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SCOPE

This document provides recommendations for soldering
and rework of omsemi through-hole technology (THT)
devices, including (but not limited to) TO-247 with three or
four leads, and TO-220. Included are recommendations for
production assembly soldering as well as rework.

Solder or silver sinter layer

EXPERIMENT SETUP

onsemi THT devices are constructed on a 100 % matte tin
plated copper lead-frame, as shown in a cross-section
drawing of a TO-247 below in Figure 1. The TO-220 and
other THT device construction are similar.
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Figure 1. Cross Section of TO-247 (Bond Wires Excluded and Some Proportions Exaggerated for Clarity)

In the case of SiC JFET and SiC junction-barrier Schottky
diode, the chips are attached directly to the lead-frame with
either high-temperature solder or silver sintering. The
low-voltage MOSFET used in cascode devices is mounted
on a ceramic substrate. The ceramic substrate is often
referred to as DBC, which stands for the direct bonded
copper, with the top-side copper forming a printed circuit
pattern.

All Generation 3 (part number begins with UJ3 or UF3)
and newer JFETs and cascodes use silver sintering. onsemi
diodes except some rated at 50 A or higher are silver
sintered. Silver sintered connections maintain integrity at
temperatures of several hundred degrees C, and therefore
there is no concern of re-melting sintered connections
during PCB assembly or rework processes. A further
advantage of silver sintering versus solder is significantly
reduced thermal resistance between the chip and the copper
lead-frame, which results in a lower junction-case thermal
resistance listed in datasheets. All cascodes prior Generation
3 use high-lead content, high-temperature solder that melts
at 380 °C.

All onsemi products are RoHS compliant, even those that
use solder instead of sintering. Use of lead in high melting
temperature solder is allowed by the RoHS initiative.

REFLOW SOLDERING

The major process steps in reflow soldering include
application of solder paste to pads on the circuit board,
placement of components onto the solder paste, preheating,
solder melting, and cooldown. Although reflow soldering is
typically used for surface-mount technology (SMT)
devices, onsemi THT devices are compatible with reflow

soldering providing the maximum temperature reached is
less than 300 °C. It is recommended to limit the time
duration at temperatures above 250 °C to 10 seconds or less.

WAVE SOLDERING

The major process steps in wave soldering include fixing
the THT components to the circuit board and/or heat sink on
the board, preheat, passing the circuit board assembly across
one or more waves of molten solder, and cooldown. The
process may also include application of flux before the
soldering process, and washing afterward.
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Figure 2. Typical Dual-Wave solder Profile

All onsemi THT devices are compatible with wave
soldering processes providing the maximum temperature of
the solder is less than 300 °C. It is recommended to limit the
time duration of leads exposed to solder at temperatures
above 250 °C to 10 seconds or less. In the recommended
dual-wave solder profile of Figure 2, Tpeqx is 235 or 260 °C
for tin-lead or lead-free solder respectively, and the
maximum duration at both peaks combined is 10 seconds.
The preheat temperature Tprepeat is typically 100 to 130 °C.
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Bond wires are not shown in Figure 1, but wire bond
connection integrity is an important factor relating to rapid,
extreme temperature cycling. A THT device should not be
immersed into molten solder. Only the leads should be
exposed to the molten solder, preferably after preheating.

MANUAL SOLDER AND REWORK
Solder iron tip temperatures commonly far exceed 300 °C,
which is necessary to preheat the device lead and the PCB
pad, and to melt the solder so that it flows and adheres to
make a good solder joint. Using the minimum solder iron tip
temperature to make a good solder joint is recommended.
However, minimizing the soldering time is more important
than minimizing iron tip temperature. Substantial heat is
drawn away from the joint by the circuit board and the
device lead, especially if a JFET/cascode drain lead or diode
cathode lead is being soldered. This requires the iron tip
temperature to far exceed the melting temperature of the
solder being applied in order to quickly make the solder
connection. The lead-frame temperature near a
semiconductor chip is much lower than the iron tip
temperature, unless the iron tip is left in direct contact with
the device lead for an excessive duration. Therefore, the
maximum lead temperature for soldering in onsemi
datasheets is not to be interpreted as the maximum solder
iron tip temperature. The following practices generally
ensure safe solder and rework of THT devices.
¢ Use thermal relief patterns on circuit board pads, which
are “spokes” that connect from the plated through-hole to
copper pour and internal plane areas. See Figure 3 for an
example. Connections to power planes are very common
for THT power devices. Eliminating thermal relief
patterns in an effort to improve electrical performance
makes circuit board assembly impractical and unreliable
because too much heat is drawn away during the solder
process, forcing far excessive solder time.
¢ Use an appropriate solder iron tip. Tips that are too small
or too pointed have insufficient mass to quickly transfer
heat, thus increasing the solder time unnecessarily.
A chisel tip is generally a good choice for soldering THT
leads.
® Wait until the solder iron tip temperature has reached its
operating temperature before attempting to solder. Most

quality solder irons reach their operating temperature
within a several seconds of being powered on.

* Apply flux if needed.

® Wet the solder tip with solder.

® Preheat the circuit board pad and the THT device lead by
contacting them both with the wetted solder iron tip.

® Apply more solder as needed to get a good fillet between
the circuit board pad and the THT device lead, and then
immediately remove the iron tip from the solder joint
area.

For removing THT devices for rework, if at all possible,
remove or thermally separate the THT device from its
heatsink first. Use a desoldering tip with a vacuum system
and filter to remove the molten solder. A desoldering tip is
hollow, allowing it to fit over the THT device lead, thus
quickly and uniformly melting the entire solder joint. It is
preferable not to use a hot air gun for rework because the heat
may degrade adjacent solder joints.

Following these guidelines, solder joints can be
consistently made or removed in less than 5 seconds. It
should never take longer than 10 seconds; otherwise
something should be corrected in the circuit board design,
soldering or rework process, and/or soldering equipment.

Figure 3. Example of Thermal Relief "Spokes” to
TO-247 Leads, with Slots Between Leads to Increase
Creapage Distance

www.onsemi.com

2


http://www.onsemi.com/

AND90331/D

onsemi, ONSEML, and other names, marks, and brands are registered and/or common law trademarks of Semiconductor Components Industries, LLC dba “onsemi” or its affiliates
and/or subsidiaries in the United States and/or other countries. onsemi owns the rights to a number of patents, trademarks, copyrights, trade secrets, and other intellectual property.
A listing of onsemi’s product/patent coverage may be accessed at www.onsemi.com/site/pdf/Patent-Marking.pdf. onsemi reserves the right to make changes at any time to any
products or information herein, without notice. The information herein is provided “as-is” and onsemi makes no warranty, representation or guarantee regarding the accuracy of the
information, product features, availability, functionality, or suitability of its products for any particular purpose, nor does onsemi assume any liability arising out of the application or use
of any product or circuit, and specifically disclaims any and all liability, including without limitation special, consequential or incidental damages. Buyer is responsible for its products
and applications using onsemi products, including compliance with all laws, regulations and safety requirements or standards, regardless of any support or applications information
provided by onsemi. “Typical” parameters which may be provided in onsemi data sheets and/or specifications can and do vary in different applications and actual performance may
vary over time. All operating parameters, including “Typicals” must be validated for each customer application by customer’s technical experts. onsemi does not convey any license
under any of its intellectual property rights nor the rights of others. onsemi products are not designed, intended, or authorized for use as a critical component in life support systems
or any FDA Class 3 medical devices or medical devices with a same or similar classification in a foreign jurisdiction or any devices intended for implantation in the human body. Should
Buyer purchase or use onsemi products for any such unintended or unauthorized application, Buyer shall indemnify and hold onsemi and its officers, employees, subsidiaries, affiliates,
and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death
associated with such unintended or unauthorized use, even if such claim alleges that onsemi was negligent regarding the design or manufacture of the part. onsemi is an Equal
Opportunity/Affirmative Action Employer. This literature is subject to all applicable copyright laws and is not for resale in any manner.

ADDITIONAL INFORMATION

TECHNICAL PUBLICATIONS: ONLINE SUPPORT: www.onsemi.com/support
Technical Library: www.onsemi.com/design/resources/technical-documentation For additional information, please contact your local Sales Representative at
onsemi Website: www.onsemi.com www.onsemi.com/support/sales
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