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User Guide:  TA1004 – Hand Soldering Procedure

Purpose:

This procedure provides a general Hand Soldering workmanship standard for all PCB Production Operations. When required by Customer contracts and for certain applications, Production Technicians may need to be certified to an approved Hand Soldering standard (e.g., ANSI J-STD-001).
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1) Safety

a) Molten solder and flux are extremely hot and can splash like any liquid.  Caution must be used to avoid contact with skin.
b) Soldering irons operate at high temperatures and can easily burn people or objects.  Do not touch the tip and/or heater at any time while the unit is on, and keep it at a safe distance from flammable materials.  It is recommended to allow sufficient time for soldering iron to cool before changing tips or servicing the unit.

c) Do not inhale solder fumes.  It is recommended to use an exhaust fan to draw fumes away from Technician.
d) Report all accidents to the appropriate Production Supervisor.

2) Standard Controls
a) Preparation for Soldering

i) Select the proper soldering tip for the application.
ii) Select the proper soldering temperature.  The recommended temperature setting is dependent on what type of solder is being used and which components are being soldered. High-temp, lead free solders and components having a large mass area (e.g., spot welded ground tab on base) will require a higher temperature setting. The minimum soldering temperature is achieved when the tip of the iron can heat the solder to a liquefied state.
NOTE: When using higher temperatures, oxidation can form on the iron tip, causing the solder to be repelled by the tip’s surface.
iii) Turn on soldering iron and allow it to reach the selected temperature.  Adjust soldering temperature to achieve the minimum temperature needed to for the solder to melt and flow smoothly.  A good rule of thumb is to use as low a temperature as possible to achieve a good joint within 1 to 2 seconds after applying heat to the joint.  The soldering temperature should not exceed 800 degrees F unless approved by Engineering.  

iv) Clean the soldering iron tip using TA1004-001 Hand Soldering Approved Equipment List (a clean tip, free of oxidation and/or debris, promotes heat transfer) as follows:

.

(1) Wipe tip on solder tip cleaning equipment (ex. sponge or brass, Inox scrub pad).

(a) Repeat as needed to obtain a clean, shiny tip surface.  Wipe quickly to avoid removing too much heat.
(b) Clean tip between (before) each solder operation to maintain a clean tip.
(c)   Replace overly contaminated cleaning equipment.
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“Wet” tip with solder – just enough for a very thin coating (the flux cleans the tip and the solder protects it).

v) Properly maintain solder tips.

(1) Clean and tin new solder iron tips prior to use.

(2) Tip modification is not permitted on any solder tip. 

(3) To prevent tip oxidation, apply solder to the iron tip and turn iron off if it will not be in use for more than 30 minutes (clean and tin before de-energizing).

(4) Clean tip between each solder operation (tin before placing in holder).   If a tip cannot be cleaned, replace it.  Do not scrape or file tips.

(5) When changing solder tips: tin the solder tip with the new solder, wipe tip on cleaning equipment and then tin again with the new solder.  Repeat as needed.
(6) Lead free solder tip cleaner can be used to prevent oxidation and extend tip life when using high temperature solder or increased tip temperatures.
NOTE:  Tip cleaner used with solder containing lead must be kept separate from Tip Cleaner used with RoHS solder.  Tip cleaner used with RoHS solder must be labeled with a green RoHS label.
vi) Prepare for soldering:
(1) Follow applicable cleaning and preparation procedures as specified in assembly instructions.

(2) Tin wires according to the TA1083 Tinning Procedure.
(3) Strip wires according to the TA1062 Wire Stripping Procedure.
b) Flux and Solder

i) Flux has a shelf-life limit maintained through Process Map TA21.

ii) RA flux is more active and is not normally recommended for use in PCB Production.  RMA flux, which is less active and cleans more readily from solder applications, is the preferred flux type.  Unless otherwise specified in the assembly documentation, RMA flux and RMA solder are to be used.
iii) All solder rolls are to be properly labeled with either the original manufacturer’s label or with a label identifying the type of solder.
iv) No-Clean or High Temperature solder is to be used only when specified in the product assembly documentation.
v) Clean all solder connections, per TA1061, unless cleaning is not required as defined in the assembly instructions for the product.
3) Processes

Process A  Standard Solder w/RMA Flux
Guidelines:
Use this process for the following:

· Board Assemblies

· Wire Leads & Components 

· Surface Mount

· Thru-hole

· Soldering to Amplifiers

· Splicing Wires

Recommended temperature range 575° to 700°
Do NOT use this process to solder anything that requires high-temperature, RoHS or No-Clean solder.
Special Controls:  None required
Procedure:

Apply solder in accordance with the appropriate technique for the assembly. See Process Techniques.

Process B  RoHS Solder w/RA Flux
Guidelines:
Use this process in the following applications where RoHS solder is required:

· Board Assemblies
· Wire Leads & Components 

· Surface Mount

· Thru-hole

· Soldering to Amplifiers

· Splicing Wires

Recommended temperature range 650° to 800°
Do NOT use this process unless RoHS solder is specified on the Router/BOM or Assembly Procedure.
Special Controls:

a) Control of Soldering Equipment:

· Equipment that comes in direct contact with RoHS solder must be identified and segregated from non-RoHS soldering equipment and supplies.
· Department Supervisors are responsible for supplying Lead Free solder equipment.
· The solder, solder iron with tip, holder and sponge must be identified with a green color coded label.  The designated solder equipment with a green identification label must NOT be switched back to standard Lead type of solder, under any circumstance.
· Equipment that does not come in direct contact with RoHS solder, for example a solder temperature controller, does not need to be segregated and can be used for standard or Lead Free solder irons.
b) When using Lead Free solder, a higher iron temperature range is needed.

c) Use RoHS solder and RA flux unless another solder or flux is called for in the assembly documentation.
d) The flux used for Lead Free soldering is usually more aggressive than traditional flux, and MUST be removed as soon as possible, whenever a few joints in one area are finished. Use a brush with solvent to pre-clean each area very well. This will enable inspection prior to final cleaning. NEVER leave flux on the solder joints overnight–contamination and corrosion will occur.
Procedure: 
Apply solder in accordance with the appropriate technique for the assembly. See Process Techniques.

Process C  High-Temperature Solder w/RMA Flux
Guidelines:
Use this process in the following applications where High-Temperature solder is required:

· Soldering Connector leads

· Soldering near weld areas

· Soldering to Amplifiers

· Splicing Wires
Recommended temperature range 700° to 800°
Do NOT use this process unless High-Temperature solder is specified on the Router/BOM or Assembly Procedure.

Special Controls:

a) When using High-Temperature Solder a devoted and identified High-Temperature solder tips must be used. 
b) When using High-Temperature Solder a higher iron temperature range is needed.

c) Use High-Temperature solder and RMA flux unless another solder or flux is called for in the assembly documentation.
d) High- Temperature, Lead Free solders and components having a larger mass area (e.g., spot welded ground tab on base) will require a higher temperature setting.

NOTE: When using higher temperatures, oxidation can form on the iron tip, causing the solder to be repelled by the tip’s surface.  Always keep solder on the iron tip even when not in use.
Procedure:

Apply solder in accordance with the appropriate technique for the assembly. See Process Techniques.

Process Techniques

Process 1: Transfer Solder Technique

a) Take special care when wiring small delicate components (e.g., Q-amps, chip resistors, capacitors, etc.).

b) For stripped multi-strand wire and bondable terminals, tin component wire leads and ground tabs before soldering only where the connection is to be made. Tinning for other applications is optional if required to obtain proper wetting of solder.
c) Apply solder directly from the tip of the iron as follows:

i) Place leads according to sensor assembly procedure.

ii) Apply flux to the connection: An oiler must be used when applying flux to small solder connections. Use only a minimal amount of flux to create a solder connection (ex. when soldering to amplifier and element connections). This can be controlled by applying flux using an oiler. When larger amounts of flux are needed for soldering a larger connection (ex. solder cups used in cables) a bottle may be used to apply flux. Make sure proper cleaning methods are used to remove flux migration around the solder connection.    
iii) Wipe off tip of iron on cleaning equipment.

iv) Apply small amount of solder onto the iron tip.

v) Apply iron with solder on tip to connection.

vi) If more solder is required, allow the connection to cool completely before applying more solder.  Apply more flux before adding solder.  Avoid repeated soldering (heating and cooling) to minimize the possibility of solder joint defects.

NOTE:  If after soldering, the outline of all parts are not visible ( too much solder),  it should be removed by adding more flux and taking a non-wetted solder iron tip or solder wicking braid to remove the excess solder.
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Figure 4: Solder blends to the 

soldered surface, forming a small 

contact angle.

 

Process 2: Heat Bridge Solder Technique

a) Apply flux to connection if necessary.

b) Wipe off tip of iron on sponge.

c) Apply a small amount of solder onto the iron tip if necessary.

d) Place the soldering iron tip in contact with both components.  Heat the components just enough to melt solder in order to avoid damaging sensitive components and to avoid delaminating PCB traces.
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Touch solder to the area and allow solder to flow freely around the lead and to cover the solder pad.  Apply a minimal amount of solder (only enough solder to cover the joint and to form a smooth fillet).

f) Remove the iron after the solder has flowed properly and wetted all surfaces.  Hold components in place until the solder has hardened (up to several seconds, depending on the component size).

NOTE:  If too much solder is present, it should be removed by adding more flux and taking a non-wetted solder iron tip or other solder removal equipment to remove the excess solder.

4) Hand-Soldering and ANSI J-STD-001 Certification

Requirements outlined in this procedure define the proper hand soldering techniques and instructions for PCB Hand Soldering Processes.  These processes may reflect best practices required by the ANSI J-STD-001 specification.  
Production Managers will determine which Technicians need to be trained and certified to the ANSI J-STD-001 standard.  Training will be performed by Certified IPC Trainers (CIT) and records of training maintained by the Human Resources department.  Technician certification is valid for two years.

When required by customer contract, technicians properly certified to specification ANSI J-STD-001 shall be utilized.  The Production Manager will consult with Human Resources or the Training Coordinator to determine which Technicians have a current certification.
Components assembled on printed circuit boards will be soldered according to ANSI-J-STD-001 and must meet the IPC610 standard for acceptability.  Technicians assembling components onto printed circuit boards must be trained to these standards.

5) Soldering Quality Requirements

Inspect completed solder joints at 10X magnification using the following inspection criteria:
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Qualities of good solder joints:

i) Shiny surface.

ii) Concaved, smooth fillet.

iii) Outline of parts visible. 

b) Qualities of bad solder joints:

i) Dull, disturbed, or crystallized surfaces.  This condition is an indicator of the application of too much heat, too little heat, or from moving the components after the soldering iron has been removed but before the solder has hardened.

ii) Voids, resulting from incomplete surface wetting, allow air to contact with the connecting metals causing oxidation.
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Contamination.  Black spots “floating” in the solder fillet usually resulting from overheated (burnt) insulation.

iv) A malformed fillet can occur if one or both of the components are not sufficiently heated or if too much solder is applied.

v) Not enough solder.

c) Remove bad solder joints before applying more solder using:

i) Solder wick

ii) A solder removal tool (solder “sucker)

d) Refer to the Visual Inspection Master for Soldering (QA131) for additional examples of acceptable and nonconforming solder joints.
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