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Introduction
Author: Paul Wan, Microchip Technology Inc.

The electronic manufacturing industry is moving towards lead-free, environmentally safe assembly processes.
Factors that should be considered when switching to lead-free soldering materials include:

+ Circuit board thickness

+ Fabrication complexity

+ Surface finish

+ Assembly process compatibility

This application note focuses on solder reflow recommendations for packages with Matte Tin and Tin/Lead
finishes.



1. Basics of the Reflow Process

Lead-free soldering techniques have been available for some years. However, they do not always
meet the same physical criteria for attachments as alloys containing lead. In the past, the most
common alloy for joining electronic components was the mixture of 63% tin and 37% lead. This
composition of tin and lead provided excellent bonding strength as well as enough elasticity to
withstand the thermal stresses in the product's operating environment. As electronic manufacturers
move away from this longtime standard PbSn alloy toward Pb-free solder alloys such as tin-silver-
copper (Sn-Ag-Cu), melting and eutectic temperatures also change, requiring modification to the
solder reflow profile.

As a starting point for a review of the basics of the reflow process, a typical thermal reflow profile is
shown in Figure 1-1. The process typically undergoes five distinct transitions, as seen in the diagram.

Figure 1-1. Sn/Pb Typical Reflow Profile

300

275 el e e

250 : Wetting Time e
: . . . . - ) > ‘ .

ms| L S T

200 A I . R

75| i el N o S N

TEMPERATURE [°C]
>
o

A : Flux Activation/ =~~~ 7 T C T
25| - ! Préheat Thermal Equalization Reflow Cooling

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420
TIME [SECONDS]

The five transition periods for the typical reflow process are:

1. Preheat - Brings the assembly from 25°C to 100-150°C and evaporates solvents from the solder
paste.

2. Flux Activation - Dried solder paste is heated to a temperature in which the flux will react with
the oxide and contaminants on the surfaces to be joined.

3. Thermal Equalization - Achieves temperature equalization approximately 25-50°C below the
reflow temperature. Actual time and temperature will depend on the mass and materials used.

4. Reflow - In this stage, the assembly is brought to the temperature sufficient to produce reflow
of the solder. Note the “wetting time” is shown as the time the solder is in a liquid state around
183°C on the curve.

5. Cool Down - This is the final stage in the process where gradual cooling should be used.
Slower cool down produces a finer grain structure in the solder joint, which will yield a more
fatigue-resistant solder joint.
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Figure 1-2. JEDEC Reflow Profiles for Sn-Pb and Pb-Free Assemblies
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Table 1-1. JEDEC Classification Profiles

Profile Feature Eutectic Assembly (SnPb) Pb-Free Assembly
(SAC Alloys)

Preheat Soak Temperature Min (TSmin) 100°C 150°C

Preheat Soak Temperature Max (TSmax) 150°C 200°C

Preheat Soak Time from Tspin t0 TSpmax (tS) 60-120 seconds 60-120 seconds

Ramp-up Rate (T, to Tp) 3°C /second max. 3°C /second max.

Time 25°C to Peak Temperature 6 minutes max. 8 minutes max.

Liquidus Temperature (T.) 183°C 217°C

Time Maintained above Liquidus Temperature (t))  60-150 seconds 60-150 seconds

Peak Package Body Temperature (Tp) Tp shall not exceed Tc in Table 1-3  Tp shall not exceed T¢ in Table 1-2
Time (tp) Within 5°C of the Specified (T¢) 20 seconds 30 seconds

Ramp-down Rate (Tp to T) 6°C/second max. 6°C/second max.

Table 1-2. Pb-free (SAC Alloys) Process — Classification Temperatures (Tc)

Package Thickness Volume < 350 mm3 Volume 350-2000 mm3 Volume > 2000 mm3

<1.6mm 260°C 260°C 260°C
1.6 mm-2.5 mm 260°C 250°C 245°C
>2.5mm 250°C 245°C 245°C

Table 1-3. SnPb Eutectic Process — Classification Temperatures (Tc)

Package Thickness Volume < 350 mm?3 Volume > 350 mm3

<2.5mm 235°C 220°C
>2.5mm 220°C 220°C

For reference, reflow conditions in Figure 1-2 and Table 1-1, Table 1-2, and Table 1-3 are based on
IPC/JEDEC J-STD- 020F.
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Solder Reflow Recommendations

Figure 2-1 (for reference only) shows the recommended profiles for Pb-free devices based on JEDEC
Reflow Profile. These devices are plated with matte Tin (Pure Sn) and contain no lead. They can be
used in standard tin-lead (SnPb) applications, using a profile that is equal to or above the lower line
in the plot, or in Pb-free solder such as Tin-Silver-Copper (Sn-Ag-Cu) with profiles up to and including
the upper line on the plot. The maximum peak package body temperature (Tp) depends on package
thickness and volume. See Table 1-1 and Table 1-2 for the recommended reflow values.

Figure 2-2 (for reference only) shows the recommended profiles for standard devices with 63%/37%
tin-lead (Sn-Pb) solder finish based on JEDEC Reflow Profile. The reflow profile for these devices

can be anywhere between the upper and lower curves shown in Figure 2-2. Please note that the
peak temperature is lower than that of the Pb-free devices. The maximum peak package body
temperature (Tp) depends on package thickness and volume. See Table 1-1 and Table 1-3 for the
recommended reflow values.

Figure 2-1. Reflow Profile Recommendation (Pb-Free)
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Figure 2-2. Reflow Profile Recommendation (Sn/Pb)
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3. Conclusions
Many new lead-free alloy compositions are being released. When testing the alternative solder
compositions the user must consider several issues:
+ Is the material selected going to be compatible with the plating on the component leads or the
finish specified on the circuit board?
+ Will the material chosen compromise product performance, reliability or manufacturability?

+ What is the residual effect of the higher temperature required for soldering lead-free alloys on
the semiconductor packages, the passive components, and the board itself?

This application note addresses the use of Matte Tin andTin/Lead finishes, and recommends staying
within the limits shown in Figure 2-1 and Figure 2-2. However, factors such as circuit board thickness,
size, package type, and reflow equipment may affect the total profile time.
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Microchip Information
The Microchip Website

Microchip provides online support via our website at www.microchip.com/. This website is used to
make files and information easily available to customers. Some of the content available includes:

+ Product Support - Data sheets and errata, application notes and sample programs, design
resources, user’'s guides and hardware support documents, latest software releases and archived
software

+ General Technical Support - Frequently Asked Questions (FAQs), technical support requests,
online discussion groups, Microchip design partner program member listing

+ Business of Microchip - Product selector and ordering guides, latest Microchip press releases,
listing of seminars and events, listings of Microchip sales offices, distributors and factory
representatives

Product Change Notification Service

Microchip’s product change notification service helps keep customers current on Microchip
products. Subscribers will receive email notification whenever there are changes, updates, revisions
or errata related to a specified product family or development tool of interest.

To register, go to www.microchip.com/pcn and follow the registration instructions.

Customer Support

Users of Microchip products can receive assistance through several channels:
+ Distributor or Representative

+ Local Sales Office

+ Embedded Solutions Engineer (ESE)

+ Technical Support

Customers should contact their distributor, representative or ESE for support. Local sales offices are
also available to help customers. A listing of sales offices and locations is included in this document.

Technical support is available through the website at: www.microchip.com/support

Microchip Devices Code Protection Feature
Note the following details of the code protection feature on Microchip products:

* Microchip products meet the specifications contained in their particular Microchip Data Sheet.

+ Microchip believes that its family of products is secure when used in the intended manner, within
operating specifications, and under normal conditions.

+ Microchip values and aggressively protects its intellectual property rights. Attempts to breach the
code protection features of Microchip product is strictly prohibited and may violate the Digital
Millennium Copyright Act.

* Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its
code. Code protection does not mean that we are guaranteeing the product is “unbreakable”.
Code protection is constantly evolving. Microchip is committed to continuously improving the
code protection features of our products.

Legal Notice

This publication and the information herein may be used only with Microchip products, including
to design, test, and integrate Microchip products with your application. Use of this information

in any other manner violates these terms. Information regarding device applications is provided

only for your convenience and may be superseded by updates. It is your responsibility to ensure
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that your application meets with your specifications. Contact your local Microchip sales office for
additional support or, obtain additional support at www.microchip.com/en-us/support/design-help/
client-support-services.

THIS INFORMATION IS PROVIDED BY MICROCHIP "AS IS". MICROCHIP MAKES NO REPRESENTATIONS
OR WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY

OR OTHERWISE, RELATED TO THE INFORMATION INCLUDING BUT NOT LIMITED TO ANY IMPLIED
WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, AND FITNESS FOR A PARTICULAR
PURPOSE, OR WARRANTIES RELATED TO ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDIRECT, SPECIAL, PUNITIVE, INCIDENTAL, OR
CONSEQUENTIAL LOSS, DAMAGE, COST, OR EXPENSE OF ANY KIND WHATSOEVER RELATED TO THE
INFORMATION OR ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS BEEN ADVISED OF THE
POSSIBILITY OR THE DAMAGES ARE FORESEEABLE. TO THE FULLEST EXTENT ALLOWED BY LAW,
MICROCHIP'S TOTAL LIABILITY ON ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION OR

ITS USE WILL NOT EXCEED THE AMOUNT OF FEES, IF ANY, THAT YOU HAVE PAID DIRECTLY TO
MICROCHIP FOR THE INFORMATION.

Use of Microchip devices in life support and/or safety applications is entirely at the buyer's risk,

and the buyer agrees to defend, indemnify and hold harmless Microchip from any and all damages,
claims, suits, or expenses resulting from such use. No licenses are conveyed, implicitly or otherwise,
under any Microchip intellectual property rights unless otherwise stated.

Trademarks

The Microchip name and logo, the Microchip logo, Adaptec, AVR, AVR logo, AVR Freaks, BesTime,
BitCloud, CryptoMemory, CryptoRF, dsPIC, flexPWR, HELDO, IGLOO, JukeBlox, KeeLoq, Kleer,
LANCheck, LinkMD, maXStylus, maXTouch, MediaLB, megaAVR, Microsemi, Microsemi logo, MOST,
MOST logo, MPLAB, OptoLyzer, PIC, picoPower, PICSTART, PIC32 logo, PolarFire, Prochip Designer,
QTouch, SAM-BA, SenGenuity, SpyNIC, SST, SST Logo, SuperFlash, Symmetricom, SyncServer,
Tachyon, TimeSource, tinyAVR, UNI/O, Vectron, and XMEGA are registered trademarks of Microchip
Technology Incorporated in the U.S.A. and other countries.

AgileSwitch, APT, ClockWorks, The Embedded Control Solutions Company, EtherSynch, Flashtec,
Hyper Speed Control, HyperLight Load, Libero, motorBench, mTouch, Powermite 3, Precision Edge,
ProASIC, ProASIC Plus, ProASIC Plus logo, Quiet- Wire, SmartFusion, SyncWorld, Temux, TimeCesium,
TimeHub, TimePictra, TimeProvider, TrueTime, and ZL are registered trademarks of Microchip
Technology Incorporated in the U.S.A.

Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any Capacitor, Anyln, AnyOut,
Augmented Switching, BlueSky, BodyCom, Clockstudio, CodeGuard, CryptoAuthentication,
CryptoAutomotive, CryptoCompanion, CryptoController, dsPICDEM, dsPICDEM.net, Dynamic
Average Matching, DAM, ECAN, Espresso T1S, EtherGREEN, GridTime, IdealBridge, In-Circuit Serial
Programming, ICSP, INICnet, Intelligent Paralleling, IntelliMOS, Inter-Chip Connectivity, JitterBlocker,
Knob-on-Display, KoD, maxCrypto, maxView, memBrain, Mindi, MiWi, MPASM, MPF, MPLAB Certified
logo, MPLIB, MPLINK, MultiTRAK, NetDetach, Omniscient Code Generation, PICDEM, PICDEM.net,
PICKit, PICtail, PowerSmart, PureSilicon, QMatrix, REAL ICE, Ripple Blocker, RTAX, RTG4, SAM-

ICE, Serial Quad 1/0, simpleMAP, SimpliPHY, SmartBuffer, SmartHLS, SMART-L.S., storClad, SQI,
SuperSwitcher, SuperSwitcher Il, Switchtec, SynchroPHY, Total Endurance, Trusted Time, TSHARC,
USBCheck, VariSense, VectorBlox, VeriPHY, ViewSpan, WiperLock, XpressConnect, and ZENA are
trademarks of Microchip Technology Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated in the U.S.A.

The Adaptec logo, Frequency on Demand, Silicon Storage Technology, and Symmcom are registered
trademarks of Microchip Technology Inc. in other countries.

GestlC is a registered trademark of Microchip Technology Germany Il GmbH & Co. KG, a subsidiary
of Microchip Technology Inc., in other countries.

All other trademarks mentioned herein are property of their respective companies.
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Quality Management System

For information regarding Microchip's Quality Management Systems, please visit
www.microchip.com/quality.
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