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The Cool-Power® PI31xx family of very high density isolated DC-DC converters are intended for reflow
soldering assembly. The information contained in this application note defines the processing conditions
for successful installation of the product on to a printed circuit board (PCB). Failure to follow the
guidelines established in this application note can lead to incorrect solder joints, aesthetic damage
and/or failure of the module.

Storage

RoHS Compatible Lead Free Applications
245°C Peak Case Temperature
SAC 305, either no-clean or water-washable solder paste is recommended. Other types of lead-free
solder pastes can be used so long as the peak case temperature of 245°C is not exceeded during the
reflow process.

Leaded Applications
225°C Peak Case Temperature
63/37 SnPb either no-clean or water-washable solder paste is recommended. Other types of SnPb
solder pastes can be used so long as the peak case temperature of 225°C is not exceeded during the
reflow process.

PCB Considerations
PCB Stencil Design
Figure 1 shows the recommended receiving pattern for the PCB with the dimensioned pad centers
shown with respect to the center of the package. The recommended stencil aperture ratio should be
0.9:1 based on a 6mil-thick stencil, allowing for solder paste coverage of 90% of each pad 6mils thick.
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Pick And Place
The PI31xx should be placed within ± 5mils of the center line. To maintain proper placement, the
module should not be subjected to acceleration greater than 500in/sec2 from the time it is placed until
after it has been reflowed. All handling of the PI31xx through personnel and process must be done
using proper ESD procedures.

RoHS Compatible 245°C Reflow Guidelines
PI31xx modules that are approved for 245°C reflow are qualified per J-STD-020D for three reflows at
a peak temperature of 245°C under MSL-6 conditions. The time out of bag (TOB) is four hours. The
solder reflow information presented here is based on experiments performed on the PI31xx and do
not represent exact conditions found at every factory. Information that is contained in this note is for
guidance only. The actual process employed will likely require some optimization to account for various
factors such as PCB thickness, oven type and the desired solder paste.
The two temperatures that are critical to the success of the reflow process are the solder joint
temperature and the module case temperature. The solder joint temperature should reach 240°C while
the module case temperature must not exceed 245°C at any time during the process. A forced-air
convection oven is recommended for reflow soldering to limit the temperature rise of the module case.
Ovens of this type transfer heat from the PCB to the J-lead rather than from the case to the J-lead.
Other types of reflow ovens have not been qualified for use with PI31xx products and should be studied
by the user to ensure they can provide a reflow profile in accordance with these guidelines before
using. The thermal mass of the case slows the temperature rise of the case relative to the J-lead and
receiving pads. Figure 2 shows the typical 245°C PI31xx reflow profile when soldering to a 4.2in2 1oz Cu
six-layer FR4 PCB.
In the reflow step, the module and board assembly should be heated at a rate no faster than
2°C/sec. Once the assembly is above the liquidus temperature required to produce reflow of the solder,
it should remain there between 60 and 90 seconds. In order to achieve the correct reflow temperature
profile, the peak temperature and feeder speed of the oven must be based on the total mass of
the assembly being soldered. The final stage is the cooling stage. The cool down rate should be no
faster than 3°C/sec.
Following reflow, flux residue must be removed from and in between the PI31xx J-leads. Failure to
remove this residue can cause it to become electrically conductive over time and create module failures.
PI31xx modules can be subjected to 245°C maximum case temperature reflow up to three times
provided that in between each reflow, the same MSL6 handing procedures are followed. Exposure to
ambient conditions for more than four hours requires a re-bake at 125°C for 24 hours prior to reflow.
Figure 1
PCB Receiving Pattern
for PI31xx Products
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Figure 2
Typical 245°C Reflow Profile
for a Lead Free Application
PI31xx Product MSL6

Figure 3
Typical 225°C Reflow Profile
for a Leaded Application
PI31xx Product MSL6
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Leaded 225°C Reflow Guidelines
PI31xx modules that are approved for 225°C reflow are qualified per J-STD-020D for three reflows at
a peak temperature of 225°C under MSL-6 conditions. The time out of bag (TOB) is four hours. The
solder reflow information presented here is based on experiments performed on the PI3101 and do
not represent exact conditions found at every factory. Information that is contained in this note is for
guidance only. The actual process employed will likely require some optimization to account for various
factors such as PCB thickness, oven type and the desired solder paste.
The two temperatures that are critical to the success of the reflow process are the solder joint
temperature and the module case temperature. The solder joint temperature is allowed to reach 225°C
for 30 seconds, while the module case temperature must not exceed 225°C at any time during the
process. A forced-air convection oven is recommended for reflow soldering to limit the temperature rise
of the module case. Ovens of this type transfer heat from the PCB to the J-lead rather than from the
case to the J-lead. Other types of reflow ovens have not been qualified for use with
PI310X products and should be studied by the user to ensure they can provide a reflow profile in
accordance with these guidelines before using. The thermal mass of the case slows the temperature rise
of the case relative to the J-lead and receiving pads.
Figure 3 shows the typical 225°C PI31xx reflow profile when soldering to a 4.2in2 1oz Cu
six-layer FR4 PCB.
In the reflow step, the assembly is preheated to a temperature between 100°C and 150°C and held
there for one minute to evaporate solvents from the solder paste. The next zone is the soak zone, where
the flux activation occurs and the flux reacts with the oxide and contaminants on the surfaces to be
joined. The assembly is raised above the 183°C liquidus temperature to produce reflow of the solder
and held there for between 60 and 90 seconds. In order to achieve the correct reflow temperature
profile, the peak temperature and feeder speed of the oven must be based on the total mass of
the assembly being soldered. The final stage is the cooling stage. The cool down rate should be no
faster than 3°C/sec.
Following reflow, flux residue must be removed from and in between the PI31xx J-leads. Failure to
remove this residue can cause it to become electrically conductive over time and create module failures.
PI310X modules can be subjected to 225°C maximum case temperature reflow up to three times
provided that in between each reflow, the same MSL6 handing procedures are followed. Exposure to
ambient conditions for more than four hours requires a re-bake at 125°C for 24 hours prior to reflow.

Solder Joint Inspection Guidelines
Both a module package and solder joint inspection should be performed following the reflow procedure
and the guidelines below cover both leaded and lead free soldering.
The module package should show no evidence of:
nn Solder extrusion from the PI31xx package
nn J-lead separation from the module body
nn J-lead damage or delamination
nn Any evidence of the above indicates that the PI31xx module package was subjected to excessive
		 temperature during the reflow process
J-lead solder joints should conform to IPC 12.2 to include:
nn Properly wetted fillet must be evident per Figure 4. Heel fillet height must exceed lead thickness
		 plus solder thickness
Note that J-leads do not sit flat on the PCB surface. The solder fillet forms underneath the heel and does
not necessarily extend up the side of the J-lead after successful reflow.
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Rework Guidelines
For rework purposes, the PI31xx family of converters can be removed from the PCB using specialized
hot air tools such as those made by Air-Vac at air-vac-eng.com/index.html. These tools heat a very
localized region of the PCB while providing tensile force in the form of a vacuum. Prior to heating the
solder joint, the PCB should be preheated to 100°C using either a bench oven or hot plate to reduce the
time required to flow the solder and also to prevent warping of the PCB. If there are adjacent moisture
sensitive components, a bake may be necessary to prevent damaging them. Follow those components
MSL guidelines. Removal using hot air tools with an uncontrolled temperature profile may damage the
PI31xx and it should not be reused under those circumstances.
Figure 4
Typical Example of
Wetted Fillet J-lead Connection
Using PI31xx
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Limitation of Warranties
Information in this document is believed to be accurate and reliable. HOWEVER, THIS INFORMATION
IS PROVIDED “AS IS” AND WITHOUT ANY WARRANTIES, EXPRESSED OR IMPLIED, AS TO THE
ACCURACY OR COMPLETENESS OF SUCH INFORMATION. VICOR SHALL HAVE NO LIABILITY FOR THE
CONSEQUENCES OF USE OF SUCH INFORMATION. IN NO EVENT SHALL VICOR BE LIABLE FOR ANY
INDIRECT, INCIDENTAL, PUNITIVE, SPECIAL OR CONSEQUENTIAL DAMAGES (INCLUDING, WITHOUT
LIMITATION, LOST PROFITS OR SAVINGS, BUSINESS INTERRUPTION, COSTS RELATED TO THE REMOVAL
OR REPLACEMENT OF ANY PRODUCTS OR REWORK CHARGES).
Vicor reserves the right to make changes to information published in this document, at any time
and without notice. You should verify that this document and information is current. This document
supersedes and replaces all prior versions of this publication.
All guidance and content herein are for illustrative purposes only. Vicor makes no representation or
warranty that the products and/or services described herein will be suitable for the specified use without
further testing or modification. You are responsible for the design and operation of your applications
and products using Vicor products, and Vicor accepts no liability for any assistance with applications or
customer product design. It is your sole responsibility to determine whether the Vicor product is suitable
and fit for your applications and products, and to implement adequate design, testing and operating
safeguards for your planned application(s) and use(s).
VICOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED OR WARRANTED FOR USE IN LIFE SUPPORT,
LIFE-CRITICAL OR SAFETY-CRITICAL SYSTEMS OR EQUIPMENT. VICOR PRODUCTS ARE NOT CERTIFIED
TO MEET ISO 13485 FOR USE IN MEDICAL EQUIPMENT NOR ISO/TS16949 FOR USE IN AUTOMOTIVE
APPLICATIONS OR OTHER SIMILAR MEDICAL AND AUTOMOTIVE STANDARDS. VICOR DISCLAIMS
ANY AND ALL LIABILITY FOR INCLUSION AND/OR USE OF VICOR PRODUCTS IN SUCH EQUIPMENT OR
APPLICATIONS AND THEREFORE SUCH INCLUSION AND/OR USE IS AT YOUR OWN RISK.

Terms of Sale
The purchase and sale of Vicor products is subject to the Vicor Corporation Terms and Conditions of Sale
which are available at: (http://www.vicorpower.com/termsconditionswarranty)

Export Control
This document as well as the item(s) described herein may be subject to export control regulations.
Export may require a prior authorization from U.S. export authorities.

Contact Us: http://www.vicorpower.com/contact-us
Vicor Corporation
25 Frontage Road
Andover, MA, USA 01810
Tel: 800-735-6200
Fax: 978-475-6715

www.vicorpower.com
email
Customer Service: custserv@vicorpower.com
Technical Support: apps@vicorpower.com
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