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Basic guidelines for the application, environmental conditions and installation of ED-type product platform
are provided within this application note. Obeying these guidelines ensures safe mechanical, electrical and
thermal connections which are crucial for a reliable operation of such power modules.
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1 GENERAL REMARKS AND PRECAUTIONS — 141 BHFIyE B HIR

The recommendations and guidelines provided here cannot replace a detailed assessment and evaluation
of all aspects of the application related to the intended use of the power-module. All ED-type modules pass
a final production test-sequence according to IEC60747-9 and IEC0747-15 prior shipment.

AR SR AL BORIR S AN R BT 5 D B AT A 38 AH DG B F B B 5 T HEAT B PEABIP A5 AVEA o BT ED 33k
76 ) RTHR ST S IEC60747-9 Al IECO747-15 kRl — R A I &A=l .

1.1 ESD

IGBT power modules are sensitive to electrostatic discharge (ESD). All ED-type power modules are protected
during transportation and storage in the provided packings. A short circuit with ESD-protection between the
gate and the auxiliary terminals of high-side and low-side switch should be guaranteed, when handling the
modules, to prevent ESD related damages by static charges (IEC60747-1, chapter VIIl). A conductive-
grounded wrist strap and a conductive-grounded workstation are strongly recommended during the assem-
bly process.

IGBT IhRBLXFHUH (ESD) JEH MUK, FTH ED HIEThRBUIEIZMAMEA LR P IS L, Mahseirff
Al TEMIS AL, N DR E AT W (R MO AR 4 Bl < TR0 e e s P PR, ARSI L P e P 3 BRI R R

(IEC60747-1, ¥/)\F) . FEFEMEFET, sRFZUEIEH SRS i TES.
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1.2 Climatic conditions S/f& %/

During transportation and storage of the ED-type modules, extreme forces such as shock and vibration
should be avoided as well as environmental conditions exceeding the recommended limits. The ED-type
modules are not hermetically sealed. The housings and the silicone gel used for the electrical isolation within
the housing, are permeable by humidity and gases in both directions. Humidity differences will therefore be
equalized.

1E ED BEHRIIEHAMGEAAT RS, Skl RS S 7, AR H R SR E I 4 A . EDI S RIUIE
esdt. HhFAFE N T B AR B AT R SRR AN A BE . Rk, 82 S .

1.2.1 Storage F7fi§

Storing the modules at the specified temperature limits stated in the datasheet is possible, however not
recommended. The recommended storage conditions according to Table 1-1 should be assured for the
recommended storage time of maximum two years.

A DAFE St 2 vh 8 FRIRLRE BR 1) R A, (BN B SO . R B K PR ARG A2 R, R fRR 1 4 BB
VAT A

Table 1-1 Climatic conditions for storage 77 T TIEF1E

POS PARAMETER VALUE

g | 3% Zih

1 Temperature iR 5 °C to 40 °C

2 Relative humidity HIxHE & 20 % to 75 %

3 Precipitation, condensation, Not allowed at any time
ice, frost and similar AEATHEERAS R
WA BEER. ik, S KK
E

1.2.2 Operation E{T

The climate conditions for the non-hermetically sealed ED-type power modules in active, current carrying
operation are specified as EN60721-3-3 class 3K3. In the case of a humid atmosphere that causes conden-
sation, or operation in climatic conditions surpassing class 3K3 of EN60721-3-3, appropriate measures must
be taken to avoid liquid droplet depositions on the module in all circumstances. Corrosive gases must be
avoided during operation and storage of the devices.

JE% B EDI AT BABIRIER YR W HUISAT I IR U0 S5 AR E 9 EN60721-3-3 2) 3K3. 1ES3 8 R RIS T,
BRI EN60721-3-3 3K3 SN NI4T, SAUREUE M85, TR LT # B8 i DU TR A B
Fo FEVATISAT A T [R] 00 20008 G JO ol P <44
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2 ELECTRICAL HE

2.1 Terminals and circuitry 82 i% 71 B

The connection between gate-drive circuit and the control terminals of the ED-type module should be as
short as possible. Coaxial cables, twisted wires or mounting of the gate-drive PCB directly on the auxiliary
terminals are recommended to prevent any electromagnetic interference (EMI) from the power circuitry to
the gate signals.
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Figure 2-1 Schematic circuit diagram HHEHEFEFEE  Figure 2-2 IGBT RBSOA Ic = f(Vcem), Reorr = 1.5 Q,

VGE = +15 V, highest current rating variant. =5 #i
/f"‘ﬁ ///Zf @E

A low inductance symmetrical copper busbar, mounted directly on top of the module, is recommended for
all ED-type power modules.

VT ED 3 D A AR AR R F B 1 22 B AR R T PO PR BN R B 42
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2.2 Safe operating area / Voltage rating 2 T{EX / HiEHE

It is imperative to keep the peak turn-off over-voltage Vcem below the maximum rated collector-emitter
voltage Vces for each switch in the ED-type power module. Hence, it is recommended to apply a busbar with
low inductance Ls. Please, refer to the datasheet for the internal module stray inductance Lsce.

ED HHThREd, AT W R BV eem DAMKT R RKFUE LR - ZRH WL Vees. FL, @UIFKHE
& Ls HIBEEG . A RN MBI Loce, 1B S REHRE T

The safe operating area (RBSOA) turn-off graph in the datasheet (Figure 2-2) indicates the maximum al-
lowed operating conditions with the peak turn-off over-voltage measured at the module power terminals
and at the chip that is considered equivalent to values measured between auxiliary Collector and auxiliary
Emitter of the HS-switch and HS-auxiliary Emitter and LS-auxiliary Emitter for the LS-switch (Figure 2-1).
Several factors limit the voltage and operating range of the power module in applications running at alti-
tudes higher than 2000 m above sea level. The lower air pressure will affect the cooling performance, the
changed dielectric strength of the air will reduce the clearance distance of the device and the statistical
failure rate due to higher cosmic radiation levels will also impact the maximum operating voltage.

HmF P2 TAEX (RBSOA) KW (& 2 2) BIR TIRRA LAEFM, ERY ARG IR S W
R I ELAR 2 T HS JF 55 B Bh A AR A4l Bh A S AR < 1B A T2 LS JF 2R ) HS F B R S ARAN LS i B & S AR < [R1 45 F
B (21 . EfKRET 2000 KA, A JLAFEZRBRG]T RIEBE B R TAEVGHE . SRR 2 5 mv4 4
PERE, RS HRR AL SN S IR TRIBR PR B9, e I BT R S KT S B BT ik 28 2 e K AR LR
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3  INSTALLATION &3

3.1 Heatsink 848

Maximum thermal conductivity between the power module bottom-side and the heatsink must be ensured
by using a clean heatsink, being free of any particles or ridges of more than 10 um. There is a risk that
such objects deform the Cu-baseplate and result in cracks of the ceramic layers inside the power module.
The following conditions must be obeyed in the application:

e Roughness: R; ~15 um

e Flatness: 30 um (valid for entire contact area)
DA RT3 B, IR DB BRI AN BT Z R Ak R 38 e K, By BB A I 10 pm 10k Bi%
e XA T REAEHRACL Y, ST FAHR N M %2 HIN R EE . 18 R 408 S DUR S A

o HKEE: R,~15um

o CPMIE: 30 um GRSl X 38A 20

3.2 Applying thermal paste &k S#Ehs

The application of thermal paste is a must to ensure good thermal conductivity between the power module
and the heat sink and will prevent “dry” contact and enables a metal-to-metal contact wherever possible.
Typical thermal pastes include but are not exclusively limited to: Honeywell PTM6000HV-SP, Wacker P12,
Electrolube HTC(P), Dow Corning TC-5121. Please obey the guidelines provided by the manufacturers.
WAV S EENR, DU IR DD 28 BB AR < [B] RIF IS8, By b " ", JERTTReSEl &R 5 & A%
fiho A SRR EREERE TR )L B F /K PTM6000HV-SP. L7 P12. Electrolube HTC(P). &5
TC-5121. W SFHlER AL AR .

Please ensure the following by applying thermal paste:
e Generate a reproducible, homogeneous, and even layer. Inhomogeneities might result either in dry
contacts or act like particles and result in a cracked ceramic.
e Clean all interfaces the thermal paste will be in contact with prior applying thermal paste (e.g. IPA
ethylene glycol etc.)
e A stencil or screen printer is recommended to ensure an even distribution of the grease
e |n case of a manual application of the grease a thickness of 50 um to 100 um is recommended de-
pending on paste type, its viscosity and stencil thickness.
e A subsequent process control (e.g. concerning thickness, volume, pattern etc.) is recommended.
TEIE IR E R AR R DL T LA
o  TEMRTEER. BA—BMIRE. N R S BT H b SRR — R 3 B
o TERIKIFREENR AT, TG SAEENREAETA SUE (W1 IPA L RES) .
o EBUEFRMMELZMENRINL, AR S AEENR S0
o TEFINRHEFHEEREME AT, EWEEN 50 pm & 100 um, BARRHRT BRI, KRN EEE .
o WM HHT LG (R, AL BRE .
SwissSEM provides a stencil mask design Figure 3-1. SwissSEM $ At I 1+ & 31.

Figure 3-1 Stencil mask drawing provided by SwissSEM (available on request); P ##/&H SwWisSSEM F2 1t
(a7 R 2L
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Stencil printing tooling M HIk) 1A Thermal grease application onto the stencil using a
scraper (suitable for low viscosity pastes) &/ /7]
TERIP L IR -G HAERE G F IR AT

Example of an ED-type module after stecil printing ~ Example of good thermal grease coverage (module
LRSI i HIE D £ R Hs ) removed after mounting)
FRMENTH it RIFHI NP (D2 Je 17 )
Figure 3-2 ED-type power module and typical grease application;ED #1417 fi e f1 7 [5G H it 5 v 1]

3.3 Power module mounting ThE &L i

It is assumed that the ED-type power module has an even, homogeneous, and reproducible layer of ther-
mal grease attached. Avoid any lateral movement of the module after the module got placed on the heat
sink. The screws for fixing the module to the heat sink are inserted and evenly tightened by hand or by
electric or pneumatic screwdrivers with a torque of 0.5 Nm according to the sequence provided in Figure
3-3. Depending on grease viscosity introduce some waiting time to let the grease and module conform to
each other (higher viscosity needs longer time).

Afterwards the screws are tightened again to the final torque provided in the datasheet, following the
same procedure. It is recommended to limit the maximum torque to the datasheet values by using torque
wrenches with automatic release.

e EDI R TR A R LA —E 5. —SUH W ES N SRR, B BHGg LS, RO RS Ba. 1%
R 3 3 2AERIRY, FFB BB R TN TR B 2 2SR ITERET, FELL 0.5 4R 5 5047
o ARIESAEIR IR, RES R —BET, S AR ABIAE B G ORl BER I 7 ZE BRI [A])D «

SRJG, FRTRFIRE D PR IR 22 TR ET B B R FE s A . @ U RS B SRR R A IR T, Kl K
R ) 2 A R R RIS N
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Figure 3-3 Sequence for tightening the ED-type power module to the heatsink; JFED #5175 Pt & J3] # T 4
I

3.4 Gate drive [ JHRIEZEN

ED-type modules should be operated with a turn-on gate voltage of +15 V for low on-state and good short-
circuit ruggedness. Although higher turn-on voltages provide lower conduction losses the downside is a
resulting reduced short-circuit ruggedness. A turn-off gate voltage of -5 to -15 V is recommended for low
turn-off losses and high dv/dt capability. The gate drive can be connected by soldering the auxiliary pins.
For modules operated in vibrating environment it is strongly advised to additionally fix the gate-driver PCB
with four screws (e.g.: EJOT PT WN 1451 K25x10). The self-tapping screws must be torqued to 0.41 Nm to
0.49 Nm. The effective screw thread length in the module case must be between 4 and 10 mm.

ED BURSHUMMRA B RS +45 V, DASEIUR S8R R 4F i 4 B it AV . BAR B 1 S I8 B ] PRI IE AR, (3
B RS E . BB -5 2 -15 V KRR R,  DUSSEMRSCHT A & dv/dt R 7). MHMRIKE) AT iE
TR S R . X FERSIFA S IS AT B, SRZE SO PUANSET (filin: EJOT PT WN 1451 K25x10)
AUA ] E MR ERE) PCB. B BB 22 [ HIFE A AE 0.41 4K E 0.49 oKz (], B8N A RUBSHC B W AITE 4 &
10 2K,

A schematic of a typical Gate Unit output stage is depicted in figure Figure 3-4. It is recommended to clamp
the gate voltage to 15 V for protection against high inductive short-circuit events or short-circuit type Il
events, with a suppressor diode (D3) mounted close to the module Gate and auxiliary Emitter as well as with
fast Schottky diodes (D1 & D2) connected low inductive to the gate-voltage supplyFigure 3-4. An optional
gate-emitter capacitor mounted low inductive to the module can improve the controllability of the IGBT. In
case the turn-off overvoltage of the IGBT can’t be kept below the allowed Vcem of the IGBT, for instance due
to too high stray inductance, an active clamp circuit compromising of suppressor diodes (D4 to Dx) a
Schottky Diode D7 and a damping resistor R3 is needed. The total clamp voltage of the suppressor diodes
(D4 to Dx) and the value of the damping resistor needs to be optimized to the effective power circuit and
stray inductance. The clamp circuit must be low inductive connected to the module to be effective. In any
case the sum of the Var of the clamp diodes needs to be above the maximum expected Voc to avoid damage
to the IGBT and inverter.

SRUHAR S o e R W 3 4 FR . EUCKATHR HEHTALZ 45 v, DA 15 K HU IR I 2 B0 11 SR I AR AL
FEAEAEHMI AR A B 5 AR Bl 22 3 — AN BRS A Z AR (D3), DARCKE PRl 1 R AR (D1 Al D2) MK gkt 4 2= i
WHERE (B 3 4) o AR SR AR e E A B, HUBRMERMIK, T4 IGBT MmTEtt. Wikt Tk
B R T 33 IGBT (1 e Wi B R TV AR FFFE U1 VCEm LR, MR E—ANdmBESHH =R (D4 £ Dx) . HiF
B D7 FIRHJE HPH R3 A RATRHT AL HLRS . H0HI ZARE (D4 Z DxO KA R AIFEJE P R R R A
BTN 2 L AN A BT AR . SR AR I B AL H B AR AR R, IXFEA BB 3. EARRME LT, $EAL AR
B VBR MmN K VDC, LUBfidh IGBT A4 3s .
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Figure 3-4 Typical Gate-drive output stage; # 7 Hf a0 % ¢

Q1

3.5 Mounting of busbars to the module §BHFL LRk

The busbars must be mounted onto the collector and emitter terminals with the recommended torques
provided in the datasheet. It is important that the torque is within the specified limits, to enable good elec-
trical and thermal contact. The cross-section of the busbar should be tailored to the power terminal con-
tacts to avoid heating of the power-terminals by resistive losses resulting from the busbar.

BEHE D5 2142 HE B4 2 v SR AL ) e LR R 22 B B AR A AR AR R S AR b o FRRE A SFE R E JE R Y, DA D R 4 1) F SRR
fiko VIR 2% PRSI -5 T 28 0 T P Aok e AT IS, DA B BEHE P H BEL R 5 BT 28 o T A

The auxiliary pins are intended to be soldered to a printed circuit board (PCB) in through hole technology
(THT). ESD guidelines must be obeyed during the hole assembly/soldering process. It is recommended
that mechanical stress due to shocks and vibrations to the auxiliary pins is relieved by mounting the PCB
on to the module utilizing the four PCB mounting fixing posts.

WEh S A FLUBFLEAR (THT) IEEZEEDR SR (PCB) L. FEFLASIE/ IR fE b L A8 ) ESD 8 S5, #
VORI PYAS PCB 2226 [l sE Al PCB 2228 BIARE b, DAz phoh FI4IR 3% 4 Bh 51 B s AT SE 7

Continuous mechanical stress to power and auxiliary terminals must be avoided. Forces caused by shock
and vibration or resulting from thermal expansion of the system in operation require special attention and
care e.g., supporting the busbar by fixing posts close to the module at each side.

WA 2B G, T 28 R o T 52 BIRREEIAUARSE 77 i RNAIR BN B FT BR G AE IS AT Hh A KA B 77 75 B4 Sl = AN
AN, T, R SEUT AR I A FH 8] 8 RSP REER

The maximum forces acting at power-terminals should not exceed 150N (in any direction). Connecting
parts such as busbars and gate-drives must be designed and assembled in a way that limits are kept.

has 5 B RERRAE R U ASSGE I 150N (R[5 ) o BEHEANT IR SRS 8 55 IE B AR A F A B TE AR L L A4 5 23K
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Table 3-1 The industry standards apply for this product as shown in the table below; /=45 HHI77 I bkt

SWISSSEM 1 &

Technologies AG , |

41 FF
POS DO DON'T RISK
B | NE PNy
1 Apply wrenches with automatic Use impact wrenches Damage to power module
release in case maximum torque is | f#i i T Jamming of screw
reached ) B AEHRIR
BB RRHAR, RF 2 E AT BB 22 R AE
2 Limit screw speed to manageable |Maximize screw speed Damage to power module
values T K PR JEE AR e K Jamming of screw
o d7 B R e rT 4 YE DB AEHAIR
LA SEH
3 Use carbon steel screws for power | Compromise %
terminal mounting
{5 FH BB MR AT 22 35 Ty 2 3y
4 Use screws for module mounting | Compromise %1/}
that are tailored to heat sink
material
A5 S BT RH IR R AT 22 3 i
5 Length of screws must be tailored | Compromise %1/} Damage to power module
to application DB AEYURIR
W K JEE DA ZBURR A 5L FH T 58
4 REVISION HISTORY
DATE AUTHOR REMARK
May, 2022 S. M. Initial version
July, 2022 S. M. Update RBSOA: 25°C curve removed
June, 2024 S.M. & R. S. Update mounting procedure
December, 2024 C.Y,B.M&S. M Introduction and proofing of Chinese
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