


  CURRENT CHALLENGES AND APPLICATIONS IN SMT REFLOW SOLDERING





Phil Zarrow and Debra Kopp, ITM, Inc.  


 








	Reflow soldering of surface mount components has been around now for well over a decade.  While the basic fundamentals have not changed, there have been advances in component packaging, materials, and a new generation of Convection Dominant reflow ovens with vastly improved thermal heat transfer efficiency.





	Mass reflow soldering, in particular Convection Dominant (Forced Convection) and to a somewhat lesser degree Condensation Inert (Vapor Phase), will remain the method of choice for the majority of interconnections in surface mount assembly for the foreseeable future.  The evolution to Convection Dominant  reflow (also known as Forced Convection) was spurred by the new industry assembly processes and emerging applications that require uniform heating across the substrate with very little gradient and high thermal transfer efficiency.  A number of factors including increased complexity of SMT assemblies, forthcoming interconnection materials, and environmental concerns  combine to put additional demands on the process and the equipment.  Underlying this is the constant requirement of being able to manufacture a product faster and more economically.  This equates to a very tall order for the reflow system.





No-clean Process





	Interconnection materials are already metamorphosing as a result of existing and pending environmentally oriented legislation.  With the onset of the Montreal Protocol, most sectors of the industry looked towards the no-clean process as a possible solution.  With additional concern about treatment of aqueous related cleaning materials, more and more users are moving towards implementing a no-clean process.  Over the last few years tremendous progress has been made by the solder paste manufacturers in developing flux materials that are acceptable.  The current direction is to lessen the demands on the process, in particular the requirement for inert (nitrogen) atmosphere to process ultra-low residue no-clean pastes.  These materials, with solids contents, by weight, of less than 2% have evolved from requiring atmospheres of less than 50 ppm O2 to currently only needing from 200 to 500 ppm O2.  Forthcoming ultra-low residue no-clean materials will be process compatible with non-inert atmospheres.  However, the change in chemistry, in particular the solvents and rheology modifiers, prescribe a reflow profile that lacks the traditional Preheat/Preflow soak period.  This soak, which immediately precedes attenuation of reflow temperatures, allows the heat to migrate to the cooler portions of the board and for the assembly to approach thermal equilibrium. Without this soak zone, the onus will be on the reflow system to impart an efficient, uniform heating of the assembly throughout the profile including during temperature ramp-ups.  





	This translates to a high degree of thermal transfer efficiency on the part of the reflow system if the assembly is to be properly exposed to adequate temperatures within the prescribed time duration.  However, even with high heat transfer capability, the surface area to mass ratio of the PCB assembly may still restrict the attaining of a low thermal gradient.   Hence, the surface geometry of some PCB assemblies may not be conducive to proper thermal cycling with the above described materials.  While Convection Dominant and Condensation Inert mass reflow will still be process compatible with the mainstream of applications, some applications may require alternative soldering processes, such as laser soldering. 





No Lead Solder Alternatives





	Interconnection materials may also be impacted by forthcoming environmentally oriented legislation restricting or prohibiting the use of lead.  While a number of alternative alloys are being examined, at present none appear to be a “drop in” replacement for tin-lead, particularly Sn63/Pb37.  Some of the eutectic alloys under consideration have lower melting points and may thus be unacceptable for some applications.  On the other hand, most other available alloys have liquidous points considerably higher than the 183( C of Sn63/Pb37  (ie: eutectic tin-silver at 220( C) resulting in reflow temperatures that may be too excessive for some materials and components on the PCB assembly.  This would require a reflow system with a capability to sufficiently heat the entire assembly with a nominal gradient.  Again, some applications will encounter difficulties that may make current mass reflow techniques prohibitive.





Component Packaging 





	The drive to get more functionality in less area has impacted the assembly at both the substrate and component level.  In many cases, several through-hole boards have been converted into a single SMT board.  The same direction is prevalent in component design.  Ball Grid Array (BGA), Column Grid Array (CGA), flip chip, and Very Small Peripheral Array (VSPA) technology packages are increasing in popularity, particularly in computer applications which require low power but high I/O capability.





	The interconnection by which a component is attached to a circuit board may serve   three primary purposes.  It is a mechanical attachment point by which the component is affixed to the substrate.  It may be an electrical path for input or output of current.  It may also serve as a channel for heat generated by the component to be dissipated out.  The increase in capability being designed into active packages has resulted in additional demand for signal I/O and thermal dissipation and hence, a higher pin count.  The result has been a decrease in lead pitch of high I/O devices.  Fine pitch devices are those with center to center lead spacing of less than 0.032” (0.810mm).  Many applications already incorporate Very Fine Pitch devices with centerline spacing from 0.020” (0.508mm) down to 0.012” (0.305mm).





	To date, the advent of fine pitch has not really presented any problems to the mass reflow process.  It has, however, impeded upstream processes.  Controlling  location and volume of solder paste without incurring slump has put demands upon the deposition process and materials.  Accurate component placement and control of lead coplanarity and colinearity are also essential prerequisites for effective soldering.  If these parameters can be controlled, current reflow equipment should be compatible with processing of even Ultra Fine Pitch devices with lead centers of less than 0.010” (0.254mm).





	The difficulties associated with fine pitch assembly has directed a great deal of attention to the aforementioned Ball Grid Array (BGA) and Column Grid Array (CGA) packages.  A very high I/O capacity in excess of 1000 on a 0.050” (1.270mm) or 0.030” (0.762mm) grid alleviates many of the slump concerns with solder paste.  Users also report that BGA devices that have been (mis)placed by as much as 30% off pad center have been “aligned” during the reflow process due to the surface tension of the molten metals.  BGA / CGA packaging is also compatible with attachment by conductive epoxy.  However, care must be taken in material selection (encapsulants, substrates, package, etc.) in order to achieve acceptable reliability comparable with traditional gull wing packages.





	Reflow soldering of BGA and CGA packages has not presented any additional difficulties to present methods of  reflow soldering.  While soldering iron and hot-bar methodology is impractical, Convection Dominant, Convection/IR, Condensation Inert, Area Conductive and Laser soldering have all been successfully  implemented.  However, Convection Dominant technology has the added advantage of allowing reflow to be achieved quickly and painlessly due to the nature of its near-equilibrium heating methodology.





PCMCIA Assemblies





	Standards concerning the physical and electrical parameters of computer peripheral add-on PCB assemblies have been developed by the Personal Computer Memory Card International Association (PCMCIA).  Most laptop and notebook as well as many desktop computers are being offered with PCMCIA card slots to accommodate access to add-on memory, storage, FAX/modem, LAN and Ethernet interface among others.  Accordingly, most manufacturers building these products have adapted the PCMCIA format.





	PCMCIA card assembly is a subset of SMT processing unto itself.  One of the challenges of the PCMCIA card assembly process is in reflow soldering.  The thin substrate, typically of a thickness of between .014” (0.356mm) - .020” (0.508mm), presents a number of obstacles.  Panelization typically does not exceed 1 X  3 due to the prevalence of warpage during soldering.  Palletization is widely used with anywhere from one-up to a 1 X 3 array.  These transport pallets add to the overall mass of the product being processed.  This puts additional thermal transfer demand on the oven.  A number of ovens, particularly the older Convection/IR systems, lack the thermal capability to handle this load.  Some ovens have experienced airflow pattern disruption due to the pallets.  The design of some carrier pallets have had a heat retention effect causing slower post-liquidous cooling resulting in dull, grainy joints.  Hence, the ideal reflow oven for use in processing PCMCIA assemblies is one with high thermal transfer capabilities combined with advanced post-reflow assembly cooling.





Single Center Reflow Soldering (SCRS)





	Wavesoldering is an expensive process and is coming under increasing scrutiny concerning exhaust emissions.   Hence, the industry is looking to alleviate the need for wavesoldering.  For many applications, though, through-hole components will always be prevalent,  particularly connectors and power related components.





	The interest in the capability to reflow solder through-hole components, especially connectors, right along with traditional surface mount devices is heating up (no pun intended).  Eliminating the wave solder step makes good financial and manufacturing sense by eliminating a processing center and streamlining the assembly process through reduction of cycle time and square footage.  From a process standpoint, the fact that the PCB is exposed to one less thermal excursion is significant in terms of thermal damage and intermetallic growth potential.





	Single Center Reflow Soldering (SCRS) is a process in which both surface mount and through-hole components are reflow soldered in a mass reflow soldering system.  When implemented, wavesoldering of the assembly is eliminated and hand-soldering is also reduced or eliminated.   





	Single Center Reflow Soldering is not a “drop in” process.  As deposited solder  is being used to interconnect both the surface mount and through-hole components  controlling the volume is essential.  Some practitioners stencil print the paste into the holes.  Care must be taken to ensure that the leads of the subsequently inserted through-hole components do not displace too much of the solder paste.  Other users have incorporated solder pre-forms into the process to supply the inserted parts with an adequate volume of solder.  This is expensive and does not lend itself well to an automated process.  A more advanced approach is to adjust the geometries of the lands surrounding the plated through holes as well as the through-hole diameters.  With prevailing questions concerning what a sufficient volume of solder is to effect an adequate through-hole interconnection as well as the optimum means of depositing the paste, this process is still in a state of experimentation.





	Single Center Reflow Soldering requires a greater thermal capacity from the respective reflow system as well.  The additional mass of the through-hole components being processed puts greater demand upon the reflow system in terms of heat transfer efficiency.  While imparting adequate heat to the more massive portions of the assembly, “cooking” other components is not desired. The complex surface geometries of many of these mixed technology assemblies require a  high coefficient of heat transfer in order to adequately reflow the assemblies with an acceptable gradient.  Many current Convection/IR and Convection Dominant ovens in use today are not up to the task.  In addition, the heat sensitivity of some components found on some assemblies may prevent passage through a mass reflow system.  However, for most applications, Single Center Reflow Soldering has great appeal.





Single Pass Reflow Soldering (SPRS)





	An emerging trend, which takes Single Center Reflow Soldering one step further, is to reflow solder a double sided PCB in one pass through the reflow system.  Not far fetched, companies in the Far East are already processing boards this way without the “band-aid” of adhesive.  





	The key elements to successful implementation are the design of the board, in particular limiting the size and mass of components on the bottom side.  There are strict limitations based upon the ratio of surface area presented by the leads (at the pad interface) to the overall mass of the component.  Respectively, careful attention should be paid to the selection of solder paste.  The tackiness must remain sufficient throughout the reflow cycle to adhere the bottom side mounted components to the substrate.  





New PCB Finishes





	Fine pitch packages have driven the requirement for improved coplanarity at the interconnection site.  Not only is this being demanded of the component leads but also of the substrate itself.  Solder coating deposited through the hot air leveling process is notoriously uneven hence the quest for alternative PCB finishes.





	One approach preferred over tin-lead is gold over nickel, deposited via either the electroless or immersion method.  This has been in use for quite some time, particularly in consumer electronics and is especially predominant in the Far East. Though presenting a very even, coplanar, non-oxidizing surface, it is substantially inferior in terms of reliability as compared to the HASL finish. More reliable finishes that can be deposited by these methods include palladium over nickel and tin-bismuth.





	Another direction is the Bare Copper Assembly method.  After fabrication, the copper clad board is coated with an organic coating which seals the circuitry from oxidation.  The boards are assembled in the usual manner - solder paste is stenciled on, components are placed and the assembly proceeds through reflow.  During the pre-heat stage, at about 150( C, the organic coating which is in contact with flux is vaporized leaving the solder paste in direct contact with the pads.  Reflow takes place and then the second side of the assembly is processed.  In the original iteration of this technique, where heat alone catalyzed the dissipation of the coating, reflow had to take place in an inert atmosphere of less than 50 ppm oxygen to maintain solderability of the bare copper, particularly on the bottom side of the board which had yet to be processed.  The present generation of organic coatings, which dissipate only in the presence of flux and heat, allow the second side to remain protected until it is reflowed. A nitrogen atmosphere is typically not required, although some applications, such as those with certain no-clean pastes will benefit from a reflow atmosphere of between 500 - 1000 ppm oxygen.  Development continues to improve their resistance to multiple thermal excursions as well as compatibility with no-clean fluxes.





Conclusion





	The emerging technologies discussed herein all demand of the reflow system high thermal transfer capacity and efficiency.  Bear in mind that two or several of these technologies may be combined for a given application.  Consider the reflow process demands of a densely populated mixed technology assembly, with 0.010” (0.254mm) pitch QFPs and BGAs, being soldered to a bare copper (non solder coated) substrate with a no-clean, no lead solder paste in a Single Center Reflow Soldering process. In addition, the reflow system must be capable of processing assemblies at a relatively fast through-put rate (to keep up with higher output placement equipment) and yet require a minimal factory footprint.  It must also be flexible enough to effect rapid and/or minimal recipe changeover when production shifts to a run of PCMCIA assemblies or when an epoxy cure profile is required.  These are the requirements of the reflow system of the future -  and a near-term future at that.
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