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ABSTRACT
Surface insulation resistance (SIR) is a critical material property for electrically reliable assemblies using no-clean SMT assemblies.  It has been shown in recent studies that the reflow profile and atmosphere used can have significant effects on the SIR properties of no-clean solder paste.  In this study, multiple reflow profiles were used in a vapor phase reflow process.(1)
Vapor phase reflow is the process of subjecting an assembly with unreflowed solder paste and components to a temperature equal to the boiling point of the liquid used in the reflow process.  This type of process offers several advantages, especially for assemblies with a large amount of thermal inertia.  Differences in temperature at different locations on the board can be reduced.  In addition, lower peak temperatures can be used versus a typical reflow profile in a convection reflow oven.  This can reduce the thermal stress on smaller components that otherwise could reach higher temperatures in a conventional convection oven process.
Another advantage is that the reflow liquid vapor is extremely inert, reducing any potential for excessive oxidation which can increase the incidence of head in pillow defects.  It is well known that an inert atmosphere also increases the spread and wetting of lead free alloys.  This also contributes to the reduction in voiding under bottom terminated components.
ABSTRACT
Manufacturers of soldering materials have been asked by electronics device manufacturers and contract electronics PWB assemblers for Surface Insulation Resistance (SIR) data of solder pastes and other soldering materials on IPC-B-52 coupons.  IPC-B-52 coupons were designed for evaluating the electrochemical reliability of the whole soldering process, not just the materials, used by PWB assemblers.   The bare coupons should made by the same board fabricator using the same materials and processes as the boards used by the PWB assemblers.  Additionally, the test coupons should be assembled and soldered by the PWB assemblers themselves.  Having a soldering material manufacturer or a commercial test laboratory assemble and solder the coupons using a IPC-B-52 kit will not provide the complete benefit of evaluating the whole soldering process, i.e. all the materials and processes used by the manufacturers.  The completely assembled and soldered coupons may then be tested for SIR to a standard test method, such as IPC TM 650 Method 2.6.3.7., by the assembler, a commercial laboratory or the material manufacturer.

The present SIR and ElectroChemical Migration (ECM) testing methods for soldering materials do not address the electrochemical failure mechanism concerns of flux residues trapped under component and the ever shrinking spacing between solder joints.  However, requiring the use of complex and expensive IPC-B-52 coupons for material evaluation is a poor solution for this issue.  New test vehicles for soldering materials that include occluded flux residue and tighter board spacing are needed. 

INTRODUCTION
Vapor phase reflow has created a niche in the surface mount technology (SMT) industry for several fundamental reasons.  Assemblies with large themal mass that contain small discrete components are excellent candidates for vapor phase reflow.
In this reflow process, a populated circuit board is preheated using one of several methods, then immersed in a chamber containing evaporated solvent with a boiling point sufficient to reflow solder paste, and create intermetallic compounds with component Ios and metallic pads on the printed circuit board.
In theory, the maximum temperature of the solder paste, components and board is limited to the boiling point of the vapor phase solvent that is used. Some have argued that the boiling point could rise or fall if the vapor phase fluid is contaminated.  Also, the boiling of the vapor phase solvent is dependant on altitude.  At higher altitudes, the boiling point decreases.
In order to reduce the thermal shock of an assembly being imersed in a 230°C chamber, preheating is generally recommended.  This can be done with an in-line IR heater, or by managing the time and distance that the assembly spends above the vapor phase chamber.  Figure 1-
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Figure 1- Vapor Phase Reflow Process Principle

Both types of preheating were used in this study. 
One issue is that if an assembly has regions where the temperature is below the boiling point of the solvent, the solvent will percipitate onto the colder regions.  The fluid will evaporate as soon as it reaches the boiling point again  This raises the issue of interaction with unreflowed solder paste and the vapor phase fluid, and what if any effect does this interaction have on the Surface Insulation Resistance of the final assembly.
The other question that promted this study was the vaporization of weak organic acids, a key to high reliability no clean solder paste.  Excessive amounts of weak organic acid in the solder paste flux residue could create an opportunity for dendritic growth, if exposed to moisture and a voltage bias.  How is the vaporization of weak organic acids affected if the reflow is carried out in a high vapor pressure environment of solvent, versus the hot, dry conditions associated with a conventional convection oven.
Some electronics original equipment manufacturers (OEM’s) and contact manufacturers (CM’s) have asked electronics materials suppliers to provide SIR data for materials, such as solder paste and wave soldering flux, on populated IPC-B-52 coupons. The IPC-B-52 was developed to evaluate the electrochemical reliability of electronics assembly processes [1,2],  including:Bare board fabrication,Soldering processes,
Solder paste printing and reflow,
Selective fountain and wave soldering,
Rework hand soldering.
Cleaning processes,
Conformal coati
EXPERIMENTAL PROCEDURE 
A test vehicle used by SmartTech called the Wuerfel (German for Cube) (Figure 2) was used to evaluate 14 different solder paste combinations consisting of 9 flux types and 3 lead free alloys.  Performance criteria for the test included voiding, tomb stoning, wetting, pin in paste Cappability and residue appearance.  [image: ]
Figure 2- Wuerfel Test Vehicle

The test vehicles used all had the same Electroless Nickel, Immersion Gold (ENIG) surface finish.  All boards were printed using the same printer and print settings.  A single pick and place machine placed the components.
Three reflow systems were used.  One was a vapor phase unit with no external preheating.  Preheating in this system is accomplished by holding the board at designated heights above the vapor phase chamber. Figure 3

[image: ]
Figure 3- Vapor Phase Reflow Machine –Internal Preheating

The second system used a Infra Red (IR) oven, inerted with nirogen, in line with the vapor phase chamber. Figure 4 shows this machine
. [image: ] Use your own circuit board fabricatorA materials manufacturer will likely purchase an IPC-B-52 kit, including test board and dummy components from a from one of several test vehicle distributors. The test vehicles in these kits are likely to be very clean and may not be representative of the bare boards used by a particular electronics assembler.  If a materials supplier assembles IPC-B-52 coupons, care will be given to ensure minimal contamination during assembly, and soldering conditions may be chosen to give higher SIR values. The test vehicles may even be pre-cleaned before assembly. Again, such assembly in a material manufacturer’s laboratory will likely not be representative of actual processes used in an electronics assembly plant.

Finally, this can be an imposition for smaller materials vendors that may have limited assembly and SIR testing capability and can’t accommodate testing on multiple patterns, up to thirteen channels, on ten coupons to evaluate for this evaluation.   Larger materials suppliers may be willing to test already assembled IPC-B-52 coupons to accommodate a large customer, but question the wisdom of assembling these test vehicles at their laboratory, as this partly defeats the purpose of validating a new material, process set up or piece of assembly equipment using this coupon.

Unfortunately,  SIR test vehicles, such as the IPC-B-24 coupon [3,4] and the IPC-B-25A [4,5] have not kept up with the challenges of modern electronics assembly.   Spacing between leads on components is getting smaller with time, and 0.5mm gaps are not tight enough to represent modern electronics assemblies.  Many newer component packages have signal or power connections close to large ground connections, such as quad flat no-leads (QFN’s), see Figure 1.,  or complex land grid array (LGA’s), see Figure 2.  These large ground connections are needed to remove heat produced by the component. These components also have very small clearances between the bottom of the component and the circuit board.  In addition, a relatively large amount of solder paste is needed to solder a large ground connection to the circuit board, resulting in a lot of flux residue being trapped between the central ground plane and surrounding signal and power connections.   This makes a good environment for electrochemical migration and dendrite growth, particularly in harsh service environments.
[image: ]1.QFN package (Image courtesy of Xilinx Inc..)[image: http://common.ziffdavisinternet.com/encyclopedia_images/_LGAI7.GIF]2.Land Grid Array (Image courtesy of Intel Corporation.)HOW TO ASSEMBLE IPC-B-52 COUPONS 
Guidance on using the IPC-B-52 coupon for process evaluation is available in IPC 9202, Material and Process Characterization/Qualification Test Protocol for Assessing Electrochemical Performance, and IPC 9203, Users Guide to IPC-9202 and the IPC-B-52 Standard Test Vehicle.  These are comprehensive documents compiled by several experts in using SIR and ECM testing to evaluate electronic assembly electrochemical reliability.  Some brief and general guidance will be provided in this paper. 


Off the shelf IPC-B-52 coupons are available from some vendors, but they may not represent actual unprocessed circuit boards from a particular fabricator.  If there is a problem with the board fabricator, it is better to determine this during process evaluation than having field failures during service. The Gerber files for this test vehicle are available from IPC.  If desired, the test vehicle design can be modified to include a problematic component specific to a particular assembly.   If the assembly in question has a big QFN, include a similar dummy on the test vehicle.  

The materials used by a fabricator can affect SIR values and   the whether ECM is likely occur. These include:
Laminate and prepeg, 
Copper foil,
Solder mask,
Metal finish
Certain metal finishes are more problematic than others; a poorly cleaned hot air solder leveled (HASL) surface will give poorer SIR than typical electroless nickel gold (ENIG) finishes.  Solder masks may not be fully cured during board fabrication, this may allow various chemical to be absorbed into the mask and slowly released during SIR testing, or even  in actual service in harsh environments.

Cleaning the circuit board between various processes can also be an issue with board quality.  Etching chemicals need to be aggressive to remove the copper from the laminate, it’s important to sufficiently clean the board before applying the solder mask.  Boards should also be properly cleaned after any application of metal finishes.

Using the fabricator that makes an assembly plant’s bare boards with the materials usually specified will help determine whether the fabricator’s materials and processes are compatible with the soldering, cleaning and coating materials and processes used during circuit assembly. 

Finally, use the test vehicles just as they come from the fabricator, don’t clean them.  Incoming boards are not pre-cleaned before assembly.

Assemble the coupons in your assembly plant 
Circuit board assembly operators never eat salty chips during a break and then forget to wash their hands or wear gloves.  They never use unauthorized hand lotions.  The water-washable touch-up flux in the squirt bottle is never used on no-clean assemblies because it makes the solder flow really well.   It’s better to find our during process evaluation than before field failures occur.

Even if a plant’s operators are well trained and monitored, materials may not be compatible with each other or a reflow profile may not be optimized for a particular solder paste.   A cleaning process may not be effective enough when a particular solder paste is used.  Perhaps too much liquid flux is applied during selective soldering.  A RTV silicone or poly urethane conformal coating may not work well with a certain solder paste. New equipment may also affect the assembly process. Process evaluation is when to determine whether these problems exist.

SIR testing
If you have the ability and equipment, you may test the coupons yourself.  Otherwise, there are many capable test laboratories that can perform this testing.  Sometimes, solder paste or cleaning chemical suppliers will test the coupons for their most valuable customers. As long as the testing is done properly, it doesn’t matter who tests them.  

Usually, IPC-B-52 coupons are tested to IPC-TM-650 Method 2.6.3.7., but another test method might be better for  a particular circuit board’s application.  It’s best to know what test is wanted before approaching a commercial test laboratory or a soldering material supplier.  If a circuit is used at high temperatures, an SIR test at 85C / 85% R.H. may be more appropriate.

BETTER SIR COUPONS AND TEST CONDITIONS FOR MATERIAL EVALUATION
Conductor spacing
As discussed before, the IPC-B-24 and IPC-B-25A coupons do not address current and future spacing between connector pads. The effects of conductor spacing and electrical field was studied extensively in the past [6] by a European consortium.  A pattern with traces 0.4 mm wide with 0.2 mm spacing was recommended to be more representative of  actual electronic assemblies and better for finding issues with electrochemical migration.  The wider traces facilitate printing and reflowing solder paste without shorting the comb pattern.  Using relatively low field strength was also recommended. 

What would be a small enough spacing for SIR qualification/classification of soldering materials, 0.2 mm, 0.15 mm?  If the number of squares in the patterns is maintained at 1000, the pass/fail criteria of 100 Mohms can be kept.  Wider conductors will facilitate hand printing of solder paste without bridging conductors.  What about wave  and selective soldering?  It’s already difficult to wave-solder  the current IPC-B-24 comb pattern without solder bridges, finer spaces between conductors will be more difficult. Wave soldering isn’t used for soldering closely space conductors.
 
Trapped flux residue
As the IPC-B-24 and IPC-B-25A test vehicles have uncovered comb patterns, they also don’t address the issue of occluded solder paste flux residue.  The trapped flux under the component may absorb moisture from the air if it is hygroscopic enough and allow low SIR and electrochemical migration. With no applied bias, the formation of semi-conductive oxides at 85C and 85% RH. is possibleand can greatly reduced insulation resistance under QFP’s [5], see Figure 3 for X-ray pictures of tin oxides formed under QFN packages.  

At high temperatures, tin electrochemical migration between signal or power to ground has occurred for some unusual LGA’s at low humidity. This failure was reproduce by reflowing solder paste flux on SAC305 pre-soldered IPC-B-24 coupons covered with glass slides, then exposing the coupon to 105C and 6V bias for 15 hours, see Figure 4. 

Glass slides have been used before to approximate conditions under QFN’s, LGA’s and RF shields [8].  However, it’s uncertain whether glass slide covered comb patterns are a representative of conditions under QFN packages. 
[image: ]
Figure 3. X-ray picture of corrosion between QFN leads processed with SAC305 solder paste after exposure to 85C 85% R.H. for 1000 hours

[image: ]
Tin dendrites grown on SAC305 and solder paste flux residue under a glass slide at high temperature and low humidity.  
How should a test pattern that tests for trapped flux be designed?  Is a glass slide a sufficiently good model of a QFN, or should a QFN  dummy be used instead?

Temperature and humidity
Finally, what are the best test conditions to exacerbate low SIR and ECM?  Twenty years ago, it was discovered that low solids, organic acid activated liquid fluxes were more likely to fail ECM and SIR tests at lower temperatures than 85C 85% R.H. conditions used at the time.  This is because the organic acids volatilize faster at higher temperatures, and leave little hygroscopic residue to low SIR after a day or two at 85.  For this reason, ECM testing is generally conducted at 65C and SIR testing is done at 40C.  However, some experimental core solder fluxes and solder pastes have passed the currently specified IPC TM 650 Method 2.6.3.7 test at 40C / 90% R.H., but have failed SIR testing at the previously specified Method 2.6.3.3 at 85C / 85% R.H.  For example, an experimental core flux passed the present 40C / 90% R.H. test with all measured SIR values greater than 1 Gohm, but had values less than 30 Mohm when tested at 85C / 85% R.H.

Should the 40C / 90% R.H. and the 85C / 85% R.H. both be required for SIR evaluation of soldering materials?  Should a combination condition test similar to Wittmer’s Delphi SIR be developed [10]?
CONCLUSIONS
 
Figure 4- Vapor Phase Reflow Machine With In-Line IR Preheating

The third reflow method was a conventional convection reflow oven.
The exact outcome of this study would comprimise the non-commercial nature of this paper.  However one SAC 305 Type 4 (20-38µdiameter powder) solder paste clearly was superior in the evaluation.  This solder paste, along with 3 others that were used in a previous air vs. nitrogen SIR study (3) were evaluated for surface insulation resistance.
The SIR study used TM-650 2.6.3.7.  IPC B-24 coupons were pre-cleaned before the 4 solder pastes were printed onto them.
KAREN- you could write this portion of the experimental procedure in a nanosecondThis paper asks more questions than ity answers.However:
FIGURE 5.
[image: C:\Users\MHoltzer\AppData\Local\Temp\notesFFF692\IPC SIR WS820 w IRG wash 2 hrs.jpg]
FIGURE 5- Close Up of Comb Pattern IPC B-24 SIR Test Coupon

REFLOW PROFILES
Because of the vast differences in the configurations of the two vapor phase machines the reflow profiles were not exactly the same.  Figures 6 and 7show the profiles used with the the internally heated and  in-line inert IR pre-heated vapor phase ovens.
[image: ]
Figure 6- Internally Pre-Heated Vapor Phase Reflow Profile


[image: ]
Figure 7- In Line Inert IR Preheat Vapor Phase Reflow Profile

RESULTS AND DISCUSSION
The results of the SIR testing are depicted in Figure 8. The Y axis is the log of the surface insulation resistance in ohms.  The X axis is time.  As perscribed by the TM-650 2.6.3.7, the test was conducted for 7 days.
[image: ]
FIGURE 8- SIR of 4 pastes and Two Vapor Phase Reflow Processes
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All four no-clean pastes that were tested in the two vapor phase reflow machines surpassed the requirements of J-STD-004B section 3.4.1.4.1for surface insulation resistance (“All SIR measurements on all test patterns shall exceed the 100 MΩrequirements”) [4]. 
From this result, the concern that weak organic acids not evaporating because of the vapor pressure of the solvent used, to the extent that TM-650-2.6.3.7 testing would fail, is unwarranted. (Sorry for the German sentence structure!)
Another experiment, comparing the SIR of one paste under three reflow conditions was undertaken.  In a previous study, this paste was shown to have an increased level of SIR when reflowed under a nitrogen inerted convection reflow oven versus an air reflow process [3].
Figure 9 shows the results of SIR testing after three different reflow processes.  The first two are the vapor phase processes described above, the third was a conventional convection reflow under a nitrogen blanket.

[image: ]
Figure 9- SIR of Paste 1 Under 3 Different Reflow Processes

Another interesting result was that the SIR readings of all 4 pastes appeared to be higher when the internally pre-heated vapor phase reflow machine was used. Figures 10, 11,12 and 13.  This could be an effect of the reflow profiles used.  This observation would require further confirmation with a reflow profile/SIR design of experiment, but the pattern from this set of experiments seems to be consistant.

[image: ][image: ]
Figure 10- Paste 1 Internal Pre-Heat (Left) and In Line IR Pre-Heat (Right)

[image: ][image: ]
Figure 11- Paste 2 Internal Pre-Heat (Left) and In Line IR Pre-Heat (Right)

[image: ][image: ]
Figure 12- Paste 3 Internal Pre-Heat (Left) and In Line IR Pre-Heat (Right)

[image: ][image: ]
Figure 13- Paste 4 Internal Pre-Heat (Left) and In Line IR Pre-Heat (Right)

CONCLUSIONS
Vapor phase reflow is aIPC-B-52 coupons were intended for entire electronics process evaluation, and are not appropriate for single soldering materials evaluation.
SIR test vehicles for soldering materials evaluation need to have smaller conductor spacing than those presently specified.
An SIR test vehicle needs to be developed that will evaluate the propensity of a material to allow ECM with occluded flux residue.
SIR and ECM temperature and humidity conditions need to be reexamined as some materials have better SIR and less tendency for ECM at 40C / 90% R.H. and other materials have better behavior at 85C / 85% R.H. mature process that solves the issue of preserving small discrete components on large thermal mass assemblies.  It has shown in this testing, and previously reported work to afford superior wetting to convection oven reflow.
The SIR data also indicates that vapor phase reflow, like nitrogen inertion in convection reflow, increases the SIR results of a no clean solder paste.
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Alpha and smartTec agree on doing together a much extended test with 3 different reflow ovens and 14
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