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I'=LI HSGWM<LBAPC,; NCI HM

AOl HHHHHHHHHHHHHH H H automated optical inspection
AXI' HHHHHHHHHHHHHHH H automated Xray inspection
CSAMHHHHHHHHHHHHH H H H c-scanningacoustic microscopy
DSO HHHHHHHHHHHHHH H H dualsmall outline package
ESD HHHHHHHHHHHHHH H H electrostatic dscharge
HDSOM HHHHHHHHHHHH H H H heatspreader dial small outline package
HSOGHHHHHHHHHY HHHHHH heatsink small outline gllwing
IGBT HHHHHHHHHHHHHH H H insulated-gate bipolar transistor
/O HHHHHHHHHHHHHHHH input/output

KW HHHHHHHHHHHHHHHH Kelvin per Watts

MOSFEH® nnH A HAOHNH AN N H nmetallpxyde-semigonductor field-effect transistor
MSL HH N NHHHHK HH T H H Hmoisture-sensitivity kevel
NSMDH H N1 1 /1 H HHHHHHHH H /| Rap-golder maskdefined

PG HHHHHHHHHHHHHHHH plastic geen

PCB HHHHHHHHHHHHHHH H printed circuit board

SAC HHHHHHHHHHHHHHH H tin silver opper (SnAgCu)

Si HHHHHHHHHHHHHHHH silicon

SC HHHHHHHHHHHHHHH H silicon carbide

SMD HHHHHHHHHHHHHH H H colder maskdefined pad

SMD HHHHHHHHHHHHHH H H surfacemount device

SMT HHHHHHHHHHHHHH H H surfacemount technology

Sn HHHHHHHHHHHHHHHH matte tin plating

TCoB HHHHHHHHHHHHHH H H temperaturecycling onboard
THD HHHHHHHHHHHHHH H H through-hole device

THT HHHHHHHHHHHHHH H H through-hole technology

TO HHHHHHHHHHHHHH H H transistor autline package
TOLG HHHHHHHHHHHHHH H H transistor autline leaded withgullwing package
TOLT HHHHHHHHHHHH HHH transistor outline badedtop-side cooling package
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1 0; =E;?AW=1>CJ NCI H

Thisdocumentprovides information about the board assembly ¢fifineontransistoroutline (TO) ancheatsink
small outline gullwing (HSOG) packagdsy surface nount technology (SMT) anthrough-hole technology
(THT). TO packages are availablesasface-mount devices (SMD) and throughole devices (THD).

The 1/O lead®f the singleended SMD packages are bent outwards from the package mold body side forming a
distincta @l | NA ; H> aB??F&Z A?1 G?NLSn 4B; N aAOFFQCHAA MB;
surface together with the heat sink pad using fully automated processes.

The leads of THD are inserted in drilled holes of the board prior to solderingebeing on the specific process
and technology, this may require certain pr@ount processing stepsThe heat sink of THD package can either
be mounted on the board or can be equipped with an additional heatspreader.

The packagesre optimized for silicon$) andsilicon carbide (SiCnetal-oxide-semiconductorfield-effect
transistor (MOSFETiysulated-gate bipolar transistor (IGBT), and Schottky diodkevicesfor automotive and
industrial power applicationsand provide ahigh heatdissipation.

This document does not discustual small outline (DSOpr heatspreaderdual small outline package (HDSOP)
from so calledtransistoroutline leaded bp-side cooling (TOLT) package familyhese package families are
described in separate documents.

1.1 4/3- 9, = E;NAR?

Infineon TO SMD packages are available as DPAK and D2PAK with with a mold body size of approx. 6 to 9 mm.
Infineon designations are following the standardizetamesTO-252 and T&@63as givenby JEDECrigure 1
shows examples of th& O SMpackage family.

1 PGTO252 DPAK PG =plasticgreen
1 PGTO263 RPAK TO=transistoroutline

Figure 1 Examples ofsurface-mount TO packages.
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1.2 4] 4( $EI\R?
Infineon TO SMD packages are availaileyarious versions such aPAK J’PAKand else Fullyisolated package
versions withoutopenG? N; F FOA ; L? =; FF?> a&OFFO! +&n 4B?L? ; L?

and without it featuring anincreased heatsink areaPlus/version). Some packages feature leads with
extended or reduced lengthdLongF ? ;ard&ShortF ? ;versiens).Infineon designations are following the
standardizednamesfrom TO-220 toTO-262as given byJEDECFigure 2shows examples of th&d O THD
package families.

PGTO220 PG =plastic green
PGTO2D FullPAK TO =tansistoroutline
PGTO247

PGTO247 Long lead

PGTO247 Plus

PGTO251 IPAK

PGTO262 I2PAK

PGTO273Super 220

= =4 -4 -4 -—Aa -8 -8 -

Figure 2 Examples of through-hole TO packages.
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1.3 (3/3J; =E;NMAIP?

Infineon heatsinksmall outline gullwing (HSOGpackages present a space optimized version of the TO263
(D2PAK) and are also calld®-Leaded withgullwing (TOLG)The tab thickness is reduced to decrease the
junction to case thermal resistace while the height shrink increases the power density. The gullwing lead
shape is preserved in contrast to leadle$©solutions in order toachieve high performance during
temperaturecycling onboard (TCoB)Figure 3shows a HSOG package.

1 PGHSOG PG plasticgreen
H=heatsink
SO=small outline
G =gullwing

Figure 3 Example of surface-mount HSOG package

1.4 O; =E@ANOL ?2AMH? BipH> FAOBA? FCH? M

Generalhandling guidelines

Semiconductor devices are sensitive to excessive electrostatic discharge (ESD), moisture, mechanical handling,
and contamination. Therefore, they require specific precautionary measures to ensure that they are not
damaged duringransport, storage, handling, and processing.

For further information about component handling, please refer to teneral Recommendations fBoard
Assembly of Infineon Packag#scument that is available on the Infineon web pafl. Please also feel free to
contact your local sales, application, or quality engineer.

Internal construction

The components of th& OSMDand HSO®ackage families feature plastiencapsulated chips on a copper
leadframe usingsingle-endedperimeter leads.An example of the inner setup of TO SMD or HSOG pasksge
shown inFigure 4.

The TO THD components providieng strait leads for througkhole insertion. large heat sink padsanprotrude
the mold body outline orcanterminate within it. An example of the inner setup of TO THT packages is shown in
Figure 5.

Additional information 60f31 Revision 4.0
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Exposed pad Bond wire

Die
Figure 4 Schematic showing the inner setup of aTO SMIpackage.
Mold body Bond wire

/

Screw hole

NN

Figure 5 Schematic showing the inner setup of aTO THT package.

Exposed pad Die Lead

Thermal performance

The overall thermal performance of a package with a heat sink is characterized by a juntdi@mbient
thermal resistance R.. The Rja can be calculatechs shownin Figure 6and Equation 1.

| Dissipated power |

. 1 Ripy:
D thjc
Package \ / (junction-case)
_ N x‘_/ I 1 Rth cs
Heatsink \*,H’/ (case-heatsink)
\ X /—’//’”I
Ot ' Rths
j\,; I (heatsink)

O,

\\\\\ Rth sa
\\\i(heatsink—ambient)
Figure 6 Thermal model of aTOpackage on a heatsink.
Additional information 70f31 Revision 4.0
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Y Y Y Y Y p
Rnja thermal resistance junction to ambient (K/W)
Rnjc thermal resistance junction to case (Kgpecified in relevant datasheet
Rncs thermal resistance case to sink (K/W)

Rns thermal resistance sink (K/W)
Rnsathermal resistance sink to ambient (K/W)

Whenmounting a package on an external heat spreadiiis important to consider the interface resistance
Ries. In real application casesRics will exceed the ideal value of.0’hat is caused byrsall air gaps between the
package and théheat spreadeithat can have the following reasons

1 Surfaceroughnessand waviness of package heat sink apdternalheat spreader
1 Slight tilt between package heat sink anekternalheat spreader

Forinsulated packages such as the PGO220FullPAK the use of thermal greass recommended to fill the air
gap between the package and the heat sink. Measuremdrageshown that the usage of thermal grease
reducesthe interface resistance by 1.2 th5 K/W.

In many applications, the package must be electrically isolated from its mounting surface. The isolation
material has arelatively high thermal resistance, which raises junction operating temperatures.

For further information aboutthermal performance please refer to thelThermal performance of surface mount
semiconductor packagedocument that is available on the Infineon web paf#. Please also feel free to
contact your local sales, application, or quality engineer.

Termination design

The gullwing lead is considered to be one of the most reliable terminations for SMD. To form gullwing
terminations, the leads are bentutwards at the tip. These benhput/output (I/0O) lead foot and heel areas

form the seating plane that is then soldered to the PCB. The leads as well as the heat sink pad feature a
solderable surface for board mounting. The distance between the I/O lead seating plane and the exposed pad
landing area athe package bottom is defined as the package staoff. The singleended gullwing lead row of

TO SMD will result in a nesymmetric standoff between the lead landing area and the heat sink pad.

The solder joints are mainly formed underneath the glaage.The tips of such terminatioa often feature bare
copper (e.g. cut edges) and are therefore not intended to wet with solder by design according t8-820(7].

Figure 7 Crosssection of a HSOG package lead with proper solder connectiorio board.
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Termination plating

Infineon TOSMDand HSOG packages with gullwing leads featunmatte tin (Sn) surface finish that is applied
to the base metal by a postold process. The solder connection is then made to the underlaying copger

nickel.

Additional information 90f31 Revision 4.0
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2 OLCHNR=DCN >

This section addressespecifically thesurfacemount TOSMDand HSOG packages.

2.1 21 ONCHA

Printed circuit board design and construction are key factors &ahieving solder joints with high reliability.
Packages with exposed pads should not be placed opposite to each other on either side of a PCB when doing
double-sided mounting. This will stiffen the assembly and cause solder joints to fatigue earlier thandesign

in which the components are offset. Furthermore, the board stiffness itself has a significant influence on the
reliability of the solder joint interconnect if the system is used in critical temperatwycling conditions

2.2 0; > MCAH
The qualityand reliability of interconnect solder joints to the board are affected by:

71 Pad type (slder maskdefined, SMD or on-solder mask cefined, NSMD)
1 Specific pad dimensions

1 Pad finish (also called metallization or final finish)

1 Via layout and technology

For optimal heat dissipation in highcurrent applications, the SMD pad type is preferrbdauseit allows for

large copper areas under the solder mask layer of the PCB. Beside the power application aspect, the SMD
design type can also be beneficial in terms ofuting flexibility. Mixing different pad definition types in one
footprint is not recommended due to théypical alignment tolerances between the solder mask and the copper
layer.

It isgenerallypossble to layout the board padwith the same dimensionas theexposed die paaf the

package If the exposed die pad protrudes on one or more sides of the package body, it can be helpful to
increase the board pad slightly in this area to improve sedintering of the component during reflow soldering.
Figure 8showsexamplesof pad and stencil desigafor a PGT02637-2 package without and with viam pad.

I Copper

Solder mask

N\

Stencil apertures

i_"} Package
7 a |
7 iégé L
Figure 8 Examples of apad and stencil design for a PGT02637-2 package without (left) and with
(right) vias in pad.
Additional information 100f31 Revision 4.0
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For reliable solder joint formation of a gullwing lead the PCB pad should feature a certain backward extension
to the lead heelAccording to the IP@-610 the minimum soldewetting height shall reach an extended line
projected from the lead tip top corner in parallel to the PCB pad plane f8].a rule of thumb often the line
parallel to the lead top plane is used to take into account the lower bend angle. The PCB pad arefdhethe
solder paste print should have a distinct distance to the package mold in order to avoid an unclelier

process as it is indicatetly e.g. solder spatters.

An optimal PCB design depends on the specific application as well as on the speefigl guidelines of the
chosen board manufacturer.

For further information about PCB pad design, please refer to @eneral Recommendations iBoard Assembly
of Infineon Packagedocument that is available on the Infineon web pag. Please also feel free to contact
your local sales, application, or quality engineer.

2.3 6 CCH; >? MCAH

Thermal and electrical connections to the inner and/or bottom pper planes of the PCB are usually created by
plated throughthole vias in the board. The heat is then transferred from the chip over the package die pad and
the solder joint to the thermal pad on the board and further through the PCB by the thermal vias.

The diameter and the number of vias in the thermal pad depend on the specific thermal requirements of the
final product, the power consumption of the product, the application, and the construction of the PCB.
Atypical hole diameter for thermal vias is 0:2.5 mm. An array with 1.01.2 mm pitch can be a reasonable
starting point for further design optimization. The implementation of thermal vias has several impacts on the
board assembly as outlined below. A constant increase of number of vias does regssarily translate into a
constant decrease of the thermal resistance of the entire assemblyigetThermal and electrical analysis
and/or testing together with a proper board assembly design procedure are recommended to determine the
optimal number of vas needed.

One of the primary exposed pad design objectives, besides the thermal management, should be to avoid the
penetration of the vias by solder. Consequences of such solder wicking can be a decreaseddtdratween

the PCB and the package, an ineased void formation ultimately resulting in an insufficient solder joint area, or
surplus solder on the opposite side of the PCB.

A first approach for risk reduction should be the prevention of a direct print of solder paste on the via opening.
The stend for large area prints such as on die pads is usually segmented. It is a good practice to position the
vias under the stencil sheet beams as showrkigure 8. With such an approach, a good solder joint on a die
pad can be formed using vias that remain open on both sides of the board.

Despitethis precautionary stencil design approach the solder can move into the via, driven by the wetting
forces. If the solder then protrudes to the opposite side of the PCB, it may interfere with a second solder paste
print process. To minimize the effeatyettable dummy areassurrounding the via opeingn the opposite sideof

the boardcan catch the surplus solder to avoid beading and solder lumping.

In case the solder variance in volume below the die pad is too high due to the wetting of vias, they can be
closedts @aN? HNCHAR A 4BCM JLI =?2MM CH=F O>-fillMsokldr Pask). @ théd NB ?
via tenting is done only on the opposite side of the board, the voiding rate will increase significantly. Another
G?NBI > NI =FI| M?PACHCA A &E€@CFKEE GHL2 >QG@NB OAJ I RSeH @I FFI Q? >
diameter or smaller) should be filled with copper and overplated. In both cases, the specification of a planar

filling is necessary to avoid cavities that will trap gases, fangnvoids during reflow soldering.

In case it is not necessary to provide a direct connection from the solder pad under the exposed die pad to the
inner layers of the PCB, the vias can be placed next to the footprint near the package and covered with solde
mask.

Additional information 110f31 Revision 4.0
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For further information about vias in pad, please refer to tli@neral Recommendations BoardAssembly of
Infineon Packagedocument that is available on the Infineon web pa§f. Please also feel free to contact your
local sales, application, or quality engineer.

Additional information 120f31 Revision 4.0
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3 -1 OHNOMB A @GO BNP C=?M

The following factors have to be taken into account to achieve the best assembly qualits &ven
application:

PCB design

Footprint and gencil layout

Solder paste formulation

Solder paste application and inspection

Component placement

Reflow soldering process, especially the reflow profile

= =4 -4 -4 A -

3.1 31 F3;?7MNN?? H=CF

In SMT the solder paste @&pplied onto the PCB metal pads by stencil printing. The volume of the printed solder
paste is determined by the stencil aperture and the stencil thickness. While an excessive solder paste volume
will cause solder bridging, an insufficient solder paste unie can lead to reduced solder spreading between all
contact surfaces. To ensure a uniform and sufficiently high solder paste transfer to the PCB;das@nostly

made from stainless steel) are preferred.

In most cases, the thickness of a stencil hasoematched to the needs of all components on the PCB. For
typical TOSMDpackages, stencils with a thickness d50um are recommendedExtending the solder pads
together with the print can providea sufficiently highsolder volumeto overcome the typical singlended
package standoff.

A typical stencil aperture print reduction for TO leads is approx. 90% of the landing pad®ieesolder paste
volume in apertures larger than approximately 5 mm may be scooped out depending orspleeific squeegee
pressure and rigidity. Such apertures are necessary for many die pad prints and should be segmented into
smaller areasWhen reducing the die pad print, potential vias in the pad can be considered as outlined in the
relevant section aboe (seeFigure 8).

For individual design adaptations to reach the optimum amount of solder, the stencil thickness, the PCB pad
finish, quality and sol@ér masking, the via layout, and the solder paste type should be considered. In every case,
application-specific experiments are recommended.

Further details and specific stencil aperture recommendations can be found in the package data base that is
available on the Infineon web paggl]. Please choose a specific package when searching the data base, which
will then show an example of the stencil apereitayout for each package.

For further information about solder stencil design, please refer to tieneral Recommendations fBoard
Assembly of Infineon Packag#scument that is available on the Infineon web pafl. Please also feel free to
contact your local sales, application, or quality engineer.

3.2 31 F3;?7MIN?

Pb-free solder pastes typically contain some type of SnAgCu alloy (SAC solder ittatly 1-4% Ag and <1%
Cu). The rost common alloy is SAC305 (3.0% Ag and®Cu). The average alloy particle size must be suitable
for printing the solder stencil aperture dimensions. Using Type 3 or Type 4 paste is recommended fooding
mounting of TO SMDPdepending on the specific stencil aperture size and therefore solder paste transfer
efficiency.

Additional information 130f 31 Revision 4.0
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The solder alloy particles are dispersed in a blend of liquid flux and chemical additives (approx. 50% by volume
or 10% by weight), forming a creamy gi@. The flux and chemical solvents have various functions such as
adjusting the viscosity of the paste for stencil printing or removing contaminants and oxides on the surface.

The solder paste solvents have to evaporate during reflow soldering, whilédress of the flux will remain on

the joint. The capacity of the flux additive for removing oxides is given by its activation level, which also affects
the potential need for removing the flux residuals after the assembly. For leadless packages in whisblther

DI CHN CM @ LG?> G; CHFS I H NB? J; =E; A? <I NNI G MC>?H
cleaning seps underneath the package.nall gaps make cleaning highly difficult if not impossible. Certain
precautions have to be taken if arkinds of flux residues remain on the board prior to any kind of coating. For
power packages, leakage currents and the potential for shorting below components have to be considered

when choosing the specific flux type (e.g. halifiee vs. zero halides).

Generally, solder paste is sensitive to age, temperature, and humidity. Please follow the handling
recommendations of the paste manufacturer.

3.3 #1 GJ | HE HN? GGHB - $

The pickup nozzle should be chosen according to the package size. The nozzle shodiigbdly smaller than
the package mold body.

ForTO SMIpackages, most of the time the nozzle position needs to be in the center of the mold body and not
in the center of the overall packageutline. That isdue to the fact that TGBMDpackages typicallyare single
endleaded

Although the seHalignment effect due to the surface tension of the liquid solder will support the formation of
reliable solder joints, the components have to be placed accurately depending on their geometry. An
automated pickand-place machine is recommended to obtain reliable solder joints.

Component placement accuracies of-B0 um and less are obtained with modern automatic component
placement machines using vision systems. With these systems, both the PCB and the componenisiasdly
measured and the components are placed on the PCB at their programmed positions. The fiducials on the PCB
are located either on the edge of the PCB for the entire PCB, or at additional individual mounting positions
(local fiducials). These fiduals are detected by a vision system immediately prior to the mounting process.

For further information about component placement, please refer to tleneral Recommendations fBoard
Assembly of Infineon Packagdémscument that is available on the Infirm web pagd1]. Please also feel free to
contact your local sales, application, or quality engineer.

3.4 27? @MI > ? LCHA

For PCB assembly of theO SMpackages the widely used method of reflow soldering in a forced convection
oven is recommended. Soldering in a nitrogen atmosphere can generally improve the solder joint quality but is
not necessary to create a reliable joint.

Typical most PCB assembliesntain various package types and sizes. The the reflow settings have to match

the allowed profile range of all the components and materials. Components with large thermal masses do not
heat up at the same speed as lightweight components. In addition, glosition and the surrounding of the
component on the PCB, as well as the PCB thickness, can influence the solder joint temperature significantly. It
is therefore recommended to measure the temperatures at critical positions by thermocouples.

Power packags where leakage currents and shorting below the component have to be considered should be
soldered with decreased flux spreading. Therefore, it is recommended to optimize the reflow profile in such a
way that excessive flux or solder spattering is avoidétie soldering profile should be in accordance with the
recommendations of the solder paste manufacturer to achieve optimal solder joint quality.

Additional information 140f 31 Revision 4.0
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Minimum reflow conditions

The lower temperatures and durations of an optimal reflow profile must stay abtivese of the solderability
qualification. The solderability of the terminatiors of Infineon components is tested according to the standards
IEC600682-58 and 3STD002[2][4].

Maximum reflow conditions and cycles

Components that are misture-sensitivity level (MSL) classified by Infineon have beested by three reflav

runs in accordance with the-$TD020 standard, including a doublsided reflow and one rework cycle. The
maximum temperatures must not be exceeded during board assembly. Please refer to the product barcode
label on the packing matrial that states this maximum reflow temperature according to theSTD020[5]
standard as well as the MSL according to th&TD033 standard6].

Typical InfineonTOSMD packages are generally suited for mounting on dousilded PCBs. Solder joints of
components on the first PCB side wiflow again in the second step. In thgeakzone of thereflow profile (i.e.
where the solder is liquid), the components are only held in place by wetting forces from the molten solder.
Gravity acting in the opposite direction will elongate the solder jenunlike joints on the top side, where
gravity will force the components closer to the PCB surface. This shape will be frozen during cooling and
therefore will result in a higher stanaff on the bottom side after the reflow process. Heavy vibrationsin
reflow oven may cause devices to drop off the PTBat can be prevented bgpplyingan appropriate SMD
adhesiveprior to the reflow.

For further information about reflow soldering, please refer tioe General Recommendations ®ward
Assembly of Infirmn Packageslocument that is available on the Infineon web paff]. Please also feel free to
contact your local sales, application, or quality engiae

3.5 7; PMF>?L@HA- $

In general, InfineonTOSMDpackages are not designed to withstand a wave soldering process in which the
whole package body will be immersed in the molten sold&he application of an appropriate SMD adhesive
prior to the soldering should be considereth casewave soldemgis applied toTO SMDindividual
investigations ona perproduct basisare necessary

For further informaton about wave soldering cf OSMDpackages, please contact your local sales, application,
or quality engineer.

Additional information 150f 31 Revision 4.0
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4 -1 OHNOBAI EB®B>? PC=7? M

The following factors have to be taken into account to achieve the best quality assembly for a given
application:

Insulating material (e.g. wasérs, spacers)

Screws

Thermal grease

Mounting torque

PCB and heat sink

Attachment holes for heat sink screw mounting

Soldering method, especially temperature profile

= =4 =4 4 A -—a -2

4.1 OLGI OHNAHA=? MM? D H;NECHNAGL C; FM

Throughhole packaged parts are mostly supplied with the leads projecting straight out of the mold body. Many
practical power circuits use bulky heat sinks in contact with the device tabs to enhance thermal performance.
This may preclude the straighHeaded orientation arrangement of the standard part. Consequently it is

common to change the lead length and direction to make a more convenient electrical connection on an
adjacent printed circuit boardThissectionis intended to address the frequently askgzhckage related

question of how the leads of TDHDmay be safely bent without endangering part reliability.

Lead cutting

The leads of THDs can be cut before mounting or after mounting and soldering. In case of cutting after
soldering, the leads are embetkd in the solder joint. Severe mechanical mishandling during the cutting
process could cause solder joint failure, but generally does not harm the component body. When cutting prior
to mounting, the leads have to be fixed by a clamp that should be sintibeat clamp used for lead bendings
outlined below.

Leadbending

In order D insert the terminals of THDs in the holes of the PCB, the terminals may have to be bent to match the
pitch of the respective PCB holésr various reasons

The originalstraight alignment of theleads (@te, drain, source of a transistor packagamay not provide an
adequate electrical clearancand creepage distance betweethe track pads. By offsetting the centre leg this
problem may be avoided.

For some mechanical arrangementie heat sink and the lead termination point may be subjected to relative
movement. In these cases where these forces are unavoidable, it is desirable to introduce a stress relieving lead
bend in order to reposition this stress. With a simple bend of tist, the stresses which would normally have
degraded either the leado-body joint or the leadto-PCB joint, will be absorbed along the lead length.

The different concepts are shown igigure 9.
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/ Heatsink

Fixed rigid to heatsink -

Plan view of hole
arrangement

Solder joint
®— Y

Figure 9 Lead bending for mounting hole offset compensation (left) and heatsink to lead
arrangement for compensation of relative movement (right).

» PCB

When bending the leadgd is very important to comply with the fébwing guidelines:
Clamping

1 Clamping, bending and cutting need to be done sequentially in that order as showkigare 10,
asubsequent process inot allowed to be initiated before the preceding process is finished.

1 A properly designed clamping tool supports a reproducible bending shape. In general, the larger the clamp
area the more reliable the quality of the lead forms.

1 The clamp shall be designed to avoid excessive mechanical forces such as pulling and shearing between the
leads and the package body. Between the point of bending and the package edge, tensile stress during the
bending process needs to be relieved. Avolippage due to weak clamping, as well as weakening of the
lead due to overly strong clamping.

71 Under no circumstances must the plastic body be held or restricted while lead forming as this has the
potential to mechanically damage the packagearticularly & the metatto plastic interface. In case of a
package containing an isolated backside (e.g. FUullPAK packages, TO247 Advanced Isolation) it has to be
taken into consideration not to damage the isolation in any of the tools used for-preunting processes.

1 In casethe package has an increased lead width next to the package b@dy dam bar) the bending
distanceXneeds to behigherthan thelength of area withthe increased lead width.1as shown inFigure
11. If the there is no increased lead with by a cut dam bar the minimum distance between the package body
and the first bend should be 2.5 mas shown irFigure 10.

1 Bending the leads parallel to the lead plare immediately adjacent to the package as shownkigure 10is
not allowed.

Radius

1 The general rule of thumb is to createb@ndingradius Rthat is one to two times the material thickness T as
shown inFigure 11 It is recommended that the bend radius should never be less than the thickness of the
lead material.

1 The minimum bend radius R needs to be 0.5 mm.
Force

1 The maximum force applied tohe leads between the clamp and the point where the bending force is
applied should not exceed a certain limit. This maximum force is mainly dependent on the esestional
area of the lead. A typical maximum force is 20 N.
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Correct

2.5 mm min.

2.5mm
min.

5.
e L

Step 1: Clamping

Step 2: Forming

’6%

Step 3: Cutting

E\._:;\k
Ry
Figure 10 Lead clamping, forming, and cutting tool (left) and examples of correct and incorrect lead
clamping and bending of THD packages (right).
X> Ll
Figure 11 Parameters for recommended minimum clamping distance and radius for lead bending.

Manual bending

Manual bending is generally not recommendeth case it is considered, thguidelines abovemust befollowed.

For further information about TO THD pm@ounting processes, please refer to the individual product
Application Notelocuments and contact your local sales, application, or quality enginee
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THDs are inserted either with special automatic equipment or manually. During this insertion, special care has
to be taken that excessive deformation or violent bending is avoided. The diameter of the drill holes in the PCB
has to be appropriate for the tolerances of component leads, drill hole position placement accuracy, and
properties of the solder alloy used.

4.3 (72 :MDIHE OHNCHA

For special packages with high power dissipation, heat sinks can be mounted before or aftezrinddthe
leads.

Insulating material

Commonly used insulating materials are mica and rubber. Mica is much harder than rubber. For softer
materials, the mounting torque in particular needs to be controlled very carefully in order to avoid high
mechanical stess and damage to the package as showrkigure 12

Figure 12 Schematic view of the influence of the insulating material (left mica, right rubber) on the
generation of mechanical stress.

Thermal grease

A specific amount of grease must be applied. The amount should be determined during customer process
evaluation. When the amount is correct, a very small amount of grease should appear around the perinfeter o
each surface as the assembly is slowly torqued to the recommended value. Examination of a demounted
assembly should reveal even wetting across each surface.

Heat sink requirements

The contact areas of the package and the heat sink must be free of anjcfes and damage as well as any
other contamination. The following surface conditions are recommended:

Heat sinkroughness RY T &G
Heat sink latness Y T 606G ©OL?@?L?H=? F?HANB rpe GGe

Attachment holes

Drill holes for heat sink screw mounting shouli® as small as possible. Using drill holes that are too big will
reduce the effectiveness of the heat sink.

The flatness and effectiveness of the heat sink will also be reduced by intrusions and/or burrs around the hole.
These are caused by the punchingdrilling process and should be less than the specified heat sink roughness
and flatness.

If intrusions or large drill holes are unavoidable, a fitting square washer should be used to get a good and flat
contact between heat sink and package.
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Screw mounting is a traditional assembly method using a screw, nut and washer, following these guidelines:

Heat sink screw mounting

1 Selftapping screws should not be used.

1 Itis recommended that a plane washer is inserted between the screw head and the mounting tab.nast
be taken to ensure that the washer does not damage the plastic body of the package during the mounting
process.

The screw should be properly tightened in a controlled process to ensure that the package makes good contact
with the heat sink.

Figure 13illustrates the correct mounting components for a TO220 and a TORGMPAK The same concept is

applicable toTO247 packages.
i ¥~ Screw

i‘/ Screw
|

#<e— Washer
i‘;* Washer

5

&
g ¥ Insulating bushing

+%— Insulator

Heatsink

| _a— Heatsink L

¥

Figure 13 Screw-mounting concept, examples TO220 (left) and TO22@ullPAK(right).

Table 1 Package specific screw mounting concepts. The concepts are independent from the
number of leads of the respective package.

Package Insulator Thermal grease Insulating bushing | Washer

TO220 Yes No Yes Yes

TO220FullPAK No Yes No Yes

TO247 Yes No Yes Yes

TO247Advanced No No No Yes

Isolation

Mounting torque

The thermal contact resistance between the two surfaces is maximized by increasing the contact pressure
between the package and its heaink. Increasing the mounting torque in the fastening screw, or using a clip

with a high spring constant will result in lower contact resistance areas that provide solid conduction heat flow
paths compared to air conduction through the air gap.

Applying the proper mounting torque is the key factor in obtaining an adequate contact pressure along the
contact surfaces of the package and the heat sink to minimize the contact thermal resistance. If the mounting
torque is too low, the contact thermal resistancadgreases due to poor thermal connection under insufficient
contact pressure. If mounting torque is too high, the package head and mounting tab are deformed so that the
package may be lifted away from the heat siak shown inFigure 14, also increasing the contact thermal
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resistance. Hence, an appropriate range of mounting torque values must be used to ensure minimal thermal
resistance. This prevents g&age destruction or changes in thermal and electrical device characteristics.

Figure 14 Example of a heat sink assembly withscrew mounting.

Improper mounting can damage a die. Molding compound can delaminate due to external mechanical stress,
e.g. mounting orwarped heat sinka shown inFigure 15

Figure 15 C-scanning acoustic microscopy (CSAM) image showinghe delamination of molding
compound to die paddle interface at the package head (TO220).

A maximum torque used for heat sink mounting of 1.0 Nm is recommended. Higher mounting torque does not
directly result in lower R valuesas can be seen in the graph froRigure 16but may at the worst cause
package damage depending on the insulation material used.
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