EiceDRIVER™ APD 2ED2410-EM

Datasheet

12 V/24V smart analog high-side MOSFET gate driver

Features

+ PRO-SIL™ISO 26262-ready for supporting the integrator in evaluation of hardware element

according to 1SO 26262:2018 Clause 8-13

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

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

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

infineon

a RoHS

+ Two bi-directional high-side analog current sense interfaces with externally adjustable gain =~

+ Adjustable overcurrent/short-circuit protection

6 0

Qualified

» Versatile comparator to implement: adjustable I-t wire protection, overvoltage/undervoltage or @ ISO 26262
overtemperature protection

Potential applications

« Fail operational power supply targeting high current applications

ready

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

+ Developed to support dependable power supply and distribution

Product validation
Qualified for automotive applications. Product validation according to AEC-Q100, Grade 1.

Description

2ED2410-EM is a one channel gate driver with two independent gate outputs for 12 / 24 V automotive applications. It offers
several protection features for connecting/disconnecting loads or different power supplies.
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2 Pin configuration

2 Pin configuration
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Figure 4 Pin assighment
Table 1 Pin definitions and functions
Pin Symbol 1/0 Function
number
1 CSo1 [ Analog voltage to force SAFESTATE mode.
0 Current Sense Output 1: analog voltage feedback, provides a voltage proportional
to the shunt current or VDS across ISP1/ISN1.
2 CS02 0 Current Sense Output 2: analog voltage feedback, provides a voltage proportional
to the shunt current or VDS across ISP2/ISN2.
3 CPP I Comparator Positive: analog positive input of comparator.
4 CPN I Comparator Negative: analog negative input of comparator.
5 INT o Interrupt: open drain interrupt output.
6 DG1 0 Diagnostic 1:

DGl is logic low in SLEEP mode.

Digital voltage information of channel B VDS comparison to VS in IDLE mode.
Digital voltage information of current flow direction in ON mode:

+ DG1lis logic high if current flows from ISP1 to ISN1 connection

+ DGlislogic low if current flows from ISN1 to ISP1 connection

Digital voltage information in SAFESTATE mode:

« DGlis logic high if SAFESTATE because of CP or SC or VS(UV)

+ DG1lis logic low if SAFESTATE because of UVLO

(table continues...)

Datasheet 6 Rev. 3.00
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2 Pin configuration

Table1 (continued) Pin definitions and functions

7 DGO o Diagnostic 0:
DGO is logic low in SLEEP mode.
Digital voltage information of channel A VDS comparison to VS in IDLE mode.
Digital voltage information of boost converter frequency in ON mode.
Digital information in SAFESTATE mode:
+ DGO s logic high if SAFESTATE because of CP or UVLO
+ DGO s logic low if SAFESTATE because of SC or VS(UV)

8 INB I Input B:
If INB digital logic is low, channel B switches OFF. If INB digital logic is high,
channel B switches ON and gate driver isin ON mode only if pin EN is logic high.

9 INA I Input A:
If INA digital logic is low, channel A switches OFF. If INA digital logic is high,
channel A switches ON and gate driver is in ON mode only if pin EN is logic high.

10 EN I If EN digital logic is low, gate driver is in SLEEP mode, channels A and B are
switched OFF and gate driver is RESET.
If EN digital logic is high, gate driver is in IDLE mode when INA and INB are both
logic low.

11 GND I/0 Ground connection.

12 RS 0 Resistor sense output of boost converter: current measurement of the boost
converter.

13 SW I Switching supply input of boost converter. Inductance connection.

14 SA 0] Source A: output A connection to external MOSFET sources.

15 GA I/0 Gate A: output A connection to external MOSFET gates.

16 ISN1 I | Sense Negative 1: external shunt or VDS negative connection.

17 ISP1 I | Sense Positive 1: external shunt or VDS positive connection.

18 VS I/0 Voltage reference, extended 3V to 58 V.

19 TMP I Temperature Input: analog connection to external NTC or PTC thermistor.

20 ISP2 I | Sense Positive 2: external shunt or VDS negative connection.

21 ISN2 I | Sense Negative 2: external shunt or VDS positive connection.

22 GB I/0 Gate B: output B connection to external MOSFET gates.

23 SB I Source B: output B connection to external MOSFET sources.

24 TMPO 0 Temperature Output: analog voltage feedback provides a voltage proportional to
thermistor temperature.

TAB BC 0 Boost Converter output capacitor connection; driver supply.

Voltages are defined positive with respect to ground.
Currents are defined flowing into or from the pin depending on pins.

Datasheet
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Figure 5 Voltage and current definitions - IEC 60375
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3 General product characteristics

3.1 Absolute maximum ratings
T,=-40°C to +150°C; all voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

Table 2 Absolute maximum ratings
Parameter Symbol Values Unit | Note or condition P-
Min. | Typ. | Max. Number
Maximum voltage VBC (boost | Vgc.x -0.3 - 75 v 1) PRQ-26
converter output) - all pins
Maximum drain-source Vs - Vsy -36 - 75 v 1) PRQ-14
voltages on each output
Maximum voltage between Vex - Vsx -0.3 - 75 v 1) PRQ-331
gate and source pins on each
output
Maximum voltage between | Vgy - Vgs -0.3 - 75 Vv 1) PRQ-332
SW and RS pin
Maximum pulsed currentin | /gy - - 200 mA | Y PRQ-16
SW pin
Maximum operating junction | T wax) -40 - 150 °C 1) PRQ-23
temperature
Storage temperature TsTG(MAX) -55 - 150 °C 1) PRQ-24
ESD HBM susceptibility all Vesp(Hem) -2 - 2 kv 1) PRQ-130
pins Human Body Model
"HBM" according to
ANSI/ESDA/JEDEC
JS-001 (1.5 kQ, 100 pF)
ESD CDM susceptibility all Vesp(com) 500 |- 500 Vv 1) PRQ-131
pmns Charged Device Model
“CDM” according to
ANSI/ESDA/JEDEC
JS-002
ESD CDM susceptibility Vesp(com) 750 |- 750 Vv 1) PRQ-132
corner pins Charged Device Model
“CDM” according to
ANSI/ESDA/JEDEC
JS-002
1) Not subject to production test, specified by design
Datasheet 9 Rev. 3.00
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3.2

Functional ranges

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

Table 3 Functional ranges
Parameter Symbol Values Unit | Note or condition P-
Min. | Typ. | Max. Number

Voltage reference range for Vs(nor) 8 - 36 Y 1) PRQ-39
normal operation
Voltage reference extended | Vsex) 3 - 58 v 1) PRQ-266
range Parameter deviations

possible
Voltage reference range with | VsscjLow 3 - 8 v 1) PRQ-40
lower short-circuit protection
Input pins EN, |NA, INB VEN7 VlNA1 VlNB 0 - 5.5 \" 1) PRQ'307
Diagnostic pins DGO, DG1 Vosos Vbe1 0 - kpg*Ve 1) PRQ-308

N See kpg parameter

Interrupt pin INT VinT 0 - 5.5 1) PRQ-309
Comparator reference Vep(REF) 1 - 5.5 Vv 1) PRQ-183
voltage pins CPN, CPP
Comparator reference Vesoi(th) 2.3 - - \Y 1) PRQ-485
voltage on CSO1 CSO1 internally

connected to

comparator SC

CCSOl =220 pF

VEN >3.2V
Comparator reference Vesoa(Th) 2.3 - - v 1) PRQ-486
voltage on CSO2 CS02 externally

connected to any

comparator input for

short circuit protection

CCSOZ =220 pF
Analog output pins Vamp(saT) 4 4.6 5.5 Y Vs=VsnoR) PRQ-310
saturation CSO 1&2, TMPO
Current sense amplifiers gain |G 20 - 200 - 1) PRQ-317
range
Supply voltage range for Vac-Vs 6 - 15 v 1) PRQ-339
amplifier operation
Amplifier input voltage range | Vac-Visxx 6 - 15 v 1) PRQ-341
Amplifier input voltage range, | Vs-V sy - - 2 v 1) PRQ-344
VS related
Amplifier input voltage Visxx-oNp(TH) L | 02 0.7 1 % 1) PRQ-340
threshold for disconnection Visxx.onp falling
Amplifier input voltage Visxx-GND(TH) H |- - 1.5 Vv 1) PRQ-487

threshold for connection

Visxx-GND Fising

Datasheet
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1) Not subject to production test, specified by design

3.3 Thermal characteristics
Table 4 Thermal characteristic
Parameter Symbol Values Unit | Note or condition P-

Min. | Typ. | Max. Number
Thermal resistance junction | Rina - 27 - K/w |V PRQ-38
to ambient 2)

1) Not subject to production test, specified by design

2) According to JEDEC51-2,-5,-7 at natural convection on FR4 2s2p board; the product (chip + package) was simulated on a 76.2 x 114.3x 1.5
mm board with 2 inner copper layers (2 x 70 pm Cu, 2 x 35 pm Cu). Where applicable a thermal via array under the exposed pad contacted
the first inner copper layer. T, = 85°C. Device is loaded with 1 W power.

Datasheet
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4 Electrical characteristics

4.1

Static electrical characteristics

T,=-40°C to 150°C, V5 =8V to 36 V (unless otherwise specified), all voltages with respect to ground, positive current
flowing into pin (unless otherwise specified), typical values are given for Vs =14V and T, =25°C

Table 5 Static electrical characteristics
Parameter Symbol Values Unit | Note or condition P-
Min. | Typ. | Max. Number

Inputs pins
Input A,B & EN voltage high VingH)» VEN(H) 2.5 - - v - PRQ-74
level
Input A,B & EN voltage low Vinw» Ven) - - 0.7 v 1) PRQ-75
level
Input A,B & EN pull-down RIN(GND) 0.5 1.5 2.5 MQ |2 PRQ-318
internal resistor
Input Zener diode for local Vz(n) 5.5 6 6.5 v 1) PRQ-319
pins See Figure 3
Digital diagnostic pins
Ratio diagnostic pin voltage | kpg(H) 0.9 1 1.1 - - PRQ-84
high level over VEN
Diagnostic pin voltage low Vbe() - - 0.1 Y Vac=T72V PRQ-85
level
Diagnostic pin serial resistor | Rpg(gnp) 5 10 20 kQ - PRQ-86
Threshold for diagnostic VDS_DlAG(TH) 1 2 3 Vv Vs - VSA (DGO) PRQ-91
change in IDLE mode Vs- Vsg (DG1)
Diagnostic delay in IDLE tbG(IDLE) 0 40 100 us IDLE mode only PRQ-275
mode
Delay for current direction tisp 0 8 18 bs Indicates current flow | PRQ-164
change on DG1 direction change on

CSAlonly

ON mode only

|Vsensel = VisxsLino)

t=tcsaace)
Interrupt pin pull-down RINT 7 12 17 kQ - PRQ-88
internal resistor, SAFESTATE
active
Interrupt pin current leakage | /int(nosAFESTATE) |~ - 0.3 bA ViNT(H)= 5.5V PRQ-89
Comparator (CP)
Compa rator offset VCP(OFFSET) -50 - 50 mV VCP(REF)MIN < VCP(REF) < PRQ-284

VP (REF)MAX
Comparator leakage input Icp -100 - 100 nA Vep=5.5V PRQ-242
current

(table continues...)

Datasheet
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Table 5 (continued) Static electrical characteristics
Parameter Symbol Values Unit | Note or condition P-
Min. | Typ. | Max. Number
Temperature amplifier (TMPA)
TMPA input current ITMP(OFF) -100 - 100 nA - PRQ-185
TMPA input offset Vrmp(OFFSET) -10 0 +10 mvV |- PRQ-186
TMPA ratio krup 9.5 10 105 |- - PRQ-187
TMPA pull-down resistor Rtmpo 20 - 100 kQ 1) PRQ-188
Current sense amplifiers (CSA1 & CSA2)
CSAinput offset Visx(OFFSET) -50 0 50 Y 1) PRQ-323
CSAinput blind range Visx(BLIND) -500 |0 500 ny 1) PRQ-324
CSAX parameter
deviations possible
CSA delay maximum tesanaco) 0 200 400 Hs 1) PRQ-325
accuracy Vsensel = [Visx(sLino)|
|dVsense/dt| = 0.1
mV/ps
CSA settling time tesA(SET) 1 10 20 us 1) PRQ-328
from Vspnsg =10 mV
to Vgense = 12.5 mV
G=100
CSA output pull-down Resox 18 20 50 kQ |V PRQ-326
resistor
CSA gain intrinsic error &o) -1 0 1 % 1) PRQ-327
|Vsensel 25 mV
PSRR - CSA power supply PSRR1\H; - 105 - dB PRQ-336
rejection ratio 1)
f=1kHz
G=100
Resox =20 kQ
See Figure 34
CMRR - CSAcommon mode | CMRR - 116 - dB 1) PRQ-337
rejection ratio f=1KkHz
G=100
Resox =20 kQ
See Figure 34
Noise - CSA Voltage noise, RTI | Noise - 180 - nVrms |2 PRQ-338
G=100
Resox =20 kQ
RTI
1) Not subject to production test, specified by design
Datasheet 13 Rev. 3.00
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4.2 Dynamic electrical characteristics

T,=-40°Cto 150°C, Vs =8V to 36 V (unless otherwise specified), all voltages with respect to ground, positive current
flowing into pin (unless otherwise specified), typical values are given for Vs =14V and T, =25°C

Table 6 Dynamic electrical characteristics
Parameter Symbol Values Unit | Note or condition P-

Min. | Typ. | Max. Number
VCSOX typical overshoot OVScsox - 15 - % 1) PRQ-435

Resox = 20 kQ

Ccsox = 220 pF
|dVsense/dt| =7 mV/ps
G=100

from |Vsense| = |

VisxeLino)| to [Vsensel =
30 mvVv

1) Not subject to production test, specified by design

4.3 Protection characteristics

T;=-40°Cto 150°C, Vs =8V to 36 V (unless otherwise specified), all voltages with respect to ground, positive current
flowing into pin (unless otherwise specified), typical values are given for Vg =14V and T, =25°C

Table 7 Protection characteristics
Parameter Symbol Values Unit | Note or condition P-
Min. | Typ. | Max. Number

Protection thresholds
Current shutdown internal kesoi(Th) 0.718 |0.74 0.76 - Vs=8Vto58V PRQ-168
threshold ratio from EN pin ON mode, CSAL only
voltage See Chapter 8.1
Undervoltage threshold Vs(uv) 0.5 1 1.3 v Vs- GND PRQ-66

ON mode only
Protection delays
Delay between short circuit | tpscesor() 0.2 1.5 6 Hs 1) PRQ-181
and CSO1 high G =100

VEN =3.3V

|Vsensel = [VisxgLinp)]
Delay between CSO1 high tbCso1(H)G(L) - 4 6 us 1) PRQ-484
and gate 80% Ven=3.3V

CG(EQ) =100 nF

Reate=0Q
Delay between CSO1 high tocsorHynT() | 0-5 5 10 us - PRQ-182
and INT = low
Delay between CP hlgh and tDCP(H)INT(L) 1 9 17 ps VCP(REF)MIN < VCP(REF) < PRQ-184
INT Vep(REF)MAX
(table continues...)
Datasheet 14 Rev. 3.00
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Table 7 (continued) Protection characteristics
Parameter Symbol Values Unit | Note or condition P-
Min. | Typ. | Max. Number

Delay between UVonVS and | tpyyHyinT(L) 8 22 40 us - PRQ-320
INT = low
Delay between INT =low and | tpinT(L)6(L) - 3 5 ps Ce(eq) =100 nF PRQ-136
gate 80% Reare =0 Q
Delay between short circuit | tpsco(r) 0.7 5.5 10 Us 1) PRQ-330
and gate 80% G=100

VEN =33V

CG(EQ) =100 nF

Reate=0Q

Vsensel = [Visx(sLinb)|
Delay between short circuit | tpsco() Low - 12 27 us Vs = Vs(sc)Low PRQ-343
and gate 80% at low VS G =100

VEN =33V

CG(EQ) =100 nF

Reate =0 Q

|Vsensel = VisxsLino)
Time to reset tRESET 3 - 30 MS Reset from SAFESTATE: | PRQ-94

Ven < Ven() for treset

duration

1) Sum of PRQ-181 and PRQ-484 max. does match max. of PRQ-330 due to silicon process and variation.

4.4 Driver outputs electrical characteristics

T;=-40°Cto 150°C, Vs =8 Vto 36 V (unless otherwise specified), all voltages with respect to ground, current positive
while flowing out of pin (unless otherwise specified), typical values are given for Vs =14V and T, =25°C

Table 8 Driver outputs electrical characteristics
Parameter Symbol Values Unit | Note or condition P-
Min. | Typ. | Max. Number

Source pre-charge current Isource 6 15 25 mA Vs - Vsx = Vps_piag(TH) PRQ-56
Source pre-charge current Isource_F 10.2 15 25 mA 1) PRQ-342
falling edge Vs - Vsx2 Vps_piag(th)

T,=-40to 105°C

Vsy falling
Delay between EN = high and | tpsource 4 - 100 Us IDLE mode only PRQ-210
Source pre-charge current
active
Power on input delay tpol 0 2 5 Us Time to activate PRQ-158

protections before

turn-on after INx = high
(table continues...)
Datasheet 15 Rev. 3.00
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Table 8 (continued) Driver outputs electrical characteristics
Parameter Symbol Values Unit | Note or condition P-
Min. | Typ. | Max. Number
Turn-on delay to(oN) 1 4 7 us Ce(eq) =100 nF PRQ-50
Reate=0Q
Rise time on gate 20% to 80% | tg - 7 15 ps Co(eq)= 100 nF PRQ-51
of VBC - VS RGATEZOQ
Gate turn on short circuit ls(on) 50 175 - mA Vox-Vex=0V PRQ-52
pulsed current per gate
Turn-off delay to(oFF) 1 4 7 us Co(eq) =100 nF PRQ-53
Reate=0Q
Fall time on gate 80% to 20% | t¢ - 2 5 us Ce(eq) =100 nF PRQ-54
of VBC -VS RGATE:O Q
Gate turn-off short circuit Is(oFF) 350 1400 |- mA Vex- Vex =14V PRQ-276
pulsed current per gate

1) Not subject to production test, specified by design

4.5

Boost converter (BC) characteristics

T,=-40°Cto 150°C, Vs =8V to 36 V (unless otherwise specified), all voltages with respect to ground, typical values are

given for Vg=14Vand T;=25°C

Table 9 Boost converter (BC) characteristics
Parameter Symbol Values Unit | Note or condition P-
Min. | Typ. | Max. Number
BC Boost capacitor Cac 20* - - F 1) PRQ-137
Co(eQ) Co(eq) = external

MOSFET equivalent

gate source

capacitance
BC switching current Rgs 10 - 30 Q 1) PRQ-138
BC output VBC - VS regulation | Vgc(rh) 11.5 12.5 14 v - PRQ-139
voltage
VBC(TH) to UVLO regulation | Vgc(rg) 1.9 2.5 - v - PRQ-141
gap
BC undervoltage lockout uvLo 9.5 10 11 v - PRQ-140
voltage
Delay between UVLO and INT | tpyyiomyinT) |- 10 40 us - PRQ-142
=low
RS deactivation threshold VRs(Th) 0.7 1 1.4 v - PRQ-147
Forward voltage of BC diode | Vggc 0.6 0.9 1.1 Ig =100 mA PRQ-148

(table continues...)

Datasheet
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Table 9 (continued) Boost converter (BC) characteristics
Parameter Symbol Values Unit | Note or condition P-
Min. | Typ. | Max. Number

On-state resistance of BC Rbs(on)k1(25) 1 11 15 Q /=100 mA PRQ-150
switch T,=25°C
Boost converter off-time tBC(OFF) 1 4 5 ys - PRQ-152
Time to reach RS deactivation | tgs(th) - 920 - ns 1) PRQ-154
threshold Vg=12V

Rrs =10 Q

L=100pH/1.7Q

T,=25°C
Turn-off delay of K1 t(oFF)K1 0.05 0.2 0.3 us - PRQ-155
Boost power-on delay trop - 960 - us 1) PRQ-157

Vs=12V
Rrs =10 Q
L=100pH/1.7Q
Cgc=1pF

T,=25°C

See application note

"Getting Started with
2ED2410-EM"

1) Not subject to production test, specified by design

4.6

Current consumptions

T;=-40°Cto 150°C, Vs =8V to 36 V (unless otherwise specified), all voltages with respect to ground, positive current
flowing into pin (unless otherwise specified), typical values are given for Vg=14Vand T, =25°C

Table 10 Current consumptions
Parameter Symbol Values Unit | Note or condition P-
Min. | Typ. | Max. Number
GND pin current in SLEEP lonD+rs(sLeep) |1 6 15 pA Vs=24V PRQ-68
mode Vec=Vs
Sources leakage currentin Isx(sLEEP) 0.1 0.5 4 WA Vgar =24V PRQ-285
SLEEP mode Vs - Vox = Vaar
VS pin currentin IDLE mode | lys(ipL) -15 -6 -2 MA Vs=24V PRQ-69
Vsx=Vs
VS pin current in IDLE mode, | lys(ipLE)25 -10 -6 -2 pA 1) PRQ-294
25°C T,=25°C
BC current in IDLE mode Isc(ibLE) 5 10 50 pA Vg=24V PRQ-144
Vpc-Vs =14V

(table continues...)
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Table 10 (continued) Current consumptions
Parameter Symbol Values Unit | Note or condition P-
Min. | Typ. | Max. Number

BC current in IDLE mode, IBc(DLE)25 5 10 20 MA 1) PRQ-297
25°C T,=25°C
VS pin currentin ON mode Ivs(on) -20 -4 0 HA Vsy = Vs PRQ-72
VS pin current in ON mode, Ivs(on)2s -10 -4 -1 MA 1) PRQ-295
25°C T,=25°C

Vsx = Vs
BC current in ON mode Isc(on) 10 55 150 pA Vgc-Vs=14V PRQ-145
BC current in ON mode, 25°C | Igc(on)25 10 55 90 pA 1) PRQ-298

T,=25°C
BC current in ON mode, 25°C, | /gc(on)25_1csao | 10 45 70 bA - |Y PRQ-300
one CSA disconnected FF) T,=25°C

CSA 1 or 2 not used

see Chapter 7
BC current in ON mode, 25°C, | lac(on)2s_2csa0 |6 20 35 pA |V PRQ-301
all amplifiers disconnected | gp) T,=25°C

CSA 1 and 2 not used

see Chapter 7
BC current in ON mode, < Iac(on) 10 45 85 pA Y PRQ-302
85°C, one CSA disconnected | g5 1csA(OFF) T,<85°C

CSA 1 or2not used

see Chapter 7
BC currentin ON mode, < Isc(on) 6 20 45 pA |V PRQ-303
85°C, all amplifiers <85_2CSA(OFF) T,<85°C
disconnected CSA 1 and 2 not used

see Chapter 7
VS pin current in SAFESTATE | lyssapestate) | -20 -4 0 A | Vo= Vs PRQ-73
mode
BC currentin SAFESTATE IBC(SAFESTATE) 10 55 150 pA Vgc-Vs=14V PRQ-146
mode

1) Not subject to production test, specified by design
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5 General operation

5.1 Operating modes

2ED2410-EM 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.

INPUTS OUTPUTS
Operating mode Boost converter
EN|INA|INB P & output INT DGO DG1 Vesor | Vesoz | Vimeo | VeaVea | Ves-Vse | Isource comments
Vec-Vs
T - - - -
ol x1x SLEEP 0 1w 0 0 0 0 0 0 0 0 on_ce reset is done, provided that pull-up voltage is
available
DG, =0if V-V v f h output, else DG, =1 if
1o]o IDLE Vecrh) 1|Vs-Vs|Vs-vse2| 0 | 0 | 0 | O 0 [active® [ %70 sT o™ Vosomsmyfor Each ouTpul, €8¢ DA
VsV <Vps pins(mn)
110 pulse when|direction of’ Ve 0 Dhigh level: see Voeo. Voer in Functional Tabl
1701 ON Vec(rH) 1 K1 current | active | active | active 0 Vecm | active® |, igh level: see Vpeo, Vo1 in Functional ranges Table
. 3) 3 see chapter 6
11 activated CSAL Ve | Vecrh)
SCorUV VBC(TH) 0 1 NB: if several faults occurs in series, only first fault is
1| X | X | SAFESTATE UVLO < Ve(mhy” 0 1 0 active | active | active 0 0 active? |indicated by DG1 and DGO
CP Vecmh) 1 1 ®'depends on UVLO root cause
Figure 6 Inputs, modes and outputs states
| INA|INB=high
INA & INB = low
[ CSO1|VS(UV) | UVLO|CP |
for treser duration
Figure 7 State machine of 2ED2410-EM
.
5.2 Current consumption

The current consumption of the driver from the system battery (or power supply), also named quiescent current
() of 2ED2410-EM, depends on:

« The mode thedriverisin

«  The external components used for the boost converter, which is both the driver supply and the external MOSFET
gate supply
+  For SLEEP mode, additionally depends on the MOSFET structure used
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In this datasheet only consumption at driver level is provided, not at system battery/power supply level. Details of
quiescent current calculation from the battery are provided in the application note "Getting started with 2ED2410-
EM".

5.3 Timing diagram

The following diagram shows digital inputs, digital outputs, the boost converter output and gate outputs from SLEEP
to ON until short-circuit event occurs, and the reset procedure back to SLEEP mode.

INA,B are turned ON
EN=high EN=low for treseT to
INA=INB=low Short-circuit on Cac - Bestaccuracy SCoccurs on power line  perform reset
Proti'clt;[ons reached on Vesou(tw) reached INA and INB are set to low.
- available e —
BC s ready chsznsg;" amplifiers cyrrent direction INT=low GA and INT=high
changed EN=high
| | | | Y are off BC is ready
A i
Vac | | [ [ | I [ [ T B | | agam
| ————. L~ I [ o | | |
VBc(TH) t Nt t T V’\\ T AT e i
| //‘I |\| I / [ A Il [ ;\\I | / |
UVLO T 1 |l 1 T T T T T T T T T L 1 1 T P |
:/ I I V [ [ [ oY I
Vs | [ I | | [ | [ |
1 i (I [ i i (I [ R I T |
| | [ o I | [ [ T I A [ |
| | [ o I | [ o [ | =
A T T T T T T T T T T T T T T T T T | > t
| | [ o | | [ [ T I A [
Voa | | [ o | | [ [ T I A [ :
| | [ I |t +—t 1~ | [ |
80% T | (R e A (I T i (R |
| | [ [ | | [ [ Y [ |
N | | [ [ | | [ [ | [ |
ZO 0 T I | L T J J T |l T T T T L Y | | T T | g t
K T T T T 1 1 T T T 1 T T T1 T T 1 | >
Vs | | o [ | | [ [ T I A [ | |
| | o [ | | [ [ [ | |
0 | | 1 | | [ T T T T 11 | [ I
80% | i [ [ | I (I [ | T |
| I o [ | I [ [ Y [ | |
| I o [ | [ [ | [ |
200/0 T I 1 - T I ’ T i T T T T N ! ! I 1 L » t
K | | (I [ | I [ T [ | >
VINT L 1 L L L L — L L 11 | | _‘_'_
| | [ [ | I [ [ 11 [ | |
| | [ [ | I [ [ 11 [ | |
| ] ] - | | ] ! 1 1 1 1 Ll | | | - >» t
A | | [ o | I [ [ o |
Vbe1 | | | r ‘C o T P T c L | ; | =T 1 | |
| | | | urreqz owss from | urrent rlows from ! I ] | |
| i Logic state deper%ds Jln \/%755 | | Jsp to Isi | Isntolge | i | | | Logic s:ate depends on Vpss
c t f —t— f——f——t—— t t -+ t— T > t
V. | I o [ I [ |1 1| fCidentified | | | |
DGO | | I 1 | | [ | [ o o |
| | Logic state deperlds o Vbsa | | | | [ | | I I L1 | Logicsfate depends on Vosa
| | I [ | | [ | [ [ 1
T T I | —— T T L — | ——— | > t
vV | | 11 ! 1 L L | | | L 1 [ |
NA pinstate does ) | [ I | | [ [ [ |
ot dirtat /A I [ I [ [ || | INApinstate doegnot natfer | |
| | [ L ! | [ I R v 8 L [ > ¢
| | [ I | | [ o o |
Ving i e I [ —t— +—+ ——t——t—t + 1o |
pin state does | | o I | | [ [ e | |
rotfgttet | | o | | | | | | | /NBPV% state doeﬁ not at}er | :
5 L ! — I } ! [ Il Il Il . L V- | » t
r | | [ [ | | [ [ [
Ven T 11 T T T T T 1 1 T 11 [ |
I o [ [ [ [ [ |
I [ [ [ [ [ [ |
A f H f N T 1 > t
: | teop \ :H toon) } ﬁo %Q@ @9&,@1 : \tRESET: :
| ! No SAFESTATE trigger | EPOI, N XL |
ifUVLO in IDLE mode tesaace) S
| | | < L [ SLEEP
| | | e =
| | | : [
| | | |
LEEP AFESTATE
H—S —>«—————IDLEmode————»«——————ON mod SAFES IDLE mode—>
| mode | | | mode (e
Figure 8 Timings diagram with IDLE mode, ON mode with short-circuit event and SAFESTATE with
reset - Note: time and voltages are not to scale
. .
5.4 Logic pins

Logic pins are compatible to 5V and 3.3 V microcontrollers. They can be connected directly to a microcontroller
output without the need of an additional component. There is an internal series and pull-down resistor (PRQ-318).
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A Zener diode limits the voltage at these pins to V() (PRQ-319). An RC network for stabilizing voltage on EN pin can
be used, since EN voltage is used for internal reference in the logic.

VusuppLy

Vic |

VBC-x

To driver
DGO, BN block
DG1 : IN(GND)
J200kQ
INB ]

N
E
N
LT
=~ oo —

Figure 9 Digital 1/O

The inputs control circuitry drives the output gate driver stage. They are pulled-down to GND with a Ryy(gnp) resistor
to avoid an unintended switch-on.

The inputs circuitry are set to logic high when Viyx > Viyn) or Ven > Venn)-

The EN pin controls the ON/OFF of the boost converter and biases all analog logic.

EN =1 sets Vpc-Vs = Vgt after a time tpop.

The INx pins directly control the gate outputs therefore INA =1 sets GA=1 and INB = 1 sets GB = 1. The inputs/outputs
A and B are independent.

If EN and at least one of the INx pins are set high together, protections and measurements are turned ON but
gates turn-on only when Vgc-Vs = Ve (rh).

When driver enters ON mode by INx = 1, protections are ready after a time tpg; and amplifiers get maximum accuracy
after a time tcsaacc) (see Chapter 4.1).

The INx and EN pins are set to logic low when Viyx < Viyq) o Ve < Venq)-

The digital outputs give back either a low or high logic level signal. The output high voltage level is based on Vg and
is given in the electrical characteristics table as a ratio between Vpgy, and Vgy. See parameter kpgin Chapter 4.1.

DGO and DG1in a low logic state have a value < Vpg(). The state of the diagnostic depends the operating mode the
driver is in, refer to Chapter 5.1.

In ON mode, DGO reflects the activation of boost converter switch K1 (see Chapter 9): each time K1 is activated, DGO =
1.

In ON mode, DG1 reflects the current direction on CSA1: DG1 =1 if current is flowing from ISP1 to ISN1, DG1 =0 if
current is flowing from ISN1 to ISP1 (see Chapter 7).

INT pin is an open-drain output. The intent is to deliver an interrupt signal to relevant surrounding devices, such as
microcontroller or power supply management chip (e.g. Infineon SBC).

INT needs to be externally pulled-up, e.g. to the microcontroller supply VDD. The value of V|t when SAFESTATE is
triggered, is the result of the voltage divider between the external resistor Rgxr and Ryt (see PRQ-88).
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DG1=« high » shows SB Current direction

voltage is close to VS changes CP comparator event

DGO=«low » shows SA triggers SAFESTATE mode
voltage is not close to VS

Vint 4 [

VDD

RinT/(RiINT+RExT)*VDD
Vpe1

\4
~

___,_____
_— e — — = —

koc*Ven

0.1V
Vbeo

\ 4
~

kpG*Ven

0.1V

\ 4
~

—_ g — —

VEN

» t

I
]
|
|
1
|
|
t
)
|
L
I
I
L
f
I
|
1
|
|
|
|
|
I
I

| ITRESET
| |

<« SLEEP— >« IDLE——>«—ON—>'< SAFESTATE »« SLEEP-—»

Figure 10 Diagnostics behavior

5.5 Gate outputs

2ED2410-EM features two identical gate outputs GA and GB working with source pins SA and SB respectively.
These outputs are activated by setting the corresponding digital input INA or INB to a high logic level.

The structure of these outputs is a push-pull and the logic ensures by design that both MOSFET K2x and K3x
are not ON at the same time (no shoot-through).

K2x are P-channel enhancement MOSFET and K3x are N-channel enhancement MOSFET.

The current to switch ON the external MOSFET connected to the gate driver is delivered by boost converter capacitor
Cgc, through K2x to the gate pins Gx.

The current to switch OFF the external MOSFET is sunk from gate pins Gx through K3x to the source pins Sx.

|
|
\
|
|
\
CONTROL
INX g)—r
| LOGIC
|
|
\
|

Figure 11 Gate output structure
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When the first input is switched on, a time delay tpp, needs to be considered. This time delay, power-on-input, is
needed to make sure protections are activated before sending gate signal activation, so 2ED2410-EM never
switches the MOSFET on without current sense and temperature amplifiers. If these functions are not used, tp, still
needs to be considered.

If Vgc-Vs < Vge(rh) when the input signals INx are set high, the driver is in ON mode but the gate outputs remain OFF
until Vgc(ry) is reached on boost converter output.

If Vgc-Vs < Vge(rh) 0ccurs when the gates are ON, this under-voltage on the boost converter triggers the lock-out of the
gates and the driver enters SAFESTATE, consequently turning and keeping off the gates. See Chapter 8.4 and refer to
Chapter 9 to see how gate outputs and the boost converter are connected.

The timings for the gate outputs are described in Figure 12.

An event happens and forces VBc-Vs voltage to drop
(e.g. external MOSFET gate-source leakage)
Vine 4
[
Lo
L
Vox , L t
80%(- —— ——L —— '
200 ————L__
A t
Vinx
Vex t
80%F————"T—"————————
o |- - - - ——————— ===~ ————
20 ————f———————— =
t
toon) tr tDUVLO(H)INT(L) | EDINT(L)G(L)
<IDLE ON SAFESTATE—>
Figure 12 Gate timings (not to scale, for understanding purposes only)
5.6 Ground loss protection: module level

MOSFET K3 (see Figure 11, chapter 5.5) is turned on by default on each output as long as VS present.

If GND board/ECU connection is lost, K3 remains on or is turned on as long as the below conditions are true.
As a result gate-source is pulled-down in the following conditions:

« VS pinis connected to battery line

+  GND board/ECU disconnected

o SLEEP, IDLE, ON or SAFESTATE modes

In ON mode, if GND board/ECU is connected back, driver outputs are turned on again (and therefore K3 switches
off) without necessary reset from pin EN.
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6 Low by-pass current feature

When in IDLE, ON or SAFESTATE mode, 2ED2410-EM can sink a low current from VS pin to its source pins SA and/or SB
and from SA to SB or SB to SA.

The activation is autonomous.

Up to Vsx = Vs- Vps_piag(Th)s Isource is delivered with typical value (see PRQ-56). When Vs - Vs pjag(th) threshold (see
PRQ-91) is reached on the corresponding source the Isqyrce decreases gradually and is turned-off when Vgp = Vs = Vs,

In IDLE mode, 2ED2410-EM is able to supply a current Isgyrce to supply ECU idle or sleep mode currents, while
keeping its self-consumption very low.

It can also be used to pre-charge ECU input capacitors in the downstream power-net, and keep them charged in car
park mode with minimal current consumption.

If a short-circuit occurs at ECU side during the driver's IDLE mode, Isource is still supplied, however Vpgy is constantly
monitored and the corresponding DGx is set to low. This allows, for example, detection of a short-circuit before turn-
on. See Chapter 7.1 for diagnostics behaviour in IDLE mode.

From Battery
4 Idle or
2ED2410-EM SB > pre-
L charging VSA A [EN=chigh»
current _J‘
DG1 ] . VsB =VBAT 1 T T T T T == { —
K monito\r/iaz . Vs =T —; —} — —‘T ______ 'l_ —_ -
+ Vbs_pIAG(TH) ! ! ! !
i el V. _ .
/a\ vs 1/ |
N 1/ |
VbGo —t ! ! -
5 s ' EL, b S A B |
monitoring_ : L kDG Ven } } }
: | | |
Isn ——— : -t
1 Isource NN o L
" > Isource ™ ] N
| | |
| | ! -
\§ J - t
tDSOURCE
To LOADS
Figure 13 Low by-pass current principle of operation and timing diagram (not to scale)
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7.1 VDS monitoring in IDLE mode

The VDS monitoring function can be read on DGx pins in IDLE mode.

DGO and DG1 respectively monitor Vpsa (Vs - Vsa) and Vpsg (Vs - Vsg), provided that MOSFET drains are connected to VS
pin.

If VDSA (Or VDSB) > VDS_DlAG(TH) =>DGO (Or DGl) = low level (ISOUI’CE active, see Chapter 6)

If Vbsa (or Vpsg) < Vbs_piag(th) = DGO (or DG1) = high level (/o active, see Chapter 6).

MOSFET sources are compared to an internal reference voltage Vs - Vps_piag(Th) (See parameter Vpg piag(th))-

From Battery

2ED2410-EM SB
X
DG1 ¢8 '
« high/1 » VDS ]
(Vse > Vs-Vbs_pIAG(TH)) monitoringJ, al
Vos_piag(tH) . I_.
J v
N\ %
[
—
VDS GA €
monitoring L o
« high/1 »
(Vsa > Vs-Vbs_piac(TH))
X
SA

Capacitive LOAD
e.g. electronic control units with
input capacitors

Figure 14 VDS monitoring diagram with example

VDS monitoring detects various situations depending on the switch’s position in the boardnet.
A non-exhaustive list of possible switch position in the boardnet and situation are described below:

Case 1: battery - resistive / inductive load configuration
The driveris used to drive the load.
DG1 = high show an open connector / or load is high impedance (HZ) > Vgat/ Isource-

DG1 = low shows that the load is still present. To avoid leakage Isource in IDLE mode, SLEEP mode can be used in car
park mode.
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Case 2: battery - Electronic Control Units (ECU)/capacitive load configuration

The driver is used to separate a power-net which is without power supply from the main power-net with power
supply. DG1 = high shows that all ECUs input capacitors are charged and that there is no leakage.

DG1 = low shows that ECUs input capacitors are charging with Isqyrce or that there is a leakage.

Case 3: battery - battery configuration

The driver is used to connect two power-nets where both power-nets have their power supply.
DGl = high shows that VBAT(A) - VBAT(B) < VDS_DIAG(TH)-

DG1 = low shows that VBAT(A) - VBAT(B) > VDS_DIAG(TH)-

Avery high current may flow when reconnecting and trigger SAFESTATE. Inductances between batteries must be
carefully considered, including ground path.

L
T
R/L
LOAD | L L
TR
wn 1

2ED2410-EM

VBAT(A) @

2ED2410-EM

VBAT(B)

©)

2ED2410-EM

Figure 15 Cases1,2,3

7.2 Current senses in ON and SAFESTATE modes

The 2ED2410-EM features two integrated current sense amplifiers (active in ON and SAFESTATE modes).

These current sense amplifiers CSA1 and CSA2 are implemented with two identical differential amplifiers with a
wide adjustable gain (G) (see PRQ-317).

The inputs are ISPx and ISNx pins and the outputs are CSOx pins.

The current sensors must have a high-side position, or be positioned between the MOSFET drains in a back-to-back
common drain configuration.

The current sense amplifier enables the monitoring of the the currents flowing into the shunt (or MOSFET) in both
directions, which is referred to as bi-directional current sensing.

The gain is set with external resistors R spy = Rjsny ON input (on sensor side) and Rcsoy 0N output (on microcontroller/
connector side). R;spy and Risny can be different if a different gain is necessary depending of the current direction. On
CSA1, this difference in gain also impacts the short-circuit protection, which can be higher or lower depending on the
gain magnitude.

Resistor values can be adjusted based on the customer’s current sensor solution.

The output is an analog voltage signal, V5o, Which is proportional to the current flowing through the current sensor.
It can be directly read on pin CSOx (Current Sense Output) by a microcontroller. V5o, output voltage varies from 0V
to Vamp(sar), in both directions, providing better accuracy than current sensors using an offset as middle point for zero
current.

The information of current direction is available only for CSA1 and can be read in ON mode directly on pin DG1 (0 if
current direction is from ISN1 to ISP1, 1 otherwise) by a microcontroller.
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When the current sense amplifier input voltage Vsgnse is within Vi, g np) range (voltage drop across the shunt resistor
is low), the device is not able to feedback accurate current sense output information and current direction. A time tp,
for current sense direction change and DG1 reaction time, needs to be considered.

CSAL1 features an integrated comparator for fast short-circuit protection. See Chapter 8.1.

CSAX Visi-GND(TH)
N
BC “ A [ [
Vsense } } } }
fa L 7 A 1P g (R — L %
L=< L N T
vesor | csox o ‘ > + H b
¥ - % or JE& ] Vsense Vesox 4 i i i i
5 [ [
: Vo & o eSS
g ot L 1
CSAL only CSAlonly ! J
DG1 (ON mode only) Carrent o >t
X direction tisp tiso
Visxx-GND(TH)
Figure 16 Current sense measurement principle and timing diagram [not to scale]

The amplifiers are supplied between BC and VS. If the Vgc-Vs voltage is below or above its functional range (see
PRQ-339), the amplifiers input switches open. As a result the current sense function is not ensured and random
reconnection can lead to an unwanted SAFESTATE.

The gain of the current sense amplifiers is configurable by three external resistors (Rcsox, 2 X Risxx)-
The relationship between Vggnse and Vg, through the current sense amplifier is given by:

Reso
Vesox = |Vsensel X Ris = (1)
XX
Where the gain is set by:
R
Gesox = RCSOX (2)
I1Sxx

Special care has to be taken when setting the gain, parameters G (PRQ-317) and Rcsoy (PRQ-326) must be observed.
Resistors are recommended with at least 1% precision and must be placed as close as possible to the 2ED2410-EM
pins. See application note "Getting started with 2ED2410-EM" for a complete description on how to use the current
sense amplifiers.

If not used, CSA1 or CSA2, or both, can be simply disconnected with the following configuration. One of the two input
pins, either ISPx or ISNx needs to be connected close to GND, so that Visy.onp < Visxx-gnp(TH) L (PRQ-340).

This reduces driver self-consumption in ON and SAFESTATE modes.

To ensure reconnection of the current sense amplifier, the voltage at the current sense input pins relatively to GND
must exceed VISXX—GND(TH)_H (PRQ-487)

Warning: short-circuit protection with internal comparator on CSA1 are also disabled if CSAL is disabled.
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7.3 Temperature measurement amplifier in ON and SAFESTATE modes

The 2ED2410-EM features an integrated temperature monitoring amplifier TMPA (active in ON and SAFESTATE
modes). This temperature monitoring function is implemented with a differential amplifier. The input pin is TMP and
the output pin is TMPO. The temperature amplifier enables monitoring of the heat flowing into the Rytc by monitoring

Vrmpo-

The gain is not directly adjustable and the ratio ktyp is kept constant by the driver auto-adjusting the gain.

The ratio is kept with the Ryrc in input and Ryypg in output. Resistor values can be adjusted based on customer’s
thermistor solution.

In this datasheet, the temperature sensor is referred to as “Ryc” but other sensors, such as PTC or other thermistors
can be implemented.

The output is an analog voltage signal: Vqypg represents the temperature in the Rytc. It can be directly read on pin
TMPO (Temperature Output) by a microcontroller. Rtyp is not mandatory, but may be needed for linearisation of the
output signal Vyypo, depending on the thermistor solution choice.

TMPA can also be disabled if not used. TMP and TMPO pins can be left floating.

2ED2410-EM

Power

ITMP(OFF) Itmp
. [ —< Rimp [ Rntc | path
+ ~ LVrvp
g TMPO O—s

Ven
+ ktmp % o JE“}

Vrvpo

.

Figure 18 Temperature measurement diagram

The ratio kqyp is defined as follows according to the Block diagram.

Kparp = — BN 3
TMP — 1% ( )
TMP
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8 Protections features in ON mode

8.1 Short-circuit protection

CSAL1 has a fast comparator on its output CSO1, which allows 2ED2410-EM to enter SAFESTATE mode when V¢so;
reaches Vcso1(th) = Kcso1(TH) X Ven-

This allows fast turn-off delay time in case of overcurrent/short-circuit when CSA1 is used. The 2ED2410-EM is able to
switch off the MOSFET without the microcontroller.

The gate output switch-off delay is tpscg() and can be computed by the sum tpscesorm) + toesoi(mys()- However, the
maximum of tpscg(r) is not the sum of the maximum of the other delays, because of silicon and process variations.
Only the maximum of tpscg() (PRQ-330) must be considered for the worst case switch-off delay in case of short-circuit
detection by CSA1 and comparator SC.

Refer to the application note "Getting started with 2ED2410-EM" for the approach on sizing the overcurrent
protection threshold.

See Chapter 5.1 for details on diagnostics in SAFESTATE mode.
Once in SAFESTATE mode, the driver needs to be reset.

+ ISP1 A +
cso1 | — [] VsENnsE
B X R
= -
+
Comp_SC
+
()‘ Ven*Kcso1(TH)
SAFESTATE =
+
SAFEIS,TATE
+
0 INT () ) VbEsat
1 DG1 Control GND Current
H directi
DGO LOgIC Irection
0
Figure 19 CSA1, internal comparator and diagnostics (one amplifier direction represented for
simplicity)

The nominal voltage range for short-circuit protection is Vsnog) (see Chapter 8.1) and protection is ensured with the
short circuit comparator ("comp_SC"). In the Vg(sc) ow range (PRQ-40), the short-circuit detection and shutdown are
covered (as long as conditions in paragraph Chapter 9 are fulfilled) with the dedicated desaturation comparator
("comp_DESAT") leading to a Vs voltage dependent short-circuit protection threshold Vcsoth) = Vpesar (see Figure
20). The short-circuit switch-off delay within Vg(sc) ow range is tpsce()_Low (see PRQ-343).

The variation of Vcgo1(th) to Vs is shown in the following graphs:
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CSO1 protection threshold CSO1 protection threshold,
ZOOMED
5.0 5.0
Vs(uv), PRQ-66
4.0 4.0 y
VbEsaT /
3.0 3.0 /
s s 5/
z H
S o | [T T TT T S 20 /--__'——_
Ny Ny /
1.0 - 1.0 .
o e \/EN=3.3V o= e \/[EN=33V
VEN=4V VEN=4V
VEN=5V VEN=5V
0.0 e 0.0 e
0 5 10 15 20 25 30 35 40 45 50 55 0 1 2 3 4 5 6 T 8
Vs [V] Vs [Vl
Figure 20 Typical Vegoy(tH) Versus Vs (independent of 7))
8.2 Undervoltage protection on VS

VS pin has an integrated comparator comparing permanently Vs voltage to Vs, reference (PRQ-66), which allows
2ED2410-EM to enter SAFESTATE mode when Vs reaches down Vs level (see Figure 22).

The turn-off delay time is computed by the sum tpyyyinT) * toint)e() (PRQ-320, PRQ-136).

This has two consequences:

+ Thedriveris protected down to 0V on battery, meaning that a very strong short-circuit that brings the voltage on
VS node to 0 Vis covered and switch is protected.

+  Thedriver could be sensitive to micro-cuts on the supply. Refer to application note "Getting started with
2ED2410-EM" for solutions to handle micro-interruption requirements.

See Chapter 5.1 for details on diagnostics in SAFESTATE mode.
Once in SAFESTATE mode, the driver needs to be reset.
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2ED2410-EM
UV protection
VS
D +
Comp
l +
T Vs(uv) i
oNp SAFESTATE
0 INT
1 DG1 Control
Logic
0 DGO
Figure 21 Vs(uv) protection diagram
8.3 Custom protections with comparator

The 2ED2410-EM features a voltage comparator with inputs CPP and CPN.

This comparator can be used to trigger SAFESTATE mode based on any analog voltage, even a voltage external to the
2ED2410-EM.

CPP is the positive input of the comparator and CPN is the negative input.

Vcprer can be adjusted by microcontroller, or fixed by an on-board power supply chip, such as an Infineon SBC, or a
simple voltage divider, within the limits Vcprer) for stability.

Using this comparator allows 2ED2410-EM to enter SAFESTATE and turn-off MOSFET independently from the
microcontroller. The comparator reacts with a delay time tpcp(nynT()- Consequently the turn-off delay time in case of
shutdown by comparator CP can be computed by the sum tpcpyinT() + toinT)6(L)-

When SAFESTATE mode is triggered, the digital outputs {DG0;DG1} feedback the latch code {1;1}. See Chapter 5.1.
Once in SAFESTATE, the driver needs to be reset.

Below are 4 possible use cases:
Case 1: overtemperature protection using TMPO output.

Case 2: |-t wire protection using RC. Both limits, short-reaction time and long-time direct current are adjustable
dynamically (for example a microcontroller PWM output) with Vgy and Vpgrer respectively.

Case 3: protection using any external signal. The Vcprer) can be dynamically adjusted by microcontroller. For
example, for battery switch application, the current feedback from BMS can be used to trigger the SAFESTATE mode.

Case 4: undervoltage protection by monitoring VS with simple voltage divider.

Note: this custom protection is available together with the short-circuit comparator on CSA1 output.
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2ED2410-EM 2ED2410-EM

+

SAFE
STATE

SAFE

|

I

|

| FORCE
STATE !

|

I

I

|

¥
Veprer

©) ®
Figure 22 Comparator use cases examples
8.4 Gate undervoltage lock-out protection

The purpose of the gate undervoltage lock-out protection UVLO is to avoid to drive MOSFET in linear mode due to a
leakage on boost converter output or MOSFET gates.

If Vgc - Vs < UVLO in ON mode, the driver enters SAFESTATE mode.

UVLO protection function is activated in ON mode, if at least Vg - Vs has satisfied the condition V¢ - Vs > Ve (rp) at
least once in ON mode.

If Vgc - Vs <UVLO in ON mode and Vg¢(rh) has not been reached once in ON mode, the device does not
enter SAFESTATE mode because UVLO is not activated, but gates do not turn on.

As a result this situation can be detected by INT = 1 and DGO displaying the maximum frequency of the boost
converter, given the implemented boost converter external components. Once in SAFESTATE, driver needs to be reset.

8.5 Reset of SAFESTATE
2ED2410-EM has one way to actively reset the SAFESTATE: the voltage on EN pin needs to be pulled low for tgeser.

Set Vg < Veng for treser, see PRQ-75. See Figure 8 for timing diagram.

Once EN pin is pulled down, INT signal goes up once the driver reaches SLEEP state again.
SLEEP state can be verified by DGO = DG1 = low.

2ED2410-EM can move back to IDLE mode by EN=high and INA=INB=low.

Note: If INA or INB remain "high" when EN is set "high", the driver immediately enters ON mode if the condition Vg -
VS = VBC(TH) is satisfied.
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A boost DC/DC converter structure is the supply of 2ED2410-EM.

The diode and the activation switch K1 are implemented in the driver, but the capacitor Cgc, the resistor Rz and the
inductor L1 have to be added as external components.

The boost converter is active in IDLE mode, ON mode, SAFESTATE mode. It is off in SLEEP mode.

The boost converter starts when Vs = Vgyor) and Vey = Veyn) (PRQ-74). Then, once Vi - Vs = V) (PRQ-139), the
boost converter operates normally over the Vsgxr range. If Vgy < Ve, the driver goes back to SLEEP mode from any
of the other three operating modes and the boost converter is stopped.

The switch K1 activation time is reflected on pin DGO in ON mode.

Boost converter
output
VBe - Vs= Vae(th)
1 Cso1 J TMPO
2 cso2 [ — TV 7| s
2ED2410-EM | |
3 CPP GB
4 CPN I I ISN2 [X
Boost converter | I
5 INT I I I1SP2 [X
DG1 I T™MP [X
Boost converter TAB=BC |
frequency B 6o | | v Start: Vs = Vs(NoR)
GO information . we | N Operation: Vs =Vs(ex)
9 wa | I isme
Boost failure 10 e [ I o &
MOSFET Gate-source short | |
11 GND . . . SA
12 RS W [X
Figure 23 Principle of boost converter as driver supply

The topology of the 2ED2410-EM supply is a boost DC/DC converter working in current mode control.

2ED2410-EM
sw D BC
— WA | +
+ L CONTROL Coc
J K1 %‘l Vac-Vs
RS, SASB : +
Vs +9 g g
X
Ves| | Vs
GND
Figure 24 BC topology used as gate supply

Activation:

« Klisanintegrated MOSFET, switched on when Vg - Vs < Vg¢(rh) and Vgs < Vgs(rh) (PRQ-147)
« Klisturned off when Vgg > Vgt Or Ve - Vs > Ve (th)

+ Theinductor charges the Cg¢ capacitor through diode D

« D hasaforward voltage drop of Vggc (PRQ-148)
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The K1 MOSFET cannot restart during tgc(orr) (PRQ-152) after Vgg(r) has been reached. This limits the boost
converter maximum frequency.

INAJINB

|— UVLO detected
Ve I S Q—>>1ATCH
uvLo
INA|INB ~ Vec > Vecrrh) |’ o
|_'—\ OND—LD7 — .
e/ >

LATCH R_Q
Vsc OK
RESET To driver
hd block

ol

Power
Line

N Vec < Vee(th) = 0
V‘i—‘ + Vec > Veeh) = 1
Comp
Vee(tH) _
K1
Delay
tBC active=1 Vrs < Vrs(tH) = 0
VRs > VRs(tH) = 1
Delay on | RS
rising edge—t Comp+ L g x +
+ Vks
VRrs(TH) ‘
GND
GND
Figure 25 Boost converter control logic

The current in the inductor is limited by the Vgg(tiy) comparator which monitors the voltage across Rgs. Due to the
delay in the loop, tp(orr)k1 (PRQ-155), the inductor current exceeds the threshold set by: Vgg(rp).

The current waveform in the inductor is not linear, but exponential, because the sum of the resistance of K1, the
parasitic resistance of inductor L1 (R|), and Rgs is not negligible in the K1 short activation timeframe.

The calculations are described in the application note "Getting started with 2ED2410-EM".

Ipeak*RRs i : ‘
| ! /
VRs(TH) /
VRs ! : ‘
| \:/ |
3 tRs(TH) to(oFF)K1 3
¢ S
| ton i
Figure 26 Current peak control
The peak current must not exceed the maximum rating of /s,y (PRQ-16).
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10 MOSFET connections in application
The next figure shows a few typical connections in which the 2ED2410-EM driver can operate.

Amplifiers CSO1 and/or CSO2 can be disconnected to reduce 2ED2410-EM self-consumption. See Chapter 7.2.

Any custom protection signal can be connected to the additional comparator regardless of the power MOSFET
structure used, see Chapter 8.3.

See application note "Getting started with 2ED2410-EM" on what to do with non-used pins.
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SHUNT | [t ~—{SHUNT %
e
<
2 s 5 2 < g
2ED2410-EM 2ED2410-EM
H SHUNT [—% 71—
= X-— XX XX X
o
“5 ¢ R 2 kg &5 3 386 3
2ED2410-EM 2ED2410-EM
%
; T
VS =
_|
% m T
T
c > =
= 1 ) —
> - g —
w
Y N L
— o I_:
N N |
o
wl
N L
< —
| e
—
3 —
ey ]
Figure 27 Typical MOSFET and shunt resistor connections
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The graphs shown in this section are measured on typical parts, on a limited number of samples.

The goal is to show the variation of some parameters along the driver's operating voltage range and temperature, or a
specific behaviour.

T;=-40°Cto 150°C, Vs =8 Vto 36 V (unless otherwise specified), all voltages with respect to ground, typical values are
given for Vg =14V or/and T, = 25°C.

Leakage to GND in SLEEP mode, Source pins leakage in SLEEP
Ienp+rs(sLeer), PRQ-68 mode, Isx(sLeer), PRQ-285
1.0
7.0
0.9
6.0 // 0.8
0.7
5.0 /j,/
0.6
T 4 P T
I * = T 5
e / e .
= T
w w
4 3.0 | 4 0.4 -74/
b3 L~ 3
e <
e —gV 0.3 8V
3 20 L
~ 14V e 14\
0.2 L
24V 24V
1.0 u
——36V 0.1 —36V |
e 58V e 58V
0.0 ; f 0.0 f f
-40 -20 0 20 40 60 80 100 120 140 -40 -20 0 20 40 60 80 100 120 140
T,1°C] T,[°]
Figure 28 Driver leakage in SLEEP mode
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BC current in IDLE mode BC current in ON mode
Iec(ioLE), PRQ-144 Iec(on), PRQ-145
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Figure 29 Current consumption
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Iys(on) [pA]

BC current in ON mode, 2 CSA off
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Figure 31 Switching timings (GA or GB)
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Amplifiers output saturation CSA start-up waveforms with
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Figure 33 Amplifier characteristics
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Figure 34 Amplifiers characteristics continued
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Amplifiers settling time, Source current with Vs - Vsx
dv/dt =1.5 mV/ps, tcsaser), PRQ-328 variation, Isource, PRQ-56
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Datasheet 45 Rev. 3.00

2025-09-18



o~ _.
EiceDRIVER™ APD 2ED2410-EM Inflneon
Datasheet

12 Application information

12 Application information

Note: The following information is given as a hint for the implementation of the device only and shall not be regarded as
a description or warranty of a certain functionality, condition or quality of the device.

12.1 Application setup

Note: This is a simplified example of an application circuit. The function must be verified in the real application.

Boardnet 1
(e.g. Battery 1)

CSO2

CPP

CPN

X TMPO
Sl Cisxx-BcT -
Cso1 ISP1 bd—a— 1
- 1Sxx
2ED2410-EM | ope HSHUNT
Risxx
— —
INT ISN1 Cisxx-Bc L !
DG1
DGO
INB
INA
EN
GND
Reno Vs
\
Boardnet 2/
Sub-boardnet
Figure 36 Common drain application diagram
12.2 External components
Table 11 Suggested component values
Reference Value Description [ Purpose
Rprot 1...10 kQ Protection of the microcontroller 10s
Ren <10kQ Filtering of short circuit reference voltage
Cen 10 nF Decoupling of short circuit reference voltage
(table continues...)
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Table 11 (continued) Suggested component values
Reference Value Description [ Purpose
Rcsox 25 kQ Current sense amplifier 1 or 2 gain setting output resistor
R\sxx 250 Q Current sense amplifier 1 or 2 gain setting input resistor
Ccsox 220pF/10V dV/dt robustness - populate when current sense output used for short circuit
protection
Cisxx-BC 1nF/25V DPI robustness
Ccpp - I-t wire protection function time constant setting - value depends on
targeted wire protection profile
Rcpp =150 kQ I-t wire protection function time constant setting
Capc - ADC filter capacitor - value depends on targeted filter time constant
Rapc =150 kQ ADC filter resistor
Rext =150 kQ Pull-up resistor for open drain output
Rtmpo 50 kQ Temperature sense amplifier output resistor
Ctmpo 1...10nF DPI robustness
Rtmp - Linearization of Vqypg signal - value depends on temperature sense resistor
choice
Ryte - Temperature sense resistor
Cvs 100 nF/100V Supply voltage decoupling
Dys 58V/1W Protection during overvoltage
CysGND 3.3pF/100V Increase micro-interruption robustness
RGATE 10Q Gate protection resistor
Rgs =100 kQ Gate to source pull-down resistor
Dgs 15...18V Gate to source overvoltage protection diode
L =100 pH (12V Boost converter inductor
systems) / =
200 pH (24 V
systems)
Rrs 12 Q /500 mW Boost converter peak current limitation and sensing
Cac 2.2 uF Boost converter output capacitor - value depends on the amount of
MOSFETs to drive
Csa, Csp 220 nF/ 100V DPI robustness
Rgnb 10Q ESD robustness
Limit current through GND-pin
12.3 Further application information

« Additional application information can be found in the application note "Getting started with 2ED2410-EM"
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12 Application information

+  Please contact us for information regarding the pin behavior assessment
«  For further information you may contact http://www.infineon.com/
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13 Package information
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All dimensions are in units mm
Figure 37 Footprint drawing
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Figure 39 Tape & Reel

To meet the world-wide customer requirements for environmentally friendly products and to be compliant with
government regulations the device is available as a green product. Green products are RoHS-Compliant (i.e Pb-free
finish on leads and suitable for Pb-free soldering according to IPC/JEDEC J-STD-020).
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Document Date of Description of changes

version release

Rev. 3.00 2025-09-18 « PRQ-342, PRQ-343, PRQ-344, PRQ-435, PRQ-484, PRQ-485, PRQ-486, PRQ-487

added

. PRQ-51, PRQ-54, PRQ-66, PRQ-142, PRQ-148, PRQ-168, PRQ-317, PRQ-326
limits updated

. PRQ-50, PRQ-51, PRQ-53, PRQ-54, PRQ-69, PRQ-72, PRQ-73, PRQ-75, PRQ-88,
PRQ-136, PRQ-154, PRQ-157, PRQ-164, PRQ-181, PRQ-182, PRQ-294, PRQ-295,
PRQ-297, PRQ-298, PRQ-317, PRQ-318, PRQ-324, PRQ-325, PRQ-327, PRQ-328,
PRQ-330, PRQ-336, PRQ-337, PRQ-338, PRQ-340 notes and conditions
updated

+ Chapters5.4,6,7.1,7.2,8.1,8.2,8.5 updated
«  Chapter 12 "Application information" added
« Editorial changes:
- Cover page figure "Simplified application example" updated
- "RCSO” changed to “RCSOx”
- "ENABLE" changed to "EN"
- "VEN<VIN(L)" to "VEN<VEN(L)"
- "WEN>VIN(H)" to "VEN>VEN(H)"
- "kCSO" and "kCSO(TH)" renamed "kCSO1(TH)"

- Chapter 4.1 Static electrical characteristics' footnote "not subject to
production test, specified by characterization" removed

- Typographicissues addressed
PRQ-341 added
+  PRQ-69 lower limit changed from -12pA to -15pA

Device released

+  Footnote added in column “Note or condition“ of PRQ-157, PRQ-336,
PRQ-337, PRQ-338

+  Footnote added in column “Note or condition” of PRQ-154

Rev. 2.10 2023-01-26

Rev. 2.00 2022-07-11

Rev. 1.00 2022-05-23

Datasheet creation during development phase
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Do you have a question about any
aspect of this document?

Email: erratum@infineon.com

Document reference
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All referenced product or service names and trademarks are the property of their respective owners.

Important notice

The information given in this document shall in no
event be regarded as a guarantee of conditions or
characteristics (“Beschaffenheitsgarantie”).

With respect to any examples, hints or any typical
values stated herein and/or any information regarding
the application of the product, Infineon Technologies
hereby disclaims any and all warranties and liabilities
of any kind, including without limitation warranties of
non-infringement of intellectual property rights of any
third party.

In addition, any information given in this document is
subject to customer’s compliance with its obligations
stated in this document and any applicable legal
requirements, norms and standards concerning
customer’s products and any use of the product of
Infineon Technologies in customer’s applications.

The data contained in this document is exclusively
intended for technically trained staff. It is the
responsibility of customer’s technical departments to
evaluate the suitability of the product for the intended
application and the completeness of the product
information given in this document with respect to such
application.

Warnings

Due to technical requirements products may contain
dangerous substances. For information on the types
in question please contact your nearest Infineon
Technologies office.

Except as otherwise explicitly approved by Infineon
Technologies in a written document signed by
authorized representatives of Infineon Technologies,
Infineon Technologies’ products may not be used in
any applications where a failure of the product or
any consequences of the use thereof can reasonably
be expected to result in personal injury.
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