2ED2304S06F Infineon

2ED2304SO6F

650 V Half Bridge Gate Driver with Integrated Bootstrap Diode (BSD)

Features Product summary
L pieon o i SO etroce

yop . ‘ lovy (typ.) =036 A/0.7A
e Floating channel designed for bootstrap operation v S 10V-175V
e Output source/sink current capability +0.36 A/-0.7 A ouT . )

. Delay Matching =60 ns max.
e Integrated Ultra-fast, low Rpson) Bootstrap Diode -
. . Internal deadtime =75ns
e Tolerant to negative transient voltage up to -100 V
tonsoff (typ.) =310 ns/300 ns

(Pulse width is up 300 ns) given by SOI-technology
10 ns typ., 60 ns max. propagation delay matching

e dV/dtimmune 50V Package
e Gatedrive supply range from 10Vto 20V

e Undervoltage lockout for both channels DSO-8

e 3.3V,5Vand 15Vinput logic compatible

RoHS compliant

Potential applications

e Motor drives, General purpose inverters
e Refrigeration compressors
e Half-bridge and full-bridge converters in offline AC-DC power supplies for telecom and lighting

Product validation
Qualified for industrial applications according to the relevant tests of JEDEC47/20/22.

Description

The 2ED2304S06F is a 650-V half-bridge gate driver. Its Infineon thin-film-SOI technology provides excellent
ruggedness and noise immunity. The Schmitt trigger logic inputs are compatible with standard CMOS or LSTTL
logic down to 3.3 V. The output drivers features a high pulse current buffer stage designed for minimum driver
cross-conduction. The floating channel can be used to drive an N-channel power MOSFET or IGBT in the high
side configuration which operates up to 650 V. Additionally, the offline clamping function provides an inherent
protection of the parasitic turn-on by floating gate conditions when IC is not supplied.

DC-Bus
VCCo VCC — —»———-VB- .
Ho! Refer to lead assignments for
+5V T To correct pin configuration. This
T Vs Losd diagram show electrical
uc T connections only. Please refer to
PWM H —T 1+ HIN our application notes and design
- T tips for proper circuit board
PWM_L —* LIN LO}
X To Opamp / layout.
GND ’7 GND Comparator
* +—0 - DC-Bus
Figurel Typical application diagram
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650 V Half Bridge Gate Driver with Integrated Bootstrap Diode (BSD)
Ordering information

Ordering information

Base Part Number Package Standard Pack Orderable Part Number
Form Quantity
2ED2304S06F PG-DSO-8 Tube/Bulk 95 2ED2304S06FXLSAL
Tape and Reel | 2500 2ED2304S06FXUMAL
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1 Block diagram
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Figure 2 Functional block diagram
2 Lead definitions
Table1 2ED2304S06F lead definitions
Pinno. |Name Function
1 LIN Logic input for low-side gate driver output (LO), in phase. Schmitt trigger inputs
with hysteresis and pull down
5 HIN Logic input for high-side gate driver output (HO), in phase. Schmitt trigger inputs
with hysteresis and pull down
3 VCC Low-side and logic supply voltage
4 COM Low-side gate drive return
5 LO Low-side driver output
6 VS High voltage floating supply return
7 HO High-side driver output
8 VB High-side gate drive floating supply
R
TN VB | 8|
2| HIN Ho [ 7]
3| vee VS E
1| com o [s]
Figure3  2ED2304SO06F lead assignments PG-DSO-8 (top view)
2ED2304S06F Datasheet 30f13 Version 2.4
www.infineon.com/2ED2304 2019-01-24



http://www.infineon.com/2ED2304

2ED2304S06F
650 V Half Bridge Gate Driver with Integrated Bootstrap Diode

infineon

3

3.1

Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur. All voltage

Electrical parameters

Absolute maximum ratings

parameters are absolute voltages referenced to COM unless otherwise stated in the table. The thermal resistance and
power dissipation ratings are measured under board mounted and still air conditions.

Table 2 Absolute maximum ratings
Symbol | Definition Min. Max. Units
Ve High-side floating well supply voltage* Vec -6 670
High-side floating well supply voltage (tp <300 ns)* Vee - 100 —
Ve High-side floating well supply return voltage Vec -Ves— 6 650
High-side floating well supply return voltage (tp <300 ns)* Vee -Ves— 100 —
Vo Floating gate drive output voltage Vs-0.5 Vg+0.5 v
Vs Floating gate drive voltage supply voltage -1 20
Vee Low side supply voltage -1 20
Vio Low-side output voltage -0.5 Vec+ 0.5
Vin Logic input voltage -0.5 Vec+0.5
dVs/dt | Allowable Vs offset supply transient relative to GND? — 50 V/ns
Po Package power dissipation @ T, <+25°C — 0.6 W
Rth;n | Thermal resistance, junction to ambient — 195 oC/W
T, Junction temperature — 150
Ts Storage temperature -40 150 °C
T, Lead temperature (soldering, 10 seconds) — 300
3.2 Recommended operating conditions

For proper operation, the device should be used within the recommended conditions. All voltage parameters are absolute
voltages referenced to COM unless otherwise stated in the table. The offset rating is tested with supplies of (Vcc - COM) =

(V- Vs) =15 V.
Table 3 Recommended operating conditions

Symbol | Definition Min Max Units
Vs High-side floating well supply voltage Vs+ 10 Vs+17.5
Vs High-side floating well supply offset voltage? Vee - Ves-1 650
Vo Floating gate drive output voltage 10 Vs
Vs High-side supply voltage 10 17.5 v
Vee Low-side supply voltage 10 17.5
Vio Low-side output voltage 0 Vec
Vin Logic input voltage* 0 Vee
Ta Ambient temperature -40 125 oC
tin Pulse width for ON and OFF® 0.3 — bs

Y In case Vce > Ve there is an additional power dissipation in the internal bootstrap diode between pins Vec and Vs in case of activated
bootstrap diode. Insensivity to negative transient not subject to production test. Verified by design/characterization.

2 Not subject to production test, verified by characterization.
3 Logic operation for Vs of -8 V to +600 V.
4 Allinput pins (HIN, LIN) are internally clamped

5 Input pulses may not be transmitted properly in case of LIN/HIN below 0.3 us

2ED2304S06F Datasheet 40f13
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3.3 Static electrical characteristics

(Vee— COM) = (Vg - Vs) =15V, and T, = 25°C unless otherwise specified. The V\., Viy and |y parameters are referenced to GND
and are applicable to the respective input leads: HIN and LIN. The Vo and I parameters are referenced to COM/VS and are
applicable to the respective output leads HO or LO. The Vccyy parameters are referenced to COM. The Vgsyy parameters are
referenced to Vs.

Table 4 Static electrical characteristics
Symbol Definition Min.| Typ.| Max.| Units | Test Conditions
Vesuw+ | Vs Supply undervoltage positive going threshold 83| 91| 9.9
Vesw- | Vas supply undervoltage negative going threshold 75| 83| 9.0
Vesuwy | Ves supply undervoltage hysteresis 05| 09| — v
Vecuowr | Vec supply undervoltage positive going threshold 83| 91| 9.9
Veco- | Vee supply undervoltage negative going threshold 75| 83| 9.0
Vecowy | Vec supply undervoltage hysteresis 0.5 | 0.9 —
I« High-side floating well offset supply leakage — 1| 125 Vg=Vs=600V
Ik High-side floating well offset supply leakage* — 10 | — HA T\;S_:lez(?o \(/:’
loss | Quiescent Vgs supply current — | 170| 300
locc | Quiescent Ve supply current — | 300| 600
Vou | High level output voltage drop, Veis-Vo — | 045 1 Y o= 20 mA
Vou | Low level output voltage drop, Vo — | 0.13| 0.3
Vo=0V
lo+ Peak output current turn-on?! — | 360 — PW =10 pis
lormean | Mean output current from 3 V (20%) to 6 V (40%) 180 | 230| — mA C.=22nF
Vo=15V
lo- Peak output current turn-off! — | 700 — PW = 10 s
lomean | Mean output current from 12 V (80%) to 9 V (60%) 390 | 480 — C.=22nF
Viw | Logic “1” input voltage 1.7 21| 24 y
Vi Logic “0” input voltage 07| 09| 11
Iin+ Input bias current (HO = High) 15 | 35| 60 Vin=3.3V
Iin- Input bias current (HO = Low) — 0 — HA V=0V
Vesso | Bootstrap diode forward voltage between Vcc and Vs — 1 1.2 Y I[F=0.3 mA
lreso | Bootstrap diode forward current between Vec and Vs 30 | 55| 80 mA Vec-Ve=4V
Resp | Bootstrap diode resistance 20 36 55 Q Vei=4 V, V=5V

! Not subjected to production test, verified by characterization.

2ED2304S06F Datasheet 50f13 Version 2.4
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34 Dynamic electrical characteristics

Vee=Ves= 15V, Vss = COM, Ta = 25°C and C, = 1000 pF unless otherwise specified.

Table5 Dynamic electrical characteristics
Symbol | Definition Min.| Typ.| Max.| Units Test Conditions
tox | Turn-on propagation delay 210 | 310 | 460
|14 =0or33V
torr | Turn-off propagation delay 200 | 300 | 440 LINHIN =5 OF
tr | Turn-on rise time — 48 80 Vinuw=0or 3.3V
tr | Turn-off fall time — 24 40 ns C.=1nF
trun | INnput filter time 100 150 250 Vinmn=0&3.3V
MT | Delay matching time (HS & LS turn-on/off) | — 10 60 external dead time > 500 ns
DT Dead time 30 75 140 VLFN/HFN =0&3.3V
MDT | Dead time matching time — 10 50 ext. dead time 0 ns
4 Tolerant to negative transient voltage on VS pin (-VS)

A common problem in today’s high-power switching converters is the transient response of the switch node’s
voltage as the power switches transition on and off quickly while carrying a large current. A typical three phase
inverter circuit is shown in Figure 4; here we define the power switches and diodes of the inverter.

If the high-side switch (e.g., the IGBT Q1 in Figures 5 and 6) switches off, while the U phase current is flowing to
an inductive load, a current commutation occurs from high-side switch (Q1) to the diode (D2) in parallel with the
low-side switch of the same inverter leg. At the same instance, the voltage node Vs;, swings from the positive DC
bus voltage to the negative DC bus voltage.

DC+ BUS
O +
Q1_| D1 Qi| D3 Q5 D5
Vv V. W
Input L v S3 To
Voltage | Vs 2 2 S Load
Q2_| D2 Q4_| D4 Qi| D6
O DC- BUS ~
Figure 4  Three phase inverter
2ED2304S06F Datasheet 60f13 Version 2.4
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DC+ BUS DC+ BUS
_"—

Q1
ON

(VY S —g

Q2 o | D2
OFF
DC- BUS DC- BUS
Figure 5 Q1 conducting Figure 6 D2 conducting

Also when the V phase current flows from the inductive load back to the inverter (see Figures 7 and 8), and Q4
IGBT switches on, the current commutation occurs from D3 to Q4. At the same instance, the voltage node, Vs,,
swings from the positive DC bus voltage to the negative DC bus voltage.

DC+ BUS DC+ BUS

Vs, &———O

Q4
ON

DC-BUS DC-BUS

Figure 7 D3 conducting Figure 8 Q4 conducting

However, in a real inverter circuit the Vs voltage swing does not stop at the level of the negative DC bus but
instead swings below the level of the negative DC bus. This undershoot voltage is called “negative transient

voltage”.

The circuit shown in Figure 9 depicts one leg of the three phase inverter; Figures 10 and 11 show a simplified
illustration of the commutation of the current between Q1 and D2. The parasitic inductances in the power circuit
from the die bonding to the PCB tracks are lumped togetherin Lc and Le for each IGBT. When the high-side switch
is on, Vs; is below the DC+ voltage by the voltage drops associated with the power switch and the parasitic
elements of the circuit. When the high-side power switch turns off, the load current momentarily flows in the
low-side freewheeling diode due to the inductive load connected to Vs; (the load is not shown in these figures).
This current flows from the DC- bus (which is connected to the COM pin of the HVIC) to the load and a negative
voltage between Vs; and the DC- Bus is induced (i.e., the COM pin of the HVIC is at a higher potential than the VS

pin).

2ED2304S06F Datasheet 70of13 Version 2.4
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DC+ BUS DC+ BUS DC+ BUS

DC-BUS DC- BUS

Figure 9  Parasitic Elements Figure 10 VS positive Figure 11 VS negative

In a typical motor drive system, dV/dt is typically designed to be in the range of 3-5 V/ns. The negative transient
voltage can exceed this range during some events such as short circuit and over-current shutdown, when di/dt
is greater than in normal operation.

Infineon’s HVICs have been designed for the robustness required in many of today’s demanding applications. An
indication of the 2ED2304S06F’s robustness can be seen in Figure 12, where the 2ED2304S06F Safe Operating
Area is shown at Vgs=15 V based on repetitive negative transient voltage spikes. A negative transient voltage
falling in the grey area (outside SOA) may lead to IC permanent damage; viceversa unwanted functional
anomalies or permanent damage to the IC do not appear if negative VS transients fall inside the SOA.

Pulse width [ns]

100 200 300 400 500 600 700 800 900 1000

-20

-40

-60

-120

Vs [V]

o

Figure 12 Negative transient voltage SOA on VS pin for 2ED2304S06F @ VBS=15V

Even though the 2ED2304S06F has been shown to be able to handle these large negative transient voltage
conditions, it is highly recommended that the circuit designer always limit the negative transient voltage on VS
pin as much as possible by careful PCB layout and component use.
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5 Package information DSO-8
5] D hox 45 1) DOES NOT INCLUDE MOLD FLASH OR PROTRUSIONS.
6 DIM MILLIMETERS INCHES
MIN MAX MIN MAX
< A - 1.75 - 0.069
Al 0.10 - 0.004 -
A2 1.25 1.65 0.049 0,065
b 0,35 0.51 0,014 0,020
c 017 0.25 0,007 0,010
D 4.80 5.00 0.189 0.197
@ E 5.80 6.20 0.228 0.244
|‘_“ FOOTPRINT 5 E1 3.80 4.00 0.150 0.157
I E E— £ e 127 0.050
EZI Eﬂ E 0.39 T 0.89 0,015 7 0.035
h 0.23 0.50 0.009 0.020
U= | A== = = = o e
1 —£d o - iER - 1e°
? S ccc . .
- mi Ol B o
1 H H 0 H Fi F1 559 579 0,220 0,228
PIN 1 ; b F2 0,55 0.75 0.022 0.030
NDEX MARKING [&ada@P[q F3 121 121 0,048 0.056
Max. reflow solder temperature: 265°C acc. JEDEC
Max. wave solder temperature: 245°C acc. JEDEC
Figure 13 Package outline PG-DSO-8
Part number 2ED2304
Datecode ———+— YWW 2 I ::R IR logo
uw
E‘gnli e T ® 2 XXXX —F+—— Lot Code
(Prod mode —
4 digit SPN code)
? | MARKING CODE
P | Lead Free Released — A blv i q
ssembly site code
Non-Lead Free Released ——— PerSCOP 200-002

Figure 14 Marking information PG-DSO-8 (2ED2304S06F)
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LOADED TAPE FEED DIRECTION

| e—

v
A
jas}

@
®
|

/
\
7

NOTE : CONTROLLING
DIMENSION IN MM E

CARRIER TAPE DIMENSION FOR 8SOICN

Metric Imperial

Code Min Max Min Max
A 7.90 8.10 0.311 0.318
B 3.90 4.10 0.153 0.161
C 11.70 12.30 0.46 0.484
D 5.45 5.55 0.214 0.218
E 6.30 6.50 0.248 0.255
F 5.10 5.30 0.200 0.208
G 1.50 n/a 0.059 n/a

H 1.50 1.60 0.059 0.062

_’ <_F

Jo 12
(o3
A
ST
_| 4&
A4
L
REEL DIMENSIONS FOR 8SOICN
Metric Imperial

Code Min Max Min Max

A 329.60 330.25 12.976 13.001

B 20.95 21.45 0.824 0.844

C 12.80 13.20 0.503 0.519

D 1.95 2.45 0.767 0.096

E 98.00 102.00 3.858 4015

F n/a 18.40 n/a 0.724

G 14.50 17.10 0.570 0.673

H 12.40 14.40 0.488 0.566
Figure15 Tape and reel details PG-DSO-8
2ED2304S06F Datasheet 100f13 Version 2.4
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6 Qualification information!

Table 6 Qualification information

Industrial?
Note: This family of ICs has passed JEDEC’s Industrial
qualification. Consumer qualification level is granted by
extension of the higher Industrial level.
MSL33, 260°C
(per IPC/JEDEC J-STD-020)

Qualification level

Moisture sensitivity level DSO-8

Class C3 (> 1.0 kV)

(per JESD22-C101)

Class 2

(per JEDEC standard JESD22-A114)
Class Il Level A

Charged device model

ESD
Human body model

IC latch-up test

(per JESD85)
RoHS compliant Yes
7 Related products
Table 7
Product ‘ Description
Gate Driver ICs
6EDLO04106 / 600V, 3 phase level shift thin-film SOI gate driver with integrated high speed, low Rpson) bootstrap
6EDLO4NO6 diodes with over-current protection (OCP), 240/420 mA source/sink current drive, Fault reporting,
and Enable for MOSFET or IGBT switches.
2EDL23106 / 600 V, Half-bridge thin-film SOI level shift gate driver with integrated high speed, low
2EDL23N06 Ros(on bootstrap diode, with over-current protection (OCP), 2.3/2.8 A source/sink current driver, and

one pin Enable/Fault function for MOSFET or IGBT switches.

Power Switches

IKDO4N60OR / RF 600 V TRENCHSTOP™ IGBT with integrated diode in PG-T0O252-3 package

IKDO6N65ET6 650 V TRENCHSTOP™ IGBT with integrated diode in DPAK

IPD65R950CFD 650 V CoolMOS CFD2 with integrated fast body diode in DPAK

IPN50R950CE 500 V CoolMOS CE Superjunction MOSFET in PG-SOT223 package

iMOTION™ Controllers

IRMCK099 iMOTION™ Motor control IC for variable speed drives utilizing sensor-less Field Oriented Control
(FOC) for Permanent Magnet Synchronous Motors (PMSM).

IMC101T High performance Motor Control IC for variable speed drives based on field oriented control (FOC)

of permanent magnet synchronous motors (PMSM).

I Qualification standards can be found at Infineon’s web site www.infineon.com

2 Higher qualification ratings may be available should the user have such requirements. Please contact your Infineon sales
representative for further information.

3 Higher MSL ratings may be available for the specific package types listed here. Please contact your Infineon sales representative for
further information.
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Revision history

(infineon

Document version

Date of release

Description of changes

1.0 2016-07-12 Preliminary datasheet

2.0 2018-02-07 First Release Version

21 2018-07-13 Updated the marking information

2.11 2018-09-12 Deleting typo

2.2 2018-10-26 Adding negative Vs information

2.3 2018-11-19 Updated ESD HBM information

2.4 2019-01-24 Updated Chapter 4 Tolerant to negative transient voltage on VS pin
2ED2304S06F Datasheet 12 of 13 Version 2.4
www.infineon.com/2ED2304 2019-01-24



http://www.infineon.com/2ED2304

Trademarks

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

Edition 2019-01-24
Published by

Infineon Technologies AG
81726 Munich, Germany

© 2019 Infineon Technologies AG.
All Rights Reserved.

Do you have a question about this
document?

Email: erratum@infineon.com

Document reference

IMPORTANT NOTICE

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

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

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

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

For further information on the product, technology
delivery terms and conditions and prices pleas¢
contact your nearest Infineon Technologies office
(www.infineon.com).

Please note that this product is not qualifiec
according to the AEC Q100 or AEC Q101 document:
of the Automotive Electronics Council.

WARNINGS

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

Except as otherwise explicitly approved by Infineor
Technologies in a written document signed by
authorized representatives of Infineor
Technologies, Infineon Technologies’ products may
not be used in any applications where a failure of the
product or any consequences of the use thereof car
reasonably be expected to result in personal injury.
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KomnaHus ((3J'IeKTpO|_|J'|aCT» npeanaraeT 3akKn4vyeHmne onrocpoYHbIX OTHOLLIEHUN npu
NOoCTaBKaxX MMMNOPTHbIX 3NTEKTPOHHbIX KOMMOHEHTOB Ha B3aMMOBbLIFO4HbIX yCJ'IOBI/lFlX!

Hawwn npeumyuiectsa:

e OnepaTuBHbIE NOCTABKM LUMPOKOrO CMeKTpa 3NeKTPOHHbIX KOMMNOHEHTOB OTEYECTBEHHOIO U
MMMOPTHOrO NPON3BOACTBA HANPAMYO OT MPOM3BOAMTENEN U C KPYNMHENLLNX MUPOBbLIX
CKNaaos.;

MocTaBka 6onee 17-TM MUNIIMOHOB HAMMEHOBAHWUIN 3NEKTPOHHbLIX KOMMNOHEHTOB;

MocTaBka CNoXHbIX, AeULNTHBIX, MMOO CHATLIX C MPOM3BOACTBA NO3ULIUIA;

OnepaTtunBHbIE CPOKM NOCTABKM Nof 3aka3 (0T 5 pabounx gHewn);

OKcnpecc goctaska B Nnobyto Touky Poccuu;

TexHnyeckas nogaepkka npoekTa, NomMoLLlb B nogdope aHanoros, NocTaBka NPOTOTUMOB;

Cuctema MeHeXMeHTa KavyecTBa cepTuduumnposaHa no MexayHapogHomy ctaHgapTty 1ISO

9001;

o JlnueHausa ®CH Ha ocyulecTBneHne paboT ¢ NCNONb30BaHWEM CBEOEHUIN, COCTABAOLLINX
rocygapCTBEHHYIO TalHy;

o [locTaBka cneumnanmampoBaHHbIX KOMNoHeHToB (Xilinx, Altera, Analog Devices, Intersil,
Interpoint, Microsemi, Aeroflex, Peregrine, Syfer, Eurofarad, Texas Instrument, Miteq,
Cobham, E2V, MA-COM, Hittite, Mini-Circuits,General Dynamics v gp.);

MoMMMO 3TOro, O4HMM M3 HanpaBnNeHU koMnaHum «AnekTpollnacT» ABNseTca HanpaBneHne

«UcTouHmkn nutaHua». Mel npeanaraem Bam nomoub KoHCTpyKTOpCKOro otaena:

e [logGop onTuManeHOro peleHus, TexHn4eckoe 060CHOBaHME Npu BbIOOpPE KOMMOHEHTA;
Monbop aHanoros.;
KoHcynbTaumm no NpUMEHEHMIO KOMMOHEHTA;
MocTaBka 06pa3yoB M NPOTOTUMNOB;
TexHn4veckasn noaaepka npoekTa;
3awmTa OT CHATMSA KOMMOHEHTA C NPON3BOACTBA.

Kak c Hamu cBfizaTbCcA

TenedoH: 8 (812) 309 58 32 (MHOrokaHanbHbIN)
Pakc: 8 (812) 320-02-42

OnekTpoHHas nouTta: org@eplastl.ru

Aapec: 198099, r. Cankt-INeTepbypr, yn. KannHuHa,
Oom 2, kopnyc 4, nutepa A.
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