WS2510AT Product Description
WINSEMI

Application

€ Fail operational power supply targeting high current applications
P P PRIy argeting g PP Package QFNG6 X 6-26

€ Connection/isolation switch between power supplies
(e.g. for hybrids and electric vehicles) Marking WS2510AT

€ Developed to support dependable power supply and distribution

Basic Features

¢ AEC-Q100 qualified

€ SO 26262-ready for supporting the integrator in evaluation of
hardware element according to ISO 26262:2018 Clause 8-13

€ One channel device with two high-side gate driver outputs

€ 3 Q pull-down, 50 Q pull-up for fast switch on/off

€ Support back-to-back MOSFET topologies (common drain and
common source)

€ Two bidirectional high-side analog current sense interfaces with

externally adjustable gain

€ Adjustable overcurrent/short-circuit protection
TN, B
€ \Versatile comparator to implement: adjustable I-t wire protection, /ﬁ 1SO 26262
AEC 2
overvoltage/undervoltage or overtemperature protection Qualified ready

RoHS H lopen
Product Summary o 0 alogen-free

Max. transient supply voltage Vs 100V
Operating voltage range VsnNoR) 8-72V
Operating voltage extended range Vs(ExT) 3-100V
CSA adjustable gain G 10~200
Gate turn on short circuit pulsed current per gate Ic(on) 175mA
Gate turn-off short circuit pulsed current per gate lc(oFF) 1400mA
Turn on delay Ipon) 4us @ Ce=100nF
Turn off delay IpoFF) 4us @ Ce=100nF
GND current in SLEEP mode IGND+RS(SLEEP) 1~15uA

BC current in IDLE mode Isc(pLE) 5~50uA
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WS2510AT Product Description
48V smart analog high-side MOSFET gate driver wl NSEMI

Typical Application Circuit
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NTC |—o
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>4 DG1 TMP
DX DGO VS
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GPIO

“adapt based on voltage range BC(TAB) * 1 : 1 : optional Loads / Pre-fuse box
. L | | basedon 2nd Battery
100uH ~ 470uH I | ? I | applcaton Electronic Control Unit
. —l_ é : g z : DC/DC
ALE 7

Ordering Information

Package Top Mark Part No.
WS2510AT
QFN6 X 6-26, Pb-free WS2510AT
XXYMXX
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WS2510AT Product Description
48V smart analog high-side MOSFET gate driver wl NSEMI

Pin Configuration

Top view
26 25 24 23 22
X X
CsO1  TMPO SB GB
1 ISN2 ] 21
AN o P |
|
3 : ISP2 [<] 20
4 :
[ TMP [X] 1
5 | B0
) TAB=BC !
| VS [ 18
|
7 I
|
8 | ISP1 [ 17
|
9 . __________@&!
10 [X ISN1 [ 16
sw SA GA
X X X
1M 12 13 14 15

Pin Name Pin NO. Pin Description

Current Sense Output 2: analog voltage feedback, provides a voltage proportional to the shunt current or VDS

across ISP2/ISN2.

CS02 1

CPP 2 Comparator Positive: analog positive input of comparator.

CPN 3 Comparator Negative: analog negative input of comparator.

INT 4 Interrupt: open drain interrupt output.

Diagnostic 1:
DG1 is logic low in SLEEP mode and IDLE mode.
Digital voltage information of current flow direction in ON mode:

» DG1 is logic high if current flows from ISP1 to ISN1 connection
peT 3 + DG1 is logic low if current flows from ISN1 to ISP1 connection
Digital voltage information in SAFESTATE mode:

» DG1 is logic high if SAFESTATE because of CP or SC or VS(UV)

+ DGH1is logic low if SAFESTATE because of UVLO

Diagnostic 0:
DGO is logic low in SLEEP mode and IDLE mode.
Digital voltage information of boost converter frequency in ON mode.
Digital information in SAFESTATE mode:
+ DGO is logic high if SAFESTATE because of CP or UVLO
* DGO is logic low if SAFESTATE because of SC or VS(UV)

DGO 6
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WINSEMI

Input B: If INB digital logic is low, channel B switches OFF. If INB digital logic is high, channel B switches ON and

e ! gate driver is in ON mode only if pin ENABLE is logic high.
Input A: If INA digital logic is low, channel A switches OFF. If INA digital logic is high, channel A switches ON and
A ® gate driver is in ON mode only if pin ENABLE is logic high.
ENABLE: If EN digital logic is low, gate driver is in SLEEP mode, channels A and B are switched OFF and gate
EN 9 driver is RESET.
If EN digital logic is high, gate driver is in IDLE mode when INA and INB are both logic low.
GND 10 Ground connection.
NC 11 NC
RS 12 Resistor sense output of boost converter: current measurement of the boost converter.
SW 13 Switching supply input of boost converter. Inductance connection.
SA 14 Source A: output A connection to external MOSFET sources.
GA 15 Gate A: output A connection to external MOSFET gates.
ISN1 16 | Sense Negative 1: external shunt or VDS negative connection.
ISP1 17 | Sense Positive 1: external shunt or VDS positive connection.
VS 18 Voltage reference, extended 3 V to 100 V.
TMP 19 Temperature Input: analog connection to external NTC or PTC thermistor.
ISP2 20 | Sense Positive 2: external shunt or VDS negative connection.
ISN2 21 | Sense Negative 2: external shunt or VDS positive connection.
GB 22 Gate B: output B connection to external MOSFET gates.
SB 23 Source B: output B connection to external MOSFET sources.
TMPO 24 Temperature Output: analog voltage feedback provides a voltage proportional to thermistor temperature.
Analog voltage to force SAFESTATE mode.
CSO1 25 Current Sense Output 1: analog voltage feedback, provides a voltage proportional to the shunt current or VDS
across ISP1/ISN1.
NC 26 NC
BC TAB Boost Converter output capacitor connection; driver supply.
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WS2510AT Product Description
48V smart analog high-side MOSFET gate driver wl N s E M l

Table 1. Suggested connections for unused and not connected pins

Pin Name Pin NO. How to connect pin to disable corresponding function
CS02 1 GND
CPP 2 GND (FLOAT can trigger random latch CPP)
CPN 3 EN (VS induces 'large' current consumption. GND can trigger random latch)
INT 4 FLOAT
DG1 5 FLOAT
DGO 6 FLOAT
INB 7 GND (FLOAT potential IBC increase, DPI sensitivity increased if SB GB floating, no IDLE mode)
INA 8 GND (FLOAT potential IBC increase, DPI sensitivity increased if SA GA floating, no IDLE mode)
5V (@GND driver will always remain in SLEEP mode. EN can also be connected to VS with 100k+diode so driver
EN 9 is by default in IDLE mode as long as a power supply is connected > Vzener+Vrev_diode is present on VS pin.
diode: cathode on VS.)
GND 10 GND (never leave open: can randomly activate boost converter, IC destruction))
NC 11 FLOAT
RS 12 FLOAT (when using external supply directly on BC, RS connection to GND could cause IC destruction)
SW 13 FLOAT (in case of boost supply converter disconnection and driver external supply directly on BC)
SA 14 FLOAT (if GA not used)
GA 15 FLOAT
ISN1 16 GND
ISP1 17 VS
VS 18 VS (FLOAT: BC is not regulated, external MOSFET gate destruction expected).
TMP 19 FLOAT
ISP2 20 'S
ISN2 21 GND
GB 22 FLOAT
SB 23 FLOAT (if GB not used)
TMPO 24 FLOAT or GND
CSO1 25 GND (FLOAT can trigger random latch on CSO1 internal comparator)
NC 26 FLOAT
BC TAB Boost capacitor Cgc or external supply (see datasheet for Vec-Vs functional range.
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48V smart analog high-side MOSFET gate driver w| NSEMI

Current and Voltage Conventions

lsc
+
+ mPo lo(orF), Isource, lsx Rig
SB S
+ loon Vass +
T GB | >
ISN2 =
+ s lisp2 ’+ Vsense2
+ |
T™P _lweorF)
+ lvs ’+ Viwe
T VS < ¥
ISP1
’ Vsenset

ISN1

GA 4
laorr), Isource, Isx ‘ Vasa
SA T
sSw
Vesot| Vesoz| Veep| Veen| Vint| Voci| Voeo| Vine| Vina| Ven Vrs Vsw  [Vsa Vs Vse  [Vrweo |Vec
Note1:
1) Voltages are defined positive with respect to ground.
2) Currents are defined flowing into or from the pin depending on pins.

NINSEMIMICRO
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Absolute Maximum Ratings (Note2)

Symbol Parameter Value Unit
VBc Maximum voltage VBC (boost converter output) -0.31t0 120 \
Vec_vs Boost voltage with respect to VS -0.3t0 15 \Y
Vs Maximum voltage VS -0.3 to 100 \%
Vs - Vsx Maximum drain-source voltages on each output -36- to 120 \
Vex - Vsx Maximum voltage between gate and source pins on each output -0.31t0 120 \Y
Vee-Vex Maximum voltage BC to GX -0.3to 120 \
Vec-Vsx Maximum voltage BC to SX -0.3to 120 \%
Vec-Visex Maximum voltage BC to ISPx -0.3to 120 \%
Vec-Visnx Maximum voltage BC to ISNx -0.3to 120 \%
Vesox CSOx voltage -0.3t0 5.5 \%
Ven Vina Ving Verp Vepn Logic input voltages(EN,INA,INB,CPP,CPN) -0.3t0 5.5 \%
Vbex DGx voltage -0.3t0 5.5 \%
Ve Temperature input: analog connection to external NTC or PTC thermistor. -0.3 to 100 \%

Temperature output: analog voltage feedback provides a voltage
Vrvro -0.3t05.5 \
proportional to thermistor temperature.

Vsw_Rrs Maximum voltage between SW and RS pin -0.3to 120 \%

Isw Maximum pulsed current in SW pin 200 mA
Tumax) Maximum operating junction temperature -40 to 150 T
Tstomax) Storage temperature -55 to 150 T

Note2:

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

2) 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.

Functional Ranges (Note3)

-40°C < T; < 150°C, all voltages with respect to ground, typical values are given for Vs =14 V and T, = 25°C

Symbol Parameter Min. Typ. Max. Unit
Vs(NOR) Voltage reference range for normal operation 8 - 72 \
Vsexn? Voltage reference extended range 3 - 100 Y,
Vs(scjLow Voltage reference range with lower short-circuit protection 3 - 8 \
Ven, Vina, Vine Input pins EN, INA, INB 0 - 55 \
Vbeo, Voet® Diagnostic pins DGO, DG1 0 - Kog*Ven \Y
VinT Interrupt pin INT 0 - 55 \4
VcrReF) Comparator reference voltage pins CPN, CPP 1 - 55 \Y
Vampsa® Analog output pins saturation CSO 1&2, TMPO 3.9 4.6 55 \
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Symbol Parameter Min. Typ. Max. Unit
GY Current sense amplifiers gain range 10 - 200 -
VBc-Vs Supply voltage range for amplifier operation 6 - 15 \
VBc-Visxx Amplifier input voltage range 6 - 15 \%
Visxx-GND(TH) Amplifier input voltage threshold for disconnection 0.2 0.7 1.5 \

Note3:
1) Not subject to production test - specified by design.

2) Parameter deviations possible

)
)
3)See koc parameter
4)Vs = VsNoR)
)

5)For G < 30, use only Rcso = 10 kQ

Thermal Resistance (Note3)

Symbol Parameter Value Unit

Tia Thermal Resistance Junction-to-Ambient 27 K/W

Note3:

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

ESD Susceptibility (Note4)

Symbol Parameter Values Unit
VEespHem)? ESD HBM susceptibility all pins +2 kV
Vespcom® ESD CDM susceptibility all pins +500 \Y
Vespcom® ESD CDM susceptibility corner pins (pins 1, 12, 13, 24) +750 \Y

Note5:
1) Not subject to production test - specified by design.

2) ESD susceptibility, Human Body Model “HBM”, according to ANSI/ESDA/JEDEC JS001 (1.5 kQ, 100 pF).
3) ESD susceptibility, Charged Device Model “CDM”, according to ANSI/ESDA/JEDEC JS-002.

4) ESD susceptibility, Charged Device Model “CDM”, according to ANSI/ESDA/JEDEC JS-002.
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Functional Block
EéTEMPO

Temperature '
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CS02
N Current
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CPN Comparator CP o
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Electrical Characteristics (Note6) y 8V< Vs <72 V; -40°C < T; < 150°C, unless otherwise specified

Inputs pins

Digital diagnostic pins

Parameter Symbol Test Condition Min Typ. Max. Unit
Input A,B & Enable voltage high level Vi), VENH) - 2.5 - - \%
Input A,B & Enable voltage low level Vinw), Venw) - - - 0.7 \%
Input A,B & Enable pull-down internal
RinGND) - 0.5 1.5 25 MQ
resistor
Input zener diode for local pins Vzin? - 5 5.5 6 \%

Temperature amplifier (TMPA)

Parameter Symbol Test Condition Min Typ. Max. Unit
Ratio diagnostic pin voltage high level
Koa(H) - 0.9 1 1.1 -
over Ven
Diagnostic pin voltage low level Vba) Vec=120V - - 0.1 \%
Diagnostic pin serial resistor Rba(GNp) - 5 10 20 kQ
Indicates current flow direction change
Delay for current direction change on DG1 tisp on CSA1 only 0 15 50 us
ON mode only
Interrupt pin pull-down internal resistor,
Rint S 5 10 20 kQ
SAFESTATE active
Interrupt pin current leakage InTnosaresTaTE) | ViNTH) £ 5.5V - - 0.3 MA
Parameter Symbol Test Condition Min Typ. Max. Unit
Comparator offset Ver(oFFseT) Veprermin < Veprer) SVep(REF)MAX -50 - 50 mV
Comparator leakage input current Icp Vep=5.5V -100 - 500 nA

Parameter Symbol Test Condition Min Typ. Max. Unit
TMPA input current Irvp(oFF) - -100 - 100 nA
TMPA input offset VIMP(OFFSET) - -10 0 10 mV
TMPA ratio ktvp - 9.5 10 10.5 -
TMPA pull-down resistor Rrvpo? - 20 - 100 kQ

Parameter Symbol Test Condition Min Typ. Max. Unit
CSA input offset Visxorrsen? | — -50 0 50 uv
CSA input blind range Visx(BLIND) - -500 0 500 uv
CSA delay maximum accuracy fesaace) - 0 200 400 us
CSA settling time tesasen? Step 25% , G=100 1 92 236 us
CSA output pull-down resistor Resox? - 10 20 50 kQ
CSA gain intrinsic error £cy G =10..200,Vsense>3mV -1 0 1 %
CSA gain intrinsic error £cp G = 10..200,Vsense<3mV -5 0 5 %

www.winsemi.com
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Protection thresholds

PSRR - CSA power supply rejection ratio PSRRkHY f=1kHz, G =100,Rcso = 20 kQ. - 105 - dB
CMRR - CSA common mode rejection
CMRR+z> f=1kHz, G =100, Rcso = 20 kQ. - 116 - dB
ratio
G =100, Rcso = 20 kQ
Noise - CSA Voltage noise, RTI Noise® - 180 - nVrus

|
=

Protection delays

Parameter Symbol Test Condition Min Typ. Max. Unit
Current shutdown internal threshold ratio Vs=8Vto72V
Kcso(tH) 0.71 0.74 0.77 -
from Enable pin voltage ON mode, CSA1 only
Vs - GND
Under voltage threshold Vswuy) 0.5 1 1.5 \Y
ON mode only

Driver outputs

Ven < Veng) for treser duration

Parameter Symbol Test Condition Min Typ. Max. Unit
Delay between short circuit and CSO1 G =100
fosccsor(H)® 0.2 6.5 13 us
high Ven=3.3V
G =100
Delay between CSO1 high and INT = low tocsormHnTw)® 0.5 5 10 us
VEN=3.3V
Delay between CP high and INT toCP(H)INT(L) Veprermin S VerRrer) < VepREF)MAX 1 9 30 us
Delay between UV on VS and INT = low touv(H)INT(L) - 8 22 40 us
Delay between INT = low and gate 80% fonTLew)® Coeq) = 100 nF - 3 5 us
G =100
Delay between short circuit and gate 80% tosca()® Ven=3.3V 0.7 16 24 us
CoEq) = 100 nF
Reset from SAFESTATE:
Time to reset tRESET 3 - 30 us

per gate

Boost converter (BC)

Parameter Symbol Test Condition Min Typ. Max. Unit
Time to activate protections before
Power on input delay trol 0 2 6.5 us
turn-on after INx = high
Turn-on delay fo(on) Coeq)= 100 nF 1 4 7 us
Rise time on gate 20% to 80% of Vac - Vs R Co(eq)= 100 nF 0 7 15 us
Gate turn on short circuit pulsed current
laon) Vex - Vsx =0V 50 175 250 mA
per gate
Turn-off delay fo(oFF) Co(eq) = 100 nF 1 4 7 us
Fall time on gate 80% to 20% of VBC - VS i Co(eq) = 100 nF 0 2 5 us
Gate turn-off short circuit pulsed current
Is(oFF) Vex- Vsx =14V 350 1400 2000 mA

Parameter Symbol Test Condition Min. Typ. Max. Unit
Ca(eq) = external MOSFET equivalent 20~
BC Boost capacitor Cgc? - - F
gate source capacitance Caeq)

WINSEMI  MICROELECTRONICS
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BC switching current limitative resistor Rrs? Use 1/2 W resistor min. 10 - 30 Q
BC output VBC - VS regulation voltage Vec(h) - 11.5 12.5 14 \
VBC(TH) to UVLO regulation gap Vec(ra) - 1.9 2.5 - \%
BC undervoltage lockout voltage UVLO - 9.5 10 11 \%
Delay between UVLO and INT=low fbuvLoH)INT(L) - 0 10 40 us
RS deactivation threshold VRs(TH) - 0.6 1 1.4 \%
Forward voltage of BC diode Vesc Ir=100 mA 0 0.9 1.1
On-state resistance of BC switch Ros(onyk1(25) =100 mA; Ty=25°C 1 11 15 Q
Boost converter off-time fsc(oFF) - 1 4 6 us
Vs =48V,
Time to reach RS deactivation threshold trs(th)? Ree= 100 - 920 - ns
L=100 yH /1.7 Q;
Ty=25°C
Turn-off delay of K1 fo(oFF)K1 - 0.05 0.2 0.35 us

Vs=48V; Rrs=10Q; L=100 uyH / 2
Boost power-on delay tood® - 200 - us
Q; Csc = 1yF; Ty =25°C

Current consumption

Parameter Symbol Test Condition Min. Typ. Max. Unit
Vs=48V
GND pin current in SLEEP mode IGND+Rs(SLEEP) 1 8 20 HA
Vec = Vs
Vear =48 V
Sources leakage current in SLEEP mode Isx(sLeepP) 0.1 1 4 uA
Vs - Vsx = Vear
Vs=48V
VS pin current in IDLE mode Ivs(pLE) -25 -10 -3 HA
Vsx = Vs
VS pin current in IDLE mode, 25°C Ivs(bLE)25 T,=25°C -20 -10 -3 A
Vs =48V
BC current in IDLE mode Isc(oLE) 10 15 80 HA
VBc-Vs =14V
BC current in IDLE mode, 25°C IBC(IDLE)25 T,=25°C 10 15 40 |JA
VS pin current in ON mode Ivs(on) - -40 -8 0 MA
VS pin current in ON mode, 25°C Ivs(oNy2s T,=25°C -20 -8 -2 A
BC current in ON mode Isc(on) Vec- Vs =14V 10 65 175 MA
BC current in ON mode, 25°C Isc(onyes T,=25°C 10 65 110 A
BC current in ON mode, 25°C, one CSA T,=25°C
Isc(ony25_1CSAOFF)? 10 45 75 HA
disconnected CSA 1 or 2 not used
BC current in ON mode, 25°C, all T,=25°C
Isc(oN)25_2csA(OFF)2) 6 30 60 uA
amplifiers disconnected CSA 1 and 2 not used
BC current in ON mode, < 85°C, one CSA T,<85°C
Ic(on)ses_1csAOFF)? 10 45 100 pA
disconnected CSA 1 or 2 not used
BC current in ON mode,< 85°C, all T,<85°C
Ic(on)sss_2csAOFF)? 6 30 75 pA
amplifiers disconnected CSA 1 and 2 not used
VS pin current in SAFESTATE mode NssaresTaTE) = -40 -8 0 HA
BC current in SAFESTATE mode IBC(SAFESTATE) VBC - Vs =14V 10 65 175 |JA
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Note7:
1) 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.

2) Not subject to production test, specified by design
3) Not subject to production test, specified by characterization.
4) Not subject to production test, specified by calculation.

5) Sum of tpsccsor(H), tocsotmHyNTwL)toinTe) Max. does match max.

RN s

6) Of the sum tpsca() due to silicon process and variation.
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General operation

Operating modes

WS2510AT works with 4 operating modes: SLEEP, IDLE, ON and SAFESTATE, selected by a combination of inputs INA, INB and EN pins,

and in the case of SAFESTATE, by protection features or force signal.

Table 2. Inputs, modes and outputs states

INPUTS OUTPUTS
Operating mode comments

Boost converter DG1 Vesor Viwpo | Vea-Vsa | Vee-Vss

EN INA INB output Vec - Vs

*once reset is done, provided that pull-up voltage

0| X|X SLEEP 0 1* 0 0 0 0 0 0 0 s available
11010 IDLE Vich) 1 0 0 0 0 0 0 0
110 Vech) 0
pulse when | direction of Loy . . .
10011 ON Vec(H) 1 K1 current | active | active | active 0 Vac(rh) Tt:glhewvel. see Voo, Voot in Functional ranges
activated” CSAT1*
111 Ve | Veceh)
SC or UV Vic(th) 0 1
NB: if several faults occurs in series, only first fault
1| X | X |SAFESTATE| UVLO < Viacan)® 0 1 0 active | active | active 0 0 s indicated by DG1 and DGO
[*depends on UVLO root cause
CP Vic(th) 1 1

Figure 1. State machine

NIN Al MICRO
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Package Outline
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Section A-A

MILLIMETER
Ry MEOL MIN NOM MAX
A 0.7 0.75 0.8
AT 0 0.02 0.05
b 0.2 0.25 0.3
b1 0.18REF
o 0.203REF
D 59 6 6.1
D2 35 36 37
e 0.5BSC
e 1.05B5C
o2 0.625BSC
o3 0.8BSC
ol 0.4BSC
Nd 3.15BSC
E 59 6 6.1
E2 35 36 37
Ne 45BSC
L 0.35 0.4 045
h 0.3 0.35 0.4
K 0.8REF
Wso 0.01 0.09
o 0.08 0.18
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48 smert analog igh-side MOSFET gatecrver [ 1[JNEYJ 0]

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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