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RUTRONIK .

“‘Every switch needs a driver !”

High efficiency, high power density and the aim for cost efficient design are todays
application requirements.

These are in turn requiring fast switching, short dead times and low losses while
keeping normative like safe isolation and interference immunity.

Infineon helps you selecting the relevant features in a gate drivers datasheet,
which aspects to cover in your design and layout and how to address EMI topics.
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infineon
Some suitable applications L/

> UPS up to 10 kvA
> Solar inverter

> Medium voltage battery
management systems

_ > Power tools
> Basestation marco and Light electric vehicles

distributed Service robots

Server—Intel/IBM/AMD/ARM
Workstation

Storage

Artificial intelligence

~ » Telecom and server
PSUs

> Adapter and charger

> Brick converters
> Protection ICs

> HE desktop/notebook
> Gaming

> Graphic

> Industrial PC

2021-04-23 restricted Copyright © Infineon Technologies AG 2021. All rights reserved. Infineon Proprietary

> Qi WLS charging solutions

> A4WP wireless charging
solutions

> High-End audio systems
>  Battery powered speakers
> Smart speakers




infineon
Relevant parameter in the Gate-driver's Datasheet: =
Infineon
> Number of channels EiceDRIVER™ 1EDBx275F
» Isolation or level-shifter
) Output current owar e, Y G SRl ot e TG, desgne o v S and o

1EDBX2TSF is available in an 8-pin DSO package with 4 mm input-to-output creepage distance; it provides
isolation by means of on-chip coreless transformer (CT) technology.

With tight timing specifications, 1EDEX27SF is designed for fast-switching medium-to-high power systems.
1EDBX275F a superior alternative to high-side driving solutions using optocouplers or pulse transformers.

Description

Features

Single-channel isclated gate-driver

45 ns input-to-output propagation delay with excellent accuracy (+4/-4 ns)
Separate low impedance source and sink outputs

Fast clamping of parasitics-induced output overshoots under UVLO conditions
Fast start-up times and fast recovery after supply glitches

Optimized UVLO levels (4 V, 8V, 13 V) for Si, SiC and GaN transistors

High common mede transient immunity (CMTI > 300 V/ns)

Available in 8-pin 150mil DSO package

» something else... ?

Isolation and safety certificates
+ ULISTT with Ve, = 3000 ¥y (certification pending)

Potential Applications
+ Server, telecom and industrial Switch-Mode Power Supplies (SMPS)
+ EV power modules, motor drives and power tools
+ Solar power inverters and Uninterruptable Power Supplies [UPS)
Table1 EiceDRIVER™ LEDBx275F Portfolio
Part number | Peak source /sink current | UVLO ON /OFF | Isolation certification | Package

1EDB7275F 42V/39V
T ——— 54A/9.8A e — uLisT?
1EDB8275F a.ov, v PG-DS0-8
e (for Vpgs = 15W) L Sovjrov | (Vigg = 3000 Vi)
1EDB9275F 137v/128V
Contraller EiceDRIVER™ 1EDBXTSF 1 g

T MOSFET
Voot i oo

e ouT_she
” ouT_sK

GHo1 i oo

Figure1l Typical application

Final Data Sheet Please read the Important Notice and Warings at the end of this document Rev.2.0
www.infineon.com 2020-04-08
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Fast switching SMPS Gate Drivers

> Relevant parameter in the Gate-driver's Datasheet: Cinfineon

EiceDRIVER™ 1EDBx275F

Single-channel isolated gate-driver ICs in 150 mil DSO package

— Output current:  what does a certain peak value ——
mean in the application

— Timing: propagation delay, pd mismatch
pulse width min, distortion . &
dead-time R e &,

- UVLO: threshold and timing I s

— Clamping: startup behavior

e in an 8-pin D50 package with 4 mm input-ta-output creepage distance; it provides
<chip coreless translformer (CT) technology.

specifications, 1EDBITSF is designed for fast-switching medium-to-high power systems,

mude rejection, low part-ta-part skew, tast signal propagation and small package size make

elor power tool
wer inverters and Uninternuptable Power Supplies (UPS)

Tablel  EicoDRIVER™ 1EDBx2TSF Partfolio
Part number Peak source | sink current UVLO ON | OFF | Isolation certification | Package
1EDRTITEF 429733V
SAA[98A uLLsT?

1EDBEITSF (o€ Uy = 15V] BoOV/ TV [Vine = 3000 ¥pogs) G508

> Design considerations -
» Layout considerations X

Data g s ruad 11 oo et Hotics and Wasrings 21 he esd of this document .18
wwrw.infineon.com 20004408
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Output Current
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Gate-driver Datasheets — Output current

» Investigate the of
Infineon isolated products vs. Competitors

» In this investigation

- (typ. lon = )
- (typ. lon = )
— Competitor U (configured as unipolar)  (typ. lopy = 17 A)

» Lets investigate switching behavior of the devices and thelr capabilities

— with capacitive load
— with an IGBT7 module (FFO900R12ME7_B11) *
Observe the strengths and weaknesses of each product

2021-04-23 restricted Copyright © Infineon Technologies AG 2021. All rights reserved. Infineon Proprietary
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Comparison of selected output section topologies?

(P+N)-channel N-channel
N-channel N-channel

P-channel

N-channel

Tsource

—Vrg > 9

Strong on-current@Miller
Rail2Rail

High Rps(on) P-channel Voltage remainder for
can bring more losses on-state (no rail2rail)

: Needs over-drive
Weak on- t@Mill
RaeiIaZR(;?I ST -> bad effects and work-

arounds
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i

— sample test setup

> The gate loop was kept low inductive
»  Capacitive load: C,,,4 = 220nF

) Rg (also used for current measurement )
— 0.05 Q (to observe the unimpeded gate driver behavior )
- 1.00 Q (at the lower limit of the range where such gate drivers are fully exploited )
- 10.0 Q (quite large value for such gate drivers, at the upper feasibility limit )

> Weeo = increasing from 15V to 24V, in 1V steps

» T,=25°C & 85°C

GND2
Cs
U2 4.7uF VCC2
ce 7 JCC2 Q
‘.__..I\/c.u 1 [, | Ve 6 § vce !
_l.c6 JINP 2 i 7 Vload
= | — Ny
oo ————— INP i OUT P S o
BN 24 N | our N (- —_—
. i RG '
] 2
GNDL 4 | oxpy | gap2 |5 GND2 _
1EDC60 I

L/
Rsense- Rsense+
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infineon
~Rg = 0.05 Ohm Qineyn

Rg=10.05 Ohm - Rise time @ 220nF

Capacitive load —

» Rise time (10% 1 90%)

> Peak output current
(w/o inductive overshoots) -

— Blu: 1EDC60
- Red: 1ED3124

- Grn: Comp. T

= — D34 T

- Solid: 25°C — v I

- = Compll-T,=85°C

— Dashed: 85°C ---

) Cioag = 220NF

»  Competitor: bootstrap s
circuit may boost the Competitor part shows strong turn-on
n-channel performance at performance, with synthetic load Pr
turn-on for a short time T e
g 15 llﬂ 17 18 19 EIO 21 22 ;1Ij 3I4
Vyoez V1
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Capacitive load —

» Rise time (10% 1 90%)

> Peak output current
(w/o inductive overshoots)

Blu: 1EDC60
Red: 1ED3124
Grn: Comp.

Solid: 25°C —
Dashed: 85°C ----

) Cioag = 220NF

»  Competitor: bootstrap
circuit may boost the

n-channel performance at

turn-on for a short time

2021-04-23

restricted

— Rg = 0.05 Ohm

Rg=10.05 Ohm - Rise time @ 220nF

Copyright © Infineon Technologies AG 2021. All rights reserved.
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Infineon Proprietary

v ./
Ig _______
15 16 17 1% 9 v) t —> |
Competitor part shows strongturn-on [[ —— i --------toTTTTTT
performance, with synthetic load mmsmm T
_II'I‘.l('N.‘-TI—:‘ﬂ‘(‘ w Tan —'I“.I')'{'Z‘s-TJ =2E P Tem ———Carp 17 - TJ =2 Tem
= = IEDEGE-T, —85°C 5 Ton — — |ED3124-T —8F*Cai Ton — — Comp 1= T =35 °C i Ton
’ 15 16 17 18 19 20 21 22 24
Yoo V]




Capacitive load — Rise-time — Rg =1 Ohm

Gineon

) Rlsetlme(10%T90%)
Blu: 1EDC60
- Red: 1ED3124
- Grn: Comp.
- Solid: 25°C —
— Dashed: 85°C ----

) Cioag = 220NF

Time [ns]

> The strong p-channel of
1ED3124MC12H can
deliver turn-on current until
the end!

2021-04-23 restricted

4000 T T T

3500

3000

2500

2000

1500 —

1000

Rg=1 Ohm - Rise time @ 220nF
| T

—— IEDC60 - T, =25 °C
- = IEDC60-T,=85°C
—— IED3124-T,=25°C|
- — IED3124-T =85°C
——Comp U-T, =25°C
= = CompU-T,=85°C

Vout Vrest *

500
15
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Lower Losses
due to low-ohmic output stages




Taking advantage of true rail-to-rail low-ohmic output stages: (iﬁ?ineon
example: TEDN7550 ( special hint > TDI: true-differential input )

> Truly low-ohmic output stages:
@ @@ — Least internal power d_issipation
,  Packages: DSO TSSOP WSON — More effective gate-drive power
»  Power: 2X +/-5A -
» Pace: 19 ns propagation delay » =10 V Input robustness:
> Precision: 1 ns channel-to-channel — Crucial noise margin
Propagation Delay Matching — to safely drive pulse transformers
> Price: Competitive

» 5 A reverse current robustness
— No need for Schottky clamping diodes
— Higher power density, lower BoM

PFC
controller

» 8V UVLO Protection:
— Fast and reliable Superdunction and
— Standard-Level MOSFET protection

Infineon Proprietary


https://www.infineon.com/cms/en/product/power/gate-driver-ics/single-channel-non-isolated-gate-drivereicedriver-1edn-tdi/

\

Infineon
Quick intro: Driving the MOSFETs with True Differential Inputs

12V r'm | CoolSiC™
PrC Ry, CoolMOS™
controller ias P7.C7 o G7 . &
Out i OUT source éj _ﬁu"‘
- O e E—OIN; true o Al —
diffential
—_— in- IN- inputs
S o
.
Chias Parasitic
| source
inductance
R
CS C nse
—0 sy
4
GND
E T . T T T |
GND-shift: +25V ~120 MHz

PFC controller " | ﬂﬂ/\{\mm,\,\“m -
uv i o
vs. : | UVUWU\l | ek

Gate driver IC

- 50 V=p

2021-04-23 restricted Copyright © Infineon Technologies AG 2021. All rights reserved. Infineon Proprietary
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Low Rdson output stage extends application coverage

The theory behind: How is the driving power distributed

VoD

VDD
PFC and LLC Application D

SR Application D o
Rdrv = Rgmos Rdrv << Rgext ///" o
EN[, ENL, / — \
Cod 0¢u| !
out GJ I | ol |_| < | |
INL IN L -
3 [
GND GND
Ptotal P
Protar = ( Rgrp + R ) P = total R + R +R
gmos =
total Rarv+Rgext+Rgmos ( drv gext gmos )

Rdrv+Rgmos

- 2 I
Protar = Cg_tot * Vpp2* fow = Qg_tot *Vpp * fow

Cy_tor = Total Gate Capacitance
Qg_tor = Total Gate Charge

Vpp = Driver Supply Voltage
fsw = Switching Frequency

2021-04-23 restricted Copyright © Infineon Technologies AG 2021. All rights reserved. Infineon Proprietary



Taking advantage of true rail-to-rail low-ohmic output stages: TEDN @
up to 2x more effective gate-drive power |

mW Distribution of Gate-Drive Total Power Dissipation

400 - ) .
Power burned in the driver

300 -

200 -

Power used in the FET

100 - R

Parasitic Rgate of MOSFET Gate-Driver Roscon)

0 T T T T TJ
FAN3224 UCC27424 UCC27323 UCC27524 2EDN7524

Use-Case: Synchronous Rectification with 50% duty-cycle, 250 kHz
2x 3 OptiMOS™ 1mOhm 30V in parallel, 2-layer JEDEC 51-7 PCB

2021-04-23 restricted Copyright © Infineon Technologies AG 2021. All rights reserved. Infineon Proprietary



Driver P, comparison on 750W 1/4Brick: IFX 2EDF vs. Silabs Sig235 ~ Quineon

soox Brick Board

= | | ESSSsss=== | | Cooler Driver Advantages:
- //f\ | v > Flexibility in thermal design
x| B4 | | | | o »  Can drive faster/more FETs
o within thermal budget

son | | | | | > Better reliability

Si8235 2EDF

Use-Case:
96.5°C 95.9°C 84.7°C786:0°C e = % > Sync. Rectification
\l, / i \ , > 2x2 OptiMOS BSCO10NE2LSI
¥ - ' s Tl 2 1mQ/ 25V in parallel,

N 0.5Q / 12nF RC load equivalent
> fs=200kHz,
N Vgs=8V

2021-04-23 restricted Copyright © Infineon Technologies AG 2021. All rights reserved. Infineon Proprietary "_
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Gate-driver Datasheets —
» Datasheet-test-conditions can be misleading
— Synthetic tests, as used for datasheets with unrealistically small capacitors,
can be misleading and some competitors might appear better.

» Gate driver ICs do only show their realistic behavior when
paired with a power transistor.

» Itis most important to select gate drivers having

a for turn-on, such as the
X3-Comapct family.

Figure 2 Block diagram separate source and sink output variants

2021-04-23 restricted Copyright © Infineon Technologies AG 2021. All rights reserved. Infineon Proprietary
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Buffer Caps




(i

Understanding the importance of by-pass capacitor Cgg

» Cgg Ccharges only during » Cgg supplies gate current during
) between caps » Energy transfer between caps
and - not from supply ! Cep and !

— Requires low ESR caps and
low impedance connections.

VBus VBus
VDD|—.., .7&7“1988 T1 o VDD VB Ces T
T =aN Y
vs | ‘ Vs L -
“[Cwoo T2 _{Cvoo RV
T -0 {6 T = |
|oND | D2 GND ] o7

2021-04-23 restricted Copyright © Infineon Technologies AG 2021. All rights reserved. Infineon Proprietary
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i

Bypass capacitor: Comparison of different Cgzg values

Voo
) o, VDD oty VB cCee T%
* HO (K #)
— Cgg charges C, ") ) B o —
— V¢pg drops L1 o @
— (beware of UVLO, Vg !) éno D2

— AVddg,, = Vddyg,, * Zoad
CBs

— If we require:

— — "
lAVdddT‘l? —_ 50/0 | Rvop Lvop
500mQ 100nH

- We need:
VDD_DRVQE CBS -
CBS - 20 * Cload 110(;L)lnFF

()

2021-04-23 restricted Copyright © Infineon Technologies AG 2021. All rights reserved. Infineon Proprietary



| | | infineon
Bypass capacitor: Comparison of different Cgs values

Insufficient slope
Vdd max ? _ I_ﬂ_
/\ Caui Cload = 10nF

VDD Cb = 10nF DRV_PUT Cb = 10nF
VDD Cb = 1yF DRV_PUT Cb = 1uF
14 14
/ \ VDD Cb = 100nF DRV_|OUT Cb = 100n|
13 N\
12 f /b\, 12 /-\ \
s

Drop=10n/100n*12V = v

‘ Lo ) -

VDD
3
DRV_OUT/V
3

long time to settle

/

UVLO 8V Il /

S o o o 32 322
Insufficient charge for miller plateau

imeluSecs 200nSecs/div

TimefuSecs 200nSecs/div

2021-02-18 restricted Copyright © Infineon Technologies AG 2021. All rights reserved.
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Bypass capacitor at the supply side: Cypp

» Same applies for relation /
— Select low ESR, Vaus
VDD|—,, VB ¢ [
Ot Bs ) T1
2 20 + Cgs ‘ Ho T (K E
_ VS +='D1
— Place C,pp close to Vdd-pin “[Como >y
— Avoid leakage inductance in the S LO @E
path from supply to C,pp to JEGND I o2

avoid ringing. L.

2021-04-23 restricted Copyright © Infineon Technologies AG 2021. All rights reserved. Infineon Proprietary
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How does precision timing help ?

» Short and precise dead-times lead to more efficient designs.

— During dead time no energy ¢ @ @ @ @ﬂ%m_@

is transferred.
f@ Q12 Q10 Vg'

| Q@Q
— Too short DT leads to risk of g% |
shoot-through @ @

Figure 2 Topology of the FB-FB rectifier

» Precise timing enables FF 1 gy I
— paralleling of PowerFETs - DeR J 5 J
— paralleling of Drivers M el T N By,
| ]
!

________

= GND  GND GND [V >—

2021-04-23 restricted Copyright © Infineon Technologies AG 2021. All rights reserved. Infineon Proprietary



1EDB Family cross-reference

All in 150mil 8-pin DSO package and with same pinout

All Infineon 1-channel galvanically isolated gate-driver ICs can be found at: https://www.infineon.com/cms/en/product/pow:

1EDB6275F
g"‘ 1EDB7275F
g UL1577 (pend.)
\E 1EDB8275F
E
1EDBO275F | m
= 1EDI20N12AF
g n.a.
= 1EDIBON12AF
=

1ED3124MU12F E UL 1577

UL 1577
UCC5320SC
. and
Q’ UCC5350SB VDE 0884-11
UCC5390SC
0 NCD57080C na.
‘YI STGAP2HSMTR n.a.
g arcad
2021-04-23 restricted

er/gate-driver-ics/high-side-drivers/

Viso = 3000 Vims

Viso = £ 1200 Vpc

VISO = 3000 Vrms

Viso = 3000 Vims

Viotm = 4242 Vpeak

3750 Vrms

Viotm = 6000 Vpeak

125V

12V

12V

129V

9.1V

1.5V

39V

14.4V

85V

10.5V

12V

8.4V

20V

35V

33V

32V

26V

19 ns

40 ns

30 ns

n/a

40 ns

20 ns

Copyright © Infineon Technologies AG 2021. All rights reserved.

45 ns

115 ns (on)
120 ns (off)

90 ns

60 ns

65 ns

60 ns

75 ns

+/- 4 ns

+23/-25ns
@ 25°C

14 ns @ 25°C

+ 12 ns (on)

+ 15 ns (off)

+ 35 ns (on/off)

+/- 15 ns

+/- 20 ns

Infineon Proprietary

5.4 Apeak

4 Apeak
10 Apeak

13.5 Apeak

4.3 Apeak

8.5 Apoak

17 Apeak

8 Apeak

4 Apeak

(i

-9.8 Apeak

-3.5 Apeak
-9.4 Apeak

-14 Apeak

-4.4 Apeak

-10 Apeak

-17 Apeak

-8 Apeak

-4 Apeak

data sheet

3.8.20, Rev. 2.1

1.6.15, Rev. 2.0

20.10.20, Rev.
20

SLLSERSF -
JUNE 2017-
REVISED
JANUARY 2019

Mar.-20, Rev. 0

DS13393 Rev 2


https://www.infineon.com/cms/en/product/power/gate-driver-ics/high-side-drivers/

Example: 600 W quarter-brick 48 V to 12 V full-bridge (infineon

See Application note:EiceDRIVER™ 2EDF7275K in telecom bricks

Table3 Dead-time configuration settings for the efficiency measurements
Configuration DT1 DT2 Difference to Config_A
Config_A 70ns 40ns -
Config_B 75ns 45ns +5ns
Config_C 79ns 49 ns +9ns
Config_D 101 ns T1ns +31ns
Config_E 108 ns 78ns +38ns
95,70
0
95,40 0o
95,10 g 01
— &
g 8 0,15
g o480 =
.f_: 5
£ a .02
94,50
0,25
94,20 0,3
15 20 25 30 35 40 45 50
Output current (A)
93,90
15 20 25 30 35 40 45 50 Confi cont Confiu € Coni con
Output current (A) = Config_A onfig_ B === (Config_ s Config_D onfig_E
—Config_A Config B mmmmConfig € mmm=Config_D Conlig_E Figure 16 Differential efficiency measurement of the 600 W QB 48 V to 12 V FB-FB evaluation board at 48
V DC input voltage for the different dead-time configuration settings

Figure 15 Efficiency measurement of the 600 W QB 48 V to 12 V FB-FB evaluation board at 48 V DC input
voltage for the different dead-time configuration settings

2021-04-23 restricted Copyright © Infineon Technologies AG 2021. All rights reserved. Infineon Proprietary ”
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UVLO ( undervoltage lockout )




1EDB fast reaction time to UVLO events @
Relevance in the end application — systems

»  UVLO protects the FET from linear mode, so its level need to meet Vth

> Bootstrap issues . or . While...
- LS FET is switching
— HS FET isn‘t switching, still in UVLO e e e o e e D) gk

T ~ e
Veus S YA
=T T =
im BS d ___.—#"f = WL
o VDD iy CBS T1 1 . ;I UVLOoy =25 5 |
Gate [HO J Boot supply "~ ~
-~ lvs +D1 e )
Drive |
_EVDD IC T2 [SVGS
T LO | :
GND [ D2 So o (@ | e T
£ [ o |2
:_I'Iq |:J.:"-‘|:-I|'-: |'.}\:A::M |u.:: -_,._.:: e - |--umm 'ﬁl

Example: burst-mode in 600W LLC eval board tested with 1EDB7275F

2021-04-23 restricted Copyright © Infineon Technologies AG 2021. All rights reserved. Infineon Proprietary


https://www.infineon.com/cms/de/product/evaluation-boards/eval-600w-12v-llc-a/

1EDB fast reaction time to UVLO events @
Relevance in the end application — Bootstrap systems

[5] vona
> The start-up time in the datasheet depends on
— the UVLO block activation time

— the internal logic start-up time
) Here’ the UVLO Start_up t|me B P e I e R :...,\ wi e o _E [=]
— measured ~2.5us — et ]
i . | | | Eard ¥ B )
is lower than o g e/ ==
— datasheet specification 5us , B WLog, osp ]
: : . — se—=t 3
since the internal logic has already L U B .;.xf:.::::w,..n..v.ww.w........._;fef..... IS o
: Boot supply - >
started during the flat curve (A) and ' } ()
is ready to switch once the supply hits UVLOgy TEVES
(& el \ s Vo e 1=
o woween Sl | e
(i e s i o e )

Example: burst-mode in 600W LLC eval board tested with 1EDB7275F

2021-04-23 restricted Copyright © Infineon Technologies AG 2021. All rights reserved. Infineon Proprietary


https://www.infineon.com/cms/de/product/evaluation-boards/eval-600w-12v-llc-a/

1EDB fast reaction time to UVLO events @
Relevance in the end application — Bootstrap systems

> Quick UVLO system helps e.g. in
LLC with split resonant cap
— keeps cap voltages balanced, thus
— helps preventing severe hard commutation

. ~e[3] D®
-.-,.-.-...w.—wll ,.l"ﬂ"‘-, STV - il
! | ) ]
TRy oY g A
HS VDS | LW L
, " UVLOoy r‘_._,z_ﬁgv ittt
: ! 225
4 R =
—— 1 Boot supply |~ g
> —» Bool ppy} ~
i - — ,
—— | LSVGS
n .
I l_
lgag 1 pme e e i ‘ | o | o "o
- LW e | bwwm iy 1
- o By [Gabewn | e R
[ @ o -
-— |,.I'-'.','.' | ot s - e e I qa]

Example: burst-mode in 600W LLC eval board tested with 1EDB7275F

2021-04-23 restricted Copyright © Infineon Technologies AG 2021. All rights reserved. Infineon Proprietary


https://www.infineon.com/cms/de/product/evaluation-boards/eval-600w-12v-llc-a/

1EDB fast reaction time to UVLO events @
Start-up and deactivation times

» Datasheet values:

Input-side start-up time tsTART vDDI - 3 - us | see Figure 8
Input-side deactivation time tsrop.voDI - 300 - ns |seeFigure8
Output-side start-up time tsTARTNDDO - 5 - us |seeFigure9
Output-side deactivation time | tsopyppo - 125 - ns |seeFigure9

X7

VDDI = UVLOyppion VDDO > UVLOypp0,0n

p | L+ vooo
~ L_NLO'“DDO"’" UVLOVDD"‘E’l m UVLOvppi off |

wo__—" T~ WTDW
ouT | | ouT | ‘I '“-5}%

! ! \
— — —| — = &N
tsart vooO tstopvono tstarTvop! tstop,vopI . [I}_-L GHDl

UVLOyooo,on}

H&] oUT_sRC

[7] out_snk

-:Ij GNDO

2021-04-23 restricted Copyright © Infineon Technologies AG 2021. All rights reserved. Infineon Proprietary



1EDB fast reaction time to UVLO events
Start-up and deactivation times

» Datasheet values:

Input-side start-up time tstarTvODl | 3 - | Ms
Input-side deactivation time tstopuoot | = | 300 |- | ns
Output-side start-up time tstarTvODO | 5 - | Ms
Output-side deactivation time | tsropyppo | - | 125 | - | ns
VDDI > UVLOvoion VDDO > UVLOyoo0.0n
UVLOWo10n |_——"""__| UVLO\opie

UVLOwo0,0nt UVLOyop0,of
VDDO \

ouT | |

e =

—H
tstart vooO tstopvoDo
2021-04-23 restricted

VDDI

ouT

.
! ‘
-l e i e

tSTART,VDDI 1:STOP,\t‘DDI

Copyright © Infineon Technologies AG 2021. All rights reserved.
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(i

The differs between the chips, but
The of all EiceDRIVER™ 2EDi is the same

If the input pulse is sent after 5ps, the driver will react immediately
since it is ready. If the pulse is not synchronized and has been set
high before, a random 1.6 ps inaccuracy has to be considered on
top due to the repetition scheme

m 5 voo

1N+ [ 2 F—D—D—‘
GNDI

H&] oUT_sRC

[aaaal

[7] out_snk

isalation

TNRUETO-oUTpuE Lot

GNDI [I}__L GO —:I:I GHDO
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1EDB fast reaction time to UVLO events

Relevance in the end application — Reaction to

Output-side deactivation time | tsropyppo - 125 ns |see Figure9
vDDI .
SLDON ;
INA -:_.

Glitches of few of ns (switching noise)

Glitches longer than hundreds of ns

Measured with 2EDS8265H (8V UVLO)

Infineon Proprietary

GNDI

Logic

g Control

=t
DISABLE ﬁ_{b—‘

Dead time
NG control

m

EiceDRIVER™ 2EDS8265H and 2EDS8165H

(infineon

VDDA

OUTA

GNDA

VDDB

ouTe
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1EDB fast reaction time to UVLO events infineon

Relevance in the end application — Reaction to glitches (2/2)

For glitches being able to deactivate the UVLO-block, the reaction time of the drivers depends on

how fast, how deep and how long the glitch is.
— The reaction time of the driver is given by the

— The reaction time of the driver is given by the

;

>

(UVLO+LogicBlock).

> 1EDBx275F and 2EDi are able to
react within one pulse of 5us or less
to supply drop, e.g. due to noise,
enabling fast recovery of normal
system operation

Measur ed with 2EDS8265H (8V UVLO)

Measured with 2EDS8265H (8V UVLO .
i am e LS

> enable fast recovery of normal system operation

> helps ensuring stable system operation
» especially important, e.g., in high-density brick applications to keep the output regulation.

Infineon Proprietary



(Infineon

Fast active output clamping




Infineon

i

New Active Output Clamping (for VDDO < UVLO)

> Motivation:

> During startup, while Vyq highsiae<UVLO,

> This can cause erratic turn on, thus shoot-through
»  Wanted:

> Fast clamping of the output
> Active already at lowest possible driver-supply voltage Vppa resp. Vppg

Slow RC output clamping Fast active output clamping
(old 2EDi marking A, some competitors products ) (EiceDRIVER™ 1EDB, new 2EDi )

VDD uvLo E] VDDA vDDI uvLo Lo L] vooa
[ [ 7 -
SLDON SLDO ‘é Logic ) i SLDON SLDO ‘gi RX T Logic ] =
! Unit L] outa ! Unit ouTA
INA ﬂ] = INA -
Logic :L |[ ] GNDA i e
Unit i E Channel t

T — 1
T — 1

GNDA

Input to Output

|
: a4 I to Ch i e eV —===
INB Aﬁ > b INB 4@_1:%
: e VDDB vDDB
DISABLE T{b—‘ \g Logic E DISABLE T{b—‘
- I Unit ouTB VODB ouTs
Dead Ti Dead Ti -
Ne ‘— : @ i Ne }
GNDI LT GNDB GNDI L1 GNDB
~ ps time constant to activate clamping ~ ns time constant to activate clamping
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New Active Output Clamping (for VDDO < UVLO)
Benefit in the end-application

)

T > Bootstrap

Any condi

)

Slow RC output clamping

(old 2EDi marking A, some competitors products )

(i

Critical topology/condition
LLC with split resonant cap

circuit used
tion when bootstrap supply is below UVLO

(start-up, burst mode)

Fast active output clamping
(EiceDRIVER™ 1EDB, new 2EDi marking B)

11.9,V/

ns | E—
M~ l/‘| e W _—
] (- I .
VDSfHS {
Shoot-through i I"‘."'I
events |1
.y VI
1.3 Vi
SlOW SUPIDW,E%:‘.‘._‘_-‘
output . ) [
clamping ; | |
j
ry ey Fast output
o e - Iﬁ;:iif: o) =) clamping !

Test-board: Customer LLC board, start-up

Shoot-through due to driver slow output clamping for
boot supply below UVLO

2021-04-23 restricted

Test-board: Infineon 600W LLC board readapted with 1EDB8275F, burst-event

Copyright © Infineon Technologies AG 2021. All rights reserved.

No shoot-through thanks to driver fast output
clamping for boot supply below UVLO
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New Active Output Clamping (for VDDO < UVLO)
In action...

Slow RC output clamping Fast active output clamping
(old 2EDi marking A, some competitors products ) (EiceDRIVER™ 1EDB, new 2EDi marking B)

MITTTRTY YOD.B o~V
) E OUTB-“I s e o
e prwm P"w w h-hr kbrrhrb.b-r:rh-h:}h f }-Ly-- _.;:EJOHt m. .m. mn m- o L-

-------

mmm Measured with old 2EDS8265H m Measured with new 2EDS8265H
- (8V UVLO) marking A marking B and 1EDB8275F (8V UVLO)
Late clamping activation: Output clamping activates Early clamping activation: Output clamping

when the supply approaches the UVLO level (e.g. 8V) activates when the supply approaches 1V

> Results from component verification measurements; pulse (Pulse_out) forced on the Gate Driver output
(OUT) and supply (VDD_B) raised with controlled ramp; due to selected switching frequency, slow
clamping mechanisms are not visible

2021-04-23 restricted Copyright © Infineon Technologies AG 2021. All rights reserved. Infineon Proprietary
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New Active Output Clamping (for VDDO < UVLO) Mnfineon
1EDB clamping activation time

i

Activation time of output

Lo . £
clamping in UVLO condition * CLAMP.OUT

- 20 - ns |see Figure 10

3) parameter not subject to production test - verified by design / characterization

VvDDO  1av,

————————
i
ouT |
teiamp our

> Parameter measured raising the 1EDB output supply (fast ramp) and forcing 1V on the output.

> The activation time is the time needed from the driver to start clampimg the output after the supply has
reached the trigger value (~1V)

2021-04-23 restricted Copyright © Infineon Technologies AG 2021. All rights reserved. Infineon Proprietary
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Key take-aways
» If you compare datasheets or look for a suitable driver:

— Don‘t be fooled by the cover-page parameters
— Compare currents wrt. to their load type and voltage spec.
— Compare timings wrt. their spec-conditions

— Focus on special application requirements like
— UVLO level, precision, timing, speed for ON and OFF
— Timing precision of the driver

2021-04-23 restricted Copyright © Infineon Technologies AG 2021. All rights reserved. Infineon Proprietary
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Layout considerations




Layout considerations

»  Keep Signal-GND away from
Power-GND

» Use short, thick traces

» Use local, 5x wider traces
underneath the signal as
return

» Do not span areas, they're
nice antennas

2021-02-18 restricted

GND

PWM

IN

VDD
Out
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Layout considerations

»  Keep Signal-GND away from
Power-GND

» Use short, thick traces

» Use local, 5x wider traces
underneath the signal as
return

> Do not span areas, they're
nice antennas

PFC
controller

pC

GND

PWM IN

G

] CoolMOS™

2021-02-18 restricted

VDD
Out

4
S

~_

J
%/

3

(i

3

»y  GND connection on
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Layout considerations

»  Keep Signal-GND away from Power-GND

> Use short, thick traces with low impedance return

> Use local, 5x wider traces underneath the signal as
return.

> With the signal on TOP and a wide return on BOTTOM side,
a ( not only low ohmic ) is defined,
including a catch for E-fields.

) as it injects noise to everything.

2021-02-18 restricted Copyright © Infineon Technologies AG 2021. All rights reserved.



infineon
Layout considerations &—/

»  Keep Signal-GND away from Power-GND

» Use short, thick traces with low impedance return

> Use local, 5x wider traces underneath the signal as
return

RSHUNT

L ame=

ool I

CvDDI
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Portfolio — Overview




- prelude - @

) R e e Typical switches Please visit
sower for which the www.infineon.com/gatedriver
PSS Division for entire gate-driver IC portfolio
1 MV |- - - -- Gate-Driver ICs
_ are designed www'
SiC Module @ Qy % 5 Q
oo - .- f 220000 08 - : ,,“,mm 6 e @

|/“:| o\\
B cinararan b T
10 kW |
Discrete
. IGBT Legend
| in production |
MOSFET | in development |
100 W
—aaae——————————————— AR | in concept stage |
10 Hz 1 kHz 1 MHz frequency

VES V¥ MP
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http://www.infineon.com/gatedriver

Gate Driver IC Nomenclature of PSS Division Infineon
- Guideline - &_/

2 ED B 8 2 7 9 F
} A A A A T A t
Number of channels Family ID Package type
eg.,1,2,6 e.g. A =LGA 4x4 mm
2 = 2EDN B = SOT-23
5 = 2EDR, 2EDB g= 2%([)\1 150mil, 8-/16-pin
ED = EiceDRIVER™ 6 = 2EDS H = DSO 300mil 16-pin
7 =2EDF K = LGA 5x5 mm
. . R = TSSOP (“mini DSO-8")
Isolation class U= TSNP
N = Non-isolated, e.g. low-side or True Differential Inputs X = DSO 300mil, 14-pin
L = Level-shift junction isolation Y = DSO 150miI: 14-pin
F = Functional isolation
B = Basic isolation VDE certified or single protection (UL1577) Control inputs
S = Reinforced isolation certified VDE 0884-10 (exp.) & EN 62368-1 Non-isolated drivers:
R= Relnfprced isolation certified VDE 0884-11 & EN 62368-1 1EDN: 1 = single, 2 = spit output
(and in future IEC 60747-17) 2EDN: 3 = inverted, 4 = direct input
Galvanically isolated drivers™:
UvLO™ 3 =PWM inputw. DTC or TNEG
6=122V 5=1INA, INB w{o STP/DTC + DIS
7= 42 V * please refer to data-sheet for actual cerification status OUtpLIt current*** 6 - INA‘ lNB Wlth STP * EN
8= 80V "tpyp,on-threshold 1=1A/2A 7 =INA, INB w!th STP + DIS .
9=149V vt @ Vdd = 12V, Vout = 5 2 = 4A/8A 8 = INA, INB w!th STP/DTC opt!on +EN
**** DIS is the default, repective number is used even if a dedicated pin is not avail. 9 = |NA, lNB Wlth STP/DTC optlon + DIS

2021-04-23 restricted Copyright © Infineon Technologies AG 2021. All rights reserved. Infineon Proprietary



Navigating the Infineon Gate-Driver IC world
Visit www.infineon.com/gatedriver

EiceDRIVER™ Gate Driver Selection

By configuration By isolation By application

Low side High side

Level shift Isolated Non isolated

High and
low side

By switch device

CoolSiCc™ CoolGaN™
MOSFET HEMTs
gate drivers gate drivers
© MOSFET IGBT ©
gate drivers gate drivers
Driver Synchr.
boards buck (5] (> ]
© Q
. Gate driver Gate driver . e p
° Gate driver forum selection guide finder > Automotive qualified A'%(ﬁanned

Every Switch needs a Driver

eicedriver@infineon.com

2021-04-23 restricted Copyright © Infineon Technologies AG 2021. All rights reserved. Infineon Proprietary
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"Common DNA" through-out the portfolio for (iﬁ?ineon
High System Efficieny and Robust & Save Operation

Low-side Non-isolated Isolated
1-channel 2-channel 1-channel 1-channel 2-channel
Product examples 1EDN7511B 2EDN7524R 1EDN7550B 1EDB7275F 2EDF7275F
Low resistance source 0.850Q/4A 0.7Q/4A 0.85Q/4A 0.95Q/4A 0.85Q/4A
rail-to-rail Minimizes MOSFET switching losses .
output stages sink 0.35Q/8A 055Q/4A 0.35Q/8A 048Q/8A 0.35Q/8A ngh
System
Input-to-output on +6ns +4ns +10ns +4ns +7ns Efficiency
propagation delay Minimizes dead-time losses
accuracy off -4ns -4ns -7ns -4ns -6ns
Input robustness abs. max. -10v - 10V +/- 150V (TDI) -5V -5V Noise margin
Avoids half-bridge
Fast output clamping 20 ns 20 ns 20 ns 20 ns shoot-through during
boot-strapped start-up
3.9V 3.9V 3.9V 3.9V 3.9V .
70V 7.0V 7.0V 70V 70V Reduces risk of thermal Robust
UVLO options typ. off threshold 115V 12.9V overstress of power switch,
sy 144V 144V if auxiliary supply drops and
Reverse current No need for Save System
abs max. 5 Apeak 5 Apeak 5 Apeak 5 Apeak 5 Apeak Schottky diodes Operation
robustness .
to protect gate-driver output
Galvanic isolation n.a. UL 1577, VDE 0884 Rugged ground-loop separation
CMR/ CMTI T'“'yl'ggﬁ;e"“a' >300 Vins > 150 Vins Immune against switching noise

Infineon Proprietary



Low-Side Gate-Driver ICs
Portfolio and Roadmap

1-ch

2-ch

2021-04-23

1EDN Family

Q AAIEA 1EDN7512B
1EDN7511B
Q S 1EDN8511B
SRS 1EDN7512G

&Ly  wsone
2EDN Family 2EDN752xF
K 2EDN852xF
T AATAAOTSAISA || hepisen
w DSO-8 2EDNB52xR
TSSOP-8 2EDN752xG
&Ly wsons 2EDN7424x

New
New
New
New

2EDN Expansion1

: 20 ns fast output clamp
: 2 us UVLO start-up time

: SOT23-6 Q
: TSNP-6 o

In Production

restricted

now’ v May-21"
"DSO, TSSOP, SOT

2021

Copyright © Infineon Technologies AG 2021. All rights reserved.

(i

(Q2CY21; PL21B)

1EDN Exp_1

New: 12 A,/ 25 Agjni (VDD up to 12 V)

—-Q WSON-6

0|@ TSNP-6

|—> Source-down OptiMOS in
IBC & HSC with
switched capacitor topologies

——» Center-tapped SR in
Telco DCDC-Bricks
& High-power SMPS

2022

Infineon Proprietary



Truly Differential Input Gate-Driver ICs @

Portfolio and Roadmap (Q2CY21: PL21B & PL88I)
1EDN-TDI Family B e 1EDN-TDI Exp_1
for 100 V GaN -
. . 1EDN7550B -
Truly Differential Inputs 1EDNB550B e New: Eliminates external Rgy
or
1-ch Q LRI DT selectable Q —t Q SOT23-6: up to +/-150 V
SOT23-6 1EDN7550U Negati h "
egative charge pump option .
TSNP-6 &> TSNP-6: +/- 120V
0@ 3x3 mm SON-10, 1.8x1.8 mm TSNP-7 0|
Feb-21 vApr-21 L’ FB-SR in Telco DCDC Bricks
IBC & HSC in switched capacitor
topologies
—» Boost-PFC w. KelvinSource MOSFET

Totem-pole PFC
FB-Sync Rec
HB in Battery powered motor drives
PV optimizer

In Production 2021 2022

2021-04-23 restricted Copyright © Infineon Technologies AG 2021. All rights reserved. Infineon Proprietary



Junction Isolated Gate-Driver ICs (iﬁﬁneon

Portfolio and Roadmap (Q2CY21: PL88I)
2EDL8x2x Family 2EDL8x2x Exb1 HB 120 V telco DCDC Driver
2EDL802xG P 120V internal boot-stran diod
120 V int. boot-strap diode || 5ep) 812¢G internal boot-strap diode
2Ato4 A SON-8 4x4
2EDL8012G NEW: SON-10 3x3 (telco DCDC)
TDI option SON-10 3x3
2EDL8112G v 5 | R w
SON-8 4x4 May-21 Nov-21 SO-8 (solar and SR)
2-ch Jan-22 V¥ Oct-22
Wireless Charging Driver HB 120 V GaN driver
60 V int. boot-strap diode WDCSC0006 120 V int. boot-strap diode
2A Active Miller Clamp e
@ SON-10 4x4 TSNP-12 2x2 Q
Aug-21 Q2-22Y
6EDL7141
6-ch 70 V 3-phase Smart Motor Driver
VQFN-48 7x7 . Q
Oct-20 ¥ May-21
In Production 2021 2022

2021-04-23 restricted Copyright © Infineon Technologies AG 2021. All rights reserved. Infineon Proprietary



Galvanically Isolated Gate-Driver ICs
Portfolio and Roadmap

1-ch

2-ch

2021-04-23

1EDB-Family

+5.6 A source / -10.2 A sink
20 ns fast output clamp

5 us UVLO start-up time
4V to 15V UVLO options
300 V/ns CMTI

Viso = 3 KV, s (UL1577)
150 mil DSO-8

1EDB6275F
1EDB7275F
1EDB8275F
1EDB9275F

1EDi-GaN
1EDS5663H
~ DS0-16 150mil 1EDF5673K
“ LGA-13 5x5
2EDS9265H
2EDi Family 2EDS8265H
2EDS8165H
1A/2A,4A/8A 2EDF9275F
DSO-16 300mil 2EDF7275F
: DSO-16 150mil 2EDF7175F
LGA-13 5x5 2EDF7275K
“ 2EDF7235K

In Production

restricted

2EDi Expansion1
New: STP, DTC (option)

New: 300 V/ns CMTI
New: VDE 0884-11
New: DSO-14 300mil
New: DSO-14 150mil
New: LGA-13 4x4

New: 20 ns fast output clamp
New: 2 us UVLO start-up time

o™

May-21
2021

W Oct.-21

Copyright © Infineon Technologies AG 2021. All rights reserved.

(Q2CY21; PL21B & PL88I)

2022

Infineon Proprietary

(i



2-channel isolated gate-driver IC Infineon
Portfolio and Roadmap in detail

Product Package Isolation Certification Outputs stage Controls
Type Pins source/sink uvLoO inputs STP/DTC option DIS/EN
2EDS8165H 300mil DSO 16 pin Viotm = 8kVp, VDE-10 1A/ 2A 8V INA, INB no DIS
2EDS8265H 300mil DSO 16 pin Viotm = 8kVp, VDE-10 4A/ 8A 8V INA, INB no DIS
2EDS9265H 300mil DSO 16 pin Viorm = 8kVpk VDE-10 4A/8A 13V INA, INB no DIS
2EDR8259H 300mil DSO 16 pin Viotm = 8KVp, VDE-11 4A/ 8A 8V INA, INB yes DIS
2EDR7259X 300mil DSO 14 pin Viotm = 8kVp, VDE-11 4A [ 8A 4v INA, INB yes DIS
2EDR8259X 300mil DSO 14 pin Viotm = 8kVp, VDE-11 4A/8A 8V INA, INB yes DIS
2EDR9259X 300mil DSO 14 pin Viotm = 8KVp, VDE-11 4A 1 8A 15V INA, INB yes DIS
2EDF6258X 300mil DSO 14 pin functional 4A/8A 12v INA, INB yes EN
2EDF7175F 150mil DSO 16 pin 1.5kVpc functional 1A/2A 4v INA, INB no DIS
2EDF7275F 150mil DSO 16 pin 1.5kVpc functional 4A/ 8A 4v INA, INB no DIS
2EDF9275F 150mil DSO 16 pin 1.5kVpc functional 4A 1 8A 13V INA, INB no DIS
2EDB8259F 150mil DSO 16 pin Viso = 3kVims UL1577 4A/ 8A 8V INA, INB yes DIS
2EDB7259Y 150mil DSO 14 pin Viso = 3kVims UL1577 4A/ 8A 4v INA, INB yes DIS
2EDB8259Y 150mil DSO 14 pin Viso = 3kVims UL1577 4A 1 8A 8V INA, INB yes DIS
2EDB9259Y 150mil DSO 14 pin Viso = 3kVims UL1577 4A/8A 15V INA, INB yes DIS
2EDF7275K 5x5 LGA 13-pin 1.5kVpc functional 4A/8A 4v INA, INB no DIS
2EDF7235K 5x5 LGA 13-pin 1.5kVpc functional 4A/ 8A 4v INA, INB DTC DIS
2EDB7259K 5x5 LGA 13-pin Viso = 2.5kVims UL1577 4A/ 8A 4v INA, INB yes DIS
2EDB8259K 5x5 LGA 13-pin Viso = 2.5kVims UL1577 4A/ 8A 8V INA, INB yes DIS
“ 2EDB7259A 4x4 LGA 13-pin Viso = 2.25kVms UL1577 4A/ 8A 4v INA, INB yes DIS
2EDB8259A 4x4 LGA 13-pin Viso = 2.25kVms UL1577 4A/8A 8V INA, INB yes DIS

Note: VDE 0884-10 expired, but IEC 62368-1 survives

2021-04-23 restricted Copyright © Infineon Technologies AG 2021. All rights reserved. Infineon Proprietary
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Addendum - layout




infineon
Exkurs — Layout — the way AC flows &—/

»  Complete GND plane assumed

> AC return current
— uses the low impedance trace

- not the low ohmic trace

2021-02-18 restricted Copyright © Infineon Technologies AG 2021. All rights reserved.



infineon
Layout — the way AC flows &—/

> Fractured GND plane assumed

AC W—i\

miracles

> AC return current
— uses an unknown way

- induces wonderful signals into parts not
intended to be meant

2021-02-18 restricted Copyright © Infineon Technologies AG 2021. All rights reserved.



infineon
Layout — the way AC flows &—/

»  Fractured or complete GND plane assumed

AC

Area of
miracles

» AC return current
- forced in a known path, but

— spans a huge antenna area, generating radiated noise

2021-02-18 restricted Copyright © Infineon Technologies AG 2021. All rights reserved.



infineon
Layout — the way AC flows &—/

»  Fractured or complete GND plane assumed

AC

2

» AC return current

- forced in a low impedance, non-disturbing path

2021-02-18 restricted Copyright © Infineon Technologies AG 2021. All rights reserved.



infineon
Layout — the way AC flows &—/

»  Fractured or complete GND plane assumed

AC

2

> AC return current - alternative on single side PCB

- forced in a low impedance, non-disturbing path

2021-02-18 restricted Copyright © Infineon Technologies AG 2021. All rights reserved.



infineon
Exkurs2 — Layout — blocking caps - Example &—/

> Absolutely horrible ...

— C13 (100nF) is de-facto not connected due to trace impedance

2021-02-18 restricted Copyright © Infineon Technologies AG 2021. All rights reserved.



infineon
Exkurs2 — Layout — blocking caps - Example &—/

> Nearly absolutely horrible ...

— C13 (100nF) is de-facto not connected due to trace impedance

2021-02-18 restricted Copyright © Infineon Technologies AG 2021. All rights reserved.



infineon
Exkurs2 — Layout — blocking caps - Example &—/

» I'd prefere this way!
— Current forced to use both caps
- Small spanned area

- Low impedance traces

2021-02-18 restricted Copyright © Infineon Technologies AG 2021. All rights reserved.



infineon
Exkurs2 — Layout — blocking caps - Example &—/

» I'd prefer this way, if you really need the other pcb-side!
— Please, place the cap onto the trace, avoid contacts

— If you really need contacts, use lots of them

2021-02-18 restricted Copyright © Infineon Technologies AG 2021. All rights reserved.
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