WST6010AN Product Description
WINSEMI

WST6010AN
Smart High-Side Power Switch Single Channel, 9ImQ, DFN9x6-14L , AEC-Q100 qualified

Application

Suitable for resistive, inductive and capacitive loads

Package DFN9x6-14L

Replaces electromechanical relays, fuses and discrete circuits

Most suitable for loads with high inrush current, such as lamps Marking WST6010AN

* & o o

Suitable for 12 V and 24 V trucks + trailer and transportation systems

Basic Features

Single channel device
Very low stand-by current

3.3V and 5 V compatible logic inputs

* ¢ o o

Optimized electromagnetic compatibility

2

Very low electromagnetic susceptibility

Product Summary

Max. transient supply voltage Vs 60V
Operating voltage range Vnom 8-36V
On-state resistance (Tj= 257C) Ron ImQ
Nominal load current (Tj= 25C) IL(nom) 12A
Typical current sense ratio (lout=4A) K 2470
Current limitation ILivH 75A
Supply current in sleep IsLeep 3uA

Diagnostic Functions

€ Proportional load current sense

High current sense precision for wide range currents
Off-state open load detection

OUT short to VS detection

Overload and short to ground latch-off

Thermal shutdown latch-off

L 2B R JBR 2R 2N 4

Very low current sense leakage

Protection Functions

*

Undervoltage shutdown

Overvoltage clamp

Load current limitation

Self limiting of fast thermal transients

Protection against loss of ground and loss of VS

Thermal shutdown

L ZBR JER JBR 2R 2R 4

Electrostatic discharge protection
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WST6010AN Product Description
High-side driver with current sense analog feedback for 24V automotive applications wl Ns EMI

Typical Application Circuit
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WST6010AN Product Description
High-side driver with current sense analog feedback for 24V automotive applications wl Ns EMI

Ordering Information

Package Top Mark Part No.
WST6010AN
DFN9X6-14L, Pb-free WST6010AN
XXYMXX

Pin Configuration

Top view
NC[ 1] [14|oUT
e
GND | 2] l : [13]OUT
GND [ 3] : : [12|ouT
IN [4] : EPAD : [11|ouT
DEN [ 5] ! | [10|ouT

:

[9 |OouUT

[

Pin Description

Pin Name Pin NO. Pin Description

NC 117 Not Connected
GND 2/3 Ground connection. Must be reverse battery protected by an external diode / resistor network.

N 4 Voltage controlled input pin with hysteresis, compatible with 3 V and 5 V CMOS outputs. It controls

output switch state.

DEN 5 Active high compatible with 3 V and 5 V CMOS outputs pin; it enables the IS diagnostic pin.

1S 6 Multiplexed analog sense output pin; it delivers a current proportional to the selected diagnostic:
ouT 8/9/10/11/12/13/14 | Power outputs.

VS EPAD Battery connection.
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WST6010AN Product Description
High-side driver with current sense analog feedback for 24V automotive applications wl Ns EMI

Table 1. Suggested connections for unused and not connected pins

Connection /

pin
Floating Not allowed XM X X
To ground Through 1.0K resistor Not allowed Through 15K resistor Through 15K resistor

Note1: X do not care.

Current and Voltage Conventions

Is
Vi
s A
i VF
Vs
IpEn '_:I I
— DEN ouT
L —
4 out []7
Vour 4
IIN Is
—EH IN —>
Voen i ] s [
GND
1 Vis
Vi
IGND
Note2: Ve = Vour - Vs during reverse battery condition.
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WST6010AN Product Description

High-side driver with current sense analog feedback for 24V automotive applications

Absolute Maximum Ratings (Note3)

Symbol Parameter Value Unit
Vs DC supply voltage 60 \%
RYA Reverse DC supply voltage 0.3 \

-lenp DC reverse ground pin current 200 mA
lout OUT DC output current Internally limited A
ViN, Voen IN, DEN DC input voltage -0.3t06.0 Vv
IS pin DC output current 20
lis mA
IS pin DC output current in reverse -20
T; Junction operating temperature -40 to 150 )
Tstg Storage temperature -55 to 150 c

Note3: Stressing the device above the rating listed in 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.

Thermal Resistance (Note4)

Symbol Parameter Value Unit
Tic Thermal Resistance Junction-to-Case 1.3 T/w
Tia Junction-to-Ambient Thermal Resistance 30 T/w

Note4: According to JEDEC JESD51-2,-5,-7 at natural convection on FR4 2s2p board; the Product (Chip + Package) was simulated on a 76.2 x 114.3 x 1.5

mm board with 2 inner copper layers (2 x 70 ym Cu, 2 x 35 ym Cu). Where applicable a thermal via array under the exposed pad contacted the first inner

copper layer.
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WST6010AN Product Description
High-side driver with current sense analog feedback for 24V automotive applications wl NSEMI

ESD Susceptibility (Noted)

Symbol Parameter Values Unit
Vespnew®) ESD Susceptibility all Pins (HBM) +2 kV
VEsp(HeMm)_ouT ESD Susceptibility OUT vs GND and Vs connected (HBM) +4 kV
Vespcom® ESD Susceptibility all Pins (CDM) +500 \Y
VESD(COM) cry ESD Susceptibility Corner Pins (CDM) (pins 1, 7, 8, 14) +750 Y

Note5:

1) Not subject to production test - specified by design.

2) Maximum digital input voltage to be considered for Latch-Up tests: 5.5 V.

3) ESD susceptibility, Human Body Model “HBM”, according to AEC Q100-002.

4) ESD susceptibility, Charged Device Model “CDM”, according to AEC Q100-011.

EAS Susceptibility (Note6)

Values Note or Test
Symbol Parameter Unit
Min. Typ. Max. Conditon
|OUT =12A
Eas Maximum Energy Dissipation Single Pulse 300 md | Ty =150 °C
Vs=28V

Note6:: Not subject to production test - specified by design.
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WST6010AN Product Description
High-side driver with current sense analog feedback for 24V automotive applications wl NSEMI

Functional Block

VS
Undervoltage Vs-GND
Intermnal supply Shut-down Clamp
VS-OUT
Clamp
|_
4
IN I}Q I[> »| Gate Driver =
A
Current
Limitation
Overtemperature
Short to VS
Open-load in OFF
2 Power Limitation
]
DEN =
Current
s Sense ot
Isensen
GND
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WST6010AN Product Description

High-side driver with current sense analog feedback for 24V automotive applications

Electrical Characteristics (Note?) » 8V<Vs < 36 V; -40°C < Tj < 150°C, unless otherwise specified

Power section

Parameter Symbol Test Condition Min Typ. Max. Unit
Nominal operating voltage VNom 8 24 36 Y
Extended operating voltage Vop 5 58 \%
Under voltage shutdown Vusp 3.5 5.0 \%
Under voltage shutdown hysteresis Vusphyst 0.3 \
|0UT=5A, TJ =25C 9
On-state resistance Ron lout=5A,T; =150C 18 mQ
lout=5A,Vs=5V, T; = 25°C 14
Nominal load current IL(nom) Ta=25C 12 A
Nominal load current at TA=85C IL(nom)_ss Ta=85C, T; < 150°C 8 A
Inverse Current Capability ILanyy Vs<Vour, Vin=5V, Ta=25C 12 A
Vs clamp voltage VeLave 1s=20 mA 60 64 71 Y
Vs=36V, Vin=Vour=Vpen=0V,
3.0 6.0 HA
T;=25C
Supply current in sleep IsLeep
Vs =36V, Vin=Vour=Voen =0V,
20 uA
T=125C
Vs=36V, Vin=Vour=0V
Sleepy mode blanking time to_sLeep 150 400 800 us
Vpen=5V to OV
Supply current in active Is(acTivE) Vs=36V, Voen=5V, Vin=0V, 1.2 25 mA
Control stage current consumption in ON
lanp(on) Vs=36V, Voen=5V, Vin=5V 5.0 10 mA
state
Vin=Vour=0V, Vs=36V, Tj =25C 0.1 3 pA
Off-state output current ILoffy
Vin=Vour=0V, Vs=36V, Tj=125°C 20 uA
OUT - Vs diode voltage Ve loutr =-2A, T;=150°C 0.9 \Y
Bypass mode
Parameter Symbol Test Condition Min. Typ. Max. Unit
Bypass mode load current ILbypass) Vs =28V Vour=Vs-2V 140 200 260 mA
Operating current in bypass mode lGND(bypass) Vs=28V, Vin=0V 70 100 uA
Number of DEN pluses to bypass mode NDEN_valid Vs=28V 8 cycles
High level enable detection pulse width of DEN Tenn Vs=28V 1.3 1.5 1.7 ms
Low level enable detection pulse width of DEN Tene Vs=28V 90 100 110 us
Bypass mode writing time Toen_wRITE Vs=28V 20 ms
High level detection pulse width of IN Tinn Vs=28V 100 us
Bypass mode IN writing time TIN-WRITE Vs=28V 1.2 ms
High level disable detection pulse width of DEN ToisH Vs=28V 5 ms
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WST6010AN Product Description
High-side driver with current sense analog feedback for 24V automotive applications wl N s EMI

Parameter Symbol Test Condition Min. Typ. Max. Unit

Turn-on delay time at T; = 25°C Td (on) 24 90 us
Vs=28V,Vpen=5V,R=6Q

Turn-off delay time at T;= 25°C Ta (off) 60 100 us

Turn-on voltage slope at Tj = 25°C (dVout/dt)on 0.3 0.75 15
Vs=28V,Vpen=5V,R.=6Q Vl/us

Turn-off voltage slope at Tj= 25°C (dVour/dt)orr 0.6 1.2 4.0

Differential pulse skew(tphe - trLH) tskew Vs=28V,Vpen=5V,R.=6Q -50 50 us

Logic input (IN, DEN)

Parameter Symbol Test Condition Min. Typ. Max. Unit
Logic input low level voltage Viow 0.9 Y
Low level logic input current lLow Viow=0.9V 2 11 35 uA
Logic input high level voltage VHigH 21 6.0 \%
High level logic input current lniGH Vhich=2.0V 1 10 32 uA
Logic input hysteresis voltage Vnyst) 0.2 \%
Parameter Symbol Test Condition Min. Typ. Max. Unit
5V < Vs< 36V,Vps=6V 52 75 88
DC short circuit current lLmn
Vbs=32V 40 A
Short circuit current during thermal cycling ILime Vs=24V, Vpen=5V, Tr<T<Ttsp, 20
Maximum number of Short mode latch 5 cycles
Shutdown temperature Trsp 150 175 200 C
Thermal hysteresis ThysT 20 C
Current limit reset temperature Tr 135 C
Dynamic temperature ATy sp T;j=-40C 60 C

lout=2A, Vpen=5V, L= 6mH,
Turn-off output voltage clamp Vbemac Vs-60 Vs-64 Vs-71 \%
T;=-40C to 150°C

Current sense characteristics

Parameter Symbol Test Condition Min. Typ. Max. Unit

lout/lis Ko lout=50mA, Vpen=5V -10% 415 +10%

lout/lis Ki lout=0.5A, Vpen=5V -5% 1715 +5%

lout/lis K2 lout=2A, Vpen=5V -3% 2325 +3%

lout/lis Ks lout=4A, Vpen=5V -3% 2470 +3%

lout/lis K lout=10A, Vpen=5V -3% 2590 +3%
CS disabled: Vpen =0V 0 1

Current sense leakage current liso CS enabled: Vpen = 5V,channel ON, uA
lour = 0A 2
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WST6010AN Product Description

Voen=5V, Rsense=3.9K, Vin=5V;

condition

Output voltage for IS shutdown Vout_msp 5 \4
lout=6A

Max analog sense output voltage Vis Vs=28V, Vis =5V 45 \Y
Current sense output current in fault

lisH Vs=28V, Vis =5V 10 20 30 mA
condition
Current sense output voltage in fault

Visn Vs=28V, Vis =5V 5.4 6 6.6 \Y

OFF-state diagnostic

rising edge of Vour

Current sense timings

Parameter Symbol Test Condition Min Typ. Max. Unit
OFF-state open load voltage detection
VoL Vpen=5V, Vin=0V 4 5 6 vV
threshold (VS-OUT)
Vs=28V,V|N = OV, VOUT=28V-V0|_,
OFF-state output sink current ILoff2) -1000 -750 -500 uA
T;j=-40C to 150C
OFF-state diagnostic delay time from
tosTkon Voen=5V, Vour =Vs, Vin= 5V to OV 150 400 800 us
falling edge of IN
Settling time for valid OFF-state open load
diagnostic indication from rising edge of to_oL_v Vin=0V, Vour=Vs, Vpoen=0V to 5V 150 us
DEN
OFF-state diagnostic delay time from
to_voL Voen=5V, Vin=0V, Vour=Vs-6V to Vs 5 30 us

falling edge of IN

Rsense=1K, R.=6Q

Parameter Symbol Test Condition Min Typ. Max. Unit
Current sense settling time from rising Vin=5V, Vpen=0V to 5V,
tDSENSETH 100 us
edge of DEN Rsense=1K, R.=6Q
Current sense disable delay time from Vin=5V, Vpen=5V to 0V,
tosensEL 5 20 us
falling edge of DEN Rsense=1K, RL=6Q
Current sense settling time from rising Vin=0V to 5V, Vpen=5V,
tosensE2H 80 250 us
edge of IN Rsense =1K, R.=6Q
Vin=5V, Voen=5V, Rsense=1K,
Current sense settling time from rising
11s=90% of lis_max,
edge of lout(dynamic response to a step AtpsensezH 150 us
lour = 90% of loutmax
change of lour)
R=6Q
Current sense turn-off delay time from Vin=5V to 0V, Vpen=5V,
tosenseaL 80 250 us

Note7: Except for the special test instructions, all electrical parameters are tested under Ta= +25°C. The minimum and maximum specification range of the

specifications is guaranteed by the test, and the typical values are guaranteed by the design, test, or statistical analysis
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WST6010AN Product Description
High-side driver with current sense analog feedback for 24V automotive applications wl NSEMI

Operation modes
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WST6010AN Product Description

High-side driver with current sense analog feedback for 24V automotive applications wl NSEMI

Bypass mode

Bypass enable Bypass mode

Cycle=8 Bypass disable
Tinw

SIS iniRinin]

Tois
Tenu Cycle=1 Te

TDEN_WRITE

DEN_valid

Bypass_valid

Tin_wariTe

Bypass_en

IL(bypass)

Bypass mode enable:

The valid input signal of DEN(Tenn=1.5ms & Ten=100us), with 8 consecutive cycles input from the first rising edge within 20ms(Toen_wriTE),
and a valid pulse of IN (Tww>100us) inputs from the falling edge of the 8th cycle within 1.2ms(Tivwre), enables the bypass
mode(Bypass_en=H), which can offer 200mA load current of Maximum. Otherwise, it is not possible to enable bypass mode.

Bypass mode disable:

After enabling bypass mode, it can be disabled by a valid high level signal of DEN (Toish>5ms).
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WST6010AN Product Description
High-side driver with current sense analog feedback for 24V automotive applications wl NSEMI

Switching Status and Timing Relationship

Switching time and pulse skew
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WST6010AN Product Description
High-side driver with current sense analog feedback for 24V automotive applications wl Ns EMI

Current sense timings (current sense mode)
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WST6010AN Product Description

Table 2. Truth table

Conditions IN DEN ouT IS
Standby L L L 0
L H L 0
Normal
H H H lis = lout/K
Overload H H H lisH
L H L 0
OverTemperature
H H H lisH
Undervoltage X X L 0
L H H lisH
Short to Vs
H H H <Normal
Open-Load L H H lisH
Short circuit to GND H H L lisH

Table 3. Current sense output

Current sense output
MUX Channel

Overload OFF-state Negative output

L Hi-Z

H Channel diagnostic lis = lout/K lis = lisn lis = lisn Hi-Z
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WST6010AN Product Description
High-side driver with current sense analog feedback for 24V automotive applications wl Ns EMI

Package Outline
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SYMBOL MILLIMETER

MIN NOM MAX
A 0.70 0.75 0.80
A1 0 0.02 0.05
b 0.45 0.50 0.55

b1 0.35REF

c 0.203REF
D 8.90 9.00 9.10
D2 6.75 6.85 6.95

e 1.27BSC

Nd 7.62BSC
E 5.90 6.00 6.10
E2 3.16 3.26 3.36
0.62 0.67 0.72
h 0.30 0.35 0.40

K 0.70REF
Wsc 0.01 - 0.09
tsc 0.08 - 0.18
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WST6010AN Product Description

High-side driver with current sense analog feedback for 24V automotive applications wl N s EMI

CONTACT

Winsemi Microelectronics Co., Ltd.

ADD: Room 3101-3102, 31F, Building 8A, Shenzhen International Innovation Valley, Nanshan District, Shenzhen,
P.R. China.

Post Code : 518040

Tel : 86-0755-82506288

Fax: 86-0755-82506299

Website : www.winsemi.com
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