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17Appendix A:
Rework Services, Equipment, Training Courses, Contract Manufacturing




1. Abstract 

A body of knowledge (BOK)/research survey of rework equipment, rework methods, and rework contract manufacturers has been conducted on printed wiring assemblies, ball grid arrays (BGAs), flip-chip packages, 0201 technologies, polymer based components, flip-chip technologies, plated through hole technologies, micro surface mount device component technologies, quad flat pack technologies, lead free solder alloys, etc.  Also documented are rework related issues with reference to workmanship rework standards for surface mount technology (SMT) and equipment requirements for rework. Training courses for rework and various commercially developed technologies employed for rework of advanced packaging technologies have been identified. (Appendix A)

2. Rework of Printed Wiring Boards (PWB) and Printed Circuit Boards (PCB)
Rework is defined as an operation which returns a printed wiring assembly (PWA)/part to its original configuration.  Rework should not be considered as repair.  Some of the important requirements of rework are as follows:

· There is no electrical or mechanical damage imparted to the PWA.

· Proper equipment is available to accomplish the rework.

· Rework should be performed only after proper documentation of discrepancies.

· The rework procedures, whether in-house or at the vendor/contract manufacturer, should be approved.

· The PWA should be cleaned prior to the rework using approved procedures. Special cleaning procedures should be adopted if conformal coating exists on the PWA.

· The use of a solder wicking braid is permissible during rework.

2.1 Coplanarity 

The coplanarity of a part/PWA should meet the above requirements, metallic tweezers should not be used to rework leaded parts, molded tools should be employed to handle the PWA during rework, Electrostatic Discharge (ESD) safe tools should be used, cleaning after coplanarity rework, etc.  

2.2 Solder Paste and Part Alignment Rework (Pre-reflow) 
Solder paste and parts that do not meet the alignment requirements may be reworked as follows: manually realign with the aid of an approved hand tool, the solder paste not to be disturbed and this process should not exhibit smearing or bridging after the part movement. If the solder becomes smeared the part and solder paste should be carefully removed and all visible traces of solder paste should also be removed from the affected area on the PWB. If the PWB is populated with additional parts, new solder paste should be deposited on the footprint with a solder paste syringe dispenser, and the part remounted. If the PWB is unpopulated it should be completely cleaned of solder paste, and the cleaned PWB should be inspected for conformance of manufacturing. The parts may be reused after the parts leads are cleaned using approved solvent, etc.  

2.3 Part Replacement and Realignment (Post-reflow) 

Hot air or hot gas rework stations are permissible provided it can be demonstrated the hot air or gas does not reflow the solder of the adjacent solder connections. Wicking of solder with wicking braid and a hand soldering tool is permissible for most parts.  The exceptions are leadless chip carriers, ceramic capacitors, and resistors. The reworked area should be cleaned thoroughly prior to the deposition of fresh solder paste. Hand soldering of parts is permissible provided all necessary precautions are observed to prevent part damage.  

With the continuing evolution toward smaller components, higher board densities and more diverse mixes, process equipment has been extended beyond the limits of its capabilities.  In an industry where lead pitches and chip sizes are beyond the limits of the naked eye, components are being mounted at ever-higher speeds.  This means rework is a fact of life and will remain so into the foreseeable future.  Repairing and reworking a PWB can be accomplished at any point during the assembly.  Today’s rework stations have the capability to remove components with nozzles that direct heat at prescribed temperatures to the component interconnects.  As a result, the solder melts without surrounding devices being affected.  The component is then lifted from the board using a vacuum pickup incorporated in the nozzle.  More sophisticated machines also incorporate vision alignment to ensure precision in mounting the replacement component.  Reworking components on PWB is not restricted to leaded devices or even FR-4 substrates.  Array components, such as ball grid arrays and flip-chips, can be removed and replaced.  Flip-chips can be reworked because testing of the components usually occurs prior to dispensing and curing of the underfill.  For components where the underfill has been applied, the process is more complicated, as the epoxy is more difficult to remove from the board.  
Rework systems differ in design and capability.  Certain features, however, are particularly important to successfully replace defective components.  As with assembly, the bottom line is cost and throughput, as well as passing inspection test.  Rework should be independent of the individual operation.  A flat platform for achieving coplanarity and an X-Y alignment system that ensures precision and repeatability in positioning are paramount.  Substrate mounting should be secured in a fixture that permits the board to expand during heating, and the platform should incorporate adjustable supports for the underside of the board to prevent sagging because of heat and component weight [1, 2]. 

2.4  Rework of 0201 Devices
Next generation designs for products in the consumer, medical and automotive markets will force the growth of 0201 components due to their size, low cost, low current and limited power dissipation.  Effective 0201 rework processes are required even if we have achieved high manufacturing yields.  The first pass yields for assemblies with 0201 are likely to be lower than assemblies using larger components.  As the component size shrinks, manual rework methods using microtweezers, magnifying glasses and soldering irons will become more and more impractical.  For 0201 components with their extremely small size and weight, small adjacent clearances create significant rework challenges that include tooling design, removal, site preparation, pickup, alignment, placement, reflow, etc.  Rework tooling should be designed not only to accurately pick and place the tiny device but to reflow it without impacting adjacent components.  The most critical design considerations include vacuum pick-up, adjacent clearance and thermal transfer, all of which are complicated by the extremely small component size.  Ball grid arrays require beam-splitter based alignment due to hidden soldcr interconnects whereas 0201 can be aligned at board level using a camera or microscope.  Semi-automated alignment systems require the operator to align the device using X/Y micrometers and theta adjustment.  Fully automated rework systems utilize fiducial recognition and component modeling to identify and match component and pad features, eliminating the need for operator based alignment.  Placement accuracy of the component is machine dependent, and placement tolerances are tight due to the extremely small size of the component and pads.  In addition, 0201 have minimal self-centering capability.  Reflow of the replacement 0201 device is based on wave soldering profiles recommended by the manufacturers.  The 0201 ceramic capacitors are thermally sensitive; therefore, sudden, significant temperature changes should be avoided to prevent thermal shock.  The recommended temperature rise for 0201 components is 2oC/sec.  A recommended thermal profile for 0201s includes preheating to 160oC; maintaining 160oC for 30 to 60 seconds, followed by reflow for 30 to 60 seconds.  Non-forced cooling is recommended as it allows a gradual relaxation of any thermal mismatch stress in the solder joints.  Cleaning with cold fluids such as alcohol immediately after soldering may result in cracking of the ceramic capacitors [3]. 

As space on circuit boards continues to shrink, 0201 component use will become the preferred component size.  As a result, production processes are adapting to 0201 characteristics.  It is possible to rework 0201s using the same well-understood, step-by-step processes that are already in place.  Successful rework can be achieved by using proper tools, slightly adapted procedures and applicable operator training even though manually reworking PCBs with 0201 components seems, on the surface, to be a daunting prospect.  After all, the task involves working tiny components 0.02” x 0.01” that can hardly be seen with the naked eye, let alone reworked.  
Reworking of 0201 follows a process that must identify the faulty component, de-solder and remove the component, clean the site, reattach the new component and then inspect.  Obviously, a vision system is necessary when reworking 0201s and there are two choices: magnifying glass-type systems or microscopes.  Once the faulty component has been identified, the next steps are desoldering and component removal.  Two methods are available: the use of talon-type fine point tweezers or a hot air system.  If using a hot air-system, care must be taken to select a system that uses low airflow.  With high airflow systems, adjacent 0201s will almost certainly be moved, creating more work.  On the standard PCB with larger components, solder braid would almost certainly be used to clean the pads.  With 0201s, however, this is not possible due to space constraints.  Instead, a mini hoof tip should be employed to smooth the pad and refinish the solder.  The mini hoof works extremely well to reflow the pads and eliminates rough surfaces whose presence would prohibit a solid reattach.  Naturally, the reworked site must be inspected.  A good 2D microscope is essential.  For a more thorough inspection, however, the use of a 3D system can be both helpful and cost effective.  It is possible to inspect quickly and see in and around components, without moving the board and be certain that all solder joints are solid.  Companies like Metcal are working to provide the tools needed for 0201 rework.  0201 technology is here to stay in the main stream and will continue to gain momentum [4, 5].
2.5 Micro Surface Mount Device Component Rework 
With the continuing decrease in electronic product size, micro surface mount devices ((SMDs, less than 3 mm x 3 mm or 0.118 in x 0.118 in) are being applied to an ever-increasing spectrum of new products.  Such components are wafer-level chip scale packages, where the package size equals the die size.  No underfill material or interposer exists between the silicon intergrated circuits (IC) and the printed circuit board (PCB).  When (SMDs are used in product designs, manufacturing equipment must be more precise, repeatable and more carefully calibrated.  Tooling must accommodate the light weight and small size characteristics of such components.  As a consequence, rework has become a significant manufacturing challenge.  For the process sequence to rework (SMDs, several steps are required including: the development of a rework thermal process; the removal of defective or misplaced components; the preparation of the rework site on the board and the alignment and placement of the new component [6].
2.6 Ball Grid Array (BGA) Rework 
Although BGAs provide density and yield advantages, they also provide the assembler with rework obstacles. With solder bumps hidden from view, reflow cannot be visually verified. Conventional cameras and microscopes do not permit visual alignment of bumps with pads or checking for backward placement. Visual inspection after BGA replacement is not possible, and after replacement, the BGAs’ solder bumps cannot be altered to eliminate bridges, insufficient solder, voids, opens, poor wetting, and misregistration. BGA-specific rework devices help the manufacturer surmount some of these obstacles.  Flex circuit BGAs with their compliant elastomeric layers offer protection against mechanical forces applied during socketing for test and burn-in.  These BGAs should better accommodate TCE stress and differential contractions during and after soldering and should, therefore, require less rework.  Conventional rigid board BGAs, however, will continue to suffer the solder attach cracking failures and die cracking caused by TCE mismatches.  Given the proliferation of BGA packaging for a variety of applications, repair capabilities will continue to be in demand [7].
There are currently two methods used for the rework of BGAs.  One method uses solder paste and the other uses paste flux.  When reworking BGAs that have high temperature solder balls, it is necessary to use solder paste for the interconnection between the package balls and the lands on the printed circuit board.  When working with BGAs that have eutectic solder balls, either solder paste or paste flux may be used.  Regardless of the reliability claims for either solder paste or paste flux, the use of solder paste can improve the yield of BGA rework processes.  Coplanarity is critical during the BGA rework process.  Variations in surface finish height, warp of the board or area, and warp or bow of the device itself can create coplanarity problems.   The traditional methods of solder paste deposition require more skill and more attempts to produce an acceptable paste deposit than the methods for flux application.  There are many ways to replace the area array devices using flux, solder paste, or solder bump, etc.  The major drawback to the dispense system is throughput.  For larger pin count BGAs, cycle time is limited by the maximum speed of the pump as it could take up to several minutes for each component.  From the rework point of view, the program and set-up time must be included for every different BGA to be processed.  
There is a wide range of equipment available for the rework of BGAs.  Most of the “high end” equipment features a vision system that can superimpose the solder balls onto the land patterns of the PCB to ensure correct alignment of the BGA prior to placement.  These same “high end” systems also feature computer-controlled profiles to provide the correct time/temperature settings to enable the BGA to evenly achieve reflow.  If the thermal profile is not adjusted properly and it allows one side of the BGA to reflow before the other sides, the surface tension of the molten solder balls will pull that side down to the PCB and lever the far side up away from the PCB.  There is no need for vision systems to assist in the alignment of the device when using semi-permanent stencils.  Since the stencil material itself will prevent excessive collapse, it reduces the effect of uneven heating.  In the event that the selected method for BGA attachment utilizes flux instead of solder paste, the semi-permanent stencil may still prove to be advantageous.  The usual application method for flux on the BGA land patterns is to generously apply with an applicator to the leads.  During the application the flux is spread evenly over the lands and the solder resist in one continuous layer.  The logical choice would be to apply the flux only to the area that requires it such as the lands. Many OEM’s and EMS companies utilize nothing more than manual placement and a hot air gun to perform BGA rework.  Although there is a tremendous cycle time reduction when performing BGA rework with a hot air gun, it is very dependent on the operator for control of the process and does not come close to the control that any of the more sophisticated systems provide.  Because of the lack of control, BGA rework should not be attempted with a hot air gun for high reliability applications.  If there are no other alternatives and the rework must be performed with a hot air gun, the use of semi-permanent stencils should dramatically improve the yield of the rework process. [9]

One of the steps that create yield detractors in the SMT manufacturing process is the solder paste application process; and the same holds true for the solder paste application process for rework.  The process steps for using a component specific stencil for selective solder paste deposition for rework and a full PCB stencil for the original SMT manufacturing are almost identical.  The major difference between the original stencil printing process and the selective solder paste printing process used for rework is the amount of process control.  The selective solder paste stenciling process is very dependent on the skill level of the operator to manually control the process.  Several stencil types are relatively easy to align and place.  If the rework location is not coplanar due to PCB warp or solder resist irregularities, stencil gasketing can become difficult when utilizing metal stencils, which easily conform to the contours of the rework location.  In addition, poor gasket seals can create the potential for solder shorts.  When working with BGA rework stencils, it is difficult to fill all the apertures of the stencil with one pass of the squeegee blade.  Making multiple passes with the squeegee blade on the metal stencil is also very difficult unless the stencil is held firmly in place.  To achieve a good paste print, stencils must be removed from the surface quickly in one motion.  Adequate solder paste release from the stencil apertures is critical.  A stencil variable that affects solder paste release is the topography (or smoothness) of the aperture walls.  Polishing, shaping of the aperture walls, and correct aspect ratio will improve the paste release process and prevent the paste deposit from becoming smeared or incomplete.  
BGA rework utilizing metal stencils or removable stencils can fail for a number of reasons.  The failure may be caused by solder shorts from the stenciling process, or excessive collapse, or by an open caused from incomplete solder paste deposition.  In either case, any failures must be removed and replaced and the BGA must be re-balled.  Even if this occurs infrequently, the expense can add up.  When taking all factors into consideration, it is clear that the use of semi-permanent stencils is more cost-effective than metal or removable stencils.  With a relatively low material cost and the improvements the semi-permanent stencils bring to the process, it surpasses other stenciling methods. [10, 11, 12, 13]  
Some BGA devices with eutectic solder balls tend to exhibit a great deal of ball collapse after reflow.  Solder shorts can occur on BGA devices due to solder paste deposition, and excessive collapse of the solder balls.   This can be caused from design, land size or BGA weight. The packaged device will settle to a position above the board that balances the forces between the mass of the package and the number of solder balls that support the device as well as the solder pad diameter. A relatively light device and a high number of solder balls will settle with a higher standoff height than a relatively heavy device with a low number of solder balls. Lower standoff height is correlated to shorter solder joint life. The semi-permanent stencil will prevent excessive collapse of the solder balls and can be used to provide a minimum standoff height.  
2.7 Plated Through Hole (PTH) Rework 
Controlling the amount of solder joint rework is essential to the enhanced reliability of the hardware.  The plated through hole is a good example of a PCB structure which can be significantly damaged during the assembly process.  The PTH provides electrical connection between layers of the PCB and is susceptible to cracking through thermal processing or during the usage cycles of the circuitry. The thermal cycle characteristics used to attach the components to the board also can negatively impact PTH reliability.  A study was conducted at Goddard Space Flight Center (GSFC) to determine how many rework cycles a solder joint can undergo before a failure mechanism is introduced in the PTH structure or the PWB circuitry.  The PTH on a ten-layer PWB, which has more stress than the PTH on a four-layer PWB, had a higher failure rate based on the comparison of thermal induced stresses as per finite element analysis. [15, 16]  Careful thermal profiling and processing must be employed during the rework cycle to minimize the effects on the PTH reliability. Rapid heating and cooling, whether local or global on the PCB assembly, will affect solder joint reliability and also PTH reliability, particularly in multi-layer boards.
2.8 Electronic Subassembly Rework by Infrared Radiation  
Focused Infra-Red (IR) technology was first introduced into SMT repair equipment in 1986. Since that time, Focused IR SMT repair systems have become widely used around the world. Effectively, Focused IR technology treats a component and the PCB to very similar thermal conditions as in an in-line IR reflow oven and, as such, produces high quality solder joints without the problems associated with oxidation or stray solder ball migration. Thus, in practice, any component that can safely pass through an IR oven can be reworked using Focused IR. 

The Focused IR rework method is non-contact, tool free and employs IR from above and below as its source of heating. Medium wave IR is used underneath to preheat the PCB and reduce the amount of energy and time required for top heating. Short wave IR energy, derived from a UV-free 150W tungsten Halogen spot lamp (identical to those used in photographic and display lighting) is collimated and directed through a lens system which allows the control of the heating area and also produces the red color for operator comfort. It is important to realize how passive and gentle the method is, and in fact at full power the heating effect is so slight that you can hold your hand in the beam for some considerable time before any effect is felt. In general through-hole technology, devices, components and connectors are not easily tackled by Focused IR. The method was developed for SMT and, therefore, most devices that are surface mounted onto plastic or ceramic substrates can be accommodated.

Advanced electronic and optoelectronic systems require high density, low cost assemblies in order to meet present market demands.   Rework of such assemblies has proven to be difficult using conventional hot air reflow due to the space limitation and potential lifting of the thin copper trace from the fine pitch device pads.  Rework is particularly difficult for full area array devices using hot air reflow due to the non-uniform heating of the area. The major advantage for using IR rework is to provide a source of localized heating.  The focused IR from the Novacure IR equipment provides a spot of heat approximately 1 cm in diameter directly on top of the part requiring rework.  The Novacure IR equipment is particularly suited for reworking HDI (High Density Interconnect) assemblies, such as the single sided assembly for automotive mounting parts, sensors, MEMS, cell phone assemblies, MCMs, and optoelectronic assemblies. [17, 18]

2.9 Reworking of Underfilled Flip-Chips  
In the past, the application of underfill meant that a device could no longer be reworked or repaired during manufacture or in-field service, a fact that hindered the widespread use of underfill materials. The advantage of reworkable underfills is the cost savings for recovering expensive devices from multichip module packages. By employing modern rework technology, BGAs, CSPs and non-underfilled flip-chip devices can all be reworked due to the introduction of the new reworkable underfill materials from such companies as Loctite, Emerson & Cuming and IBM.  The new formulations create a uniform and void-free underfill layer that protects the active surface of the die while improving the reliability performance of flip chip devices by distributing stress away from the solder interconnects.  The new materials provide the processing and reliability capabilities of conventional underfills with the added advantage of reworkability.  They are specifically designed to minimize the need to scrap entire boards with high cost devices bonded on them because testing has determined that a flip chip is defective.  
The rework process begins with heating the substrate evenly to a temperature below the melting point of solder.  The chip undergoing rework is then spot heated to melt the solder connections and break down the underfill.  The chip is gripped mechanically and then twisted or sheared away from the circuit.  Any residual solder and underfill are cleaned off the substrate.  Once cleanup of the substrate is complete, a new chip can be aligned, bonded, reflowed, and underfilled.  To successfully remove the defective flip chip from the substrate, the process needs to be compatible with the assembled board and the components attached to it.  It requires a machine that is equipped with a stage for bottom-side heating of the substrate, i.e. one that can be heated up to 200°C, with the most common temperature range being 125° to 150°C.  The stage should also have a hold-down device for the substrate during removal of the chip.  For those cases where the substrate is fragile or exceptionally thin, such as with PC cards, custom additional fixturing may be required.  The substrate holder needs to be of solid design to completely support the substrate, but not the "universal" design found on most surface mount rework systems.  These are almost like a big vise for holding boards that measure two inches square and up to over a foot square.  These "universal" holders fail to hold the substrate flat.  The S.E.C Model 850 Flip-chip bonder with accompanying Model 870 hot gas rework profiler is designed for use with flip chips underfilled with the new reworkable formulations [19]. Tomorrow's fine-pitched CSP's will almost certainly bring forth unforeseen requirements. These demands may include lower cure temperatures to accommodate new interconnects or board types, adhesion to novel CSP passivations or board metallizations and new reliability requirements.
2.10 Quad Flat Pack (QFP) Rework 
Quad Flat Pack packages are plastic die encasements with lead contact distribution around the perimeter of the package and can be referred to as "Gull Wing" packages due to the shape of the very fine contact leads.  Great care must be exercised in handling, not to distort or bend the leads. Any distortion affects the coplanarity of the overall component lead plane to the contact pads on the board and this distortion can affect the ease with which a chip is placed.  For example, if just one lead is lower in the plane than the others, the whole chip begins to pivot around the lower lead and a swivel sliding effect is found during placement. If any lead is higher than its companions then that lead might not be effectively soldered during reflow. So it’s important to handle new packages with caution, no matter what the lead count.  Removing a QFP is relatively straightforward, as long as the component is no longer required.  The two processes discussed in this procedure cover eutectic removal and reflow removal. 
2.10.1. Eutectic Removal removes the component at the eutectic reflow condition, which allows only the minimum time and temperature to pull the component from the contact pads when the solder securing the last leads changes to a molten state.  As the component is subjected to upward tension during the process by an Automatic Vacuum Pick-Up Assembly, a small amount of solder can be dragged up with the component leads, leaving reverse icicles on the contact pads that need to be leveled prior to component replacement. Also, a number of the last leads to be released may be bent due to the drag tension. With some equipment this is reduced due to linear heating throughout the nozzle area, but this does not compensate for all of the thermal differences in the overall circuit board mass, so that new solder and leveling may be necessary.  

2.10.2. Reflow Removal not only allows the removed chip to be reused but eliminates the necessity of dressing the contact pads with new solder or having to Hot Air Level between stages of removal and placement. This reduces the time to effect a repair and also reduces possible errors in applying new solder, which is a skilled and somewhat difficult process. With reflow removal, the removal operation is delayed until a total reflow condition is reached and the component is removed without drag or transfer of solder from the contact area to the component leads, thereby leaving all contact pads complete with clean coplanar solder.

2.10.3. Reinstallation of Components 
Hot air is used to level the pads (except for the reflow removal technique). In most instances, sufficient solder will remain on the pads to attach a new chip; but the surface may be rough, uneven, or have solder "icicles", making accurate placement of a new chip impossible. To hot air level, locate the circuit board under the nozzle, with the component removed; depress the foot pedal to begin the heating cycle. The solder will melt and become smooth; the solder should cover the pad(s) completely, with a slightly rounded "pillow" shape.  Remove the board and board holder assembly from beneath the nozzle.  Let the board cool to ambient temperature [20].
2.11 Reworking Plastic and Other Heat-Sensitive Components 
Buying the right rework system for a particular application should start with considering equipment capable of solving really tough, long-standing problems. Thus, when considering the purchase of rework systems for advanced packages such as the ball grid array (BGA) or chip scale package (CSP), e.g., the new split-vision systems; the ability to rework plastic and other heat-sensitive parts should be within the capability of the equipment. 
It takes a specific level of energy to remove and replace any part. The calories of energy required must also be delivered so as not to delaminate or burn the board. Since it usually takes even more energy to replace the part successfully, the ability to simply remove the part does not in itself solve the problem. [21]
The first step in creating a thermal profile for reworking a thermally sensitive component is to determine the maximum temperature the part will tolerate. A good thermal tracking unit or temperature measuring device will enable the process engineer to determine this temperature. In fact, many plastic parts including glob-top BGAs will melt just above the flow point of the connecting solder. Hence, awareness of this will provide a proper starting point for testing. The inside walls of edge connectors, for example, should be inspected carefully around the points of metal contact. Since metal will absorb the heat faster, the contact areas will show the first indication of damage or degradation. 

After the maximum safe temperature has been determined for a part, the next step is to develop a plan for repair. The selected rework system should be checked for accuracy. For example, if the set-point temperature indicator on the unit is set at 210°C, a temperature-measuring device should be placed in the hot-air stream to check that the unit is delivering the indicated heat level. An indicator displaying even as little as a five-degree error can cause problems that include serious overheating of the part. 

If the rework system directs its hot air using interchangeable nozzles, a nozzle larger than the component to be reworked is suggested. In operation, the part is placed under the nozzle and the heating cycle is begun. If, after 4 or 5 minutes, the part cannot be removed (solder has not properly melted), the process should be stopped and the situation reevaluated. Heating any longer will increase the probability that the flux and the solder joints will begin to degrade. [21] One solution may be to add preheating prior to the reflow cycle, since the thermal mass of the board in the area of the component must be overcome. The ΔT — temperature difference between the top and bottom of the board — should be minimal. By focusing the heat source under the part, the energy can be directed to the task at hand. 

The energy transfer from a preheating source can be regulated by varying the distance from the edge of the nozzle to the surface of the board. The distance depends upon the wattage of the preheater. The only concerns are the true temperature of the air and the exhaust of the spent hot air. For example, as the preheater moves closer to the board, the volume of ambient air mixing with hot air serves to increase the temperature of the air directed at the board. As a result, the calibration of the initial setup can become skewed. If the bottom preheat nozzle is positioned too close to the board, the initial calibration can also be distorted, resulting in a higher heating air temperature. 

Hot plates and infrared preheaters are not recommended for this type of rework. The reason that they should not be used is that the thermal reaction times, energy transfer rates and efficiency are never consistent. However, they can be used for large metal- and ground-plane boards in limited applications, e.g., where the size of the board matches that of the preheater in area. These devices heat only under a PCB. They have little capacity to ramp and soak to perform properly engineered repair scenarios or to support the creation and application of complicated thermal profiles. They also are limited in their ability to preheat beyond the physical dimensions of the heating surface. Hot-air preheating can be ramped, soaked and, on some systems, synchronized with the reflow process, permitting duplication of the actual profile used in manufacturing the assemblies. [21]  BGAs and photoelectrical parts are sensitive to higher temperatures and any attempt to preheat with marginally controllable sources is risky. 

Replacement of thermally sensitive plastic parts requires slightly more heating time than that needed for their removal. Normally an operator will remove a part at the earliest possible moment once it is freed of the board. Replacement, however, requires a full and complete reflow to be successful, since properly formed solder joints or connections must allow time for the wetting process. Simply applying the established removal time will not suffice; some joints will not be completely reflowed or formed properly. On small connectors and parts such as cell phone jacks and pager glob-top BGAs, the addition of 20 to 30 seconds is generally sufficient. On larger sockets and surface mounted edge connectors, the addition of 90 seconds in removal time is common. A visual inspection of the finished work is the best way to determine the proper heating interval. 

Plastic parts and temperature-sensitive components can be reworked with a moderate level of effort and skill. The ease with which one may accomplish this with a given make of rework equipment is a good indicator of which rework system to select when time for replacement. 

2.12 Reworking Lead-Free Solder in PCB Assembly 
Rework is an important part of the volume manufacturing process for lead-free PCB assembly.  Lead-free solders require higher reflow temperatures, time above the higher reflow temperatures is different, appearance of the joint is considerably different, and the need for process control is even greater than it is for eutectic solders. Also, lead-free solder rework has been found to be more difficult because the lead-free solder alloys typically do not wet or wick as easily as tin-lead solder. Successful rework methods (both manual and semiautomatic) have been developed with lead-free solders for all types of components, area-array packages, etc., using flux gels, flux pens, wire-core solders.  Most of the rework equipment for tin-lead can still be used for lead-free solder.  The soldering parameters must be adjusted to accommodate the higher melting temperature and lesser wettability of the lead-free solder.  Board baking is still applicable to lead-free solder rework.   
The higher temperatures needed for lead-free (up to 235°C), coupled with the thermal sensitivity of BGA/CSP’s demands precise temperature control and the addition of a ramp stage where temperatures rise at a rate that will not harm the packages. That’s why today’s more sophisticated rework systems employ four heating zones and one cooling zone. Without this extra step, lead-free rework is difficult to reliably complete. The addition of a controllable pre-heater allows for efficient, controlled pre-heating and avoids the thermal damage risked when working with expensive, but sensitive packages unsuitable for heating above 240°C with quick reflow times. 

The temperatures used in lead-free are being tightened by both the suppliers and solder manufacturers. The maximum solder temperature has a peak of 235°C and a low of 217°C. But, component suppliers' maximum temperature, at the component lid, is 265°C, with the most common temperatures ranging from 240° to 250°C. These temperatures are very close to the 225°C - 233°C solder temperature. In addition, the time above reflow has gone from 60 - 90 seconds (for eutectic solder) to 15 - 30 seconds for lead-free. To meet this demand, rework systems must be capable of ramping up very fast, and then down again to achieve this small peak temperature dwell time. [22]
Another factor to consider when moving to lead-free is the temperature delta across the surface of the component. Usually, a delta of 10°C is considered acceptable. The new delta is critical for thermal strength, but it is difficult to achieve as it is measured from top to bottom. The thermocouple temperatures, TC/1, TC/2, TC/3, all have to be within 10°C (from the lid to the ball and under the surface of the bottom of the PCB, respectively, as shown in Figure 1). [22]
[image: image2.emf]
Figure 1:
A schematic representation of the thermocouple temperature measurements at the top of the package (TC/1), at the solder ball (TC/2) and at the bottom of the PCB (TC/3).
Different lead-free compositions are used and these will be fine tuned as time and processes mature. The most common are listed below in Table 1.
Table 1: 
Commonly Used Lead-Free Solder Compositions 
and Respective Melting Temperature Ranges. [22] 
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The wetting process and temperature profiles must be controlled to make sure joints are not brittle. With lead-free, there must be better regulation of heating and faster ramp up and down, particularly in the under-board heater. As a result, hot plates are a thing of the past when lead-free is involved. In general, temperatures must be high enough to melt and form intermetallics, and high enough to activate flux and optimize wetting, yet low enough to avoid PCB and/or component damage. Obviously, thermal profiles for lead-free are different from those of eutectic solder. Tolerances are tight, making rework difficult without some type of repeatability and process control. An example of the standard profiles used for eutectic solders compared to lead-free solder profiles is shown in Table 2. The differences are substantial. The key to success is system control and the ability to ramp up faster and cool down quicker. 
Table 2: Reflow Temperatures /Times for Tin Lead Compared to Lead-Free Solders
[image: image4.emf]
Lead-free solder joints look grainy when compared to traditional eutectic soldering and are often erroneously rejected by inexperienced operators for quality reasons. When lead-free is implemented, companies must set a new standard and train operators in proper inspection criteria. 
Reliable lead-free solder joints, with proper grain structures and intermetallic formation, can be produced using appropriate rework processes.  Rework is an important consideration for higher temperature component ratings for lead-free soldering.  [23]

3. Training Courses in Rework Area 

The following courses are very useful to obtain certification in printed wiring assembly rework areas:
· IPC-7711: Rework of electronic assemblies (A standard developed by the institute for interconnecting and packaging electronic circuits. (Change 1, Feb 2002 )).

· IPC-7721, Change 2 (April 2001): Repair and Modification of printed boards and electronic assemblies.

· Workmanship standard for surface mount technology, NASA Technical Standard, NASA-STD-8739.2 (August 31, 1999).

4. Conclusions 

Rework and repair are very important aspects of electronic packaging technologies.  A body of knowledge (BOK) or research survey of rework equipment, rework methods, and rework contract manufacturers has been provided herein on printed wiring assemblies, ball grid arrays (BGAs), flip-chip packages, 0201 technologies, polymer based component rework, flip-chip technologies, plated through hole technologies, micro surface mount device component technologies, quad flat pack technologies, lead free solder alloys, etc.  Rework related issues are similar for all packaging technologies, but they differ in the materials properties that are employed.  Basically, one needs suitable equipment and experienced technical people to carry out rework tasks. Rework related issues with reference to workmanship rework standards for surface mount technology (SMT) have also been documented.  Equipment requirements for rework, training courses for rework, various commercially developed technologies employed for rework of advanced packaging technologies have been identified and are presented in tabular form in Appendix A.
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Appendix A:
Rework Services, Equipment, Training Courses, Contract Manufacturing

	Name
	Contract details
	Comments, models, services, training details, etc.

	Vitron Electronics Manufacturing and Services
	1901 Las Plumas Ave., San Jose, CA 95133

Tel.: 408 251 1600

Fax: 408 251 1608 

info@vitronmfg.com
http://www.vitronmfg.com/

	Vitron provides state-of-the-art ball grid array rework, repair and x-ray services using diagnostic equipment.  

	Bertech-Kelex


	Tel.: 310 787 8346 or 1800-882-8665

Fax: 310 787 0854 or 1-800-625-2399

http://www.bertech.com/product2/rework_solder_equip.htm

	SMD Rework system: This economical, lightweight and compact rework station that is available to use for any size and shape such as SOP, PLCC, PGA, connectors, etc.  Able to handle all SMD for up to 50 mm square, able to remove PGA and BGA up to 50 mm square, able to use reflow of QFP, BGA, etc.  

	PDR SMT/BGA Rework solutions
	6320 Belleau Wood Lane, Suite 3
Sacramento, CA 95822
USA
T: (916) 395 5595
F: (916) 395 5597
Toll Free: (877) 700 6085
sales@pdr-america.com
Unit 3 Stanley Centre, Kelvin Way
Crawley, West Sussex, RH10 2SE
England
T: +44 (0)1293 846 000 
F: +44 (0)1293 613 600

sales@pdr-smt.com

	PDR is a British based company.  Pioneered the use of focused IR technology in SMT/BGA rework systems.  Current developments include products for IR/UV curing, fine-point soldering and x-ray inspection.

PDR IR-X400 SMT/BGA rework system.  This provides the extremely high levels of profiling and process control necessary for the effective rework of even the most advanced packages including SMDs, BGAs, microBGAs, CSPs, and flip chips, etc.  This has range standard features allowing the operator to quickly and safely rework all types of components without overheating the component, adjacent or PCB.  Standard features are: Dual zone 2 x 600 w IR PCB preheat, PC control package, independent component and PCB closed loop temperature control with thermo active software suite, non-contact IR sensor for measuring component temperature, CCTV/split beam prism based BGA/microBGA alignment system, precision component pick-up with macro-micro z-axis and rotation, precision X/Y table with accurate macro/micro movement, large working distance, etc.  

This rework system has been in use widely throughout telecoms, computer, avionics, automotive, and contract manufacturing industries.  The customer is able to simply and safely implement good process control for BGA/SMT rework without the complexities and frustrations normally associated with high-end systems.  This is completely modular and upgradeable. 

BGA Rework in hand tool

http://www.pdr-smt.com/PDF/PDRX110-IR-ReworkStation.pdf
The IR hand tool has been specifically designed to cope with the challenges of repairing PCB assemblies.  The system is tip/nozzle free, gas free, instantly/precisely controllable, clean and produces high quality BGA rework without any complications.  Rework of most advanced packages such as BGA, CSP, flip-chips, and ready for 0201 and lead free applications.  This system comes with a standard features to quickly and safely rework all types of SMDs without overheating the component, adjacent or the PCB. 

Simple BGA rework procedure 

BGA rework requires a system that is able to heat the hidden joints without displacing adjacent components.  To desolder a BGA simply apply some flux, preheat the PCB then use the hand tool to heat the component to reflow and remove it.  To replace new BGA, apply flux, place and align component, preheat then reflow.  No nozzles, focus hoods or shields, low cost, precise focused component heating, excellent process control, easy to set up and use.  

Advanced Features 
• PDR’s Focused IR Handtool - Component Heating System
• 500W IR - PCB Preheater
• Bench top mounted PCB work holder (450mm)
• Choice of Digital Control Package - Type 1 or 2 (*)
• Closed-Loop Temperature Control of the SMT/BGA Component (*)
• Non-contact, IR Sensor for monitoring component temperature (*)
• Hand component pick-up with z-axis and rotation movements (*)
(*) = IR-X210 features only
Simple BGA Rework Procedure
Since it’s launch PDR’s Focused IR has been specified by three of the world’s leading mobile phone manufacturers for reworking micro-BGA components on their applications and is used widely throughout Telecoms, Computer, Avionics, Automotive and Contract Manufacturing industries.
The PDR IR-X110/210 products bring the process controlled BGA rework capability of a sophisticated system to the simplicity of a hand tool. The customer is able to simply and safely implement good process control for BGA/SMT rework without the complexities and frustrations normally associated with ‘high end’ rework systems.

IR-X110/210 Advantages Focused IR Heating

• Tool Free, Variable Focused IR Spot
- isolates component without tools or shields
- deep and tight access no problem
- safe on/near plastics
• Closed Loop Temperature Control
- real-time control
- instantly and precisely controllable
- instant process adjustments possible
- vital for good rework

Non-contact IR Temperature Sensing
- active during soldering and desoldering
- accurate measurement to +/- 1°C
- realtime closed-loop control
• Ergonomic Operation
- excellent observation and ergonomics
- allows easy operation of the equipment
• Safe And Effective
- proven world-wide since 1987 by 3000+ customers
- excellent on BGA/uBGA/future SMDs
- easy to understand, set and operate

Detailed Features and Specifications 

Advanced IR Handtool Component Heating
• Hand held Focused IR heating with dual spotsize
• 2 attachments with IR image of 7 or 14mm diameter
Large Area Back Heater System
• medium wave IR PCB preheating
• 500W
• Single zone (120mm x 120mm area) 

450mm Portable benchtop mounted PCB Workholder
• Up to 12” X 10” (300mm X 250mm) capacity
• Optional pcb ‘pallet’ providing macro-micro X-Y adjustments
Analogue/Digital Electronic Control (IR-X110 only)
• Type 1, analogue/digital controller
• Simple dial setting power controls
• Digital readout of power settings 

Digital, Closed-loop Electronic Control (IR-X210 only)
• Type 2, digital controller
• Simple dial setting power controls
• CAL digital temperature controller - controls component temperature
Non-contact, IR Sensor for measuring component temperature (IR-X210 only)
• Manually adjustable, K-type non-contact IR sensor
• Realtime monitoring of component temperature throughout process
Hand held Vacuum Pick-up Tool (IR-X210 only)
• Additional electric powered, hand held vacuum tool with silicon cups

	Xytronic Industries Ltd., 
	130, Jian Kang Road, 5F Suite #9, Chung Ho,
Taipei Hsien 235, Taiwan.
TEL: 886-2-2221-1889
FAX: 886-2-8221-4852
Website: http://www.xytronic.com
E-mail: xytronic@email.xytronic.com 


	SMD and BGA complete rework system.  Model 626 and 628 with 300 watts and 600 watts, respectively.  

Model 626: 150-1450C, 4.9 kg, hot air, etc.

Model 628: 300C, 2.5Kg., preheat system, etc. 

Use with PLCC, QFP, SOP, etc. of SMT devices.  Heated airflow from both the top and bottom to more evenly heat the PCB and components to prevent warping or heat damage.  Many types of air-focus nozzles available.  

Heat up time is fast and when the temperature is less than 180C.  628 makes an ideal preheat station providing a constant stable heat supply that makes reworking components on the PCB assembly quick and easy no matter how large the board.  

The hot air 626 incorporates a powerful quiet running air pump with a 300 W ceramic heating element to offer quick heat up and a even plentiful air flow.  Several focus hoods are available to meet most rework stations.  Reduces operator fatigue and allows quicker setup and removal of components. BGA reballing kit perfectly suited for use with this rework system.  

BGA reballing kit allows quickly and efficiently place solder balls on a working component. One rework cycle can be completed in minutes.  Flexible designs allows for use with all types of BGA components.  After placing the solder balls, place the component on Xytronics preheat system 628 ser for few minutes to secure the balls in their proper position.  

Tweezer 226/236 provides a fast efficient method to solder and desolder surface mount devices.  

988 soldering and desoldering station.  This is combo unit, which integrated solder and desolder functions in to one.  

	Valley technology inc. (Contract manufacturer)
	ValleyTech Inc.
1887 O'Toole Avenue, Suite C105
San Jose, Ca 95131
 (408)944-9951
 (408)944-9952 
 Fax: (408)944-9954 
BGA Services:  bga@valleytech.net
Other Services:  services@valleytech.net

	This contractor uses SRT Sierra (may be summit 2000) automated SMT/BGA rework system.  This system can be programmed fully automated with computer controlled x/y table.  Accommodates surface mount components, BGAs, very fine pitch leaded components including QFPs, and flip-chips.  Can be used for placement and reflow, windows based software, programmable heating stages, etc.  

Valley Tech’s BGA process flow chart.

	PACE Multitool systems

(Equipment manufacturer and training courses on rework)
	PACE, Inc. 
9030 Junction Drive
Annapolis Junction
MD 20701
USA
Tel: (301) 490-9860 
Fax: (301) 498-3252 
www.paceworldwide.com
http://paceusa.com/_ShowSystems.asp?ProductGroupID=5

	MTS 200 is the ideal choice for the production line and high volume rework operations.  This system features DUAL channels which simultaneously active and independently controlled.  One channel can power any of PACE’s heater cartridge hand pieces and the second channel can power any PACE’s fixed heater handpieces.  

TF1500: The TF 1500 is the next generation in automated, cost effective solutions for area array package rework. No other system on the market is easier to use, ensuring operator acceptance and success! Designed for today's PCBs, the TF 1500 can safely install and remove a wide variety of CSPs, FCs, PBGAs, CBGAs, MLFs, LCCs, and other SMDs.

TF2500: PACE’s ThermoFlo 2500 Systems are the next generation in automated, cost effective solutions for area array package rework. No other system on the market has all of the advanced features found on PACE’s TF 2500 systems or is easier to use, ensuring operator acceptance and success! Designed for today’s PCBs, the TF 2500 can safely install and remove a wide variety of CSPs, FCs, PBGAs, CBGAs, MLFs, LCCs, and other SMDs.

XR3000: The XR 3000 is ideal for inspecting BGAs, CSPs, and other electronic components. The XR 3000 provides immediate feedback on your process using realtime images. Images can be viewed through the ThermoFlo 3000 software or through an optional, flat screen, LCD monitor when used as a standalone unit.

XR-4000: PACE Incorporated, the leading provider of Soldering, Rework and BGA solutions, now offers the newest in X-Ray inspection equipment, the XR 4000. The XR 4000 is ideal for assuring the integrity of your production process when used for post-production inspection

LS3000: The LS 3000 from PACE is the newest, cost effective, optical inspection system specifically designed for today’s electronics. Its primary use is for inspection of area array devices (PBGA,CSPs, Flip Chips, LGAs, CBGAs, etc.).

PACE training courses are available in our 15-seat classroom located in Laurel, Maryland or onsite at your facility for up to 12 of your employees at a time. Courses are either two-days or one week in length or can be customized to meet your specific needs. Students receive a PACE Certificate upon completion which is widely recognized as the leading third-party hand soldering certification in the industry. To review the course descriptions for any of our training classes please select any of the following options: 

PACE Center Courses 


PCT-20 2-Day SMT Rework


 HYPERLINK "http://paceusa.com/_TrainingCourseDates.asp?TrainingCourseID=2&TrainingProviderID=1" PCT-30 2-Day Thru-Hole Rework


 HYPERLINK "http://paceusa.com/_TrainingCourseDates.asp?TrainingCourseID=3&TrainingProviderID=1" PCT-300 Multilayer and Flexible Circuit Repair


 HYPERLINK "http://paceusa.com/_TrainingCourseDates.asp?TrainingCourseID=4&TrainingProviderID=1" PCT-400 Surface Mount Assembly, Rework and Repair


 HYPERLINK "http://paceusa.com/_TrainingCourseDates.asp?TrainingCourseID=13&TrainingProviderID=1" PCT-500 Advanced Surface Mount Assembly and Rework


 HYPERLINK "http://paceusa.com/_TrainingCourseDates.asp?TrainingCourseID=14&TrainingProviderID=1" PCT-200 High Reliability Thru-Hole Soldering and Repair


 HYPERLINK "http://paceusa.com/_TrainingCourseDates.asp?TrainingCourseID=16&TrainingProviderID=1" PCT-230 Mixed Technology Rework


 HYPERLINK "http://paceusa.com/_TrainingCourseDates.asp?TrainingCourseID=18&TrainingProviderID=1" PCT-60 2-Day BGA



	CLC/Metcal/Weller
	Unit 2, 1 Wirega Avenue Kingsgrove, NSW 2208 Australia
Ph: ++61 (0)2 9750 4777  Fax: +61 (0)2 9750 5224
Email:  sales@clctech.com.au
ABN: 92 052 831 160


	MX 500TS-21 SMD/Soldering Rework systems

Combines Metcal’s soldering & Talcon (Tweezer) rework handpieces into one system.  Power is switched from one handpiece to the other via the front panel.  With a warmup period in seconds there is virtually minimal waiting while the hanpieces comes to operating temperatures.  

Weller repair station WMD 1S: The multi application ability of these stations makes them ideal for use in situations where the maximum amount of flexibility is required.  The station has inbuilt air pump to provide air for the hot air pencil and also vacuum for the desoldering tools and can be used to rework both surface mounted and through hole components.  

WMD1S: 175 watts, soldering/desoldering : 50-450C, hot air pencil: 5-0-550C, max air: 20l/min, hot air: 10l/min, max vacuum: 0.7 bar, etc.  

Weller WMD-3: A multi-purpose station to handle all rework and repair requirements.  Microprocessor provides simultaneous control of three tool outlets with complete accuracy and reliability, self contained air and vacuum, ESDv safe, programmable temperature, hot air flow and automatic set back, operator lock-out, prevents unauthorized changes, temperature range hot air: 50-550C, solder and desolder: 50-450C, etc.

	ABC Assembly Inc. 

(Contract manufacturer) 
	848 E. Gish Rd., Suite 5, San Jose, CA 95112

Tel.: 408 293 3560

Fax: 408 293 3562

Toll Free: 800-467-2935
info@abcassembly.com

	Uses AirVac DRS24C BGA Rework Station in SMD Rework processes – BGA, microBGA, Flip-chip, CSPs, X-ray, Reballing, etc.  

	Air-Vac Products
	Tel.: 203 888 9900

Fax: 203 888 1145
	ONYX series: Automated robotic systems representing the future of rework and low volume assembly of emerging technology including lead free, 0201, flip-chip, microBGA/CSP, optoelectronics, microwave, etc.  Existing technology BGA, CSP, leaded devices, and surface mount connectors can be accommodated.  

DRS Series: Industry standards for rework and repair of BGA/CSP/QFP and connectors.  Available in manual, semi-automatic and large configurations.  

PCBRM series: Selective soldering and rework of multi-leaded through hole components.  

DRS24NCXX.HED  (http://www.air-vac-eng.com/drs24ncxxhed.htm): Surface mount rework on extra large assemblies

The continued development of smaller, faster components and assemblies for consumer electronics receives most of the headlines in regard to electronic assembly trends. However, many customers also require the capability to rework extra large assemblies.

The DRS24NCXX.HED system is designed to meet the requirements for handling very large assemblies while still providing the accuracy and control required for CSP and Flip Chip.

The DRS24NCXX.HED system includes all of the features and capabilities of our standard DRS24NC system while adding the following major enhancements:

Improved bottom heating system: The bottom diffuser size has been increased to 16" x 20". In addition, a unique adjustable heat shrouding system has been added to contain the bottom heat and direct it to the assembly. The larger diffuser and heat shroud combine to provide more efficient preheat of any size assembly.

Increased Clearance
Top side clearance has been increased to 2.80" to provide the clearance and working access necessary for today's challenging assemblies.

New Digital Signal Processing (DSP) Controls
The new control system designed for the ONYX32 has been backward integrated into the DRS24NCXX.HED. These new, state-of-the-art controls provide faster processing speed, improved reliability and network/remote diagnostic capability.

Automated 0201 Rework
The DRS24NC provides the extreme precision and accuracy required for reworking these extremely tiny devices. Proprietary hot bar nozzle technology with integrated hypodermic vacuum pick up provides ramp-controlled conductive heating which prevents thermal shock and prevents adjacent 0201 devices as close as .010" away from reflowing.


	Zephytronics
	ZEPHYRTRONICS
225 N. Palomares
Pomona, CA 91767
Tel: 909 865 2595

Fax: 909 865 4998

e-mail: david@zeph.com
http://www.zeph.com/zt-7.htm

	ZT-7 BGA, CSP, and SMT hot air reflow system.  This system may be used to prototype work, low volume production, secondary operations, and rework of electronic printed circuit board assemblies at the bench top for BGA, CSP and/or SMT components.  This system will eliminate worry over compressed air hook-ups, air-pressure settings, external fanning equipment, external and awkward foot pedals.  This system is a fully integrated equipment making the meticulous, temperature profiles of high volume production equipment attainable at the bench.  

Novel features: Closed loop electronic digital temperature control, a digital countdown timer with audible beeper for process and profile uniformity, a heating zone with the unique capacity of both 1. Z-axis, which raises and lowers the heating zone to the targeted component on the substrate, 2. Y-axis which retracts and returns the heat zone before and after reflow, which allows one align, flux, prep, clean, inspect without the heatzone interfering.  Both the Z and Y axis travel designs are made via precision linear ball bearing slides for smooth, accurate and repeatable performance.  

ZT-7000 system never requires movement of the PCB assembly once BGA and CSP has been aligned and placed.  ZT-7-Mil is universal for both BGA and CSP.  ZT-7-Mil brings the heat zone to the target unlike most other BGA machines, which have elaborate vision alignment systems that constantly need calibrating and which remotely place the BGA or CSP, only to require the board and the loose components to be moved afterwards to a distant heat zone.  

Other features of interest are the semiautomatic spring activated vacuum probe that lifts up the BGA, CSP, and SMD up off the board once it reflows and insuring that the pad will not be lifted.  

ZT-7 Mil features two independent theta adjustment controls enhancing precision placement.  The adjustments provide independent 360 rotation on the vacuum probe for the component (SMD/BGA/CSP) and for the heating nozzle assisting with critical alignment and placement of BGAs, CSP,s and fine pitch SMT components and yielding great versatility when dealing with angled or skewed components.  

The ZT-7-Mil accommodates a PCB assembly up to 20.5 inches in depth and it features a front-access and easy-to-use nozzle dock complete with locking mechanism for precision alignment and placement.  

The best of all features is the modularity of Zephytronics ZT-7-Mil reflow system to work with the other popular ZT-1000 (air bath bottom side preheating system) and ABC-1 board cradle.  

	Automated Production Equipment (A.P.E)

(Contract manufacturer)
	Automated Production Equipment (A.P.E). 

106240 Overseas Hwy.

Key Largo, FL 33037

Tel: 305 451 4722

Fax: 305 451 3374

e-mail: sales@ape.com
http://www.apecorp.com/
Technical repair procedures are provided at the following websites:

http://www.apecorp.com/repairs.htm
http://www.apecorp.com/r-1.htm
http://www.apecorp.com/o-1.htm
http://www.apecorp.com/p-1.htm
http://www.apecorp.com/w-1.htm
http://www.apecorp.com/q-1.htm

	Thermal convection rework systems:  Uses high power and low temperature to reproduce precisely the original manufacturing process.  They invented low-temperature, hot air solutions for BGA/CSP/SMT packages.  

A.P.E. introduced rework and repair equipment to a growing worldwide electronics community. Now the industry has changed beyond recognition, with denser packaging technologies that require convection rework techniques as precise and with a similar degree of control as the original production method.  A.P.E. has continued to lead the way in designing innovative rework and repair systems to meet these demands and was the first company to recognize the necessity of cost effective Low Temperature Hot Air solutions for the new BGA/CSP/SMT Packages. If the client is interested in repairing printed circuit boards (PCB), their site has been designed to provide in depth technical documentation and procedures for APE's rework and repair products. It details their Split Vision, Micro BGA, CSP (Chip Scale Package) and plastic or ceramic BGA applications, together with SMT, (Surface Mount Technology) and traditional thru-hole desolder technology.

Through-Hole rework: EX-680, EX-750, EX-755, etc.  

SMD-7500 Bandit Split Vision Rework: APE is please to announce the arrival of its newest product, the “Bandit”.  The Bandit is a low cost, Manual Split Vision Placement Rework System.  Built on a completely self-contained platform, no factory air, the Bandit is capable of reworking boards from 8” to 12” with SMT pitch as fine as 5mil.  Complete with motorized Z-axis on the Reflow head and single push button controller operation, the Bandit is priced to move.  The Bandit is equipped with APE’s newest 4-mode controller, from manual foot pedal operation to automated ramp/soak.  One of the unique features of the Bandit is its “Slot Machine” style handle, which is used to engage the placement cylinder.  The Bandits X, Y, Z and Theta Axis’s are configured in a manual configuration for fast placement of larger pitch IC’s.
Sniper Split Vision System...SMD-7007 

The Sniper Flo-Master, SMD-7007 combines the unique High Power, Low Temperature, reflow operation of APE’s Flo-Master with the latest technology in optic engineering and alignment design. The SMD-7007 provides absolute control in positioning all ultra fine pitch, and BGA packaging technologies including Flip Chip bumped packages.

Sniper II Control Features and SMD-7000
The Sniper II includes enhanced programming and operational features. Programs may be created, edited and

stored on board the system or managed from a Windows ® 95/98 environment. The system’s rework process is

automatically controlled by the machine and switched off after it’s cycle.

Sniper-WB “Wide Body” Split Vision Rework System SMD-7007 

The Sniper-WB is a higher-powered machine designed to handle large PCB’s with components requiring special attention. Large PCB’s and larger SMT components require careful under board heating, covering a wide area to avoid warping. The Sniper-WB includes a 3600 Watt convection Hot Air Panel Heater and a total of 4800 Watts including reflow.

Flo-Master II...SMD-5002 

The Flo-Master II is the second system in the Flo-Master family, with integrated features required for computer profiling of larger PCB’s. The Flo-Master II should be considered for PCB’s greater than 12” x 14”.

Flo-Master III SMD-5003 

The third system in the Flo-Master family is the Flo-Master III. This machine is designed for the largest PCB types, which require extreme high-energy bottom heat to assist in low temperature reflow.

Flo-Master II & Flo-Master III

Specifications: 

Flo-Master II Focal Heat Power 2400 Watts 220V 50/60 Hz 15 amps 

Flo-Master II Panel Heat Power 3600 Watts 220V 50/60 Hz 20 amps 

Flo-Master III Panel Heat Power 4800 Watts 220V 50/60 Hz 30 amps 

Flo-Master II Panel Heat Dimension 8” x 10” (203mm x 254mm) 

Flo-Master III Panel Heat Dimension 12” x 12” (305mm x 305mm) 

Flo-Master II Board Holder 8100-1517, PCB size 15” x 17” (381 x 432mm) 

Flo-Master III Board Holder 8100-1620, PCB size 16” x 20” (406 x

508mm) 

Flo-Master II Dimension 20.5” x 22” x 29” (521 x 559 x 737mm) H x W

x D 

Flo-Master III Dimension 20.5” x 28.5” x 32.5” (521 x 724 x 825mm) H

x W x D 

Reflow Nozzles included 

Preheat Nozzles included (Focal Heat only) 

Temperature Celsius, Fahrenheit selectable 

Reflow Air Velocity 12.7CFM 

Component Vacuum Pick Up Internal Venturi Factory Air for Z axis

80 PSI 

Controller reflow Sixteen (16) Profile, 16 Segment 

PID Computer Interface RS422/RS232 (Cable provided) 

Controller Bottom Heat Four (4) Bottom Heat temperatures stored 

Air Flow Up to 1 SCFM 

Weight 

Z Axis Travel 2” (50mm) 

X-Y Table mounted Sleeve Bearing 

New Ledge Support Board

Holders for Flo-Master II &

Flo-Master III 

BGA/SMT Rework

Chipper SMD-500 

An affordable, totally integrated system for SMT rework and repair, the Chipper SMD-500 is an excellent choice in replacing older “Contact” rework tools with the latest Low Temperature Hot Air technology for reworking SMT components without damage, at a very attractive price.

Specifications: 

Power 1200 Watts

Current 10.90 Amp @ 110V, 5.45 Amps @220V

Dimension 14" x 8" x 12" (203 x 180 x 305 mm)

Board Holder Standard 8" x 8" (203 x 203 mm)

Nozzles included: (User may select alternatives)

8100-0000-44 0.80" x 0.80" (20.3 x 20.3 mm)

8100-1424 0.71" x 0.40" (18.0 x 10.2 mm)

8100-1075 1.00" x 0.75" (25.4 x 19.0 mm)

Temperature Celsius or Fahrenheit

Vacuum Internal Pump

Air Source Internal Blower

Chipmaster SMD-1000 

From plastic sockets to ceramic BGA components, the Chipmaster SMD-1000 Rework Engine provides a controlled rework environment, which cares for your repair process. Features simple operation with automatic “Timed” process control and selected thermal profiling.

Specifications:

Power 1200 Watts

Current 10.90 Amp @ 110V, 5.45 Amps @ 220V

Dimension 22.25" x 9.25" x 8.62"

 (362 x 235 x 219 mm)

Board Holder Standard 8" x 8" (203 x 203 mm)

Nozzles included: (User may select alternatives)

8100-0000-44 0.80" x 0.80" (20.3 x 20.3 mm)

8100-1424 0.71" x 0.40" (18.0 x 10.2 mm)

8100-1075 1.00" x 0.75" (25.4 x 19.0 mm)

Temperature Celsius or Fahrenheit

Air Velocity <12.7 CFM

Vacuum Internal Pump

Air Souce Internal Blower

Controller Fuzzy logic PID

Flo-master SMD 5000 

The Flo-Master BGA/SMT rework and repair engine is a fully integrated dual, top and bottom heat system designed to handle BGA’s, military-type boards, and commercial application requiring an efficient level of power vs. temperature.

Benefits: 

Enables true reverse manufacture rework

Low Temperature removal of components

Maintains integrity of existing solder

Automatic removal of components at eutectic stage

All types of PCB products accommodated

Total area, simultaneous reflow of component

Run continuous or pulsed

Rework soft plastics and sensitive components requiring short heat cycles.

Specifications: 

Power: 110V–1800 Watts, 220V–2400 Watts

Current: 16.36 Amps @ 110V, 10.91 Amps @ 220V

Dimension: 26" x 12.75" x 16" (660 x 324 x 406 mm)

Board Holder: Standard 8” x 8” (203 x 203 mm)

Reflow Nozzles included: (User may select alternatives)

8100-0000-44 0.80" x 0.80" (20.3 x 20.3 mm)

8100-1424 0.71" x 0.40" (18.0 x 10.2 mm)

8100-0132 1.20" x 1.20" (30.5 x 30.5 mm)

8100-1414 1.40" x 1.40" (35.6 x 35.6 mm)

8100-0000-20 0.50" x 0.50" (12 x 12.7 mm)

8100-0000-68 1.10" x 1.10" (28.0 x 28.0 mm)

Preheat Nozzles: (Fixed Selection)

8100-2222P 2.00" x 2.00" (50.8 x 50.8 mm)

8100-0340P 1.62" x 1.62" (41.1 x 41.1 mm)

8100-0196P 1.50" x 1.50" (38.1 x 38.1 mm)

8100-1313P 1.30" x 1.30" (33.0 x 33.0 mm)

Temperature: Celsius or Fahrenheit

Air Velocity: (Both Heaters) <12.7 CFM

Vacuum: Internal (Optional factory Air)

Air Source: Internal

Controller (Both Heaters): Fuzzy logic PID Profile Storage

4-Axis X-Y Table Built In: 19.0" x 15.50" (482.6 x 393.7 mm)

Operation: Pulsed or Continuous

Maximum Board Size: 32" x 24"

Chipmaster-Z SMD-1000-Z 

The Chipmaster-Z is identical in specification to the standard Chipmaster except for the addition of an electric Z axis, which provides easy clearance of the nozzle thus avoiding obstructions. Particularly convenient for awkward height components.

Specifications: 

Chipmaster 

Z axis Movement 2 inches (50mm)

Chipmaster Radiant RAD-6000 

The Chipmaster Radiant provides a wide area preheat solution, which gradually and uniformlymaintains a temperature sufficient to stabilize the PCB prior to and during the rework

operation. This constant total area heat stabilization is not possible with bottom focal preheat systems.

Dragon...SMD 2000 

A Digital, closed-loop, temperature controlled, bottom preheater for use with all Chipmaster package systems.

	SMT Tools LLC

(Rework and repair services available)

(Contract manufacturer)
	SMT Tools LLC

P.O.Box 90

Lake Hopatcong, N.J. 07849

Tel: 973 945 9847

Fax: 973 663 1745

e-mail: sales@smttools.com
http://www.borezine.com/
http://www.e-globaltech.com/bga_removal_placement.html

	BGA Rework systems available for services.  

METCAL BGA and CSP Rework system Hot gas system

AIR-VAC DRS26 Hot gas system

PDR 1600 Infrared rework unit infrared system



	BGA Rework Services

(Contract manufacturer)
	BGA Rework Services

Silicon Valley, CA

Tel: 408 515 9861

e-mail: ppcbs@aol.com
http://www.repair-pcb.com/

	Quick turn BGA service since 1991.  Boards will be reworked , x-ray inspected and shipped within 24 hours of receipt.  Silicon Valley leader in the art of BGA component rework services, BGA rework training and consulting.  

SRT 1100 BGA Rework system (Two systems available for services).

Nicolet Imaging system for X-ray inspection

	FocalSpot Inc., 

The Inspection and Rework Specialists
	FocalSpot Inc.,

9915 Businesspark Ave. Suite A

SanDiego, CA 92131

Tel: 858 536 5050

Fax:858 536 5054

e-mail: sales@focalspot.com
http://www.focalspot.com/rd500.htm

	RD-500 Semi-automated large board BGA/SMT Rework station:  The RD-500 is a semiautomated single axis placement and reflow station for BGA/SMT rework.  Using advanced computer control technology, the RD-500 rework station will meet the most demanding applications, including lead free work.  

RD-500 capabilities: 

· Handles boards Up 500 mm x 600 mm | 20" x 24" 
· Handles component sizes as small as 0.5mm (0.02") up to 60mm (2.63") 
· Auto-profiling software 
· Dual heating technology provides localized and efficient heating 
· Multi-Stage localized hot air heaters deliver controlled temperatures up to 510°C | 950°F 
· Infrared Bottom Heater delivers controlled full board temperatures up to 510°C | 950°F 
· Accurate placement (+/-0.025mm | +/-0.00098") using high-resolution (autofocus) digital split-imaging vision technology 
· Use standard or Nitrogen gas 
· Delivers repeatable process through advanced controls 
· Process / data logging 
· Self-contained 
· Lead-free proven (designed for lead-free and eutectic solders)

Key advantages:

· Lead free by design 
· Price performance of the machine 

· Heating control within +/- 5 ° C 

· Time / temperature efficient (Die / Package temperature control) 

· Placement capability (Accuracy / Repeatability) 

· Ease of setup, including auto-profile software 

· Flexible board holders (odd shape, small) 

· Exceeds (industry standards) of 10° C thermal uniformity within the nozzle 

· Compact & self contained

Other systems: 

· RD500S (standard board): BGA/SMT rework station

· RD-500SH (Small board): BGA/SMT Rework station

· RD-300 Manual: BGA/SMT Rework station

· SD-300 Nozzle free: BGA/SMT Rework station



	Marco Manufacturing

(Contract Manufacturer)
	Marco Manufacturing

55 Page Park Drive

P.O.Box 3733

Poughkeepsie, NY 12603

Tel: 845 485 1571

Fax: 845 485 1649

mratliff@marcomanf.com

http://www.marcomanf.com/additional_equipment.html

	PACE Model TF 2000 Rework System

BGA, (BGA, CSP, SMT – Placement/Rework

Programmable profiling

High resolution vision overlay

	Versatile Industrial Products

(Distributor)
	Versatile Industrial Products

1371-4 Church Street, Bohemia New York 11716

Tel: 631 567 8866

Fax: 631 567 8528

kpcvip@versatileindustrial.com
http://www.versatileindustrial.com/metcal_solder.htm

	METCAL QX2 Convection Rework System
QX2 Systems

Item 
               Key       Description 

QX2-SBP-11 
- 115V Convection Rework System with Board Holder and Preheater

QX2-SBP-21 
- 220V Convection Rework System with Board Holder and Preheater 

QX2-SBH-11 
- 115V Convection Rework System with Board Holder 


QX2-SBH-21 
- 220V Convection Rework System with Board Holder 


QX2-S-11 
-  115V Convection Rework System 

QX2-S-21 
-  220V Convection Rework System 


Surface Mount Rework Systems: 
BGA 3500 and CSP 3500

BGA-3591: BGA rework system with high power under-board heater, split field vision system & monitor 115v NTSC

BGA-3592: BGA rework system with high power under-board heater, split field vision system & monitor 230v PAL

CSP-3501 CSP Rework System, 115V. NTSC with monitor

BGA-3591-G: BGA Rework System, 115V. NTSC w/o monitor

CSP-3501 CSP rework system with under-board heater, high magnification vision system & monitor 115v NTSC

CSP-3502 CSP rework system with under-board heater, high magnification vision system & monitor 115v PAL

CSP-3501-G: CSP Rework System, 115V. NTSC w/o monitor

BGA-3592-G: BGA Rework System, 230V. PAL w/o monitor

CSP-3502-G: CSP Rework System, 230V. PAL w/o monitor

CSP-3501J-G: CSP Rework System, 100V. NTSC w/o monitor

BGA-3592-N-G: BGA Rework System, 230V. NTSC w/o monitor

CSP-3502-N-G 
CSP Rework System, 230V. NTSC w/o monitor

	Circuit Technology Center, Inc.

(Contract Manufacturer)
	Circuit Technology Center, Inc. 
45 Research Drive, Haverhill, MA 01832
Phone: 978-374-5000 · Fax: 978-372-5700

http://www.circuittechctr.com/services/bga.shtml

	BGA Rework Services 
[image: image5.jpg]



Five BGA rework systems are operated by a team of expert at Circuit Technology Center.
Solutions for all BGA rework and repair needs. Equipped with 5 top-of-the line BGA rework systems and a staff of engineers and operators with in-depth knowledge and experience at the intricate process of BGA rework. 

Offer a wide variety of services including BGA component removal, replacement and salvage; x-ray inspection; circuit pattern design changes at BGA sites; repair of lifted or missing BGA pads; and repair of solder mask at the BGA sites. 

Offer training and technical support to provide with one stop shopping for BGA repair and rework.

Excellent document on BGA Component rework process flow is posted at 

http://www.circuittechctr.com/guides/9-1-1.shtml
BGA REWORK PROCESSING 

1. Initial Review/Disassembly
Operators should initially review all paperwork. Assess circuit boards to determine need for any disassembly or component masking. If disassembly is needed all materials must labeled and instructions written to ensure that materials are replaced after rework. 

2. BGA Machine Inspection
The following should be checked prior to starting: 

1. Appropriate Nozzle Installed 

2. Rework Profile Available 

3. Proper Input Air Pressure
NOTE
If this is the first piece in a larger order it may require formal First Piece Inspection. See the Production Manager or Inspection for guidance. 

4. Reflow Profile - Existing
Use the designated reflow profile if available. If the reflow profile is not available on the particular BGA rework machine the profile may be transferred from another machine. 

5. Reflow Profile - Creation
Each unique rework profile includes a removal cycle, placement cycle, and site cleaning cycle. Refer to the following procedures for details: BGA Component Rework Profile Development, Standard Method; BGA Component Rework Profile Development, Smart Track Method 
If no profile is available, an existing profile that closely matches the component and board size, may be used. All parties must be aware of the inherent risk in using common profiles. 



	BGA Rework and Repair Description by Bob Willis

(Training)
	Tel: 44 (01)1624 834941

Fax: 44 (01) 1624 835400

E-mail: sales@elchempub.com
http://www.elchempub.com/trfiles/tr94.htm

	Description includes component types, termination types, BGA assembly, BGA cracking damage, common process faults, selecting rework equipment, setting rework temperatures, component removal, PCB pad redressing, component reballing, component replacement, inspection joints, etc.  

	Enable Engineering Company

(Equipment)
	Enable Engineering Company

422 Peninsula Avenue San Mateo CA 94401

Call EECo * 800.686.6428  /  650.375.0409 * FAX 650.375.8666

http://www.eecosales.com/SMT/PDR.html
http://www.eecosales.com

	Rework SMD circuit boards with delicate precise infrared light
Forget hot air blowing components around.

Precise infrared light gently warms the circuit board to just below melting temperature. Then a focused beam under computer control adds just enough heat at the component to lift or resolder it. Direct readings from non-contact heat sensors control the soldering process.

Easy to operate and learn with point and click graphical control software. In just a few minutes a novice can set heating rate, hold time, and cool down with single degree precision for the ultimate in soldering quality. 

Vacuum pick and place, micrometer controlled alignment, and magnified video display make placement simple and repeatable. The component's fine pitch leads or BGA balls are shown superimposed over the PCB pads on a large TV screen. 

The Lightmaster Pro Features 

Simple "drag and drop" control software 

Real-time non-contact component & PCB temperature sense 

Digital and graphic temperature & time readout

1200W IR 12" x 16" PCB preheat surface 

Focused beam infrared component heating

Magnified superimposed TV display of pads and component bottom for alignment 

Color TV camera with x50 magnification zoom 

Integral lighting system with illumination level control

Precision adjustment X, Y, Z and theta to +/- 25 microns 

17" x 20" (420mm x 500mm) PCB capacity 

Vacuum operated pick and place with precise Z axis movement 

Realtime component/PCB temperature readout, profiling and data logging



	Business Electronics Soldering Technologies (BEST)

(BGA Rework/repair services)
	Business Electronics Soldering Technologies

3603 Edison Place

Rolling Meadows, IL 60008

Tel: 847 797 9250

Fax: 847 797 9255

http://www.solder.net/services.asp

	Reality
PCB rework will always be a part of our lives. We see it in the form of engineering change orders, product upgrades and revisions, general automated process errors, etc. Rework is one of the most unpredictable and variable parts of the PCB assembly process. In fact, no other single function in the assembly process negatively affects profitability more than rework. 

In the past, costs of doing rework were difficult to track since labor, equipment and WIP in the rework process were not costly and could be "swept under the table". With today's new and complex packages, rework has taken on a completely new meaning. The equipment, training and engineering support required is costing electronic assemblers millions, not to mention the damage/scrap that is being generated. Additionally, the "Time To Market" factor is costly by keeping a large amount of boards in work-in-progress to be reworked, unable to reach final markets. This is especially true in the communications, computer and telecom sectors where product life cycles are short. Successful companies are beginning to realize that the high cost of rework can be kept in check by outsourcing some of their rework tasks. 

Experience
Our Contract Rework/Repair Division has the ability to provide expert rework, repair, and ECO modifications to ones PCBs, as well as prototype runs. Their state of the art equipment and IPC certified operators insure the work done on ones PCBs will be done quickly, correctly and reliably. 100% guaranteed. BEST has performed rework/repair services for projects ranging from 1 board to 175,000 boards, and guarantees that 100% of ones boards will be returned to you without damage. Saved customers millions of dollars by assisting them with the rework/repair process and providing fast, reliable service. Because of their specialized processes in rework and repair, their operators' output per person far exceeds that of in-house operators. Compare ones fully burdened overhead rate of rework/repair to their per board price. 

Staff
rework & repair associates are experienced professionals with a minimum of 5 years of rework/repair experience. Not only are they certified to IPC-A-610, IPC 7711/7721 and J-STD-001 standards, they also receive specific application training on a day-to-day basis from our IPC Class A Certified Master Instructors. 

Quality
BEST has made an investment in the most advanced and versatile rework/repair equipment currently available. They only use equipment, which allows for strict process control, and each solder joint is inspected by the operator and QA technician. All rework and repair is performed in accordance with IPC-7711/7721, guidelines for Rework, Repair, and Modification of Printed Boards and Electronic Assemblies. All boards are inspected in accordance with IPC-A-610, Acceptability of Electronic Assemblies. 

Commitment
After they have performed rework project, their service does not end there! BEST, in conjunction with one of their largest customers, has developed the theory of Rework Management & Optimization. In summary, Rework Management and Optimization involves implementing the correct mix of Equipment, Training and Outsourcing to maximize your internal resources. Client’s current process is analyzed and a framework is provided to increase productivity, decrease scrap/damage, quickly move WIP to final goods, and dramatically reduce the overall cost of doing rework. BEST will help you implement this process and assist if needed. To learn more, click here. 

Dan Nummela (dnummela@solder.net) is the Customer Service Representative for rework and repair at BEST. 

Dan is the main contact for rework and repair jobs. His duties include rework and repair inquiries, generating quotes, and managing customer jobs. Dan understands that when customers call they are usually in a crisis.

Examples of Rework performed: 
 
Examples of PCB Repair performed: 
· Plated Thru-Hole 
 
· SMT Pads, Traces
· BGA Reballing
 
· Laminate & Mask Repair
· SMT (QFP, PLCC, Chip Style, LCC, SOP)
 
· Jumpers, Wires
· SMT Fine Pitch, Ultra Fine Pitch
 
· Broken Corners
· PBGA, CBGA, Micro BGA
 
· Gold Fingers, Plating
· Flip Chip
 
· Edge Connectors
· Pin Grid Arrays
 
· Multi-Layer repair
· Connectors
 


	Advanced Techniques US, Inc.

Contract manufacturer)
	Advanced Techniques US, Inc.
875 Pennsylvania Blvd.
Feasterville, PA 19053
United States of America

Tel: +1.215.364.5588
Fax: +1.215.364.1952

e-mail: rework.services@atco-us.com
sales@atco-us.com
http://www.atco-us.com/services.html

	Backed by years of experience in manufacturing BGA rework equipment, Advanced Techniques US, Inc. is offering rework services. The Feasterville, PA Rework Services Department is equipped with four of their own state-of-the-art AT-707 BGA systems using Split Beam and Split Imaging technologies. The facility is also equipped with various inspection systems to ensure that every board has been thoroughly inspected before being shipped. Their knowledge of the process, equipment, and profile optimization translates into fast, high-quality, and inexpensive service for the customer.

Services:
Complete BGA Rework Service  

BGA Removal / Installation 

BGA Reballing 

BGA Inspection Services 

BGA X-Ray Services 

Solder Mask Repair 

PCB Repair 

Main Advantages Over the Competition:
Inside-Company Equipment Support 

Knowledge of the equipment and process minimize set-up and down-time thus, provide higher throughput without the additional cost 

Equipment service calls are eliminated 

Equipment maintenance costs are virtually eliminated 

Expert Profile Development (no trial & error on customer's board) 

Fast turnaround 

Highly Skilled Employees 

High Quality work 

Quality:
Employees pass ESD Awareness Training, IPC-A-610C, IPC-7711, IPC-7721, and J-STD-001B training (manufacturing employees). Rework facilities are IPC compliant.

Key Features of AT-707 BGA/CSP Placement Rework station

· Placement & Reflow in one position 

· Beam Splitter for superimposing component & board images 

· Image Splitter for four side viewing at high magnification 

· Automated movement 

· Precise X, Y, Z, & theta micrometer adjustments 

· Automatic vacuum pick-up 

· Component to board pressure adjustment 

· Programmable focused upper heating and unfocused large area lower heating processes 

· Computer controlled profiles 

· Forced air preheater 

· ESD Safe 

· Compact and Precise 

· Solder Removal System 

· 0201 Rework 

· Flip Chip Bonding 



	Lightspeed Mfg. Inc.

(Contract manufacturer)
	Lightspeed Mfg. Inc.
268 Hampstead Street
Methuen, Massachusetts 01844 USA
Tel. (978) 687-7676
Fax (978) 687-7636
www.lightspeedmfg.com
All other inquiries: info@lightspeedmfg.com

http://www.lightspeedmfg.com/BGArework.htm

	BGA Services and Rework

Contract Assembly-And More

LIGHTSPEEDMFG is a new, high quality provider of electronics manufacturing services in the New England region. We’re the new folks on

the block, but we’re not new to the business! Lightspeed Mfg. is founded and staffed by members of NETCO Automation, a company that was known for its expertise in BGA services and prototype development. Lightspeed Mfg. Offers quick-turn BGA services including rework, reballing, inspection, ECOs and upgrades, for BGA, CGA, µBGA, and other similar component types. Keeping up with advancing trends in technology, Lightspeed also offers optical fiber splicing, as well as traditional EMS PCB assembly services.

Steve Angers

sangers@lightspeedmfg.com

Team Leader, BGA Rework Services

Steve brings more than 10 years’ experience in every aspect of BGA services to Lightspeed. Formerly the BGA ‘guru’ at NETCO, Steve’s vast experience in process development and all aspects of BGA rework ensures reliable,

on-time, top-quality results.



	Exselect Engineering Ltd., 

(Equipment manufacturer)
	Exselect Engineering Ltd.,

150 Connie Crescent

2-3 Concord, ON, Canada L4K TL9

Tel: 905 738 4077

Fax: 905 738 6604

www.exselect.com
e-mail: exselect@exselect.com
http://www.inter-netco.com/exselect_soldering.htm#anchor860624
http://www.inter-netco.com/images_and_links/exsellect/desoldo_p1.JPG
http://www.inter-netco.com/images_and_links/exsellect/desoldo_p2.JPG

	DeSoldo Rework Station: for soldering, resoldering and low volume spot soldering ideal for high density SMD boards. 

Precision localized solder reaches into tight locations on densely populated PCB's without disturbing nearby connectors or surface mount devices. 
  

Controlled solder contact through unique solder pocket design. 

  

No messy solder waves. 

  

Consistent solder temperature and steady solder surface for easier component removal. 

  

Quality solder joints ensure through preheating, process heating, and post heating and accurate repeatability



	Valley Service Electronics 

(Contract Manufacturer)
	Valley Services Electronics 
 tel: 408.284.7700
6190 San Ignacio Ave
fax: 408.284.7701
San Jose, CA 95119
email: info@vse.com

	Full-Service Electronics Manufacturing -  ISO9001:2000 Certified  

Valley Services Electronics (VSE) is a full-service electronics assembly company specializing in complete turnkey and consignment printed circuit board assemblies, upgrades repairs, and box-builds. As an experienced and reliable contract manufacturer since 1981, VSE provides design, materials, assembly, testing and quality control services for prototype to production assembly. 

Our 50,000 square foot ESD-controlled manufacturing facility is strategically located in the heart of the Silicon Valley. Prototype to Production, extensive experience in the electronic assembly industry affords us the ability to provide you with a wide range of services. 

Some services include: 
· Assembly (turnkey and/or consignment) 

· Materials procurement 

· Surface mount 

· Through-hole 

· Mixed technologies 

· Box-build assembly 

· Rework & Repair 
Equipment is not listed at their website.

	Labor Techtronics Assembly Inc., 

(Contract Manufacturer)
	Labor Techtronics Assembly Inc.,

11145 Shady Trail

Dallas, TX 75229

Office: 972 243 8255

Fax: 972 243 9730

e-mail: sales@lta.com
http://www.labortechtronicsassembly.com/
Austin American Technology Corporation

12201 Technology Blvd., Suite 160

Austin, Texas 78727

512 335 6400

Fax: 512 335 5753

http://www.usedcleaner.com/HTMs/Rework.html

	Their rework/revision services include but not limited to:

Removal/replacement of defective components

Circuitry modifications  (Trace cutting, wiring, rewiring)

Full broad reflow of cold solder joints from other assembly vendors.  

AAT (Austin American Technology) SSG20 : BGA Rework with pre-heater/board holder

The SS620 BGA rework system operates similarly but with a digitally controlled and programmable pre-heater adjacent to the board holder.  Easily interchangeable nozzles are used to direct heated gas exclusively toward component solder joints.  Nozzles are available in both Quartz and Aluminum materials with removable baffles.  Incorporation of baffle with nozzle effectively lowers the rework temperature of the internal components.  Finally, a vacuum shroud has been incorporated above the nozzle to pull exiting process gases up and away from the work area.  This minimizes heat transfer to adjacent components.  Nozzles are available in all sizes and configurations to handle to broad range of components.  

AIR VAC PCBRM12: Lead free compatible system

· Elimination of steel components to prevent tin/copper contamination

· Cast iron and commercial pure titanium solder pump

· Commercial pure Ti flow wells for long life and reduced maintenance of Sn/Cu or tin/silver/copper alloy usage

· Exceeds temperature requirement for higher liquidus/reflow alloys



	White Electronic Designs Corporation Headquarters

(Contract manufacturer)
	White Electronic Designs Corporation Headquarters
3601 East University, Phoenix, AZ 85034-7254
Phone: 602-437-1520, Fax: 602-437-9120, E-mail: info@wedc.com
http://www.wedc.com/
	· White electronic designs is consistent with IPC 7711 and IPC 7721 requriements.

· Air vac DRS 24NC.2D BGA/SMD rework system.

· Utilization of nozzles, fluxes, and cleaning procedure consistent with J-STD-001C.

· Rework is performed to workmanship standard IPC-A-610, Rev C.

	Micro Control Company

(Contract Manufacturer)
	Microcontrol Company

Electronic Manufacturing Service

7956 Main Street, MN 55432

USA

Tel: 763 786 8750 or 1800 328 9923

Fax: 763 786 6543

e-mail: micro@microcontrol.com

http://www.microcontrol.com/index.html 


	Micro Control developed its own in-house capability to manufacture and assemble high-reliability printed circuit boards. Building upon their own successes, they began providing contract electronics manufacturing services for printed circuit board and mechanical assembly.

They use the following equipment

Metcal QX2 Rework station: It is convection heat rework system with preheat capability.  This unit reduces the risk of thermal damage to the component during removal and protects adjacent devices against disturbed solder joints.  

BGA-3000 Series BGA & Fine pitch rework system: It is used for repair/rework of BGA devices and assemblies.  

	Precision PCB Services, Inc.,

(Contract manufacturer and training)
	Precision PCB Services, Inc., 

1440 Koll Circle

Ste.#112

San Jose, CA 95112

Tel: 408 436 4790

e-mail: ppcbs@aol.com
http://www.pcb-repair.com/
http://www.repair-pcb.com/bga_training.htm

	They have been providing services, and training for the assembly, rework and repair of printed circuit boards to companies all over the world. 
Today they are the Silicon Valley leader in the art of BGA Component Rework.  Working directly with product development engineers at companies such as Texas Instruments, Altera and Xilinx among others.  They work with and develop profiles for many Ball Grid Array Components before they are even introduced into the market place.
Their facility consists of two late model SRT 1100 BGA Rework Systems, a top of the line Nicolet Imaging System for X Ray Inspection and a complete low volume assembly line for assembly training.
Boasting to be one of the largest hands on training facilities in Silicon Valley.  They provide training on site or at client’s facility.  Training classes are offered on Hand Soldering & Rework of   PTH and SMT Components, Circuit Board Rework & Repair, BGA - Ball Grid Array Component Rework and Circuit Board Assembly.

BGA - Ball Grid Array Component Rework Training
Course Description
This course is designed for students that require the hands-on skill and knowledge to reliably remove and replace a variety of BGA components. Students are taught methods for safe and reliable BGA component rework using a top of the line SRT BGA Rework System. The course includes a review of thermal profiling, preheat considerations, process techniques and a review and interpretation of x-rays results. This is a two-day course. One-day lecture and one day hands training. Each student will be able to practice installing and removing BGA components.

Topics Include
Review of the different BGA packages - ceramic, plastic, metal and micro.
A review of the parameters for establishing a safe thermal profile.
Circuit board preparation - masking, baking and other process steps.
BGA site preparation.
Solder mask breakdown - how to prevent it, how to fix it.
Basis Design Considerations
BGA removal and replacement process.
Inspection and interpreting x-ray results.
Equipment review


	Innovative Assemblers Inc.,

(Contract manufacturer)
	Innovative Assemblers Inc., 

15000 Bellaire Blvd., Suite S

Houston, TX 77083

Tel: 281 933 3295

Fax: 281 933 1058

e-mail: innovativeassy@sbcglobal.net
http://www.innovativeassemblers.com/services.html

	Services they Provide
Thru-Hole Assembly                  Surface Mount Assembly
Mixed Technology                     Complex Hand Soldering
Electro-Mechanical                    Cables                                    

ESD Compliant                           Conformal Coating 
Autocad                                       Repair/Rework

Gold-Flow GF-12A Reflow solder oven
APS Reflow oven

	SMT Unlimited

(Contract Manufacturer)
	SMT Unlimited 

47650 Westinghouse Drive Fremont, CA 94539

Tel: 510 659 9247

e-mail: sales@smtu.com
http://www.smtu.com/

	3 SRT Machines

· Quick turn, high volume, reliable custom PCBA repair process development that includes: 
   ---BGAs: TBGA, PBGA, CBGA, CCGA, CSPs 
   ---High pin count and density connectors 
   ---Fine Pitch ICs 
   ---Reballing: CSPs, PBGAs, CBGAs 
   ---PCB Trace-Cut & Rewiring 
      (Underneath the BGAs) 

SMT Unlimited will review every PCBA repair opportunity; develop and implement necessary custom repair processes including custom tooling, Thermal Profile, X-ray Laminography and Boundary-Scan Test. 



	CBT and Video for Electronics Assembly

(Rework Training)
	1 800 575 6004 in US

Canada: 514 425 5596

http://www.electronics.ca/cbt/index.html

	Rework
Through-Hole Rework
Introduction to Surface Mount Rework, Part I
Rework of Surface Mount Chip Components, Part II
Gull Wing Rework, Part III
Rework of J-Lead Components, Part IV
Surface Mount Rework Stations
Ball Grid Array Rework

	Electronic-Inspection.com
	http://electronic-inspection.com/lightmaster_pro.html
Light Master equipment
	Automatic Optical Inspection Equipment, BGA Lead Free Repair and Test Equipment for Printed Circuit Boards in Prototype, Production or Engineering Design. Equipment for Testing DDR Modules up to 400MHz speed configurations and Reverse Engineering systems for PCB's

Function:

A computer controlled Rework Station for Lead Free and Standard printed circuit boards with devices such as: CSP, BGA, Micro-BGA, Flip-Chips, 0201, QFP, PLCC, standard SMD and SMT Sockets and Connectors. The 400 Series uses a non-aggressive Focused Infra-Red Heating in desoldering and soldering for accurate removal and replacement of components with out disturbing other surrounding devices. 

Application:

The 400 Series is designed for the rework of boards in Engineering Prototype Design, Laboratories or Repair Operations. The system offers a distinct advantage where the location of the device to be replaced is adjacent to other high-density components and the use of forced air vibration would potentially disturb the nearby devices during the heating process. The computer-controlled equipment allows for removal and replacement of components with a single system without changing hot nozzle attachments. 



	Prime

(Rework Training Course)

Skills certification and practice tests
	1 800 442 4008

Dallas: 972 562 0170

Fax: 972 542 5844
	IPC 7721 Repair skills

IPC 7711 Rework skills

	Engineering Lab/Circuit Technology Center

Rework skills certification 
	Tel: 905 785 1982

Fax: 905 785 1981

http://www.engineeringlab.com/

	The CTC Rework Skills Certification Kit is supplied in an ESD safe case.

When the experienced soldering and rework operators and technicians at the clients organization need CTC Rework Skills Certification, one will really appreciate how much time and money this kit can save the client. Once the projects are finished, they are returned to Circuit Technology Center for evaluation and grading. Upon acceptance, the Operator who completed the projects will receive a CTC Rework Skills Certification for Operators.

The returned kit will be meticulously inspected by a Circuit Technology Center Instructor and will be graded in accordance with IPC-A-610 Acceptability Standards. Operators who successfully complete the sections within the kit will receive a certification as evidence of mastery of soldering techniques and can be used to demonstrate competency for ISO requirements.

	Versatile Subcontracting

(Contract Manufacturer)
	Versatile Subcontracting

33 Davison Road

Hennijer, NH 03242

Tel: 603 428 7362

Fax: 603 428 6403

http://www.versatilesubcontracting.com/index.htm

	Versatile Subcontracting is a company that you can call on to tackle your smaller, non-typical jobs, short runs, quick turns and rework of electronic or electro-mechanical assemblies. They can also help client get their product from prototype to production. 


	American Independent Electronics

(Contract Manufacturer)

Home of assembly rework
	American Independent Electronics

585 265 1220

Fax: 585 265 1220 (auto sensing)

Sales: roman@assemblyrework.com
http://www.assemblyrework.com/

	Servicing the Military, Telecom, Aerospace, Industrial, Automotive, Commercial, etc. business segments. 

AMERICAN INDEPENDENT ELECTRONICS was founded in 1987 by Roman Reimann to offer value added services not covered by an automation process. They also specialize in engineering, manufacturing, field, vendor, customer and drawing changes. If a company needing short-term excess capacity by dropping off your components or us supplying them for hand stuffing, semi-automation or modification and finished products in a few days, they may be your answer. They can also do rework and repair facility as the opportunity arises. 

	KL Electronics Inc., 

(Contract Manfacturer)
	KL Electronics Inc., 

3942 W. Segerstrom Avenue

Santa Ana CA 92704 USA

Tel: 714 751 5611

Fax: 714 751 3711

sales@klelectronics.com

	Comprehensive Solutions
KL offers solution from prototyping to manufacturing and repair. Our core services provide customers with needed resources and technology to bring products to maturity. Our commitment allows KL to provide high levels of continuity, quality and value. KL’s turnkey approach allows customers to tap into a lower cost solution with unmatched manufacturing performance.

KL Services
PCB Assembly 

Surface Mount Assembly 

Thru-Hole Assembly 

Mixed Assembly 

System Assembly 

Backplane Assembly 

Cable Assembly 

Box Build 

Prototype 

Turnkey Capability 

PCB Fabrication 

SMT Stencil 

PCB Level Rework 



	SenDec Corporation

(Contract Manufacturer)
	SenDEC Corporation
151 Perinton Parkway
Fairport, NY 14450

585-425-2210   Sales and Marketing
585-425-3390   Main Line
585-425-3392   Fax

Sales & Marketing email
sales@sendec.com

http://www.sendec.com/home.htm
http://www.sendec.com/rework_reengineering.htm

	Rework / Re-engineering
A very important part of SenDEC's business is helping companies correct assembly problems or upgrade the revision of existing assemblies. 

SenDEC utilizes semi-automated equipment with vision from SRT to accurately remove and replace components



	Manufacturing Support Services, Inc., 

(Contract Manufacturer)
	MSS/Manufacturing Support Services, Inc.
6244 South Arabian Drive
Hereford, AZ 85615
Phone: 520-803-1377
Fax: 520-803-1388
E-mail: 
larry@mssmanufacturing.com
http://www.mssmanufacturing.com/index.html

	MSS / Servicios de Fabricacion specializes in assembly, repair and/or rework of electronic assemblies.



	Carolina Electronic Assemblers, Inc., 
	Carolina Electronic Assemblers, Inc.,

3310 Highway 70 West

Smithfiel, NC 27577

Tel: 919 938 1086

Tel: 877 871 8266

Fax: 919 934 0896

http://www.ceamanufacturing.com/services.html
http://www.ceamanufacturing.com/facility.html
	When client chooses Carolina Electronic Assemblers, Inc. (CEA) as the client’s contract manufacturer, client will save costly capital investments, technical enhancements and labor costs. Working with the client from the initial design and engineering through production helps avoid the potential for costly delays and unforeseen design changes that might otherwise occur further into the manufacturing process. Client also benefit from their creative solutions and suggestions, which could mean additional savings and better product performance.

Re-Work

SRT Re-Work Station 

Metcal Re-Work Station 

Pace Re-Work Station 

Hakko Through Hole Re-Work 



	Rising Technologies, Inc.,

(Contract manufacturer)
	Rising Technologies, Inc.,

3112 North 80th Street

Milwaukee, WI 53222

Tel: 414 507 0507

Fax: 509 562 3484

e-amil: sales@risingtechnologies.net
http://www.risingtechnologies.net/assembly.html
http://www.risingtechnologies.net/index.html

	Sometimes customer needs change and your assemblies require updating. Whether they built them or not, they can offer client fast, quality rework services on client products. RTI maintains a rework station for both Thru-Hole and SMT boards, allowing them to be proficient at this often hard to accomplish task. 

Medium Volume Electronic Contract Manufacturing
- Low Volume Electronic Assembly Services
- Thru-Hole Assemblies
- SMT Assemblies
- Cable Assemblies
- Turnkey Or Kitted
- Final Product Assembly
- Rework Services Available



	Alliance Group Technologies Co.

(Contract Manufacturer)

	Alliance Group Technologies Co.
Attn: Sales Manager
1201 North Flyer Street
Peru, Indiana 46970
Phone: (765) 689-1000
Fax: (765) 689-0781
e-mail: sales@alliancegroup-inc.com
http://www.alliancegroup-inc.com/engineering_services.html

	Value Added Services
Printed Circuit Board Layout and Design

Printed Circuit Board Assembly

SMD Assembly and Rework

Electronic Box Builds

Custom Cable and Harness Assembly

CIRCUIT BOARD REWORK - No matter how much we refine our process to a given job, there may be a small number of circuit boards that will be rejected. This is especially true on large volume circuit board jobs that have BGA SMD's or other devices with hidden connections. When a defective BGA or fine pitch SMD is discovered, we have semi-automatic rework equipment that enables the replacement of such components without damaging the printed circuit board.


	CONCISYS Incorporated

(Contract Manufacturer)
	CONCISYS Incorporated

Tel: 858 693 6870

Fax: 858 693 6871

E-mail: csi@concisys.com
http://www.concisys.com/equipment.html

	From immediate prototype turnaround to mass production, they are committed to helping the clients benefit from the competitive advantages of outsourcing their electronics manufacturing to their professionals. Whether prototyping of one unit or thousands of production boards, they have the capability to provide full turnkey solutions or 100% consignment services at a competitive price. 

Capabilities

· Automated SMT Assembly 

· Ultra Fine Pitch (Assembly and Rework) 

· BGA and Micro BGA (Assembly, Rework and X-Ray) 

· Thru-Hole Technology Assembly 

· Cable and Harness Fabrication 

· Mechanical Assembly 

· Final Packaging 

· Box Build

· Functional Testing 

· PCB Layout Engineering 

Rework and Manual Soldering

 

METCAL PS2E-01 Soldering Station

METCAL MX-500P-11 Rework Station

16' Assembly work bench



	DALUS

(Rework Training)
	DALUS is located in the metropolitan area of Monterrey, Mexico:
Av. Kalos No. 117
Centro de Negocios Kalos Apodaca
Apodaca, N.L.
66600 Mexico
Tel: +52 (81) 83861717 Fax: +52 (81) 83864780
e-mail: info@dalus.com
http://www.dalus.com/englishversion/programs_electronics_ipc.html

	COURSE: IPC 7711 / 7721 Rework, Repair and Modification (Printed Boards and Electronic Assemblies) *

This program teaches industry-approved techniques on through hole and surface mount rework, land, conductor and laminate repair. Companies participating in IPC's Rework, Repair and Modification Program send candidates to Approved IPC- 7711 / 7721 Training Centers for forty hours of intensive, hands-on instruction. Candidates who pass 
the classroom exam and skills demonstrations are recognized by IPC as "Registered Instructors," and leave with a lesson plan, visuals and materials for training operators on up to nine different assembly rework and repair modules.  The training covers common rework and repair techniques, product classifications, skill levels, tools and materials.
DURATION: 40 hours approximately.
TOPICS:
- Product classifications, skill levels, tools and materials 
- Basic surface mount and through hole component removal 
- Land preparation and component installation 
- Primary heating methods: conductive, convective, etc. 
- Handling electronic assemblies 
- Wire splicing procedures 
- Through hole component removal and installation 
- Chip and MELF rework procedures 
- SOIC/SOT, J-lead and QFP rework 
- Printed wiring board circuit and laminate repair 
- Conformal coating removal 

MATERIALS:
- A copy of IPC-7711: Rework of Electronic Assemblies and IPC-7721: Repair and Modification of Printed Boards and Electronic Assemblies. 
- Student handbook for instructor course. 
- Operator Proficiency training instructor guide 
- Full set of color visuals on CD-ROM 
- Open book exams on "Common Procedures" 
- An IPC Certificate of Completion 
- Operator Proficiency course forms 
- A copy of the IPC-RM-77 Reference Manual for Performing Rework and Repair in Accordance with IPC-7711 and IPC-7721.

RE- CERTIFICATION: DALUS offers Re- Certification courses. Duration is 2 days..

	Carolina Mech-Tech Services

(Contract Manufacturer)
	Electronic Engineering & PCB Support

101 Cedarwood Drive Louisburg, NC 27549
Telephone 919-496-7747  Fax 919-496-7999

E-mail: info@carolinamechtech.com
http://carolinamechtech.com/Rework_/rework_.html

	WE SUPPORT REWORK - MODIFICATIONS - REPAIR:

Rework is often required for products, which are in need of upgrades, revisions or repair.  The specifics of the rework or repair needed, varies from one PCB to another.  Rework to be performed is on a PCB that has already withstood high levels of heat during the manufacturing process.  In order to rework a PCB successfully, without damaging the parts, traces and pads, one has to be knowledgeable and skilled to perform the needed tasks.  The rework must be performed correctly and should not exhibit obvious signs of the rework itself.  Rework typically needed, is such that it cannot be automated.  We possess the manual finesse necessary to accommodate these needs.  Our view is, "Not everyone that can color is an artist, and everyone that can hold a soldering iron is not an expert".  We are not a board house, and do not specialize in automation – We specialize in the un-automated.  Rework or modifications, which cannot be provided by automation, require superior PCB application skills.  We posses the level of expertise required to support smt and leaded rework requirements.  This includes the removal and replacement of leaded parts and surface mount devices - from standard pitch to fine pitch, trace deletes and hardwiring (jumpering) for point-to-point contacts.  We have also provided irregular forms of rework such as placing parts whose dimensions are larger than the part layout (footprint) - as well as modifying leaded parts to accommodate surface mount layouts.  Each rework task is exclusive and requires a different series of changes.  At this time, the only level of rework we are not capable of fulfilling are BGA related needs.  Aside from this, the typical rule of thumb has been, if it cannot be automated, we can execute and fulfill the need.   

	EPTAC Corporation

(Training ..)
	EPTAC Corporation
Corporate Training Center
Longfellow Square, Building II
8025 South Willow Street, Unit 207
Manchester, NH 03103
USA
Phone: 800-643-7822
Fax: 603-296-2377

http://www.eptac.com/instruct771121.html

	IPC's 7711/7721 Rework & Repair Registered Instructor Training & Certification Program

Course Description
As IPC's most comprehensive hands-on training program, approximately 80% of the course is taught through lab work. IPC's Rework, Repair and Modification Training and Certification Program using IPC-7711 and IPC-7721 is the first formal training program specifically designed for component rework and bare board repair. 

As part of the certification requirements, students will be expected to demonstrate techniques presented in class and must score an 80% on the final examination. 

This five day IPC Certification will have immediate legitimacy throughout the industry, and can greatly assist any quality initiative.

Who Should Become an IPC Registered Instructor
This is an advanced course. Anyone responsible for quality and reliability of reworked or repaired electronic assemblies should become a Certified Instructor - including trainers, quality supervisors, engineers and manufacturing supervisors with assembly responsibilities.

What an IPC Registered Instructor Receives
Everyone who successfully completes the Certification and examination will receive the following materials:

· A Registered Instructor Student Handbook 

· IPC-7711 and IPC-7721 

· Supplementary Resource Book 

· Artwork and parts list for workmanship board 

· An Instructor Guide with open and closed book exams for operator proficiency training modules 

· A CD of Course Visuals 

· Operator proficiency class forms and equipment list 

· An IPC Certificate of Training 

Prerequisites
IPC's Rework, Repair and Modification Training and Certification Program is an advanced hands-on course that requires ample soldering skills. Candidates should have substantial soldering/electronics assembly experience, and should possess adequate soldering ability.



	Circuit Technology Incorporated

(Training courses offered by CTI)
	Circuit Technology Incorporated

340 Raleigh Street, Holly Springs, NC 27540

919 552 3434

Fax: 919 552 2772

ctisales@smt-network.com
http://www.smt-network.com/cti
http://www.smt-network.com/cti/news.htm

	CTI Combo-Technology Rework Certification
The Combo-Technology Rework Certification is a comprehensive 5-day course designed for the beginner.  It will instruct the student on protection of electronic circuitry from the hazards of ESD (Electrostatic Discharge), basic component identification, and workmanship standards.  This is a hands-on course that will teach the candidates basic skills in PTH (pin-thru-hole) and SMT (surface mount technology) installation and removal using state of the art workstations.  The course is structured to be in accordance with IPC-A-610 and IPC 7711.

CTI Surface Mount Rework Certification    
The Surface Mount Rework Certification is a 3-day course designed for personnel who have some experience in surface mount installation and removal that desire to refine their skills.  The course includes installation and removal of common chip style components (1206, 0805, 0603, 0402, MELF’s, Tantalum Caps), SOT’s and SOIC’s (Small Outline Transistors and Small Outline Integrated Circuits), PLCC’s (Plastic Leaded Chip Carriers), PLCC sockets, QFP’s (Quad Flat Packs) down to 15 mil pitch, and TSOP’s (Thin Small Outline Packages). The student will install and remove components using both conductive and convective techniques.  The course is structured to be in accordance with IPC-A-610 and IPC 7711. 

CTI Board Level Repair    
The Board Level Repair Certification is a 3-day course that explores the various techniques to repair damaged circuit boards.  The student will repair damaged plated thru holes by installing appropriately sized swaged eyelets and reestablishing the electrical interconnections.  The student will also repair burned and damaged laminate material by excavating the area, performing an undercut for maximum strength after repair, and complete the repair by adding 2 part epoxy to the damaged area.  The course also explains the use of coloring agents to make the repair appear “equal to new”.  Lastly, the candidate will repair damaged surface mount pads/lands and traces using thermo-bond methodology.  The course is structured to be in accordance with IPC 7721. 

IPC 7711 Modules 1 thru 6 Application Specialist Certification  
This course recognizes the successful candidate with an official IPC certification in Rework of electronic assemblies.  The 5-day course utilizes lecture and practical application to convey the rework criteria in Modules 1 through 6 of IPC 7711.  The modules include common procedures, wire splicing, through hole rework, SMT chip style component rework, SOT and SOIC rework, and QFP and PLCC rework.  This course is intended for beginners that require IPC certification for their specific career path.  The successful candidate will receive an IPC certification valid for 2 years.

IPC 7711 & 7721 Rework, Repair, & Modification Certified IPC Trainer Certification
This 5-day class is designed for experienced personnel who wish to become Certified IPC Trainers.  This is IPC’s most comprehensive hands-on training program where students are evaluated on both lab and course work.  Upon completion the students will know the technical guidelines of IPC 7711/7721 and will have demonstrated the proficiency necessary to perform rework, repair, and modification of printed circuit boards at the expert level.  Certified IPC Trainers are formally recognized and certified by IPC and given the instructional materials required to conduct modularized operator training and certification.  Prospective students should have advanced level experience in rework and repair as well as a desire to become training centers of competence within their organization. 

Lead Free Rework 

This is a two-day (16 hour) class designed to educate the student on the intricacies of today’s lead free alloys and their use in the automated and rework/repair environment.  The class will also introduce the student to lead free, hands-on,  pin-thru-hole and surface mount rework.  Topics covered include Discussion of traditional Tin/Lead solder alloy ( Composition, Melting Point,  Eutectic vs. non-eutectic tin/lead alloys),  Traditional reflow characteristics of Tin/Lead (Time/Temperature Profile w/different flux constituents), Different lead free alloys (  Composition, Melting Points, Solder joint considerations w/lead free),  Lead free fluxes (Differences between tin/lead and lead free fluxes), Lead free residue cleaning (Differences between tin/lead and lead free fluxes), Inspection and workmanship standards, Converting traditional processes to lead free, Time/Temperature Profile development, Soldering in Nitrogen versus Air atmosphere, Problematic issues associated with lead free conversion,  Hands-on soldering, rework inspection and cleaning of PCB’s using lead free alloys and fluxes, Selected SMT & PTH device installation and removals (conductive and convective) including chip components, SOT’s, SOIC’s, QFP’s, and PLCC’s and various PTH components, .along with questions and answer sessions and evaluation of your circuit boards as time permits.

Advanced BGA, CSP, µBGA Rework Certification  
This 3-day course is designed to refine the student’s skills in the installation and removal of complex surface mount devices. Students will be introduced to the PACE TF-3000 or the Air-Vac DRS-24 Surface Mount Rework System then will experiment with attaching thermocouples to devices and boards to capture a real-time image of their thermal characteristics and use that information to create the correct profile for removals and replacements.  The student will also use an X-Ray inspection system to inspect and characterize defects associated with leadless devices



	Proxy Manufacturing, Inc Assembly

(Contract manufacturer)
	Proxy Manufacturing, Inc

55 Chase Street, Methuen, MA 01844 

Telephone: 978 687-3138 

Fax: 978 794-8635 

Email: info@proxyinc.com 

http://www.proxyinc.com/contact_us.html

	Proxy Manufacturing Assembly: Proxy Manufacturing, Inc. is a contract manufacturer of electronic assemblies and sub-assemblies including plated through-hole, surface mount, mixed technology, repair, rework, sub-assembly, box build, prototype and test.

PCB Assembly Rework: Proxy also performs rework on your PCB assemblies such as ECO wiring, component and/or revision changes. We can also remove valuable devices from obsolete or scrap boards. We utilize our SRT hot air rework station with vision and temperature profiling for sensitive SMT devices as standard procedure.



	VJ ElectroniX

(Equipment manufacturer)
	VJ ElectroniX

HQ Address
89 Carlough Road, Bohemia, NY 11716 USA
Phone: 631-589-8800
Toll Free: 800-VJT-XRAY (898-9729)
Fax: 631-589-8992

http://vjelectronix.com/vjebeta/alltechnologies.asp

	VJ ElectroniX utilizes its technical expertise and visionary product development team to manufacture state-of-the-art x-ray inspection and Rework systems. VJ ElectroniX acquired Teradyne's manual x-ray inspection (MXI) systems and the SRT rework systems, which are part of the former NIS business. The x-ray division offers manual and semi automated x-ray inspection systems and the Rework division manufactures semi automated and automated rework stations suited for mBGA, CSP and Flip-Chip component technologies.

Summit 750: Semiautomated system for BGA and QFP.

Summit 1100R: High resolution semi-automated rework system for BGA, CSP, flip-chip, and SMD.

Summit 1100: Semi-automated rework system for BGA, CSP, flip-chip, and SMD.

Summit 110LX: Semi-automated rework system for BGA, CSP, flip-chip, SMD, boards, and assemblies.

Summit  2100S: High resolution rework system

Summit 2100RS: Automated rework system for BGA, CSP, and QFPs.  




Note 1: Four key words interrelated are, Repair, Rework, Quality, and Reliability (please see bibliography)

Note 2: Training courses in rework area

IPC-7711: Rework of electronic assemblies (A standard developed by the institute for interconnecting and packaging electronic circuits. (Change 1, Feb 2002)

IPC-7721, Change 2 (April 2001): Repair and Modification of printed boards and electronic assemblies.

(oC)
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