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VNQ7040AY-E

Quad channel high-side driver with MultiSense analog feedback

for automotive applications

PowerSSO-36

Features

Max transient supply voltage Vee 41V
Operating voltage range Voo |4t028V
Typ. on-state resistance (per ch) Ron | 40 mQ
Current limitation (typ) I iMH 34 A
Standby current (max) sty | 0.5 pA
e General

Quad channel smart high-side driver with
MultiSense analog feedback

LED Mode for channel 0 and 1
Very low standby current

Compatible with 3 V and 5 V CMOS
outputs

¢ MultiSense diagnostic functions

Multiplexed analog feedback of:
Load current with high precision
proportional current mirror;

V¢ supply voltage;

TcHip device temperature
Overload and short to ground (power
limitation) indication

Thermal shutdown indication
OFF-state open load detection
Output short to V¢ detection
Sense enable/disable

e Protections

September 2014

Undervoltage shutdown
Overvoltage clamp
Load current limitation

Datasheet - production data

— Self limiting of fast thermal transients

— Configurable latch-off on overtemperature
or power limitation with dedicated fault
reset pin

— Loss of ground and loss of V¢

— Reverse battery through self turn-on

— Electrostatic discharge protection

Applications

e Alltypes of Automotive resistive, inductive and
capacitive loads

e Specially intended for Automotive Turn
Indicators (up to P27W or SAE1156 and R5W
paralleled or LED Rear Combinations)

Description

The VNQ7040AY-E is a quad channel high-side
driver manufactured using the latest ST
proprietary VIPower® technology and housed in
PowerSSO-36 package. The device is designed
to drive 12 V automotive grounded loads through
a 3V 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 with configurable
latch-off.

A FaultRST pin unlatches the output in case of
fault or disables the latch-off functionality.

A dedicated multifunction multiplexed analog
output pin delivers sophisticated diagnostic
functions such as high precision proportional load
current sense, supply voltage feedback and chip
temperature sense, in addition to the detection of
overload and short circuit to ground, short to Vg
and OFF-state open-load.

The device features a dedicated LED Mode.
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Block diagram and pin description

Figure 1. Block diagram

*
Ve Internal supply
=
Undervoltage [Charmel 3
shutdown [Channo\ 2
-L IChannc\ 1 cHzCH3
Control & Diagnostic CH1
Channel 0
FaultRST {> ‘:
INPUT, |
Vee—OUT CHO
INPUT, Clamp }J . OUTPUT,
INPUT, P ‘ OUTPUT,
INPUT, V Gate Driver © ::1
SEL, Vee ﬂ OUTPUT,
SEL, t o
SEL, imitation

SEn

Multisense

LED,
LEDo

Current
Limitation

Power Limitation

Short to Ve
Open-Load in OFF

Vsensen -

GND
l ﬂOUTPUTO
GAPGCFT00528
Table 1. Pin functions
Name Function
Vee Battery connection.
OUTPUT 423 Power output.
GND Ground connection.
INPUT Voltage controlled input pin with hysteresis, compatible with 3V and 5V
0123 CMOS outputs. They control output switch state.
MultiSense Multiplexed analog sense output pin; it delivers a current proportional to
the selected diagnostic: load current, supply voltage or chip temperature.
SEn Active high compatible with 3 V and 5 V CMOS outputs pin; it enables the
MultiSense diagnostic pin
LED Active high compatible with 3 V and 5 V CMOS outputs pin; they enable
0.1 the LED mode on logic high level (see Table 15: Truth table).
SEL Active high compatible with 3 V and 5 V CMOS outputs pin; they address
0.1.2 the MultiSense multiplexer (see Table 15: Truth table).
Active low compatible with 3 V and 5 V CMOS outputs pin; it unlatches
FaultRST the output in case of fault; If kept low, sets the outputs in auto-restart

mode.
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Figure 2. Configuration diagram (top view)

OuTPUT2 [
OUTPUT2 [
OUTPUT2 [
OUTPUT2 [

N.C.

N.C.
OUTPUT1
OUTPUT1
OUTPUT1
OUTPUT1

mininininininin|
©

TAB/Ncc

36 [ ] OUTPUT3
35 [ OUTPUT3
34 1 OUTPUT3
33 1 OUTPUT3
32 [IN.C.

31 [N.C.

30 1 QUTPUTO
29 [ OUTPUTO
28 [1OUTPUTO
27 1 OUTPUTO
26 [1N.C.

25 7] INPUT3
24 7] INPUT2
23 ] INPUT1
22 [ INPUTO
21 [] MultiSense
20 [1GND

19 [] FaultRST

PowerSS 0-36 PACKAGE

GAPGCFTO01181

Table 2. Suggested connections for unused and not connected pins

. . . SEn, SELx, LEDx,
Connection / pin MultiSense N.C. Output Input _—
FaultRST
Floating Not allowed x(1) X X X
To ground Through 1kQ X Not allowed Throug_h 15 kQ Throug_h 15 kQ
resistor resistor resistor

1.

X: do not care.
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Electrical specification
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2.1

3

Electrical specification

Figure 3. Current and voltage conventions

Vee

lout
>

Ver

OUTPUT0,1Y2,3
IseEnSE

MultiSense

VseL

1. VEn=Voutn - Vee

Absolute maximum ratings

Stressing the device above the rating listed in Table 3 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 3. Absolute maximum ratings

Symbol Parameter Value Unit
Vee DC supply voltage 38
-Vee Reverse DC supply voltage 16
Voopk Il\/Iaximum transient supp!y voltage (1ISO7637-2:2004 Pulse 5b 40 vV
evel IV clamped to 40 V; R =4 Q)
Voous m%gtﬁ jump start voltage for single pulse short circuit o8
-lgnD DC reverse ground pin current 200 mA
louT OUTPUT 4 2 3 DC output current Internally limited
-lout 0,1 |OUTPUT, 4 Reverse DC output current 10 A
-lout 2,3 |OUTPUT, 3 Reverse DC output current 10
N INPUT 1 23 DC input current
ILED LEDg 1 DC input current
Isen SEn DC input current 10 mA
IseL SELg 12 DC input current
lFR FaultRST DC input current -1t0 10 mA
DoclD022412 Rev 8 9/55
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Table 3. Absolute maximum ratings (continued)

Symbol Parameter Value Unit
VER FaultRST DC input voltage 7.5 \
MultiSense pin DC output current (Vgnp = Ve and
-10 mA
lsense | VSENSE <0V)
MultiSense pin DC output current in reverse (Vgg < 0 V) 20 mA
Maximum switching energy (single pulse)
E 36 mJ
MAX (TDEMAG = 0.4 ms; Tjstart =150 oC)
Electrostatic discharge (JEDEC 22A-114F)
—INPUTj 103 4000 \
v — MultiSense 2000 Vv
ESD | _ LEDy 4, SEn, SELy 1 », FaultRST 4000 Vv
— OUTPUTy 123 4000 \%
- Vee 4000 \%
VEsp Charge device model (CDM-AEC-Q100-011) 750 \
Tj Junction operating temperature -40 to 150 c
Tstg Storage temperature -55 to 150
Thermal data
Table 4. Thermal data
Symbol Parameter Typ. value | Unit
Rinj-board | Thermal resistance junction-board (JEDEC JESD 51-5 / 51-8)(1)(@) 4.9
Rinj-amb | Thermal resistance junction-ambient (JEDEC JESD 51-5)(1) 52.5 °C/W
Rinj-amb | Thermal resistance junction-ambient (JEDEC JESD 51-7)M@) 18

1. One channel ON.
2. Device mounted on four-layers 2s2p PCB

3. Device mounted on two-layers 2s0p PCB with 2 cm? heatsink copper trace

DoclD022412 Rev 8
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Electrical specification

2.3

2.3.1

3

Electrical characteristics

7V <Vcc<28V;-40 °C < T;< 150 °C, unless otherwise specified.

All typical values refer to Vgc = 13 V; T; = 25 °C, unless otherwise specified.

General electrical specification

Table 5. Power section

Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
Vee Operating supply voltage 4 13 | 28
Vusp | Undervoltage shutdown 4
Undervoltage shutdown V
VusDReset | reset 5
Vv Undervoltage shutdown 03
USDhyst | hysteresis :
Is=20 mA;25°C <T;<150°C 41 | 46 | 52
Velamp | Clamp voltage
Is =20 mA; T;=-40 °C 38
VCC =13 V;
Vink = Voutx = Vrr = Vsen =0 V;
0.5 A
VseLo,1,2=0V; Vigpo,1=0V; H
Tj=25°C
VCC =13 V;
Supply current in standby at | Ving = Voutx = VFR=Vsen=0V;
' 0.5 | pA
STBY  1Vgg =13V VseLo,1,2=0V; ViEpo,1=0V; H
T;=85°C®
VCC =13 V;
Vine=Voutx = Vrr = Vsen =0 V; 3 | uA
VseLo,1,2=0V; Vigpo,1=0V;
T;=125°C;
VCC =13 V;
N Ving = V =Vgg=0V;

t Standby mode blanking time | ,!Nx = "OUTx = TFR ’ 60 | 300 | 550 | ps
D_STBY y 9 VseLo,1,2=0V; Vigpo,1=0V; H
Vgen=5V1to 0V

VCC =13 V;
Isiony | Supply current Vsen=Vrr=Vsgl01=0V; 10 | 16 | mA
Ving =5 V; louto,1,23=0A;
Control stage current Ve =13V; Vggn, =5V,
lGND(ON) COﬂSUmptiOﬂ in ON state. All VFR = VSEL0,1 =0 V; VINX =5 V; 18.5 | mA
channels active. louto,123=25A
V|N)< = \{’OUTX =0V, VCC =13V; 0 0.01| 0.5
| Off-state ou(t )ut current at Tj=25°C LA
L(off) -
Vee =13V Vine=Vourx=0V; Vg =13V; | 3
T,=125°C
Output - V¢ diode ) R
VE voltage® lout =-2.5A; Tj=150 °C 07 | V
1. PowerMOS leakage included.
DocID022412 Rev 8 11/55




Electrical specification VNQ7040AY-E

2. Parameter specified by design; not subject to production test.
3. For each channel.

Table 6. Logic Inputs (7 V < V¢ < 28 V; -40 °C < T; < 150 °C)

Symbol Parameter Test conditions Min. | Typ. | Max. | Unit

INPUT 4 5 3 characteristics

Vi Input low level voltage 0.9 \Y

m Low level input current ViN=09V 1 pA

ViH Input high level voltage 2.1 \"

H High level input current Vn=21V 10 pA

Vihyst) Input hysteresis voltage 0.2 \'%
Iy=1mA 5.3 7.2

VicL Input clamp voltage =1 mA 07 Vv

FaultRST characteristics

VERL Input low level voltage 0.9 \Y

IERL Low level input current Vin=09V 1 pA

VERH Input high level voltage 2.1 \Y

lFRH High level input current V=21V 10 HA

VER(ysy | Input hysteresis voltage 0.2 \
IIN =1mA 5.3 7.5

VERCL Input clamp voltage \'%

I|N =-1mA -0.7

SEL 1,2 characteristics (7 V < Vgc < 18 V)

VseLL Input low level voltage 0.9 \

IseLL Low level input current ViN=09V 1 pA

VSELH Input high level voltage 2.1 \%

IseLH High level input current V=21V 10 pA

VseL(hysty | INput hysteresis voltage 0.2 \'%
In=1mA 5.3 7.2

Vsercr | Input clamp voltage v

IIN =-1mA -0.7

LED, 1 characteristics (7 V < Vcc <18 V)

ViepL Input low level voltage 0.9 \Y
lLepL Low level input current ViNn=09YV 1 HA
VL EDH Input high level voltage 2.1 \%
ILEDH High level input current Vn=21V 10 pA
ViED(yst) |INput hysteresis voltage 0.2 \

12/55 DoclD022412 Rev 8 ‘Yl
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Electrical specification

Table 6. Logic Inputs (7 V < V¢ < 28 V; -40 °C < Tj < 150 °C) (continued)

Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
ViepcL | Input clamp voltage I =1mA >3 72 \Y
Iy =-1mA -0.7
SEn characteristics (7 V < Ve <18 V)
VsenL Input low level voltage 0.9 \
IsenL Low level input current ViN=09V 1 pA
VSEnH Input high level voltage 21 \'%
IsenH High level input current V=21V 10 pA
Vsen(hysty | INput hysteresis voltage 0.2 \'%
Ver | | | Iy =1 mA 5.3 7.2 v
nCL nput clamp voltage T o7
Table 7. Protections (7 V < V¢ <18 V; -40 °C < T; < 150 °C)
Symbol Parameter Test conditions Min. Typ. Max. |Unit
Ttsp Shutdown temperature 150 175 200
T Reset temperature(!) Trg+1 | Trg +5
Ths gigzrr:gzltif;iig;tfiiwt VER=0V;Vggn =5V | 135 °C
Toyst I#errrj_?_l h 1?teresis 5
15D TR)
AT, sp |Dynamic temperature 60 K
{LATCH_RST Eﬁ;"ﬁgﬁﬁ?‘ time for output x;in_jsvvt;ci/&l/’: s5v:| 3 10 20 | us
VseLo,12=0V
‘
VoEMAG ;I'll;r;;)ff output voltage | =" R
T?Lfgs “O10 150 °c | Voo - 41| Voo -46|Vog-52| V
Von ﬁ);itt‘;‘:ito‘f”age drop lout= 0.25 A 20 mv
1. Parameter guaranteed by design and characterization; not subject to production test.
‘W DoclD022412 Rev 8 13/55
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VNQ7040AY-E

Table 8. MultiSense (7 V < V¢ < 18 V; -40 °C < T; < 150 °C)

Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
v MultiSense clamp Vsen =0 V; Isense = 1 mA -17 12 |V
SENSECL | voltage Vsgn = 0 V; lsense = -1 mA 0.7 v
Current Sense characteristics
MultiSense disabled: Vgg, =0 V; 0 0.5
MultiSense disabled:
-1Vc VSENSE <5 V(1) 0.5 0.5
MultiSense enabled: Vgg, =5V
All channels ON; Igytx = 0 A; Chy
diagnostic selected;
— E.G. Chg: 0 2
MultiSense leakage Vinn = 5 Ve V. —5V:
I INO =9 V5 VIN1,23=9 V; LA
SENSEO current VseLo,1,2=0V; loyto = 0 A;
lout1,23=25A
MultiSense enabled: Vgg, =5V
Chy OFF; Chy diagnostic selected:
- E.G Cho: 0 2
Vino=0V;ViNi23=5Y;
VseLo,1,2=0V; loyto =0 A;
lout123=25A
VSEn =5 V; RSENSE =2.7kQ
(1) | Output Voltage for — E.g. Chg:
Vout_msp MultiSense shutdown Vino =5 V; VsgLo1.2 =0 V; 5 v
. . VCC =7 V; RSENSE =27 K;
VSENSE_SAT \l)/lolljtlzzgnse SIANON Vg =5 V:Ving =5 Vi VeeLo12=0V; | 5 v
IOUTO =45 A, TJ =150°C
(1) - Voo =7V; Vsense =4 V: Vi =3 V;

ISENSE_SAT CS saturation current Vsen =5 V; VsgLo.1.2= 0 V; Ty = 150°C 4 mA
| (1) OUtpUt saturation VCC =7 V; VSENSE =4 V; V|N0 =5 V; 8 A
OUT_SAT.BULB | current in BULB mode | Vsgn =5 V; Vsgg,1,2=0V; T = 150°C
| (1) | Output saturation Vec=7V;Vgense=4V; Ving =5V, 03 A

OUT_SAT_LED" " I current in LED mode | Vggn=5V; Vsei012=0V; T;j=150°C |

OFF-state diagnostic
V = 5V; Chy OFF; Chy diagnostic
OFF state open load seslltzaréted X xdiag
VoL voltage detection _ ) 2 3 4 \
threshold E.G: Cho
Vino=0V; Vsglo,12=0V
OFF state OUtpUt sink VIN =0 V; VOUT = VOL; } )
ILof2) current Tj=-40°C to 125°C 100 151 1A

14/55
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VNQ7040AY-E

Electrical specification

Table 8. MultiSense (7 V < V¢c <18 V; -40 °C < T; < 150 °C) (continued)

Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
. ) Vsgn =5 V; Chy ON to OFF transition;
(?FIF stt_ate <fj|agn;)sl,|t_|c Chy diagnostic selected
elay time from falling | _ .
tDSTKON edge of INPUT (see E.G: Cho 100 350 700 us
Figure 35) V|N0 =5Vto0 V; VSELO,1,2 =0 V;
Vouto >4V
Settling time for valid
t OFF-state open load ViNk=0V;VEg =0 V; Vggi012=0V; 60 s
D_OL_V diagnostic indication Vouto=4V;Vgen=0Vto5V H
from rising edge of SEn
VSEn = 5V, Chx OFF,
OFF state diagnostic Chy diagnostic selected
tp voL delay time fromrising |- E.G: Chg 5 30 ys
edge of Voyr Vino=0V; Vsgl0,12=0V;
VOUTO=OVtO4V
Chip temperature analog feedback
Vsen=5V; Vsero=0V; Vgg 1 =0V,
VSEL2 =5 V; RSENSE =1 KQ; 2.325 | 2.41 | 2.495 \%
VINX =0 V; TJ =-40°C
MultiSense OUtpUt VSEn =5 V; VSELO =0 V; VSEL1 =0 V;
VsenSE_TC voltage proportionalto | Vggro =5 V; Rgense = 1 KQ; 1.985| 2.07 | 2155 | V
chip temperature Ving=0V; Tj=25°C
Vsen=5V; Vselg=0V; Vgg 1 =0V,
VSEL2 =5 V; RSENSE =1 KQ; 1.435| 1.52 | 1.605 \%
VINX =0 V; TJ =125°C
dVgense Tc/dT® | Temperature coefficient | T, = -40°C to 150°C 5.5 mV/K
Transfer function Vsense_tc (T) = Vsense_1c (To) + dVgense_te/dT * (T-To)
Vcc supply voltage analog feedback
MultiSense output Vec=13V; Vggn =5V,
VSENSEfVCC voltage proportional to VSEL0,1,2 =5 V; VlNX =0 V; 3.16 3.23 3.3 \Y
V¢ supply voltage Rsense = 1 KQ
Transfer function(® Vsense vec = Vec /4
Fault diagnostic feedback (see Table 15)
MultiSense output
VSENSEH voltage in fault VCC =13 V; RSENSE =1kQ 5 6.6 \
condition!
MultiSense output _ . B
|sensen current in fault condition | V0¢ = 13 Vs Vsense =5V / 20 | 30 | mA
MultiSense timings (Chip Temperature Sense mode - see Figure 37)
_— Vgen=0V1to5V;
Vv settling time |, SEN i
tDSENSE3H frgriNﬁgi_nTgedge o?‘ SEn | VsELo = VseL1 =0 Vi Vo =5V, 60 | us
Rsense = 1 kQ
kys DoclD022412 Rev 8 15/55
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Table 8. MultiSense (7 V < V¢c <18 V; -40 °C < T; < 150 °C) (continued)

Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
VSENSEiTC disable VSEn =5Vto0 V;
tDSENSESL delay time from falllng VSELO = VSEL1 =0 V; VSEL2 =5 V; 20 us
edge of SEn Rsense = 1 kQ
MultiSense timings (V¢ Voltage Sense mode - see Figure 37)
VSENSEfVCC settling VSEn =0Vto5 V;
tDSENSE4H time from rising edge of VSELO = VSEL1 = VSEL2 =5 V; 60 us
SEn RSENSE =1kQ
VSENSE_VCC disable VSEn =5Vto0 V;
tDSENSE4L delay time from falllng VSELO = VSEL1 = VSEL2 =5 V; 20 us
edge of SEn RSENSE =1kQ
MultiSense Timings (Multiplexer transition times)®)
V|N2 =5 V, V|N3 =5 V,
i MultiSense transition Vsen=5V; Vgg g=0Vio 5V, 20 s
D_XtoY delay from Chy to Chy | Vggi1=5V; Vggo=0V;loyr2 =0 A; H
IOUT3 =25 A; RSENSE =1kQ
MultiSense transition ViNo=5V;Vggn=5V; Vgg0=0V;
tp_cstoTC delay from current VseLi = Vsglo=0Vio5 YV, 60 ps
sense to T sense louto = 1.25 A; Rgense = 1 kKQ
MultiSense transition VINO =5V, VSEn =5V, VSELO =0V,
thTCtOCS delay fromTC sense to VSEL1 = VSEL2 =5Vto0 V; 20 us
current sense louto = 1.25 A; Rgense = 1 kQ
MultiSense transition ViNe=5V;Vggn=5V;Vgg0=5V;
tp_cstovee delay from current VoeL1 =5V; Vggo=0V1io5YV,; 60 ps
sense to Vg sense loute = 1.25 A; Rgense = 1 kQ
MultiSense transition V|N2 =5V, VSEn =5V, VSEL1 =5V,
thVCCtOCS delay from VCC sense VSELO = VSEL2 =5Vto0 V; 20 us
to current sense loute = 1.25 A; Rgense = 1 kQ
MultiSense transition
Vsen=5V; VseL12=5VY;
t delay from T sense to n ; 20 s
D_TCtovCC VCCysense c Vsgro =0V 105 V; Rgense = 1 kQ W
MultiSense transition
\Y =5V;V =5V,
t delay from Vo sense SEn » " SEL1,2 : 20 s
D_VCCtoTC o Té’ soroo cC VLo =5V 10 0 V; Rgense = 1 kQ H
MultiSense transition VINO =5 V; V|N1 =0 V; VOUT1 >4 V;
delay from stable V =5V;V =0V;V =0V;
th_CStoVSENSEH y SEn SEL2 SEL1 60 us

current sense on Chy to
Vsensen on Chy

VeeLg=0V1to5V;lgytrg=25A;
Rsense = 1 kQ

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

2. Vg sensing and T¢ sensing are referred to GND potential.

3. Transition delay are measured up to +/- 10% of final conditions.
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2.3.2 Bulb mode (default)

Table 9. Power section in Bulb Mode (7 V < V¢ <28 V; -40 °C < Tj < 150 °C, unless
otherwise specified)

Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
lOUT =25 A, Tj =25°C 40

On-state resistance in T _1cme

RoN 0123 su | Bulb Mode Cho, Cht, |'ouT =25 AiTj=150°C 80 | ma
Ch2 and Ch3 lout=25A; V=4V, 60

T;=25°C

On-state resistance in Ve = -13V-

Ron_Rev 01,23 |Reverse Battery Cho, |, ce” 2 BA: T = 255G 40 mQ
Ch1, Ch2 and Ch3 ouT = &=
DC short circuit current | Vo =13V 24 34 48

|L||V|H 0,1,2,3 BULB(1) in Bulb Mode ChO,
o Chi,Ch2andCh3 |4V <Vec<18V® 48

Short circuit current A

| during thermal cycling |Vgg =13V, 9

LIML_0,1,2,3 BULB | in Bulb Mode Cho, Tr<T;<Trsp
Ch1, Ch2 and Ch3
Output voltage drop
limitation in Bulb Mode

VON_ 0,123 BULB | Cho. Ch1, Ch2 and lour=0.25A 20 mV
Ch3

1. Parameter guaranteed by an indirect test sequence.
2. Parameter guaranteed by design and characterization; not subject to production test.

Table 10. Switching in Bulb Mode (V¢c =13 V; -40 °C < Tj < 150 °C, unless otherwise

specified)
Test . .
Symbol Parameter conditions Min. | Typ. | Max. | Unit
Channel 0,1,2 and 3
Turn-on delay time at
taiom) 0123 T2 28°C y RL=520Q 10 | 60 | 120
us
Turn-off delay time at
taoff)0.1.23" T - 25°C y RL=520 10 | 50 | 100
(AVour/dt)on o125 | LUM-ON VOltage slope at R =520 01| 05| 07
0,123 7\ T, 225 °C
V/ius
(AVour/digs o105 | LU voltage slope at R =520 01| 05| 07
01.28 71 7,=25°C
W Switching energy losses at R -520 — 102|052 | my
ON_0.1.2.3 turn-on (tyon) L= ' '
kys DoclD022412 Rev 8 17/55
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Table 10. Switching in Bulb Mode (V¢e =13 V; -40 °C < Tj < 150 °C, unless otherwise
specified) (continued)

Test

Symbol Parameter conditions Min. | Typ. | Max. | Unit
Switching energy losses at B . @

WOFF_0,1 23 turn-off (twoﬁ) RL =520 0.2 0.5 mJ

tSKEW_0,1,2,3(1) Differential pulse skew R =520 65 | -15 35 us

(tpHL - tpLH)

1. See Figure 35: Switching times and Pulse skew.
2. Parameter guaranteed by design and characterization, not subject to production test.

Table 11. MultiSense in Bulb Mode (7 V < Voc <18 V;-40 °C < T; < 150 °C)

Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
Current sense characteristics
Channel 0, 1,2 and 3
| =10 mA;
K lout/! out : 430
OL_CHO0,1_B | 'OUT/'SENSE VSENSE =05V; VSEn =5V
| =10 mA;
K lout/! out ; 430
OL CH2,3 B OUT/!SENSE VSENSE =05V; VSEn =5V
. . ICAL =30 mA;
K gg/K o (@ | CUMTENL SENSE Mo driftat || % o mAto 50 mA; | -35 35 | %
caleal calibration point out _
Vsense = 0.5 V; Vggn =5V
| =0.05A;
K lout/! out ’ 720 | 1440 | 2160
LED_CHO0,1_B | 'OUT/!'SENSE VSENSE =05V; VSEn =5V
| =0.05 A;
K loyT/! ouT ) 720 | 1440 | 2160
LED_CH2,3_B | louT/ISENSE Veense = 0.5 V; Vg =5 V
IOUT =0.25 A;
K loyT/1 930 | 1550 | 2170
0_CHO0,1_B OUT/'SENSE VSENSE =05V; VSEn =5V
| =0.25A;
K lout/! out : 930 | 1550 | 2170
0_CH2,3_B OUT/'SENSE VSENSE =05V; VSEn =5V
. . | =0.25 A;
dK/Ko(D@ | Current sense ratio drift out : -20 20 | %
oo Vsense = 0.5 V; Vggn =5V
Ki chot B |lout/lsense I\?UT - %‘?,A;VSENSE =4V 1110 | 1500 | 2070
- - SEn =
| =05A;V =4V,
K lout/! out » VSENSE * 11085 | 1550 | 2015
1 CH2,3 B |louT/ISENSE Vggn =5V
dK/K{()@) | Current sense ratio drift IVOUT =05 A Vsense =4V | _y5 15 | %
SEn = 5V
Ko crod B | lout/sENSE lour =2 A:Vsense =4V | 1460 | 1450 | 1740
—or 1 Vgen=5V
| =2A;V =4V,
K lout/! out » "SENSE * [ 1130 | 1410 | 1690
2 cH2,3 B |louT/IsENSE Vgn =5V

3
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Table 11. MultiSense in Bulb Mode (7 V < V¢c <18 V; -40 °C < T; < 150 °C) (continued)

Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
dKo/Ko(@) | Current sense ratio drift lour =2 AsVsense =4V | 49 10 | %
Vgen=5V
Ks oror s |lout/lsense lour =6 A Vsense =4 Vi | 1295 | 1440 | 1585
Vsen=5V
| =6A;V =4V,
K37CH2,3iB |OUT/|SENSE VOSUE-II-W -5V SENSE 1260 | 1400 | 1540
dKy/K3(M@ | Current sense ratio drift lour = 6 A Vsense =4 V; 5 5 | %
Vgen=5V
MultiSense timings (Current Sense mode see Figure 36)
Channel 0, 1,2 and 3
i Current sense settling time \5/'\"}_= 5V;Vsen=0Vto 60 | ps
DSENSE1H ‘o ;
from rising edge of SEn Rsense = 1k R =520
Current sense disable .
tpsenseqL | delay time from falling edge Vsen=5V 10 O_V’ 5 | 20 | us
of SEn Rsense =1 k& R . =5.2Q
N Vin=0Vto5V;
Current sense settling time |, N ’
IDSENSE2H o Vsen=5V; 100 | 250 | us
from rising edge of INPUT Regnse = 1 kQ; R, =5.2Q
Current sense settling time
from rising edge of loyt ViN=5V; Vg, =5V,
AlpSENSE2H (dynamic response to a Rsense = 1 kQ; R =5.2Q 100 | ps
step change of loyT)
Current sense turn-off Vin=5Vto 0V,
tpsenseaL | delay time from falling edge | Vgen =5 V; Rgense = 1 kQ; 50 | 250 | pus
of INPUT R .=52Q
1. Parameter specified by design; not subject to production test.
2. Allvalues refer to Vg = 13 V; T;= 25 °C, unless otherwise specified.
DoclD022412 Rev 8 19/55
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Figure 4. Bulb Mode - IOUT/ISENSE versus IOUT
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Figure 5. Bulb Mode - current sense precision vs. loyt
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Electrical characteristics curves - Bulb Mode

Figure 6. OFF-state output current
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Figure 7. Standby current
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Figure 8. IGND(ON) VS. Iout
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Figure 9. Logic Input high level voltage
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Figure 10. Logic Input low level voltage
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Figure 11. High level logic input current
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Figure 12. Low level logic input current
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Figure 13. Logic Input hysteresis voltage
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Figure 14. FaultRST Input clamp voltage
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Figure 15. Undervoltage shutdown
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Figure 16. On-state resistance vs. T ¢,
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Figure 17. On-state resistance vs. V¢
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Figure 18. Turn-on voltage slope Figure 19. Turn-off voltage slope
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Figure 20. Won vs. T¢age Figure 21. Woff vs. T.ee
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Figure 22. I jqH VS- Tease Figure 23. OFF-state open-load voltage
detection threshold
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Figure 24. Vgonge Clamp vs. Tg g Figure 25. Vgengeh VS- Tease
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2.4.1 LED Mode (Channel 0 and 1)

Table 12. Switching in LED Mode (V¢c =13 V; -40 °C < T; < 150 °C, unless otherwise

specified)
Symbol Parameter Test conditions | Min.| Typ. | Max. | Unit
Turn-on delay time at
ta(on)_0,1_LED " T-25°C y R =228Q 10| 65 | 120
us
Turn-off delay time at
ta(of_0,1_Lep'” T-25°C y R =228Q 10 | 40 | 100
(@Vourdtion 0.1 Lep” P[”é%”oéo'tage slopeat 1p _o0g0 02| 05 | 08
! V/us
(@Vour/dor o1 Len” P[“é%“o‘éo'tage slopeat g _ o580 01| 05 | 07
0,1_ | =
Switching energy losses _ . @
WON_0,1_LED at turn-on (twon) RL =22.8Q 0.04 0.1 mJ
Switching energy losses _ . 2
WoFF 0,1 LED at turn-off (t,oq) R =228 Q 0.045 | 0.11 mJ
tSKEW o1 LED(1) Differential Pulse skew R =22.80 75 25 o5 us
- (tpHL - tLH)

1. See Figure 35: Switching times and Pulse skew.
2. Parameter guaranteed by design and characterization, not subject to production test.
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Table 13. Power section in LED Mode (7 V < V¢ <28 V; -40 °C < Tj < 150 °C, unless
otherwise specified)

Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
o loyt = 0.57 A; T; = 25°C 140
n-state resistance in T 120
Ron 04 Lep |LED Mode ChOand | 1ouT = 0-57 AiT; = 150°C 280 | o
Ch1 IOUT =0.57 A; VCC =5 V; 210
Tj=25°C
0 DC short circuit current |Vgg =13V 5.5 8
I in Bulb Mode Ch0 and 11
LIMH_0,1_LED ont 4V <Vgg < 18 V@
Short circuit current A
| during thermal cycling  |Vge =13V, >
LIMLO.1_LED in Bulb Mode Ch0 and | Tg < T; < Trgp
Ch1
Output voltage drop
VON70,17LED limitation in LED Mode IOUT =0.07A 20 mV
Ch0 and Ch1
1. Parameter guaranteed by an indirect test sequence.
2. Parameter guaranteed by design and characterization; not subject to production test.
Table 14. MultiSense in LED Mode (7 V < Vg <18 V; -40 °C < T; < 150 °C)
Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
I =0.01 A;
K lout/! ouT ’ 120
oL OUT/!'SENSE VSENSE =05V: VSEn -5V
e g = 17.5 mA;
BKealKeal 0 | ot | lour = 10 mA to 25 A 30 30 | %
Vsense =0.5V; Vggn =5V
I =0.025A; V =05
KLeD lout/IsENSE \?;L{}SEH Ty CENSE 150 | 380 | 610
. =0.025 A;
dK| /K ep' M@ | Current sense ratio drift | (QUT ’ -25 25 | %
LEDTRLED Vsense = 0.5 V; Vggp =5V
I =0.15A;V =4V,
Ko cHo,i L |lout/lsense \?SU; sy | CNeE 240 | 405 | 570
dKo/KoM®@ | Current sense ratio drift lour =015 A; Vsense =4 V5 | 45 15 | %
Vsen=5V
Ki cro1 L |lout/lsense |VOUT =07 A Vsense =4 Vi | 300 | 380 | 460
- T sen=5V
dK4/K; ()@ | Current sense ratio drift lour = 0.7 A; Vsense =4 Vs -8 8 | %
Vsen=5V
MultiSense timings (Current Sense mode - see Figure 36)
Current sense settling |Viy=5V;
{DSENSE1H time fromrising edge of |Vgg, =0V 1o 5V, 60 | ps
SEn RSENSE =1 kQ; RL =228Q
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