(dVout/dt)o™ | Turn-off voltage slope at T; = 25 °C 0.075 | 0.33 | 0.7
Won Switching energy losses at turn-on RL=087Q . 18 | 362 | my
(twon)
Worr Switching energy losses at turn-off RL=0.87 O . 2 360 | mJ
(twof'f)
tskew® Differential Pulse skew (tpHL - trLH) RL=0.87Q -50 0 50 us
Notes:

3

(see Figure 6: "Switching times and Pulse skew".

@Parameter guaranteed by design and characterization; not subject to production test.
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Table 8: Logic inputs

7V <Vcc<28V;-40°C <T;<150°C

Symbol Parameter Test conditions ‘ Min. ‘ Typ. ‘ Max. ‘ Unit
INPUT characteristics
ViL Input low level voltage 0.9 \%
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 \%
Viel Input clamp voltage =1 mA >3 75 v
In=-1mA -0.7
FR_DIAG characteristics (7 V < Vcc < 18 V)
VER_DIAGL Input low level voltage 0.9 \%
IFR_blAGL Low level input current Vin=0.9V 1 HA
VER_DIAGH Input high level voltage 2.1 \%
IFR_DIAGH High level input current Vin=2.1V 10 HA
VER_DIAG(hyst) Input hysteresis voltage 0.2 \%
VerpiaceL | Input clamp voltage =1 mA >3 75 v
In=-1mA -0.7

Table 9: Protections

7V <Vcc<18V,; -40°C < Tj< 150°C

Symbol Parameter Test conditions Min. Typ. Max. | Unit
o Vee =13V 80 135 175
lumi® | DC short circuit current A
4V <Vcc<18V @ 175
Short circuit current Vec =13V,
lum . . 38 A
during thermal cycling Tr<Tj< Trsp
Trsp Shutdown temperature 150 175 200 °C
Tr Reset temperature® Trs+1 | Trs+7 °C
Thermal reset of fault _ . o
Trs diagnostic indication VFRDIAG =5V, 135 ¢
T Thermal hysteresis 7 o
HYST (TTSD _ TR)(Z)
ATj sp Dynamic temperature Veec =13V 60 K
Fault reset time for VFrR DA =5V 100V,
lLarcH_rst output unlatch® ViN=5V s 10 20 HS
lour=2A;L=6mH; Vce -
i T;=-40°C 38
VoEMAG Turn-off output voltage i v
clamp louT=2A;L=6mH; Vce - Vce - Vce -
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.
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VN7004CLH

Electrical specification

Table 10: CurrentSense

7V <Vcc<18V; -40°C < Tj< 150°C
Symbol Parameter Test conditions Min. Typ. Max. | Unit
lVFR_DIA_G; OX; 17 12 Vv
CurrentSense clamp SENsE = 1M
VsensE_cL
voltage VEr_pDiAG = 0V
7 Vv
Isense = -1 mA
CurrentSense characteristics
Ko lout/lsEnsE lour=1A; Vsense = 0.5V 9000 | 16650 | 24500
dKo/Ko®®@ | Current sense ratio drift | lout = 1 A; Vsense = 0.5 V -30 30 %
K1 lout/Isense lout = 10 A; Vsense =4 V 13150 | 16450 | 19750
dK1/K:D@ | Current sense ratio drift | lour = 10 A; Vsense = 4 V -10 10 %
K2 lout/IseEnsE lout = 15 A; Vsense =4 V 14200 | 16450 | 19100
dK2/K2D@ | Current sense ratio drift | lour = 15 A; Vsense = 4 V -7 7 %
Ks lout/IseEnsE lout =45 A; Vsense =4 V 14760 | 16450 | 18670
dKs/KsM®@ | Current sense ratio drift | loutr = 45 A; Vsense = 4 V -5 5 %
CurrentSense disabled:
VFR DIAG =0V 0 05 KA
CurrentSense leakage CurrentSense disabled:
Isenseo current A1V < Veense <5 @ -0.5 0.5 HA
CurrentSense enabled:
ViNn=5V;lout=0A 0 25 KA
VER DIAG =5V
s | Qe lor | R T ; v
ViNn=5V;lout=15A
Vec =7V,
v Multisense saturation Rsense = 10 kQ; 5 v
SENSE_SAT voltage VER DIAG =5 V;ViN=5V;
lout = 15 A; Tj = -40°C
Vee =7 V; Vsense =4V,
Isense_sat® | CS saturation current ViN=5V; VEr_plac =5 V; 4 mA
Tj=-40°C
. Vcc =7 V; Vsense =4V,
lout_sat® couurtr‘;%tt saturation Vin=5V; VFr Diac =5 V; 75 A
Tj=-40°C
OFF-state diagnostic
OFF-state open-load
VoL voltage detection ViN=0V; VFrr DA =5V 2 3 4 V
threshold
- i ViNn=0V; V = Vo,
L) OFF-state output sink IN out = VoL 100 15 uA
current Tj=-40°C to 125°C
‘Yl DoclD027770 Rev 5 11/36




Electrical specification VN7004CLH
7V <Vcc<18V; -40°C < Tj < 150°C
Symbol Parameter Test conditions Min. Typ. Max. | Unit
OFF-state diagnostic
delay time from falling ViNn=5V1to0V;
tosTkoN edge of INPUT VEr pIaG =5 V; lout = 0 A; 100 350 700 us
(see Figure 7: Vour =4V
"TDSTKON")
Settling time for valid
OFF-state open load ViN=0V;Ver=0V;
to_oL v diagnostic indication Voutr =4 V; Vrr DA =0V 60 us
from rising edge of to5V
FR_DIAG
OFF-state diagnostic
. . ViIN=0V; VFrR DiAc =5 V;
to_voL delay time from rising Vour =0V to 4V 5 30 us
edge of Vour
Fault diagnostic feedback (see Table 11: "Truth table")
CurrentSense output Vee = 13_\/; V'f\' =0 \_/; .
VsenSEH voltage in fault condition VERr DIaAG =5 V; lout =0 A; 5 6.6 \Y
Vour = 4 V; Rsense = 1 kQ
CurrentSense output _ . _
ISENSEH current in fault condition Vcc =13 V; Vsense =5V 7 20 30 mA
CurrentSense timings (current sense mode)®
Current sense settling Vin=0 V_to S V
: L VER DIAG = 5V,
{DSENSE2H time from rising edge of — ' 100 380 us
INPUT Rsense = 1 kQ;
RL=0.87Q
Current sense settling VIN=5V,; VFrR DIAG =5 V;
time from rising edge of | Rsense = 1 kQ;
Atosensean lout (dynamic response Isense = 90 % of 200 HS
to a step change of lour) | Isensemax; RL = 0.87 Q
Current sense turn-off Vin="5 V_to 0 V
. . VEr_ DIAG =5V,
tDsENSE2L delay time from falling _ ! 50 250 us
edge of INPUT Rsense = 1 kQ;
RL=0.87Q
Notes:

(Mparameter guaranteed by design and characterization; not subject to production test.

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

@)Transition delay are measured up to +10% of final conditions.
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Figure 4: IOUT/ISENSE versus IOUT
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Figure 5: Current sense precision vs. IOUT
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Figure 6: Switching times and Pulse skew
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Table 11: Truth table

Mode Conditions IN | FR_DIAG | OUT S Comments
Sense
Stand by All logic inputs L L L Hi-Z Low qwes_cent current
low consumption
L H L 0 OFF-state diagnostic
enabled
Nominal load lSENSE =
Normal connected; H L H Autorestart mode
1/K * lout
Tj< 150°C
| =
H H H SENSE Latch-off mode
1/K * lout
Overload or H L H VseENsEH Autorestart mode
short to GND
Overload causing:
T, > Trep OF H H H VSENSEH Latch-off mode
AT > AT sp
Re-start when
Under- Vce < Vi .
ce usb X X L Hi-Z Vce > Vusp + Vusphyst
voltage (falling) Py
(rising)
OFE-state Short to Ve L H H
. . VSENSEH
diagnostics Open-load H H External pull-up
Negative .
output Inductive loads L X <oV 0
turn-off
voltage
Table 12: FR_DIAG functionality
FR_DIAG Input Diagnostic Overload protection
0 0 Disabled X®
0 1 Enabled Auto-restart
1 0 Enabled (OFF-state diagnostic) XM
1 1 Enabled Latch-off
Notes:

Mx: do not care.

3
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Electrical characteristics curves

Figure 8: OFF-state output current

Figure 9: Standby current
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Figure 10: IGND(ON) vs. lout Figure 11: Logic input high level voltage
IGND(ON) [mA] ViH, VFR_DIAGH [V]
5.0 24
45 —= 18
T — \\
40 16
—_—
35 14
Vee =13V
3.0 lout = 15A 1.2
25 1
20 08
15 06
1.0 04
05 02
00 ) 0
50 25 0 25 50 75 100 125 150 175 50 25 0 25 50 75 100 125 150 175
TIC TrC]

GADG1207161532SMD

GADG1207161533SMD

Figure 12: Logic input low level voltage
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Figure 13: High level logic input current
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Figure 14: Low level logic input current

liL, IFR_DIAGL [pA]

Figure 15: Logic input hysteresis voltage
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Figure 16: Undervoltage shutdown Figure 17: On-state resistance vs. Tcase
VUSD [V] Ron [mOhm]
8 4 30 4
7
25
6
20
5 lout = 15A
Vce =13V
4 15
3
10
2
5
1 I
0 1 0
-50 -25 0 25 50 75 100 125 150 175 -50 -25 0 25 50 75 100 125 150 175

T[°C]

GADG1207161538SMD

TI°C]

GADG1207161539SMD

Figure 18: On-state resistance vs. VCC
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Figure 19: Turn-on voltage slope
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Figure 20: Turn-off voltage slope

Figure 21: Won vs. Tcase
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Figure 22: Woff vs. Tcase Figure 23: ILIMH vs. Tcase
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Figure 24: Turn-off output voltage clamp
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Figure 25: OFF-state open-load voltage
detection threshold
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Figure 26: Vs clamp vs. Tcase
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Figure 27: Vsenseh vs. Tcase
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Protections

Power limitation

The basic working principle of this protection consists of an indirect measurement of the
junction temperature swing AT;j through the direct measurement of the spatial temperature
gradient on the device surface in order to automatically shut off the output MOSFET as
soon as ATj exceeds the safety level of ATj_sp. According to the voltage level on the
FR_DIAG pin, the output MOSFET switches on and cycles with a thermal hysteresis
according to the maximum instantaneous power which can be handled (FR_DIAG = Low)
or remains off (FR_DIAG = High). The protection prevents fast thermal transient effects
and, consequently, reduces thermo-mechanical fatigue.

Thermal shutdown

In case the junction temperature of the device exceeds the maximum allowed threshold
(typically 175°C), it automatically switches off and the diagnostic indication is triggered.
According to the voltage level on the FR_DIAG pin, the device switches on again as soon
as its junction temperature drops to Tr (FR_DIAG = Low) or remains off (FR_DIAG = High).

Current limitation

The device is equipped with an output current limiter in order to protect the silicon as well
as the other components of the system (e.g. bonding wires, wiring harness, connectors,
loads, etc.) from excessive current flow. Consequently, in case of short circuit, overload or
during load power-up, the output current is clamped to a safety level, ILmn, by operating the
output power MOSFET in the active region.

Negative voltage clamp

In case the device drives inductive load, the output voltage reaches negative value during
turn off. A negative voltage clamp structure limits the maximum negative voltage to a
certain value, Voemag, allowing the inductor energy to be dissipated without damaging the
device.

3
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4 Application information
Figure 28: Application diagram
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4.1 GND protection network against reverse battery
Figure 29: Simplified internal structure
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The device does not need any external components to protect the internal logic in case of a
reverse battery condition. The protection is provided by internal structures.

In addition, due to the fact that the output MOSFET turns on even in reverse battery mode,
thus providing the same low ohmic path as in regular operating conditions, no additional
power dissipation has to be considered.

Immunity against transient electrical disturbances

The immunity of the device against transient electrical emissions, conducted along the
supply lines and injected into the Vcc pin, is tested in accordance with ISO7637-2:2011 (E)
and 1SO 16750-2:2010.

The related function performance status classification is shown in Table 13: "ISO 7637-2 -
electrical transient conduction along supply line".

Test pulses are applied directly to DUT (Device Under Test) both in ON and OFF-state and
in accordance to ISO 7637-2:2011(E), chapter 4. The DUT is intended as the present
device only, without components and accessed through Vcc and GND terminals.

Status Il is defined in ISO 7637-1 Function Performance Status Classification (FPSC) as
follows: “The function does not perform as designed during the test but returns
automatically to normal operation after the test”.

Table 13: ISO 7637-2 - electrical transient conduction along supply line

Test | with Statas || Mimimum | Burstcycle .
Pulse R number of pulse repetition Pulse duration and
2011(E) ulses or test time _ [PUER GREEEr
performance status p s internal impedance
Level Us® min max
1 1 -112v 500 pulses 0,5s 2ms, 10Q
2a Il +55V 500 pulses 0,2s 5s 50us, 2Q
3a v -220V 1h 90 ms 100 ms 0.1us, 50Q
3b v +150V 1h 90 ms | 100 ms 0.1us, 50Q
40 \Y; -7V 1 pulse 100ms, 0.01Q
Load dump according to ISO 16750-2:2010
Teg)t B 40V 5 pulse 1 min 400ms, 2Q
Notes:

(MUs is the peak amplitude as defined for each test pulse in ISO 7637-2:2011(E), chapter 5.6.
@Test pulse from 1SO 7637-2:2004(E).
(®)with 40 V external suppressor referred to ground (-40°C < Tj < 150°C).

MCU I/Os protection

If a ground protection network is used and negative transients are present on the Vcc line,
the control pins will be pulled negative. ST suggests to insert a resistor (Rprot) in line both to
prevent the microcontroller I/O pins from latch-up and to protect the HSD inputs.

The value of these resistors is a compromise between the leakage current of
microcontroller and the current required by the HSD 1/Os (Input levels compatibility) with
the latch-up limit of microcontroller 1/Os.
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Equation

VCCpeak/lIatchup < Rprot < (VOHpC'VIH'VGND) [ liHmax

Calculation example:
For Vecpeak = -150 V; liatchup 2 20mMA; Voruc 2 4.5V
7.5 kQ = Rprot = 140 kQ.

Recommended values: Rprot= 15 kQ

4.4 CS - analog current sense
Diagnostic information on device and load status are provided by an analog output pin (CS)
delivering the following signal:
e  Current monitor: current minitor of channel output current
Figure 30: CurrentSense and diagnostic — block diagram
g
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[
|||JUTE§ - Gate Driver —
4]
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o A e
-
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Kys DoclD027770 Rev 5 23/36




Application information VN7004CLH

44.1

24/36

Principle of CurrentSense signal generation

Figure 31: CurrentSense block diagram
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Current sense
This output is capable to provide:

e  Current mirror proportional to the load current in normal operation, delivering
current proportional to the load according to known ratio named K
e Diagnostics flag in fault conditions delivering fixed voltage Vsensen

The current delivered by the current sense circuit, Isense, can be easily converted to a
voltage Vsense by using an external sense resistor, Rsensg, allowing continuous load
monitoring and abnormal condition detection.

Normal operation (channel ON, no fault)

While device is operating in normal conditions (no fault intervention), Vsense calculation can
be done using simple equations

Current provided by CurrentSense output: Isense = lout/K

Voltage on Rsense: Vsense = Rsensk - Isense = Rsense - lout/K

3
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Where :

Vsense is voltage measurable on Rsense resistor
Isense is current provided from CS pin in current output mode
lout is current flowing through output

Failure flag indication

K factor represents the ratio between PowerMOS cells and SenseMOS cells; its
spread includes geometric factor spread, current sense amplifier offset and process
parameters spread of overall circuitry specifying ratio between lout and Isenske.

In case of power limitation/overtemperature, the fault is indicated by the CS pin which is
switched to a “current limited” voltage source, Vsense.

In any case, the current sourced by the CS in this condition is limited to Isensen.

Figure 32: Analogue HSD - open-load detection in off-state
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Figure 33: Open-load / short to VCC condition
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Table 14: CurrentSense pin levels in off-state
Condition Output CurrentSense FR_DIAG
Hi-Z L
Vout > Vor
VSENSEH H
Open-load -
Hi-Z L
Vout < VoL
0 H
Hi-Z L
Short to Vec Vour > VoL
VSENSEH H
) Hi-Z L
Nominal Vour < VoL
0 H

Short to VCC and OFF-state open-load detection

Short to Vcc

A short circuit between Vcc and output is indicated by the relevant current sense pin set to
Vsensen during the device off-state. Small or no current is delivered by the current sense
during the on-state depending on the nature of the short circuit.

OFF-state open-load with external circuitry

Detection of an open-load in off mode requires an external pull-up resistor Reu connecting
the output to a positive supply voltage Vru.

It is preferable Vpu to be switched off during the module standby mode in order to avoid the
overall standby current consumption to increase in normal conditions, i.e. when load is
connected.
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Reu must be selected in order to ensure Vout > VoLmaxin accordance with the following

equation:
Equation
V. -4
PU
Reu < I
L(off2)min @ 4V
Figure 34: Maximum turn off current versus inductance
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Package and PCB thermal data

Octapak thermal data

Figure 35: Octapak on two-layers PCB (2s0p to JEDEC JESD 51-5)

OCTAPAK OCTAPAK
Footprint m 2cm™R ®

OCTAPAK
8cm™2 ]

Figure 36: Octapak on four-layers PCB (2s2p to JEDEC JESD 51-7)

| [ Mid2 Layer

| Top Layer | | Bottom Layer | | Mid1 Layer
Table 15: PCB properties
Dimension Value

Board finish thickness

1.6 mm +/- 10%

Board dimension

77 mm x 86 mm

Board Material FR4
Copper thickness (top and bottom layers) 0.070 mm
Copper thickness (inner layers) 0.035 mm
Thermal vias separation 1.2 mm
Thermal via diameter 0.3 mm +/- 0.08 mm
Copper thickness on vias 0.025 mm

Footprint dimension (top layer)

6.4 mmx7 mm

Heatsink copper area dimension (bottom layer)

Footprint, 2 cm? or 8 cm?
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Figure 37: Rthj-amb vs PCB copper area in open box free air conditions
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Figure 38: Octapak thermal impedance junction ambient single pulse
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Pulse calculation formula
Equation
ZtHs = RtH - + Zthip (1 - B)
where & = tp/T
Figure 39: Thermal fitting model for Octapak

Ty c1 c2 c3 c4 cs co
} I —

R1 R2 R3 R4 RS RO

@Pd

Lﬂ

The fitting model is a simplified thermal tool and is valid for transient evolutions
where the embedded protections (power limitation or thermal cycling during
thermal shutdown) are not triggered.

Table 16: Thermal parameters

Arealisland (cm?) Footprint 2 8 4L
R1 (°C/W) 0.01 0.01 0.01 0.01
R2 (°C/W) 0.5 05 0.5 0.5
R3 (°C/W) 1.6 1.6 1.6 1.6
R4 (°C/W) 10 10 10 25
R5 (°C/W) 28 20 12 5
R6 (°C/W) 36 26 18 6

C1 (W.s/°C) 0.001 0.001 0.001 0.001

C2 (W.s/°C) 0.0018 0.0018 0.0018 0.0018

C3 (W.s/°C) 0.11 0.11 0.11 0.11

C4 (W.s/°C) 0.6 0.6 0.6 0.8

C5 (W.s/°C) 0.8 1.4 2.2 3

C6 (W.s/°C) 3 6 9 25
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3

Package information

In order to meet environmental requirements, ST offers these devices in different grades of
ECOPACK® packages, depending on their level of environmental compliance. ECOPACK®
specifications, grade definitions and product status are available at: www.st.com.
ECOPACK® is an ST trademark.

Octapak package information

Figure 40: Octapak package dimensions

Gate £l
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GAPGCFT00665

Table 17: Octapak mechanical data

Millimeters
Symbol
Min. Typ. Max.
A 2.20 2.30 2.40
Al 0.90 1.00 1.10
A2 0.03 0.15
b 0.38 0.45 0.52
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Millimeters
Symbol
Min. Typ. Max.
bl 0.70
b4 5.20 5.30 5.40
c 0.45 0.50 0.60
c2 0.75 0.80 0.90
D 6.00 6.10 6.20
D1 5.15
E 6.40 6.50 6.60
E1l 5.30
e 0.85 BSC
el 1.60 1.70 1.80
e2 3.30 3.40 3.50
e3 5.00 5.10 5.20
H 9.35 9.70 10.10
L 1.00 —
(L1) 2.80
L2 0.80
L3 0.85
R 0.40 BSC
V2 0° | 8°
6.2 Octapak packing information

Figure 41: Octapack reel 13"
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Table 18: Reel dimensions

Description Value®
Base quantity 2500
Bulk quantity 2500
A (max) 330
B (min) 15
C (+0.5, -0.2) 13
D 20.2
N 100
W1 (+2 /-0) 16.4
W2 (max) 224
Notes:

3

MAIl dimensions are in mm.

Figure 42: Octapak carrier tape
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Figure 43: Octapak schematic drawing of leader and trailer tape
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Octapak marking information

Figure 44: Octapak marking information

Y
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::| &: Engineering sample
‘ ‘ ‘ I <blank>: Commercial sample
Octapak TOP VIEW
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Parts marked as "&" are not yet qualified and therefore not yet ready to be used in
production and any consequences deriving from such usage will not be at ST charge. In no
event, ST will be liable for any customer usage of these engineering samples in production.
ST Quality has to be contacted prior to any decision to use these Engineering Samples to
run qualification activity.
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7 Revision history

Table 19: Document revision history

Date Revision Changes
18-Sep-2015 1 Initial release.

Table 6: "Power section":

. IsTBY, IL(off): Updated values
Table 10: "CurrentSense":

. dKx/Kx: updated values

12-Nov-2015 2

Updated Figure 2: "Configuration diagram (top view)" and Figure 8:
"CurrentSense and diagnostic — block diagram"

Table 10: "CurrentSense":
. Isenseo: updated value

. Ko, K2, K3: updated test conditions and values
. K1, dKx/Kx: updated test conditions

29-Apr-2016 3

Section "Features":

. Current limitation (typ): updated value
Table 4: "Absolute maximum ratings":

. Ewmax: updated Toemac parameter and value

Table 5: "Thermal data":

. Updated all Typ values and Rihj-case term

. Rthj-case: removed JEDEC reference

Table 7: "Switching™:

. Updated min, typ and max values for all parameters

Table 9: "Protections":

. ILimu, lume: updated typ and max values

. AT, _sp: removed Tj test condition

Table 10: "CurrentSense":

13-Jul-2016 4 . Vsense_saT, Isense_saT, lout_sat: updated test conditions
. tosensezn: updated max value

Section 3.3: "Main electrical characteristics":

. Added Figure 4: "IOUT/ISENSE versus IOUT" and

Added Section 3.4: "Electrical characteristics curves"
Section 5.4.2: "Short to VCC and OFF-state open-load detection":
. Figure 34: "Maximum turn off current versus inductance"

Section 7.1: "Octapak thermal data":

. Updated Figure 35: "Octapak on two-layers PCB (2s0p to
JEDEC JESD 51-5)", Figure 36: "Octapak on four-layers PCB
(2s2p to JEDEC JESD 51-7)", Figure 37: "Rthj-amb vs PCB
copper area in open box free air conditions”, Figure 38:
"Octapak thermal impedance junction ambient single pulse”,
Figure 39: "Thermal fitting model for Octapak", and Table 16:
"Thermal parameters"

Minor text corrections throughout the document

02-Nov-2016 5 Updated Applications section
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IMPORTANT NOTICE - PLEASE READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and
improvements to ST products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on ST
products before placing orders. ST products are sold pursuant to ST's terms and conditions of sale in place at the time of order
acknowledgement.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or the
design of Purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.

Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. All other product or service names are the property of their respective owners.
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