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

0 RoHS

» Two bidirectional high-side analog current sense interfaces with externally adjustable gain =~
+ Adjustable overcurrent/short-circuit protection c0 §

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

overtemperature protection

Potential applications

« Fail operational power supply targeting high current applications

@ ISO 26262
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
1 TMPOX 24
2 X Cso2y | sB 23
3 : GB 22
4 : ISN2 21
5 : ISP2 20
6 TAB=BC : TMP [d 19
7 I VS 18
8 : ISP1 17
9 : ISN1 16
10 : GA 15
11 XIGND o _ _ _ _ _ _ | SA 14
12 SW 13
Figure 4
Table 1 Pin definitions and functions
Pin Symbol 1/0 Function
number
1 CSOo1 [ 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 0 Interrupt: open drain interrupt output.

(table continues...)
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2 Pin configuration

Table 1 (continued) Pin definitions and functions

6 DG1 0 Diagnostic 1:

DG1is 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:

+ DGlislogic highif current flows from ISP1 to ISN1 connection

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

Digital voltage information in SAFESTATE mode:

+ DG1lis logic high if SAFESTATE because of CP or SC or VS(UV)

+ DGlislogic low if SAFESTATE because of UVLO

7 DGO 0 Diagnostic 0:
DGO is logic low in SLEEP mode.
Digital voltage information of channel AVDS 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

+ DGOis 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 is in ON mode only if pin ENABLE 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 ENABLE is logic
high.

10 EN [ If ENABLE digital logic is low, gate driver is in SLEEP mode, channels A and B are
switched OFF and gate driver is RESET.

If ENABLE digital logic is high, gate driver is in IDLE mode when INA and INB are
both logic low.

11 GND I/O 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 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 I Sense Positive 2: external shunt or VDS negative connection.

(table continues...)
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2 Pin configuration

Table1 (continued) Pin definitions and functions

21 ISN2 I 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.
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- +
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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 | V¢ - X -0.3 - 75 v 1) PRQ-26
converter output) - all pins
Maximum drain-source Vs- Vsy -36 - 75 Vv 1) PRQ-14
voltages on each output
Maximum voltage between | Vgy - Vix 0.3 - 75 Vv 1) PRQ-331
gate and source pins on each
output
Maximum voltage between | Vgy - Vgs 0.3 - 75 Vv 1) PRQ-332
SWand RS pin
Maximum pulsed currentin | /sy - - 200 mA |Y PRQ-16
SW pin
Maximum operating junction | T wax) -40 - 150 °C 1) PRQ-23
temperature
Storage temperature Tst6(MAX) -55 - 150 °C 1) PRQ-24
ESD HBM SUSC@ptlblllty all VESD(HBM) -2 - 2 kv 1) PRQ-13O
pins HBM according

to ANSI/ESDA/JEDEC

JS001 (1.5 kQ, 100 pF)
ESD CDM susceptibility all Vesp(com) -500 |- 500 Vv 1) PRQ-131
pins 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

3.2

Functional ranges

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

Datasheet
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Table 3 Functional ranges
Parameter Symbol Values Unit | Note or condition P-

Min. | Typ. | Max. Number
Voltage reference range for Vsinor) 8 - 36 v 1) PRQ-39
normal operation
Voltage reference extended | Vsex) 3 - 58 v 1) PRQ-266
range Parameter deviations

possible
Voltage reference range with | Vs(sc)Low 3 - 8 v 1) PRQ-40
lower short-circuit protection
Input pins ENABLE, INA, INB | Ven, Vina, Ving | 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 1) PRQ-183
voltage pins CPN, CPP
Analog output pins Vamp(sAT) 4 4.6 5.5 v Vs=VsoR) PRQ-310
saturation CSO 1&2, TMPO
Current sense amplifiers gain |G 10 - 200 - 1) PRQ-317
range For G <30, use
Only RCSO =10 kQ

Supply voltage range for Vac-Vs 6 - 15 v 1) PRQ-339
amplifier operation
Amplifier input voltage range | Vgc-Visux 6 - 15 1) PRQ-341
Amplifier input voltage Visxx-GND(TH) 0.2 0.7 1.5 1) PRQ-340
threshold for disconnection
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 | Rinja - 27 - K/w Y 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 um 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.

Rev.2.10
2023-01-26
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4 Electrical characteristics

4 Electrical characteristics

4.1

Static electrical characteristics

T,=-40to 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 & Enable voltage Ving)> VEN(H) 2.5 - - v - PRQ-74
high level
Input A,B & Enable voltage Vinw» Ven - - 0.7 v - PRQ-75
low level
Input A,B & Enable pull-down | Riysnp) 0.5 1.5 2.5 MQ |- PRQ-318
internal resistor
Input zener diode for local Vzin) 5.5 6 6.5 v 1) PRQ-319
pins See Figure 3
Digital diagnostic pins
Ratio diagnostic pin voltage | kpgn) 0.9 1 11 - - PRQ-84
high level over VEN
Diagnostic pin voltage low Ve - - 0.1 v Vegc=T72V PRQ-85
level
Diagnostic pin serial resistor | Rpg(anp) 5 10 20 kQ - PRQ-86
Threshold for diagnostic Vbs_DIAG(TH) 1 2 3 v 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 us Indicates current flow | PRQ-164
change on DG1 direction change on

CSAl only

ON mode only
Interrupt pin pull-down RiNT 7 12 17 kQ - PRQ-88
internal resistor, SAFESTATE
active
Interrupt pin current leakage |/\yt(nosaFESTATE) | — - 0.3 MA ViNTH) 5.5V PRQ-89
Comparator (CP)
Compa rator offset VCP(OFFSET) -50 - 50 mV VCP(REF)MIN < VCP(REF) < PRQ-284

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

(table continues...)
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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 VIMP(OFFSET) -10 0 +10 mV - PRQ-186
TMPA ratio Krup 9.5 10 105 |- - PRQ-187
TMPA pull-down resistor Rimpo 20 - 100 kQ |V PRQ-188
Current sense amplifiers (CSA1 & CSA2)
CSAinput offset Visx(OFFSET) -50 0 50 pv 1) PRQ-323
CSAinput blind range Visx(BLIND) -500 0 500 uv - PRQ-324
CSA delay maximum tesaace) 0 200 400 Us - PRQ-325
accuracy
CSA settling time tesA(SET) 1 10 20 us 1) PRQ-328
Step 25%
G=100
CSA output pull-down Resox 10 20 50 kQ |V PRQ-326
resistor
CSA gain intrinsic error &o) -1 0 1 % 1) PRQ-327
G =10..200
PSRR - CSA power supply PSRR 1145 - 105 - dB |2 f=1kHz, G=100, PRQ-336
rejection ratio Rcso=20k
see Figure 34
CMRR - CSAcommon mode | CMRR - 116 - dB 2)f=1kHz, G= PRQ-337
rejection ratio 100, Rcso=20 k
see Figure 34
Noise - CSA Voltage noise, RTI | Noise - 180 - NVrms |2 G=100,Rcs0=20k | PRQ-338
RTI

1) Not subject to production test, specified by design
2) Not subject to production test, specified by characterization.

4,2 Protection characteristics

T,=-40to 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

Datasheet 12 Rev.2.10
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Table 6 Protection characteristics
Parameter Symbol Values Unit | Note or condition P-
Min. | Typ. | Max. Number

Protection thresholds
Current shutdown internal kcso1(tH) 0.71 0.74 0.77 - Vs=8Vto58V PRQ-168
threshold ratio from Enable ON mode, CSA1 only
pin voltage See Chapter 8.1
Under voltage threshold Vs(uv) 0.5 1 1.5 Y Vs- GND PRQ-66

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

Ven=3.3V
Delay between CSO1 high tocsoiHyNT(L) | 05 5 10 us 1) PRQ-182
and INT = low G=100
Delay between CP highand | tpcp(hyinT(L) 1 9 17 us Veprermins Veprer) s | PRQ-184
INT Vep(REF)MAX
Delay between UVon VS and | tpyy(myinT(L) 8 22 40 us - PRQ-320
INT = low
Delay between INT = low and | tpint(6(L) - 3 5 ys 1) PRQ-136
gate 80% Co(eq) =100 nF
Delay between short circuit | tpsco(r) 0.7 5.5 10 us 1) PRQ-330
and gate 80% G =100

Ven=3.3V

Co(eq) = 100 nF
Time to reset tRESET 3 - 30 us Reset from SAFESTATE: | PRQ-94

Ven < Venq) for treser
duration

1) Sum of PRQ-181, PRQ-182,PRQ-136 max. does match max. of the sum PRQ-330 due to silicon process and variation.

4.3

Driver outputs electrical characteristics

T;=-40to0 150°C, V5 =8V to 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 V5 =14V and T, =25°C

Table 7 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 - Vsy = Vps piag(TH) PRQ-56

(table continues...)
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Table 7 (continued) Driver outputs electrical characteristics
Parameter Symbol Values Unit | Note or condition P-
Min. | Typ. | Max. Number

Delay between Enable = tDSOURCE 4 - 100 us IDLE mode only PRQ-210
high and 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
Turn-on delay to(on) 1 4 7 Hs Co(eq) =100 nF PRQ-50
Rise time on gate 20% to 80% | tg 0 7 15 ps Co(eqQ) =100 nF PRQ-51
of VBC-VS
Gate turn on short circuit I (on) 50 175 - mA Vex-Vsx=0V PRQ-52
pulsed current per gate
Turn-off delay to(oFF) 1 4 7 us Co(eq) = 100 nF PRQ-53
Fall time on gate 80% to 20% | t¢ 0 2 5 us Co(eq) =100 nF PRQ-54
of VBC-VS
Gate turn-off short circuit ls(oFF) 350 1400 |- mA Vex - Vsx=14V PRQ-276
pulsed current per gate

4.4 Boost converter (BC) characteristics

T;=-40to 150°C, V5 =8V to 36 V (unless otherwise specified), all voltages with respect to ground, typical values are
given for Vg=14Vand T;=25°C

Table 8 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
Ce(eQ) Co(eq) = external

MOSFET equivalent

gate source

capacitance
BC switching current Rrs 10 - 30 Q 1) PRQ-138
limitative resistor Use 1/2 W resistor min.
BC output VBC - VS regulation | Vg (rh) 11.5 12.5 14 v - PRQ-139
voltage
VBC(TH) to UVLO regulation | Vgc(rg) 1.9 2.5 - Y - PRQ-141
gap
BC undervoltage lockout uvLo 9.5 10 11 Y - PRQ-140
voltage
(table continues...)
Datasheet 14 Rev.2.10
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Table 8 (continued) Boost converter (BC) characteristics
Parameter Symbol Values Unit | Note or condition P-
Min. | Typ. | Max. Number

Delay between UVLO and INT | tpyyioyinT) |0 10 40 us - PRQ-142
= low
RS deactivation threshold VRs(Th) 0.7 1 14 - PRQ-147
Forward voltage of BC diode | Vggc 0 0.9 1.1 Ir =100 mA PRQ-148
On-state resistance of BC Rbs(on)k1(25) 1 11 15 Q /=100 mA; T;=25°C PRQ-150
switch
Boost converter off-time tec(oFF) 1 4 5 ys - PRQ-152
Time to reach RS deactivation | tgs(th) - 920 - ns JVs=12V; PRQ-154
threshold Rgrs =10 Q;

L=100pH /1.7 Q;

T,=25°C
Turn-off delay of K1 tb(OFF)K1 0.05 0.2 0.3 us - PRQ-155
Boost power-on delay trop - 960 - us 3JVs=12V;Rrs=10Q; |PRQ-157

L=100pH/2Q,CBC=

1pF; T,=25°C

See AppNote Getting

Started with 2ED2410-

EM

1) Not subject to production test, specified by design

2) Not subject to production test, specified by calculation.

3) Not subject to production test, specified by characterization.

4.5

Current consumptions

T,=-40t0 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 9 Current consumptions
Parameter Symbol Values Unit | Note or condition P-

Min. | Typ. | Max. Number
GND pin current in SLEEP lonp+Rrs(sLEep) |1 6 15 HA Vg=24V PRQ-68
mode Ve = Vs
Sources leakage currentin Isx(sLeep) 0.1 0.5 4 WA Vear=24V PRQ-285
SLEEP mode Vs - Vsy = Vaar
VS pin currentin IDLE mode | lys(pLg) -15 -6 -2 pA Vs=24V PRQ-69

Vsx=Vs

VS pin current in IDLE mode, | lys(ipLE)25 -10 -6 -2 pA T,=25°C PRQ-294
25°C

(table continues...)
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Table 9 (continued) Current consumptions
Parameter Symbol Values Unit | Note or condition P-
Min. | Typ. | Max. Number

BC currentin IDLE mode Isc(ibLE) 5 10 50 pA Vg=24V PRQ-144

VBC_VS =14V
BC currentin IDLE mode, IBc(DLE)25 5 10 20 pA T,=25°C PRQ-297
25°C
VS pin currentin ON mode Ivs(on) -20 -4 0 pA - PRQ-72
VS pin currentin ON mode, Is(on)2s -10 -4 -1 pA T,=25°C PRQ-295
25°C
BC currentin ON mode IBc(on) 10 55 150 pA Vgc-Vs=14V PRQ-145
BC currentin ON mode, 25°C | lgc(on)25 10 55 90 MA T,=25°C PRQ-298
BC current in ON mode, 25°C, | Igc(on)25_1csao |10 45 70 MA 1) PRQ-300
one CSA disconnected FF) T,=25°C

CSA1lor2notused

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

CSA1and 2 notused

see Chapter 7
BC current in ON mode, < Iscion) 10 45 85 pA 1) PRQ-302
85°C, one CSA disconnected | g5 1csA(0FF) T,<85°C

CSA 1 or2not used

see Chapter 7
BC current in ON mode, Isc(on) 6 20 45 pA 1) PRQ-303
< 85°C, all amplifiers <85_2CSA(OFF) T,<85°C
disconnected CSA1and2notused

see Chapter 7
VS pln current in SAFESTATE IVS(SAFESTATE) -20 -4 0 HA - PRQ-73
mode
BC current in SAFESTATE IBC(SAFESTATE) 10 55 150 |JA VBC - Vs =14V PRQ-146
mode

1) Not subject to production test, specified by design

Datasheet
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5.1

General operation

Operating modes

infineon

2ED2410-EM works with 4 operating modes: SLEEP, IDLE, ON and SAFESTATE, selected by a combination of inputs
INA, INB and ENABLE pins, and in the case of SAFESTATE, by protection features or force signal.

INPUTS OUTPUTS
Operating mode  [Bgost converter
EN|INA[INB output Vc- Vs INT DGO DG1 Vesor | Vesoz | Vimeo | Vea™Vea | VeaVss | ISource comments
ol x| x SLEEP 0 1* 0 0 0 0 0 0 0 0 ‘on_ce reset is done, provided that pull-up voltage is
available
* =0ifVs- f h
1]olo IDLE Vecrhy | 1| Vs-Vsa*|vs-vse*| 0 | 0 [ 0 | o 0 | activet | D8= 0 Vs Vs> Vos puamy for each output, else
DGy =1if V-V < V bs_pinc(TH)
1(0 pulse when | direction of VBC(TH) 0
1101 ON VBC(TH) 1 K1 current  |active|active|active 0 VBc(TH) active? [*high level: see Vbco, Vo1 in Functional ranges Table
111 activated CSA1 Vacm|Vacn)
sCorlv VBe(TH) 0 1 NB: if several faults occurs in series, only first fault is
1| X | X | SAFESTATE| uvLO <Veerny* | 0 1 0 active|active|active 0 0 active? |indicated by DG1 and DGO
P Vach) 1 1 *depends on UVLO root cause
Figure 6 Inputs, modes and outputs states
(1) See Chapter 6.
ENABLE = high [ INAINB =high
| ENABLE = low | [ INA&INB =low |
ENABLE = low
ENABLE =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 (/o) of
2ED2410-EM, depends on:
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- the mode the driveris in.

- the external components used for the boost converter, which is both the driver supply and the external MOSFET gate
supply.

- for SLEEP mode, it also depends on the MOSFET structure used.

In this datasheet are only given consumption at driver level, not at system battery/power supply level.

Details of quiescent current calculation from the battery are given 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
Protj‘c;t[ons reached on Vesou(tw) reached INA and INB are set to low.
- available e —
BC s ready chsznsg;rt amplifiers cyrrent direction INT=low chand INT=high
changed GB EN=high
l, are off BCis ready
A | | | | ,,ga,-n
Vic | | [ [ | I [ | I | | |
| ——— S~ | [ [ | | |
VBc(TH) t Nt t T V’\\ T AT e i
| //‘I |\| I / [ A Il [ ;\\I | / |
UVLO T 1 1 1 T T T T T T T T T L I 1 T P |
:/ I I V [ [ [ oY I
Vs | [ [ I | [ | [ |
1 1 [ [ i i (I [ R T )
| | [ [ I | [ | I I [ |
| | [ [ I | [ [ o | =
A T T T T T T T T T T T T T T T T T | i t
| | [ [ I | [ | I I [
Vea | | [ o I | [ | I I [ :
| | [ I | —t 1 | I |
80% T | (R e A (I T i (R |
| | [ [ I | [ [ N V] [ |
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 T 1 T T 1 T 1 T 11 T T 1 | >
Ves | I [ [ | | [ | I I [ |
| I ol [ | | [ [ | [ |
0 | | 1 | | [ T T T T 11 | [ I
80% | I [ 17 | I [ [ | T |
| I o [ | I [ [ Y] | |
| I o [ I [ [ | [ |
200/0 1 ! ! - I ! ) | T 1 T T T T N ! ! I 1 L » t
X | [ (B [ | I [ [ [ | i
VINT 4 I L . ' : — ' ' 11 | T e ——
| | [ [ | I [ [ (] [ | |
| | [ [ | I [ [ (] [ | |
1 1 1 - | | ] ! 1 1 1 1 Ll | | | - >» t
4 | | [ I | I [ [ I [ 1
Vbe1 | | | r ‘C Itﬂ T P T c L | ; | =T 1 | |
| | ¢ | |Current flows from | urrent flows from 11 (| |
| i Logic state deper%ds Jln \/%755 | | Jsp to Isi | Isntolge | i | | | Logic state depends on Vbss
c t f —t— f——f——t—— t t -+ t— T > t
V. | I o [ I [ R |
DGO | | 1 o | | [ | [ o S |
| | Logic state deperlds o Vbsa | | | | [ | | I I L1 | Logicsfate depends on Vosa
| | 1 | | | | [ | [ [ 1 £ ¢
K T T T T 1 T T T | A | T T 1 | >
ViNA | | [ ] 1 l [ 1 1 l Ly 1 [ |
INA pin state does | | [ I | | [ [ | | [ |
ot ditat /A I [ I [ [ || | INApinstate doegnot natfer | |
] | L1 L 1 ! L1 I I (O L [ > ¢
[ | [ I | | [ [N o |
Vins i e I [ f +—t + ——t—t + 1 1
pin state does | I o | | I [ [ T o | |
rotfttet | | o | | | | | | | /NBPV% state doeﬁ not at}er | :
5 L L — I } ! [ Il Il Il . L V1 | » t
r | | [ | | | | [ [ R [
Ven T 11 T T T T T 1 1 T 11 [ |
I o [ I | I [ | I | [ |
I [ | I | I [ [ I Il 1
% T t U t LN ) T U =T T » t
: | teop \ :H D(ON) } ﬁo & @@4\(’@1 : \tRESET: :
| | No SAFESTATE trigger | tPOI § %LS"(’ D é\‘JF\ I [
| | ifUVLOin IDLE mode | tcso(acc) X9 QC,O R L .
| | | < | ;t; [ mode
| | | | [
| | | : [
| | | |
LEEP AFESTATE
H—S —>«—————IDLEmode———»«——————ON mod SAFES IDLE mode—>
| mode | | | mode (]
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
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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]. A
RC network for stabilizing voltage on EN pin can be used, since EN voltage is used for internal reference in the logic.

VusuppLY
|_ T Ve (1AB) _|
A |
BC-X )
To driver
DGO, | RIN(GND) block
per EN, INA, ol | iy = |
INB 4, il
— i[g
: VZ(IN)/ZX |:§:| : :
GND GND | | . GND
p——— | — |

Figure 9 Digital I/O

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

The inputs circuitry are set to logic high when Viyy > Vi) or Ven> Vingn)-

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

ENABLE = 1 sets Vgc-Vs = Vgt after a time tpgp.

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 ENABLE and at least one of the INx pins are set high together, protections and measurements are turned ON but
gates will turn-on only when Vgc-Vs = V(i)

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

The INx and ENABLE pins are set to logic low when Viyx < Vi) or Ven < Vin)-

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

DGO and DG1 in a low logic state have a value = Vpg(1). 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 =0 if current is flowing from ISP1 to ISN1, DG1 =1 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 Visyppry- The value of Viyt when SAFESTATE is
triggered, is the result of the voltage divider between the external resistor Rexr and Ryyt.
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DGI=«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 I

VusuppLy

RINT/(RINT+REXT) * VusuppLy

Vb1

v
~

|
|
|
|
|
T
A I
|

koe*Ven

0.1V
V/bGo

\ 4
~

kpG*Ven

0.1V

\ 4
~

VEN

» ¢

|
1
|
|
|
|
|
I
|
|
|
| | |
|
[
|
|
t
|
|
|
|
|
|
|

| 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 will not
be 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.
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|
|
\
|
|
\
CONTROL
INX g)—r
| LOGIC
|
|
\
|

Figure 11 Gate output structure

When the first input is switched on, a time delay tpg, 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, tpg, still
needs to be considered.

If Vgc-Vs < Ve (rhy Wwhen the input signals INx are set high, the driver will be in ON mode but the gate outputs will
remain OFF until Vgc(rw) is reached on boost converter output.

If Vgc-Vs < Vge(rh) 0ccurs when the gates are ON, this under-voltage on the boost converter will trigger the lock-out of
the gates and the driver will enter 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
| |
| |
[
Vox , I t
80%- —— ——L —— '
20%F————+———
t
Vinx
Vex t
80%F————"T—"————————
UWLo|-————————————~—\————~
0% ————f———————— =
t
toon)  tR EDUVLO(H)INT(L) | tDINT(L)G(L)
<—IDLE ON SAFESTATE—>
Figure 12 Gate timings (not to scale, for understanding purposes only)
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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 will be turned on again (and therefore K3 switch
off) without necessary reset from pin ENABLE.
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6 Low by-pass current feature

When in IDLE 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 Vg = Vs = Vs,

As a consequence, 2ED2410-EM is able to supply a current Isoyrce to supply ECU idle 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
2ED2410-EM - _S_Bﬁg _________ !
T I Vsa & evasie=chigh»
| VsB=VBaT +— J‘ —_ T — — = —
DG1 s ¢B ;j ] L1 T !
KX monitoring ! Vs — —‘, —1‘ —_ —‘r _______ "_ —_
+ Vos_oiaG(tH) 1 |_:L 7: } } } }
'vs { T T AT T T T T T T
— O L/ |
A | | | |
| Voo 4+ - t
+ | | | |
X VDS GA o, |
monitoring kpc*Ven } } }
| | |
} Isa ——— — t
! Isource I \ \
SAX > Isource | 1 __'\ir -
| | | l .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) > Vs - VDS_D|AG(TH) =>DGO (Or DG].) = h|gh level (lsource B active, see Chapter 6)

If Vbsa (or Vpsg) < Vs - Vps_piag(tH) => DGO (or DG1) = low level (5o rce g active, see Chapter 6).

MOSFET sources are compared to an internal reference voltage Vs - Vps piag(Th) (See parameter Vps 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 allows to detect various situations depending on the switch positions in the boardnet.
It depends on the application.
A non-exhaustive list of possible switch position in the boardnet and situation are described below:

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

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= hlgh 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.

— ECU gl
SHUNT RL SHUNT
LOAD + Ty T EQU [
82 ¢ g & T EQU |4
2ED2410-EM 2ED2410-EM )
WA
VBAT(B) VBAT(A)

2ED2410-EM

Figure 15 Cases1,2,3

7.2 Current senses in ON and SAFESTATE modes

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 ISP1/2 and ISN1/2 pins and the outputs are CSO1/2 pin.

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 allows to monitor the currents flowing into the shunt (or MOSFET) in both directions,
which is referred to as bidirectional current sensing.

The gain is set with external resistors Risp1/, = Risn1/2 On input (on sensor side) and Rcso1/2 on output (on
microcontroller/connector side). Risp and Rsy can be different if a different gain is necessary depending of the
current direction. On CSAL, this difference in gain will also impact 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, Vcso1/2, Which represents the current flowing in the current sensor. It can be

directly read on pin CSO1/2 (Current Sense Output) by a microcontroller. V¢so;/, output voltage varies from 0V to Vey,
in both directions, allowing better accuracy than current sensors using an offset as middle point for zero current.
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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.

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

CSAx
Visxx-GND.
+
BC - o] L N
'SENSE [} [
~ [ [
£ . g ; ISP g (R +— N N t
Vesox g(ZSOx {F — e 3 + ) I [
Vesox } } 1 1
+ vs % or JE} ) Vsense } } 1 1
| Vo 4 o i t
CSAL only Risx CSAL only 1 }
 I—— b
&EGI (ON mode only) d(‘:urzle‘zln tisp ‘tlsl‘)
Figure 16 Current sense measurement principle and timing diagram [not to scale]

The amplifiers are supplied between BC and VS. If the Vpc-Vg voltage is below or above its functional range (see
PRQ-339), the amplifiers input switches will open. As a result the current sense function is ensured and random
reconnection can connect unwanted SAFESTATE.

The gain of the current sense amplifiers is configurable by three external resistors (Rcso, 2 X Rjs).
The relationship between Vseyse and Vs through the current sense amplifier is given by:

Reso

Veso = [Vsense| X Ris (1)
Where the gain is set by:
R
Geso = RC 20 (2)
1S

Special care has to be taken when setting the gain and the parameters G¢cgo and Rcso must be observed. Resistors
are recommended with at least 1% precision and should 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, CSAL or CSA2, or both, can be simply disconnected with the following configuration. One of the two input
pins, either ISP or ISN needs to be connected close to GND (see PRQ-340).

This will reduce the driver self-consumption in ON and SAFESTATE modes.
Warning: short-circuit protection with internal comparator on CSA1 will also be disabled if CSA1 is disabled.
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2ED2410-EM Vs

ISx

1Sx 1

CSOx

I

Figure 17 CSA1 & 2 disconnection configuration

7.3 Temperature measurement amplifier in ON and SAFESTATE modes

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 allows to monitor the heat flowing into the Rytc by monitoring Viypo -

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 Rytc in input and Ryypg in output. Resistor values can be adjusted based on customer’s
thermistor solution.

In the present document, the temperature sensor is referred to as “Ry1c” 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. Ryyp is not mandatory, but may be needed for linearisation of the
output signal Viypo, depending on the thermistor solution choice.

Finally, TMPA can also be disabled if not used. TMP and TMPO pins can be left open.

2ED2410-EM

Power

ITMP(OFF) Itvp
g L S -y path
+ ~ ‘ LVrve
g TMPO O

‘Y/EN
* ktvp % or Jﬁ}

Vrmpo |

.

Figure 18 Temperature measurement diagram

The ratio kyp is defined as follows according to the Figure 18.

Kpagp = —ZEN 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 VCSO(TH) = kcso X VEN'

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

The turn-off delay timeis tDSCG(L) and can be Computed by the sum tDSCCSOl(H) + tDCSOl(H)INT(L) + tDINT(L)G(L)' However, the
maximum of tpscg(r) is not the sum of the maximum of the other delays, because by construction, the silicon process
and variation make such a case impossible. This is why only the maximum of tpscg) (PRQ-330) should be considered
when considering the worst case turn-off delay in case of short-circuit detection by CSA1 comparator.

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

" ISNLL +
cso1 L i 1 [] Vsense
DG J Ris -
N ISP1
e
Vcson g +
- Comp_SC
SAFESTATE
+
\L Ven*kcso1(Th) G- desat
0 INT 2=
1 DG1 Control Current
: 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 Vsyor). As represented in the graph in Figure 20, in the
Vs(scjLow range (PRQ-40), 2ED2410-EM keeps operating if already in ON or IDLE mode. In the Vg(sc).ow range the
short-circuit detection and shutdown are operational and 2ED2410-EM is protected but the V¢so (1) parameter, hence
the short-circuit detection depends on V5 and Vgy. A dedicated function named DESAT covers the protection threshold
in the Vssc)Low range.

The variation of Vcso(rh) is shown in the following graphs.
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CSO1 protection threshold, CSO1 protection threshold,
kcso1(tH)*Ven, PRQ-168*PRQ-307 ZOOMED

5.0 5.0

/sy PRQ-66
4.0 4.0 —

_ 30 30 /
= = /

£ £ /

o AT T TTT T 3 T T T T

w 20 w 2.0
8 Ny /

1.0 - 1.0 g
o= e \EN=3V o= e \/[EN=3V
eseses \/EN =4V eessss \/EN=4V
e \/EN =5V e \/[EN = 5 \/

0.0 —F—— 0.0 ——

0 5 10 15 20 25 30 35 40 45 50 55 0 1 2 3 4 5 6 71 8
Vs[V] VsVl
Figure 20 Typical Vcgoy(tH) Versus Vs and Vgy (independent of T))
8.2 Undervoltage protection on VS

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

The turn-off delay timeis Computed by the sum tDUV(H)lNT(L) + tDlNT(L)G(L) (PRQ'320, PRQ-136)

This has two consequences:

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

«  Thedriver could be sensitive to micro-cuts on the supply if the micro-interruptions are longer than tpyy)iNT(L)-
To overcome this effect, a capacitor can be used next to VS pin (e.g. a few micro-farad). Additionally, if large
micro-cuts are expected in the application, ENABLE pin can be connected to VS pin directly through a 100kQ
(or more) resistor. An additional Zener diode is necessary on the ENABLE pin to limit the voltage to the desired
value, e.g. 3.3V or 5V. When the micro-interruption is over, the driver will automatically turn-on again as soon as

Venn) (PRQ-74) threshold is reached again on the ENABLE pin.
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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The figure below shows the diagram, (1), the normal driver configuration, and (2), a possible adapted configuration
with external circuitry for connection of the ENABLE pin to VS which will reset the driver automatically in case of a
large micro-interruption.

2ED2410-EM JED2410-EM
UV protection Ext EN "
T—>s - K
VS signal
T7 :
Comp
+ ) €
T | v 10 ©
GND
SAFESTATE S
2ED2410-EM
INT
’ EN Control Vs
1 DG1 Control _ 4 Logic e -
DGO Logic Ext. |
0 signal I

Figure 21 Vs(uv) protection diagram and possible driver configuration

8.3 Custom protections with comparator

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
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(HyinT()- Consequently the turn-off delay time in case of
shutdown by comparator CP can be computed by the sum tpcpyinT() + toinT(L)6(L)-

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

Below areiillustrated 4 possible use cases, and more are possible:
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 (e.g. a microcontroller PWM output) with Vgy and Vipger 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

i H SAFE
! c STATE
i VCPREFT‘
@
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 Vg - Vs > Vg (rp) at
least once in ON mode.

If Vgc - Vs < UVLO in ON mode and Vp¢(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 tggseT.

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

Once EN pin is pulled down, INT signal will go up one 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 will immediately enter ON mode if the condition V¢
- Vs = V() Is satified.
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9 Driver supply: boost converter

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 Cpc, the resistor Rgs 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
Vac = V5= Vacmm

Cs0o1 TMPO

€502 5B

2ED2410-EM

GB

ISN2

Boost converter
1SP2

Boost converter

|
|
I
|
|
I TMP
|
[
|
|
I

o o m R W N e
T 9 =z 2 o
fx
g8 /g 3 2 3
—
-
=
o
o

frequency Vs Start: _ Vs = Vsinor)
DGO information NE 5Pt Operation: Vs = Vs

9 ma | ISN1

Boost failure 10 el GA

MOSFET Gate-sourceshort |
11 GND . L o SA
12 RS W[
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.
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2ED2410-EM
gt iy
+
+ L CONTROL Coc
K1 LOGIC —l : - oy
J |l__| o BC Vs
RS SA,SB%E |0 &GA,GB vs X+
Vs +
X
VRS a VS
GND
Figure 24 BC topology used as gate supply
Activation:

Klis an integrated MOSFET, switched on when Vg - Vs < Vi) and Vgs < Vgs(h) (PRQ-147).
K1 is turned off when Vgs > Vgt O Vpc - Vs > Vpeh).

The inductor charges the Cg¢ capacitor through diode D.

D has a forward voltage drop of V¢gc (PRQ-148).

The K1 MOSFET cannot restart during tgc(orr) (PRQ-152) after Vgg(rhy has been reached. This limits the boost converter
maximum frequency.
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INA[INB
|_ UVLO detected
Ve [ S QF——>>>LATCH
UVLO >
INA[INB Vee = Vacira) ’_ R TQ
LATCH R_0
Vor OK - ~ f_ower
{>c RESET To driver ine
- blo ck
ENABLE

Ve < Vacrm =0

Ve Vae = Vagmw =1

VE{:THI
—( K1
t Delay 8
BC active=1 Vs <Vasr =0
Vas> Vasra =1
Delay on | RS
rising edg% Camp+ - Eg +
+ Ves
VHS[TH] |
GND
GND
Figure 25 Boost converter control logic

The current in the inductor is limited by the Vgg(ty) comparator which monitors the voltage across Rgs. Due to the
delay in the loop, tp(orrk1 (PRQ-155), the inductor current exceeds the threshold set by: Vgs(r).

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

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

N : ’ :
Ipeak*RRs ; ;
i | /
VRs(TH) /
VRs : : ‘
| \:/ |
3 tRS(TH) to(OFF)K1 3
¢ N
i ton i
Figure 26 Current peak control
The peak current must not exceed the maximum rating of /5y, (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 7.3.

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 %
o
<
2 s 5 2 < g
2ED2410-EM 2ED2410-EM
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= X-— X—X X
o
58 9 2 Q ¢ 52 5§ §3% 28 2
2ED2410-EM 2ED2410-EM
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; I
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% ] T
T
= Z =
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w
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— o I_:
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| e
—
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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;=-40to0 150°C, V5 =8V to 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 -
~ — 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
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Figure 29 Current consumption
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BC current in ON mode, 2 CSA off VS current in IDLE mode
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Figure 30 Current consumption continued
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Figure 31 Switching timings (GA or GB)
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Figure 33 Amplifier characteristics
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Figure 36 Footprint drawing
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Figure 38 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. 2.10 2023-01-26 + PRQ-341 added
+  PRQ-69 lower limit changed from -12pA to -15pA
Rev. 2.00 2022-07-11 «  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. 1.00 2022-05-23 + Datasheet creation during development phase
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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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