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WORLD-WIDE VOC-Free Wave Solder Flux Implementation

Project Scope:

The scope of this project is to standardize to a VOC-free wave solder flux throughout all of T’ manufacturing sites.  The primary reasons to switch to a VOC-Free flux formulation include environmental, safety, and quality.  The reasons are as follows:

· Environmental Protection 

For many years, T has been environmentally responsible and it is a corporate initiative to continuously research and implement more environmentally friendly processes.  Today’s no-clean, alcohol-based fluxes contain Volatile Organic Compounds (VOC’s).  When exhausted from a wave soldering process into the atmosphere, VOC’s degrade the Earth’s ozone layer.

The United States’ governing body for the environment, the EPA, has been aggressively regulating industrial VOC emissions for the past 10 years.  Laws are currently being enforced in some parts of the U.S. which regulate VOC emissions from factories.

· Safety

VOC-Free fluxes are easier to store and handle.  “Flammable” storage cabinets and containers, as well as fire-suppression systems in wave solder machines can be eliminated if a VOC-Free, water based flux is used.

· Quality Improvement

VOC-Free fluxes have rapidly advanced since their introduction in 1991.  Flux manufacturers at the time needed to find an alternative to VOC-containing formulations found in no-clean, alcohol-based fluxes.  It was felt that substituting water for alcohol would be a very viable solution to eliminate VOC’s. 

As with no-clean, alcohol-based fluxes, activators need to be effective in a low-solids formulation.  Modern-day VOC fluxes contain wetting agents, which help reduce surface energy of the water carrier, thus enabling complete and uniform wetting of PCB holes, leads, and component terminations.  The water carrier in water-based fluxes is more active because the activators ionize more completely in water than in alcohol.  This means that activators are working to remove surface oxides from copper 

surfaces and component terminations even before typical flux activation temperatures are reached during preheat.  As a result, some VOC’s are more thermally stable, and are still active even after a board hits the chip wave.

A good example of this phenomenon is the quality improvements that Midwest Manufacturing Facility manufacturing made when a VOC-Free flux upgrade was done.  Midwest Manufacturing Facility upgraded to a VOC-Free flux, using the same vendor, in order to overcome yield problems that were being experienced when densely populated modules, such as C-Tech were introduced.  The alcohol-based flux that was used at the time was not thermally stable enough to solder smaller component packages such as 0603 resistors and capacitors i.e. the flux was “burning off” after the chip wave.  The result was an increased amount of solder skips, or no solder at the wave defects (NSW).  Below is a graph, which depicts the quality improvements, made after the switch to VOC-free.

Characterization and Standardization of Processes for VOC-Free:

Before the inception of WORLD-WIDE Teams, Midwest Manufacturing Facility purchased the 2 newest Wave Solder machines equipped with 1.) 3 Zones of Convection Preheat, and 2.) Optifluxer spray system.  The machines were purchased this way with the eventual switch to VOC-Free in mind.  The optimum process configuration to run a VOC-Free flux are convection preheat and a spray fluxing system that is capable of spraying water-based material and applying a uniform spray to the board.  Following, are the technical reasons:

Why Convection Preheat?

Convection is ideal for a VOC-Free, water-based process because it more thoroughly evaporates the water carrier at reasonable preheat temperatures and conveyor speeds.  Infrared (IR) preheat, on the other hand, requires increased temperatures on IR panels, coupled with slower conveyor speeds in order to fully evaporate the water carrier in VOC-free fluxes.  If the water carrier isn’t fully evaporated, there is an increased chance of “splattering” and “pop-corning” as soon as the board hits the molten solder.  Splattering of water often results in solder balling and solder bridging.   The bottom line is, Convection Preheat opens the process window tremendously for VOC-free fluxes.  Convection preheat in a wave process more uniformly heats the board to soldering temperatures at reasonably fast conveyor speeds, and reasonably low preheat temperatures.  There is also a more gentle rate of temperature rise (preheat slope) when convection is used.  The hot air from forced air convection thoroughly evaporates water and blows heat up into plated through holes, lands, and component terminations for better heat transfer characteristics.

Why Spray Fluxing?

The ideal fluxing system for VOC-free is one that does not contain parts that are susceptible to rust and corrosion, such as brass fittings, o-rings, washers, and plastic parts.  Southwest and Midwest Manufacturing Facility have standardized on Ultrasonic System’s “Optifluxer”, which uses ultrasonics to atomize the spray pattern. The Optifluxer has polymer tubing and a self-cleaning stainless steel spray head – both, which are resistant to corrosion.  The Optifluxer is supported by Electrovert, and can be easily integrated into Electrovert wave solder machines.

It is recommended that processes are standardized to accommodate VOC-free flux i.e. all sites shall agree that convection preheat and spray fluxing are needed for a VOC-free process.  Doing it this manner will allow for non-biased evaluations, and standardizing on processes first will prepare all sites to be equipped for VOC-free processes.  For example, if one site only has a foam fluxer and 1 zone of IR preheat and has problems running a VOC-free, but another site that is equipped to run VOC-free has good 

results, then it automatically becomes a biased evaluation. The bottom line is, VOC-free fluxes are not “drop-ins’” to just any wave solder process.  Equipment enhancements and upgrades will have to be made for those sites that don’t have the above-mentioned options on their wave solder equipment.

Proposed WORLD-WIDE Evaluation:

The WORLD-WIDE evaluation will consist of the following:

· Agreement on process characterization and standardization.  As mentioned before, it shall be agreed on what process configuration is needed to optimally run a VOC-Free flux.

· Selection of flux vendors.

· Evaluation of chosen fluxes.

Past Testing Conducted in Midwest Manufacturing Facility:

Before this project became global, during Quarter 1 of 1999, Midwest Manufacturing Facility had been conducting tests on various VOC-Free fluxes.  The test methodologies used at the time were simple.  The tests consisted mainly of hand-spraying production modules with sample Bellcore-approved fluxes.  No reprofiling was done and overall solder joint quality and appearance was observed using T’ internal workmanship standards.  The top performers from these tests included Alpha’s NR310B and Hi Grade’s 1075EX.  Heraeus’ Surf11 was also tried, but didn’t yield good results with the profile used.  Insufficient solder joints were observed with the Heraeus formulation.

To overcome chronic yield issues with the introduction of C-Tech modules, Midwest Manufacturing Facility immediately converted two of its lines to Alpha’s NR310B formulation.  The machine where the C-Tech product is run is already equipped with convection preheaters and  Optifluxer spray fluxing equipment.

To further test the Alpha NR310B, it was dropped into another machine only equipped with 2 zones of IR preheat, with 1 top-side preheat on top.  The results proved unfavorable because the IR was not sufficient enough to evaporate the water carrier causing massive solder balling, volatilization, and bridging – even after the conveyor speed was slowed down to just 3.0 feet per minute.  This confirmed the theory that convection preheat is needed for a water-based flux.
Proposed WORLD-WIDE Project Plan and Test Methodology:

· Confirmation of Bellcore SIR and Electromigration Data
IPC-B-25 Test Coupons will be used to confirm Bellcore compliance and to verify flux manufacturers’ published values.  The test will be performed per Bellcore Test GR-78-CORE (13.1.3).  The tests will be performed by an independent lab.   
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     Bellcore IPC-B-25 Coupon

The data from these test results will be used as a basis for assigning scores or weights to the problem-solving-decision-matrix.  Essentially, the fluxes with the most surface resistivity score the highest since they leave the least amount of residues (conductive material).

· Flux Performance Tests:

Process tests will be performed on test boards populated with hard-to-solder componentry such as 0603 and SOT23 SMD’s.  The test boards will be shown on the next report.

All testing will be conducted on an Electrovert EPK+ machine with 3 zones of bottom-side convection and 1 zone of top-side IR.
Defect data will be collected for the modules run with each tested flux sample.  Each of the flux samples will be run at the same wave and fluxer parameters.  

Performance criteria will include:

· Visual, tacky residue remaining on PCB substrate

· Top-side wetting and solder fillets

· Solder joint appearance (grain structure, fillet formation)

· Overall wave solder defect rates, measured in DPMO

These criteria will be used as a basis for scoring the solderability and solder joint quality criteria listed in the PSDM.

Referneces:

http://www.metcal.com/ftp/public_html/kester/vocfree.html
http://www.alphametals.com/products/techarticles/fluxes/index.html
Flux Performance Tests
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Flux Technical Data:

Process Characterization:

The test modules were wave soldered with an Electrovert Econopak Plus.  The machine has 3 zones of Convection preheat, and on the last zone, there is also a top-side IR preheater.  The spray fluxer used was an Opti-Flux ultrasonic spray fluxer.  The wave consists of a Nitrogen inerted dual wave – a turbulent and laminar wave and also an Omega vibrating turbulent wave.  The parameters were:

Bottom Preheat #1: 

260 F
Bottom Preheat #2: 

260 F
Bottom Preheat #3: 

260 F
Top Preheat: 

500 F
Opti-Flux Pressure:

4.0 PSI

Opti-Flux Traverse:

11.0 Inches/sec

Conveyor Speed:

4.50 Feet/min.

Chip Wave:


1425 RPM

Alpha Wave:


1400 RPM

Rotary Chip Wave:

250 RPM

Omega Wave:

80% 

Solder Pot Temp:

500 F
Experiment:

The above parameters were kept the same throughout the run and for all 5 Flux samples.  At the above settings, top-side board temperatures required for flux activation were achieved.  WaveRIDER profiles were taken twice during the run – once at the beginning and once after 18 modules (See Appendix for thermal and wave profiles).  Flux deposition on the PCB was in the 600 g/in.2 to 1000 g/in.2 range depending on solids content of each formulation.

Seven modules per flux sample were soldered, and five of the seven were released to manufacturing for defect data collection.  The remaining 10 were sent out for destructive testing (cross sectionioning).

Test Modules, Characterization:

The modules used for this experiment were the 862-I C-Tech RF issue.  It is the Motherboard module for the C-Tech product.  The RF card is also wave soldered on the Motherboard via  four 10-pin connectors.  

The bare PCB consists of hot-air-solder levelled eutectic Sn/Pb coating and a liquid photo-imaged solder mask, with a matte (non-glossy) finish.

There are 1,981 wave-soldered connections including VIA holes, hence, 1,981 wave soldering opportunities.  Of those wave soldered connections, 681 are SMD’s, and 657 are .006” x .003” passive components (0603 R’s and C’s).

The 0603 componentry have had a history of wave soldering problems due to a number of factors including incorrect pad geometries (too small) and susceptiblity to surface mount glue migration to the pads.  The four 10-pin connectors are orientated 90 degrees out-of-phase with respect to the module’s flow direction over the wave, and hence, are susceptible to solder bridging.  For these reasons, this module was a good candidate for evaluating the performance of these fluxes.

Eliminators:

All fluxes passed the criterea for elimination and none of them were elimintated from obtaining a scored criterea.  The scores of all 5 will now be the determining factor.

Criterea:

· Solerability (yield data) criterea was scored based on the defect data collected.  A weight of “10” was given to the flux that yielded the lowest DPMO, the 2nd lowest was “9”, and so on.  

· Solder joint quality will be judged by the evaluation team.  Colored copies of the cross section results will be sent to the team members at which time they will be scored accordingly per the Tellabs workmanship standard.

· During the test runs of each sample flux, none of the fluxes exhibited any volatilization at the wave (splattering or popcorning), and no visual tackiness or residue remaining on the board substrate.  All samples were given a weight of “10” for these criterea.

· The independent lab also performed Ionic Cleanliness testing for each sample.  All samples passed.  A weight of “10” was given to the sample which had the least contamination, the 2nd lowest contamination rate was given a weight of “9”, and so on.

· The results of additional Bellcore SIR/EM tests will be performed on the top 2 samples chosen by the evaluation team.  It may serve as a tie-breaker.

· Most fluxes in the sample, with the exception on 1 sample, required virtually no re-profiling.  The optimal top-side board temperatures to obtain optimal solder quality is in the 200 – 240 deg. F range.  The Multicore sample has a recommended 158 – 203 deg. F range, and would require reprofiling.  However, the profile was kept the same for the Multicore samples (the top-side temperature was 230 deg. F).  Hence every sample received a weight of “10”, except for the Multicore.

Defect Data Results:

Defect data was collected on 5 modules for each flux sample.  The collection points were at Post Wave and ICT repair.  The table below lists the defect data at wave solder.

Flux Sample
Solder Skips
Solder Shorts
Insufficient VIA's
Top-Side Wetting
Total
DPMO

Multicore
2
10
18
3
33
3332

Hi-Grade
0
8
2
0
10
1010

Kester
1
18
6
2
27
2726

Aim
0
18
3
0
21
2120

Alpha
0
10
6
0
16
1615

Cross Sectioning Results:

The test modules were cross sectioned at 3 locations:

R737 – top-side black 1 Watt resistor.  Top-Side wetting is the criterea to judge.

C167 – top-side Radial-Leaded capacitor.  Top-Side wetting is the criterea to judge.

C300 - .006” x .003” capacitor.  Solder joint fillet and wetting angle is the criterea to judge.

The evaluation team will rank the cross section results.  This will fall under the “solder joint quality” criterea score.

Profiles:
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Kester 970

Color

Clear

Colorless/Yellow

Clear

Clear, Colorless

Clear

Specific Gravity

1.011± 0.003

1.002± 0.002

1.01

1

1.012± 0.01

Acid Value

27.0±1.5

11.5±0.5

20

30.09±0.01

27 ± 1

Acid Type

Carboxylic

Glutaric

Carboxylic

Carboxylic

Solids Content

3%

1.60%

2%

3%

3.25%

Recommended Activation 

Temperatures

225 - 245 °F

158 - 203 °F

200 - 240 °F

215 - 300 °F

194 - 239 °F

Published Bellcore SIR Test 

Values

Control

9.1 x 10

12

7.4 x 10

11

4.6 x 10

11

7.2 x 10

11

Comb-Up

3.0 x 10

11

2.0 x 10

10

2.65 x 10

10

4.5 x 10

10

4.9 x 10

11

Comb-Down

2.4 x 10

11

2.0 x 10

10

2.92 x 10

11

3.12 x 10
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4.7 x 10

11

Published Bellcore 

Electromigration Test Values

Control

N/A

N/A

3.43 x 10

9

2.87 x 10

9

Comb-Up

3.7 x 10

9

N/A

6.20 x 10

9

6.01 x 10

8

N/A

Comb-Down

1.4 x 10

10

N/A

2.31 x 10

9

2.8 x 10

10

N/A

*Data from Vendors' tech. Data sheets, and lab reports
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Taken the beginning of the run.

Taken in the middle of the run:
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Conclusion:

This project is still in the confirmation-run phase, and a world-wide, global decision has not yet been made.
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_1006164041.xls
PSDM Matrix

		

		Decision Statement:		Choose the best VOC-Free Wave Solder Flux for Tellabs

						Alpha NR310-B						Multicore ECOSOL NR3S-06						Hi-Grade 1075-EX						Aim  VOC-Free 272						Kester 970

		-Compatible with current spray fluxer(s)

		-Global Supply w/local distributor

		-Bellcore Compliant, SIR Test (per TR-NWT-000078, Issue 3)

		-Bellcore Compliant, Electromigration (per TR-NWT-000078, Issue 3)

		-Low Solids, No-Clean, and VOC-Free

		-Odor acceptable to EA's/Operators

		-Passes ICT pin-probe-ability requirements

		-Compatible with different finishes (HASL, OSP, etc.)

		Criteria		Wt.				Wt.		Score				Wt.		Score				Wt.		Score				Wt.		Score				Wt.		Score

		Solderability (Yield Data)		10

		Solder Joint Quality (Per Workmanship Stds.)		9

		Volalization at Wave (splattering/pop-corning)		8

				6

		Bellcore Electromigration Test Results		4

		Bellcore SIR Test Results		5

		Required Top-Side Activation Temperature (Degree of Reprofiling Required)		7

		Minimum Material Cost based upon quotes @ 5 Gallons		1

						Shaded area indicates eliminated flux



&L&"Times New Roman,Regular"&18Decision Making Matrix&R&D

&L&F&CTellabs Confidential&R&D  &T



Technical Data

		

						Material

		Properties		Alpha NR330		Multicore ECOSOL NR3-02		Hi-Grade 1075-EX		Aim  VOC-Free 272		Kester 970

		Color		Clear		Colorless/Yellow		Clear		Clear, Colorless		Clear

		Specific Gravity		1.011± 0.003		1.002± 0.002		1.01		1		1.012± 0.01

		Acid Value		27.0±1.5		11.5±0.5		20		30.09±0.01		27 ± 1

		Acid Type		Carboxylic		Glutaric		Carboxylic		Carboxylic

		Solids Content		3%		1.60%		2%		3%		3.25%

		Recommended Activation Temperatures		225 - 245 °F		158 - 203 °F		200 - 240 °F		215 - 300 °F		194 - 239 °F

		Published Bellcore SIR Test Values

		Control

		Comb-Up

		Comb-Down

		Published Bellcore Electromigration Test Values

		Control		N/A		N/A

		Comb-Up				N/A						N/A

		Comb-Down				N/A						N/A

		*Data from Vendors' tech. Data sheets, and lab reports
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