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Lead-Free BGA Solder Joint 
Assembly Evaluation
To support a cleaner environment, meet market demands, and 
comply with international commercial standards and requirements, 
many integrated circuit devices are migrating to ball-grid array 
(BGA) packages with lead-free solder spheres consisting of 
tin/silver/copper alloy. Because the lead-free alloy has a melting 
temperature of 222°C, which is higher than that of the typical 
tin/lead alloy melting temperature of 183°C, the solder profile must 
be examined to determine appropriate manufacturing conditions. 
This engineering bulletin discusses the characteristics of lead-free 
sphere BGA packages versus lead-bearing sphere packages and 
provides general guidelines for reflow soldering using lead-free 
packages. 

1 Solder Paste Flux
The key factor in determining appropriate reflow temperature 
is a temperature profile that matches the solder paste flux 
requirement. Some fluxes require a long dwell time below 
180°C, while others burn up with a long dwell time. Out-of-
bound solder paste flux temperatures can result in poor solder 
connections for all components on the board. Obtain the ideal 
reflow profile, which gives the best solderability, from your 
solder paste vendor. 
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Lead-Free Sphere Characteristics
2 Lead-Free Sphere Characteristics
Table 1 compares a standard lead-free sphere to a standard lead-bearing sphere.

As shown in Table 1, lead-free sphere BGA packages require a higher reflow temperature during soldering than 
lead-bearing sphere BGA packages, typically 20–40°C hotter. Parts with a moisture sensitivity level (MSL) 3 
require a peak reflow of 245–260°C. This value is component dependent—refer to the individual component 
specifications during the design process to determine the correct value.

3 Reflow Solder Assembly Options
Two options are available for reflow soldering of lead-free sphere BGA packaged components to printed circuit 
board (PCB) assemblies:

• Tin-based, lead free solder paste (recommended method). 

• Traditional lead-bearing solder pastes (such as 63Sn37Pb). 

The board reflow procedure may use an infrared (IR) or a convection heating process. For either process, the 
temperature can vary greatly across the PCB, depending on the furnace type, the size and mass of the board 
components, and the location of the components on the board. Carefully test profiles to determine the hottest and 
coolest points on the board. The hottest and coolest points should fall within recommended temperature ranges for 
the reflow method selected. Carefully attach thermocouples directly to the solder joint interface between the 
package leads and board using very small amounts of thermally conductive grease or epoxy. These guidelines do 
not necessarily indicate the extremes that can safely be applied to surface mount packages. In most cases, the 
package can withstand higher temperatures than the standard PCB. These guidelines are meant to represent good 
soldering practices that yield high quality assemblies with minimum rework. 

3.1 Tin-Based Lead-Free Solder Paste
The 230–245°C peak reflow temperature profiles used with most lead-free solder pastes fully melt the paste and 
sphere and result in a reliable interconnection.

Note: Before assembly, verify that all components on the PCB can withstand peak reflow temperatures greater 
than the expected maximum assembly temperature. Existing packages qualified before the release of J-
STD-020B in August of 2002 may be qualified only for a maximum peak temperature of 225°C. 
Subjecting such semiconductor packages to higher reflow temperatures can affect device reliability. 

Use the following guidelines when soldering with lead-free solder paste:

1. Preheat the board. Raise the lead/sphere temperature to 100°C over a period of no less than 50 seconds. 

2. For infrared or convection reflow, use a peak temperature of 235–245°C. Use a dwell time less than 3 
minutes above the solder melting point of 217°C. The optimal dwell time is 50–80 seconds. 

Table 1.   Lead-Free Versus Lead-Bearing Spheres

Sphere Type Composition Solidus Temperature Liquidus Temperature

Lead-free 95.5Sn4.0Ag0.5Cu 216°C 222°C

Lead-bearing 62Sn36Pb2Ag 179°C 180°C

Note: Composition is listed as % by weight of the listed elements: Sn = tin; Pb = lead; Ag = silver; Cu = copper.
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Lead-Free Board Assembly Reflow Profile Example
3.2 Lead-Bearing Solder Paste
You must use a minimum peak reflow temperature of 220°C to achieve a substantial reflow of the lead-free sphere. 
Reflow temperatures below 220°C may result in poor assembly yields and inadequate interconnect reliability. For 
increased margin, use a 225–245°C peak temperature for full reflow with sphere-collapse and reliable 
interconnection. 

Note: Before assembly, verify that all components on the PCB can withstand peak reflow temperatures greater 
than the expected maximum assembly temperature. Existing packages qualified before the release of J-
STD-020B in August of 2002 may be qualified only for a maximum peak temperature of 225°C. 
Subjecting such semiconductor packages to higher reflow temperatures can affect device reliability. 

Use the following guidelines when soldering with lead-bearing paste:

1. Preheat the board. Raise the lead/sphere temperature to 100°C over a period of no less than 50 seconds. 

2. For infrared or convection reflow, use a peak temperature of 220–235°C. Use a dwell time of less than 
three minutes above the eutectic tin/lead solder melting point of 183°C. The optimal dwell time is 
50–80 seconds. 

4 Lead-Free Board Assembly Reflow Profile Example
Figure 1 shows a typical lead-free board assembly reflow profile.

Figure 1.   Typical Lead-Free Board Assembly Reflow Profile
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Notes: 1. Reflow profiles are flux and solder alloy dependent.
2. The profile in this figure is for Indium no clean NC-SMQ 230 

with Indalloy 241 solder paste with 95.5Sn3.8Ag0.7Cu alloy.
3. Two thermocouples were embedded in the BGA solder joints 

at the expected hottest and coolest locations of the PWB.
4. All times are within ±5 s.
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Average ramp 50–150°C = 1.4°C/s

Time from 150–200°C = 80 s

Time at >183°C = 160–170 s

Time at >221°C = 60–70 s
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5 Soldering Guidelines for Lead-Free Packages
General soldering guidelines for lead-free packages include the following:

• When possible, assemble lead-free BGA packages using lead-free solder paste. Studies demonstrate that lead-
free interconnect reliability is similar to or better than lead-bearing devices and solder paste.

• If you must use lead-tin solder paste with lead-free BGA packages, ensure that the reflow temperature is high 
enough to provide a reliable interconnection. A minimum peak temperature of 220°C is recommended, but a 
range of 225–245°C (for qualified components) is preferred.

• In all cases, ensure that the correct reflowing profiling and MSL rating is used for all components in the 
assembly.

• Direct any assembly questions to your component sales office or distributor contact.
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