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Guidelines for Temperature Profiling for  
Mass Soldering Processes (Reflow and Wave)

1	 SCOPE

This document describes thermal profile guidelines and practical guidelines to meet requirements to produce acceptable sol- 
der joints in mass soldering processes, including but not limited to reflow and wave soldering.

Thermal profile is a unique temperature vs. time plot for each fully populated printed board assembly, using thermocouples 
attached to selected representative components of the printed board assembly as it travels at a given belt speed (i.e., transport 
speed) through various temperature zones of an oven or soldering system.

1.1 Purpose  The purpose of this document is to provide useful and practical information for developing thermal profiles to 
produce acceptable SnPb and Pb-free electronics assemblies. This document is for managers, design and process engineers and 
technicians who deal with mass soldering processes.

1.2 Background  During mass soldering, it is important that all solder joints reach the minimum soldering temperature. Minimum 
soldering temperature is the minimum temperature necessary to ensure metallurgical bonding of the solder alloy and the base 
metals to be soldered. Metallurgical bonding requires that the surfaces to be soldered and the solder reach this minimum 
soldering temperature for a sufficient time to allow wetting of the solder surfaces and the formation of a layer(s) of intermetallic 
compound(s) of some of the base metal(s) with one or more constituents of the solder alloy.

As a practical matter, minimum soldering temperature is somewhat (~ 25 °C) above the liquidus temperature of the solder alloy. 
The solder joint on a given printed board assembly that is the last to reach minimum soldering temperature (typically on or 
underneath one of the components with the highest thermal mass) determines the temperature profile setting for a given printed 
board assembly and soldering process/machine. Developing a good profile is a balancing act for the process engineer, who also 
needs to make sure smaller and temperature-sensitive components do not overheat or become damaged.

Reflow soldering requires controlled rates of heating and subsequent cooling; however, too rapid a heating rate can damage 
printed board assemblies and components. High cooling rates can also damage components and result in temperature gradients 
of sufficient magnitude to warp printed board assemblies and larger components and also fracture solder joints. Because of this, 
appropriate temperature profiling is essential for ensuring high-quality solder joints.

Even though different products, based on their thermal mass, require different amounts of thermal input, all products should 
achieve the minimum temperature (temperature above liquidus) without exceeding the maximum temperature (without dam- 
age to any components) within a defined time period (thermal profile). This is the key reason for developing a unique profile 
for each product.

Thermal input is determined by temperature/gas flow settings in each zone, the number of zones and the belt speed, which stays 
the same in each zone. Establishing minimum temperature, maximum temperature and duration in a zone ensures formation of 
intermetallic bonding between the component leads and their corresponding footprint or land patterns. All components, even 
though their thermal masses are different, should meet the same minimum and maximum temperature requirements. This is the 
biggest challenge for developing a profile, so developing a thermal profile for a printed board assembly with very large thermal 
mass components (e.g., a large ball grid array (BGA)) and small thermal mass components (e.g., 0201 or smaller chip resistors 
and capacitors) is a balancing act. In addition, different heating and cooling rates will have various effects on a variety of 
defects, adding more complexity to the balancing act. For example, a slower heating rate will help reduce voids in a BGA, but 
it will increase the potential for head on pillow (HoP) in the same BGA.

1.3 Terms and Definitions  Other than those terms listed below, the definitions of terms used in this document are in accordance 
with IPC-T-50.

1.3.1 Cooldown  The amount of time necessary for a printed board assembly to return to ambient temperature after a soldering 
operation.

1.3.2 Delta T (Profile or Equipment)  The largest temperature difference between two or more measurement points at a given 
point in time.

1.3.3 Eutectic  The temperature at which solidus and liquidus are the same. There is not a plastic range (material is malleable 
but not liquidus or solidus).
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	3.1 Thermal Profiles A solder profile, also known as a thermal profile, is a key variable in the manufacturing process that significantly impacts product yield, quality and reliability. Conveyor speed and zone temperature are two variables in solder profi
	3.1.1 Thermocouple Locations Figure 3-6 shows recommended locations of thermocouples on a printed board assembly. It is important that thermocouples be attached to small and large components at the solder joints. For BGAs and other thermally sensitive com
	3.1.2 Thermocouple Attachment Methods Proper thermocouple attachment is critical to ensuring accurate temperature measurement. There are various methods for attaching thermocouples to assemblies for profiling.
	3.1.2.1 High-Temperature Solder High-temperature solder attachment should be considered for a sample printed board assembly that will be profiled multiple times, because it provides a consistent reproducible thermal connection. Figure 3-12 and Figure 3-13
	3.1.2.2 Adhesives There are many types of adhesives used for thermocouple attachment, all of which have different curing mechanisms (e.g., heat, air and UV). It is important that the adhesive being used be thermally conductive. More information about ther
	3.1.2.3 Adhesive Tapes Adhesive tape provides a securely connected thermocouple with good thermal conductivity, is nondestructive and leaves no scars or residues. Using adhesive tape reduces the amount of effort and expense required to obtain an accurate 
	3.1.2.4 Embedded Thermocouple This method is particularly advantageous for BGAs.
	3.1.2.5 Mechanical Attachment Spring-loaded thermocouples use mechanical pressure to position the thermocouple against the measuring point. These may be used on production printed board assemblies to be shipped (see Figure 3-19).
	3.1.3 Preheat Zone The temperature in the preheat zone can range from 30 °C to 175 °C. Many component suppliers generally recommend a 2 °C to 4 °C per second ramp rate to avoid thermal shock to sensitive components. Such guidelines are considered conserva
	3.1.4 Soak Zone The soak zone is intended to raise the temperature of the entire printed board assembly to a uniform temperature. The ramp rate in this zone (100 °C to 180 °C for SnPb and 140 °C to 220 °C for SAC Pb-free) is much slower. The soak zone als
	3.1.5 Reflow Zone The peak temperature in the reflow zone should be high enough to obtain good wetting and to create a strong metallurgical bond. It should not be so high as to cause component or printed board assembly damage or discoloration or, in the w
	3.1.6 Cooling Zone The typical cooling rate for most assemblies has been 4 °C to 6 °C per second. This is driven primarily by throughput and SnPb intermetallic thickness concerns. With the transition to Pb-free solders, pad cratering defects have become m
	3.1.7 Thermal Profile for Backward Compatibility Developing a thermal proﬁle is difficult when dealing with backward compatibility issues, in which Pb-free components are used on a SnPb printed board assembly. Such a scenario arises in cases in which it m
	3.1.8 Unique Profile for Each Printed Board Assembly Each unique printed board assembly needs to be profiled to show that all locations on the printed board assembly meet the various requirements for creating acceptable solder joints. A single program wil
	3.1.9 Flux
	3.2 Material Issues Components can be damaged by the incorrect application of heat. All components have a heat exposure limit. Most SnPb SMT components should tolerate a peak temperature of 220 °C for up to 60 seconds. Pb-free BGAs should be rated to a hi
	3.3 Reflow Soldering When profiling assemblies for solder reflow and adhesive cure, the following should be monitored (as shown in Figure 3-1 for solder paste):
	3.3.1 True Time Above Liquidus (True TAL) It is important to understand the difference between TAL and True TAL to minimize incidence of HoP in BGAs (see Figure 3-21 and Figure 3-22). When attaching thermocouples to the inner and outer balls of a BGA, it 
	3.4 Equipment Settings
	3.4.1 Reflow Oven Selection Reflow ovens are available in various sizes and configurations. When selecting the most appropriate reflow oven for a particular purpose, many variables should be taken into account in terms of types of devices being assembled 
	3.4.2 IR vs. Convection Reflow ovens are typically IR or convection reflow. In an IR oven, ceramic heaters transfer heat to the assembly using radiation. In a convection reflow process, fans force heated air to the assembly. Recent advances in reflow proc
	3.4.3 Heating Zone Selection The number of heating zones in standard reflow ovens range from seven to 12 or more. The minimum number of zones for Pb-free applications should be seven.
	3.4.4 Clearance Height, Conveyor Belt Type/Width and Edge-Rail Support Oven clearance height is normally kept to a minimum to maintain consistent heating within and between zones. The height of the product also needs to be considered when deﬁning the clea
	3.4.5 Cover Gas Standard reﬂow ovens can be conﬁgured in such a way that the oven is run in an open-atmosphere envi- ronment or by using a cover gas such as nitrogen during reﬂow. The need for nitrogen gas depends on the type of ﬂux in the solder paste fo
	3.4.6 Profiling In most cases, reﬂow ovens are conﬁgured such that on-board reﬂow proﬁling can be accomplished. In this, one end of a thermocouple is attached to the oven, and the other end is attached to the product traveling through the oven. This elimi
	3.4.7 Product Trackers Ovens can also be conﬁgured with product trackers to allow for traceability of parts through a reﬂow oven. These trackers have sensors mounted at the entrance and exit of an oven to sense when a product enters and exits the oven.
	3.4.8 Profile Development Steps A reflow soldering profile consists of three phases: preheat, soldering and cooldown. The development of a reflow soldering profile should include the following actions:
	4 VAPOR-PHASE REFLOW PROFILING
	4.1 Vapor-Phase Reflow Vapor-phase reflow can be operated as a single- or two-fluid system, utilizing primary and secondary fluids. The process was developed using the two-fluid approach in batch equipment; but modern in-line systems normally operate with
	5 WAVE SOLDERING PROFILING
	5.1 Machine Considerations Each part of a wave soldering machine has a unique function, but each function should be considered as a whole system because of the interrelationships and dependencies of the fluxer, preheaters and solder pot. Correlation of ti
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	6 SELECTIVE SOLDERING PROFILING
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	6.1.1 Machine Considerations Each part of a selective soldering machine has a unique function to perform, but the functions should be considered as a whole system because of the interrelationships and dependencies of the fluxer, preheaters, nozzles and so
	6.1.3 Solder Pot and Nozzle Considerations Solder pots use a nozzle to transfer solder to the printed board assembly, so solder pots should maintain constant temperatures and pump speeds to efficiently transfer the solder to the printed board assembly wit
	6.1.4 Profile Development Steps The development of a selective soldering thermal profile should include the following:
	6.1.5 Design for Manufacturing (DfM) for Selective Soldering printed board design is a critical factor that affects the solderability, reliability and quality of the soldered printed board assembly. In selective soldering of through-hole components, when 
	6.1.6 Thermocouple Attachment for Wave and Selective Soldering Figure 6-2 shows recommended locations of ther- mocouples on a printed board assembly. It is important that thermocouples be attached to small and large components at the solder joints. In Fig
	6.2 Alternatives to Selective Soldering
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	6.2.2 Laser Soldering Laser soldering is performed at a very high temperature for a very short period of time. Laser soldering time for through-hole leads is about one second. Some laser soldering systems require 0.25 to 0.5 seconds or less per joint for 
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	7.1 Product Thermal Profilers A product thermal profiler, also called a pass-through thermal profiler, is a hardware/software kit that can travel with the printed board assembly through the soldering equipment. It records temperatures measured using tempe
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