
NOTES ON HASL WITH SN100CL

SUMMARY

SN100CL provides a way of ensuring the survival of HASL into the approaching lead-free era.    It forms a smooth, bright, relatively flat coating and clears easily from through holes while leaving sufficient thickness of coating to ensure solderability for at least a year.  In a suitable HASL machine the SN100CL process can be operated at temperatures close to those used for 63/37 tin-lead solder so that board damage is minimized.  SN100CL can be used in most HASL plants currently using 63/37 tin-lead solder.  Copper etching from pads is less than with other lead-free solders and the copper content can be managed without the need to dump all or part of the solder in the bath.
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Details of Commercial Board HASL Coated with SN100CL

1.  SURVIVAL OF HASL IN THE LEAD-FREE ERA

There has been a widespread belief in the electronics industry that HASL would not survive into the lead-free era.    That is partly because suppliers of alternative finishes see the change to lead-free as an opportunity for promoting their products.  In the tin-lead era the technical disadvantages of these finishes meant that they could not completely displace HASL.    Another factor that has contributed to the pessimism about the future of HASL in the lead-free era has been that results of early attempts at lead-free HASL using the basic tin-copper eutectic or the tin-silver-copper eutectic did not yield very encouraging results.

2.  THE CASE FOR HASL?

2.1.  The Advantages of HASL

The HASL process has been popular in North America and Europe (accounting for more than half of the printed circuit boards manufactured) because it offers significant practical advantages over many of the alternative finishes.   

These advantages include:

· HASL provides the best guarantee of long term shelf life (1-2 years if the coating is properly applied),

Finishes such as immersion tin and silver and OSP provide less robust surfaces in terms of shelf life.

· The HASL process effectively eliminates all the previous history of the board to provide assured solderability.

Alternative finishes such as immersion coatings and OSP require careful surface preparation since all they do is protect the existing solderability of the underlying copper.   If the preparation is not carried out correctly, the surface will remain unsolderable even with the application of these coatings.   On the other hand the strong fluxing action used in HASL strips off surface contaminants to ensure good wetting of the underlying metal.

· The solderability of a HASL finish can be confirmed by visual inspection.     

To confirm the solderability of alternative finishes, a specific solderability test has to be undertaken.    If there is a problem with solderability the HASL surface will show signs of dewetting or non-wetting.   If there is no evidence of dewetting it can be taken that the solderability is assured.   In effect HASL creates one half of the soldered joint on the pad.

· HASL is a flexible process with a wide range of board types that can be coated with the same process parameters.

· HASL is a near instantaneous process.    A board can be treated within a few minutes of completion.

2.2.  The Disadvantages of HASL
· The “mushroom” profile created by surface tension effects creates problems on fine pitch pads onto which solder paste has to be printed.   It makes it more difficult to achieve gasketing of the stencil so that paste may tend to bleed out under the stencil resulting in shorts and solder balls.

· The “mushroom” profile can also result in problems of co-planarity with fine pitch components resulting in some open joints after reflow

· The thermal excursion associated with the HASL process can cause degradation of the laminate that can result in reduced service reliability of the circuit.

· The HASL process is “messy” involving as it does hot solder, fluxes and oil blankets with consequent heat and fume hazards.

· Flux residues can degrade the surface insulation resistance of the board unless properly removed in the cleaning process. 

· The post-HASL cleaning to remove flux residues generates waste liquids that are subject to environmental controls.

2.3.  The Balance?
HASL is the ideal process for boards that require assured solderability over a period of more than a few months after storage under conditions that are less than ideal.   For the majority of boards the flatness of the pads is not a problem even in reflow processes.    If a solder alloy can be identified that makes it possible to operate the process in a way not that dissimilar from the way it is operated with tin-lead HASL will remain a popular finish into the lead-free era.

3.0  ADVANTAGES OF SN100CL
The alloy that has been most widely considered for lead-free HASL is the basic tin-copper eutectic, Sn-0.7Cu (Melting Point 227°C).   However, everyone who has tried this alloy has found it very difficult to use.  The finish is rough and grainy and uneven and it is difficult to clear the through-holes and achieve a flat profile.   In an attempt to get better results solder bath temperatures up to 300°C have been tried but this has caused board damage without significantly improving the quality of the results obtained.   

This experience with the Sn-0.7Cu alloy in the HASL process is in some respects similar to that with the same alloy in wave soldering.    Wetting and through hole penetration is poor, there are severe problems of bridging and icicling and the solder joints are dull and grainy.  As with the HASL process, attempts have been made to solve address these problems by using higher solder temperatures, up to 280°C but the result has been only to damage the board and the wave solder pot.

It seems that the problem with the Sn-0.7Cu alloy in both of these processes is the behavior of the intermetallic compound, Cu6Sn5.    The microstructure of the Sn-0.7Cu alloy consists of a matrix of tin in which is dispersed crystals of the Cu6Sn5 intermetallic.    If these intermetallic crystals start to precipitate prematurely they interfere with the flow and drainage of the solder and result in a rough grainy structure in the solidified solder.   This problem has been solved by Nihon Superior by the use of a trace addition of nickel to create their patented alloy SN100C.   The effectiveness of this development is confirmed by the fact that SN100C has become one of the most widely used lead-free solders in wave soldering with nearly 300 wave soldering machines already using it, some for more than four years.    

The nickel incorporates preferentially in the intermetallic compound dramatically changing the way in which it behaves in the solidification process.    The result is an alloy that, while having the same nominal melting point as the basic eutectic, 227°C, works well in wave soldering at temperatures much the same as those used for tin-lead solder, i.e. 250-260°C.   SN100C wets the joint substrates well flowing into through holes to form good topside fillets with excess solder draining easily to ensure the board is free of bridges and icicles.   The solder joint fillets are smooth and bright.   

It has been found that the nickel addition is also beneficial in the HASL process and SN100CL is the variant developed specially for that process.     The process can be carried out at a solder temperature of only 255 – 265°C (depending on the characteristics of the machine) with a good coating being achieved with a single dip.   Excess alloy is easily cleared off the board by hot air knives set at 265-270°C to leave clean through-holes and smooth, relatively flat pads.

An additional benefit of SN100CL is that it appears that the nickel addition has some effect on the behaviour of the intermetallic even in the solid state.    Users have noted that the intermetallic layer grows more slowly at the interface with SN100CL than it does with the basic tin-copper eutectic.     This means a thinner intermetallic layer in the coating as applied and also a longer shelf life in service.    

The effect of the nickel on the intermetallic seems to continue in the soldered joint so that growth in elevated temperature service is less than in other alloys.   The thickening of the brittle intermetallic layer has been identified as a cause of failure in soldered joints subjected to periods of elevated temperature service.    

The more stable intermetallic also appears to have an effect on the rate of dissolution of copper from the board in subsequent wave soldering.    That is a useful advantage in wave soldering with lead-free solders which, because of their high tin content and (sometimes silver content) have a greater tendency to leach copper from tracks and pads.   Erosion damage of pads that have been HASL coated with SN100CL is less.   And it is easier to manage the copper content of the solder bath (see later).

The SN100CL offers similar advantages over the various tin-silver-copper eutectic alloys that have been considered for lead-free HASL.   Although the tin-silver-copper eutectic has a lower melting point than SN100C (217°C) it seems to require a similar solder bath temperature to SN100CL or higher, to get an acceptable result.   And the tin-silver-copper alloys erode copper from the board at a greater rate making it difficult to manage the copper contamination.   An additional problem with the tin-silver-copper alloys is that they appear to have a greater tendency to wet and erode the stainless steel alloys from which the solder baths are usually constructed. 

4.  MACHINE REQUIREMENTS

A great advantage of SN100CL in the HASL process is that it makes it possible to operate at solder bath temperatures close to those used with tin-lead.   However, the fact that the process temperature is much closer to the melting point of the solder has implications for the design of the HASL machine.

The superheat in operating a HASL solder bath of SN100CL is much less than that when operating a tin-lead bath (see table below for example).

	Solder
	Melting Point
	Superheat at 260°C Solder Bath Temperature

	Sn-Pb Eutectic
	183°C
	77°C

	SN100CL
	227°C
	33°C


The consequence of this smaller superheat means that there is a risk that the chilling effect as a board enters the system can result in the solder getting too close to the melting point.   It has been found that there are problems in using SN100CL in HASL machines that do not have:

· Solder bath heaters with adequate capacity 

· A good system for delivering that heat quickly to the whole of the solder bath 

· A control system that can respond quickly and intelligently to changes in the solder temperature. 

It has been confirmed, however, that there a number of systems available from European equipment manufacturers that do meet these requirements and are being used successfully in volume commercial production.

At this stage all the experience has been with the vertical dip process but preliminary trials indicate that the SN100CL will work well also in the horizontal process.    Because of demand from customers pleased with the SN100CL finish there are two horizontal process machines scheduled for conversion to SN100CL in the first half of 2003.    The expectation is that the results in the horizontal process will be even better than those obtained in the vertical process.

Unlike some other lead-free solders SN100CL is not particularly aggressive towards the stainless steels commonly used for the construction of HASL solder baths, e.g. grades 304 and 316.    Solder bath erosion is, therefore, not a problem.   However, any tin-based solder will gradually erode ferrous alloys once the protective oxide film on the surface has been penetrated.   That can occur at a “hot spot” (e.g. where surface temperatures of over 350°C may be reached or where there has been exposure to a very strong inorganic chloride flux.    Before loading an old machine with SN100CL the surfaces in contact with the solder, including heating elements, should be inspected for evidence of such wetting.    If areas of wetting are found the solder adhering to the surface should be removed, the area abraded back to clean metal and the oxide film re-established, e.g. by gentle heating with a propane gas flame 

5.  PROCESS PARAMETERS
Good HASL coating can be achieved with SN100CL at an actual solder temperature of 260°C, the upper end of the temperature range at which good results can be obtained with the related alloy, SN100C, in wave soldering.    However, depending on the chilling effect of the jig and the response time of the heating system a temperature setting of 265-270°C may be needed to achieve final temperature of around 260°C on the board.

Good solder levelling and through-hole clearing can be achieved with an air knife temperature of 265-270°C.

6.  FLUX
Current users have found that the flux that they were using for HASL with 63/37 tin-lead works satisfactorily with the SN100CL.     This is an advantage since no additional variables are introduced to the process when the change is made to lead-free.

7.  CHANGE OVER PROCEDURES
If a machine is being converted from tin-lead solder to SN100CL it is essential that all traces of lead-containing solder be removed from the system before the lead-free solder is added.   The target is a final lead content of < 0.1%.

The tin-solder should be drained from the pot and any internal components of the bath in which solder may be trapped removed and disassembled to provide access to any solder trapped inside.    If necessary a gas torch should be used to melt out trapped solder.    All surfaces should then be brushed thoroughly although not so severely as to damage the natural oxide film on the surface.   

See the Section 5 above for procedures for dealing for areas of the solder bath that have been previously wetted by the tin-lead solder and hence vulnerable to erosion damage.

The solder bath should then be filled with sufficient pure tin to make it possible to rinse all areas previously exposed to tin-lead solder.    Any items that are in contact with the solder in use, e.g. ladles, should also be rinsed in the molten tin.

The pure tin can then be removed and the bath filled with the SN100CL.   Unless it was heavily contaminated with lead the tin can be retained for rinsing out other machines that will be converted.   If it will not be required again it can be sold back to the supplier at a small discount.   

8.  MANAGEMENT OF THE SOLDER BATH COMPOSITION

As in tin-lead HASL a major consideration in managing the solder bath is maintenance of the copper content.    No special measures are required to maintain the nickel at a level at which it is effective.

The recommended range for the SN100CL is 0.6 – 0.85% copper with the nominal eutectic point of 0.7% copper the target.      Although this seems like a narrow range the reduced tendency of the SN100CL to strip copper from the board makes it easier to achieve than with the basic tin-copper eutectic or the tin-silver-copper eutectic.

Commercial experience indicates that the copper content can be maintained in this range by the use of a top-up alloy with a lower copper content.   This top-up alloy is designated SN100Cle.

The point at which this alloy should be used for top-up depends on the copper content, which in turn depends on the workload.    During the first few weeks of commercial operation the solder bath should be analysed regularly to determine the trend of the copper content.    The frequency of analysis during that commissioning period  will depend on workload but for a heavily used solder bath it might be worthwhile analysing daily until the trend is clear.

When the copper content reaches around 0.8% top-up should be switched to SN100CLe and the copper content monitored to determine whether it is staying in the specified range.

Once the trend of the copper content is established less frequent analyses will be required.  If the copper content is drifting too low then SN100CL should be used for top-up for a while.

Because of the lower density of the lead-free alloys, crystals of the intermetallic Cu6Sn5 do not float to the top in the way the do in tin-lead solder.    They tend to sink to the bottom from which they would have to be dredged.   However, if the solder bath is maintained in the recommended temperature range and SN100Cle used appropriately excess copper should not be a problem.

9.  DROSS
General experience is that SN100CL tends to dross at a lower rate than 63/37 tin-lead solder.  

10.  COMPATIBILITY OF SN100CL HASL WITH OTHER LEAD-FREE SOLDERS

There are no compatibility issues between the SN100CL HASL finish and any of the lead-free solders being considered for wave, reflow or hand soldering.

11.  COMPATIBILITY OF SN100CL HASL WITH TIN-LEAD SOLDER
There are no compatibility issues between the SN100CL HASL finish with subsequent reflow or wave soldering with tin-lead solder.     This means that that a PCB manufacturer can standardize on SN100CL for all boards, whether or not his customers have changed to lead-free soldering.
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