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PRINTED CIRCUIT BOARD FABRICATION SPECIFICATION

1.0
PURPOSE

This specification establishes the Larson Davis (LD) requirements for printed circuit board (Circuit Board) fabrication.

2.0
APPLICABLE DOCUMENTS

The following documents will form a part of this specification to the extent specified herein:

2.1
IPC  (High reliability circuit boards)

	IPC-D-300
	Standard tolerances for printed boards

	IPC-A-600
	Acceptability of printed boards

	IPC-SM-840
	Solder mask for circuit board’s

	IPC-6011
	Generic Performance specifications for printed boards

	IPC-6012
	Qualifications and Performance specification for Rigid printed boards

	
	


2.2
UL

	UL94
	Test for flammability of plastic materials for parts in device and appliances


	UL796
	Printed wiring boards



2.3
RoHS
Restriction of Hazardous Substances 




Directive 2011/65/EU and any newer versions
3.0
PRECEDENCE

The following order of precedence shall apply:

1-
Larson Davis Printed Circuit Board fabrication documentation

2-
This Specification.

3-
Reference Documents as listed

4-
ISO 9000 Quality System

4.0
Definitions
Annular Ring:   The conductive foil and plating surrounding a hole

Artwork Master:  An accurately-scaled (usually 1:1) pattern which is used to produce the production master.

Aspect Ratio:  The ratio of the circuit board thickness to the smallest hole diameter.

B-Stage Material:  Sheet material impregnated with a resin cured to an intermediate stage (B-stage resin). Pre-preg is the preferred term.

Barrel:  The cylinder formed by plating a drilled hole.

Base Laminate:  The substrate material upon which the conductive pattern may be formed. The base material may be rigid or flexible.

Blister:  A localized swelling and separation between any of the layers of a laminated base material, or between base material and conductive foil. It is a form a delamination.

Blow Hole:  A void caused by out-gassing.

Bottom Side:  Also referred to as secondary side

C-Stage:  The condition of a polymer when it is in the solid state, with high molecular weight, being insoluble and infusible.
Chamfer:  A corner which has been rounded to eliminate an otherwise sharp edge.

Clearance Hole:  A hole in the conductive pattern larger than, but concentric with, a hole in the printed board base material.
Component Hole:  A hole used for the attachment and electrical connection of component termination's, including pins and wires, to the printed circuit board.

Component Side:  Also referred to as the Primary Side. 
Conductor:  Any circuit path in the board surface that conducts a signal, power or ground.

Conductor Width:  The observable width of the pertinent conductor at any point chosen at random on the printed circuit board.

Congruity:  The superimposition of land centers upon hole centers.
Datum Reference:  A defined point, line or plane used to locate the pattern or layer for manufacturing, inspection or for both purposes.

Delamination:  A separation between any of the layers of a base material or between the laminate and the conductive foil, or both.

Dewetting:  A condition which occurs when molten solder has coated a surface and then recedes, leaving irregularly shaped globules of solder separated by areas covered with a thin solder film; base metal is not exposed.

Dielectric:  An insulating medium which occupies the region between two conductors.
Dry-Film Resists:  Coating material in the form of laminated photosensitive sheets specifically designed for use in the manufacture of printed circuit boards

Electroless Deposition:  The deposition of conductive material from an auto-catalytic reduction of a metal ion on certain catalytic surfaces.
Electroplating:  The electro-deposition of a metal coating on a conductive object. The object to be plated is placed in an electrolyte and connected to one terminal of a DC voltage source. The metal to be deposited is similarly immersed and connected to the other terminal. Ions of the metal provide transfer of metal as they make up the current flow between the electrodes.
Epoxy Smear:  Epoxy resin which has been deposited onto the surface or edges of the conductive pattern during drilling. Also called Resin Smear.

Etch Factor:  The ratio of the depth of etch (conductor thickness) to the amount of lateral etch (undercut).

Etchback:  The controlled removal of all components of base material by a chemical process on the sidewall of holes in order to expose additional internal conductor areas.

Fine Pitch Parts:  IC's or other components having a center-to-center lead spacing (pitch) of less that 0.030" inches.

Flash Gold Plating:  Used to assure flatness of fine-pitch SMT pads, typically 5-10 ( inches of gold over a 150 ( inch base of nickel.  (Process has several names)

Ground Plane:  A conductor layer, or portion of a conductor layer, used as a common reference point for circuit returns, shielding or heat sinking.

Hole Void:  A void in the metallic deposit of a plated-through hole exposing the base material.

Internal Layer:  A conductive pattern which is contained entirely within a multi-layer printed circuit board.

Laminate:  A product made by bonding together two or more layers of material.
Land:  A portion of a conductive pattern, usually, but not exclusively, used for the connection and/or attachment of components. Also called Pad, Boss, Terminal area, Tab, Spot or Donut.

Lay-up:  The technique of registering and stacking layers of multi-layer board materials (laminate and pre-preg) in preparation for the laminating cycle.
LD:  Larson Davis a division of PCB Piezotronics, Inc.

Legend:  A format of lettering or symbols on the printed board; e.g., part number, component locations and patterns.

Mask:  A material applied to enable selective etching, plating or the application of solder to a printed circuit board.

Measling:  A condition existing in the base laminate in the form of discrete white spots or “crosses” below the surface of the base laminate, reflecting a separation of fibers in the glass cloth at the weave intersection.
Micro-sectioning:  The preparation of a specimen for the microscopic examination of the material to be examined, usually by cutting out a cross-section, followed by encapsulation, polishing, etching, staining, etc.

Mis-Registration:  The lack of dimensional conformity between successively produced features or patterns.

Panel Plating:  The plating of the surface of a panel (including holes).

Pattern Plating:  Selective plating of a conductive pattern.
Peel Strength:  The force per unit width required to peel the conductor or foil from the base material.

Pinhole:  A minute hole through a layer or pattern.
Primary Side:  That side of the printed circuit board on which most of the components will be mounted (on a leaded assembly). In multi-layer boards it is also referred to as layer 1. Also known as the component side.

Printed Circuit Board:  A board of insulating material with etched conductors on the outside and/or inside.

Plated -Through Hole (PTH):  A hole with the deposition of metal (usually copper) on its sides to provide electrical connections between conductive patterns at the levels of a printed circuit board.

Reflow:  The melting of an electro-deposit followed by solidification. The surface has the appearance and physical characteristics of being hot-dipped.

Screen Printing:  A process for transferring an image to a surface by forcing suitable media through a screen with a squeegee. Also called Silk Screening.

Secondary Side:  That side of the printed circuit board which directly interfaces with the solder wave. In multi-layer boards the side farthest away from layer 1. Also known as the Solder Side.

Solder Leveling:  The process of dipping printed circuit boards into hot liquids, or exposing them to liquid waves to achieve fusion.

Solder Side:  See Secondary Side.

Starvation, Resin:  A deficiency of resin in base material which is apparent after lamination by the presence of weave texture, low gloss or dry spots.

Step-And-Repeat:  A method by which successive exposures of a single image are made to produce a Multi-Image Production Master.

SMT:  Surface Mount Technology.  Method of attaching components to surface pads instead of in holes drilled through the board.

Test Coupon:  A portion of a printed circuit board or of a panel containing printed circuit coupons, used to determine the acceptability of such boards.

Tooling Holes:  The general term for holes placed on a printed circuit board, or a panel, for registration and hold-down purposes during the manufacturing process.

Top Side:  See Primary Side.

Undercut:  The reduction of conductor cross-section on a printed circuit board caused by etchant removal of conductive metal under the edge of the resist.

Via Hole:  A plated-through hole used as a through connection, but in which there is no intention to insert a component lead or other reinforcing material.

Void:  The absence of substance in a localized region.

Weave Exposure:  A surface condition of base material in which the unbroken fibers of woven glass cloth are not completely covered by resin.

5.0
GENERAL WORKMANSHIP

5.1
Workmanship/Acceptability

Workmanship/Acceptability shall be based on IPC A-600, Class III (High Reliability).

5.2
General Appearance

The circuit board shall be free from tarnish, stains or chemical deposits. The circuit board will also be free of rough or jagged edges.

5.3
Artwork

An actual size (1:1) artwork master or Gerber file (RS274 or RS274X) data will be supplied by LD.

5.3.1
Supplied Film
Care shall be taken to prevent damage to the artwork. Each sheet of artwork shall be inserted into an envelope or carton with the emulsion side facing a sheet of non-scratching, lint free paper. Also cardboard must be on each side of the inside of the envelope for stiffness.

In the event the supplied master artwork has minor flaws such as spots in the conductor pattern or pin holes in the background, it is the suppliers responsibility to perform touch-up work as necessary to eliminate said flaws.

Note:

The artwork may not be modified or altered beyond previously stated repairs without first notifying LD and receiving approval in writing.

All artwork is provided as seen through the top of the board (X-ray vision). (Bottom is wrong reading).

5.3.2 Artwork, Floppy Disk, Drill Tape or Magnetic Tape
Artwork, Floppy Disk, Drill Tape or magnetic tape supplied by LD will be returned with the first delivery of completed boards. Do not use paper clips or staples on the artwork.

5.3.3
Format

· A circuit board pad plot will be provided to the vender, for reference use, upon request.

· The artwork for panelized circuit boards will be provided in pre-panelized form and the NC Drill file will be in panelized format.

· The artwork for panelized circuit boards will have the necessary test coupons, fiducials and tooling holes as required for LD Assembly needs.

5.4
Markings

The individual circuit board, not the LD panel, will be legibly and permanently marked with the manufacturers name or logo, UL designation and three or four digit date code indicating week and year of manufacture, and the manufacturers final inspection stamp(s) (electrical & Q.C.). An electrical stamp is only required when electrical test is requested by LD.

The UL designation will be located on the secondary side of the circuit board unless otherwise specified.

The marking will be permanent and may be etched, ink stamped or silk screened.

The marking inks will be nonconductive and will be located such that it may not block or flow on or into a plated-through hole, land or test pad.

If insufficient room exists on the circuit board, a letter or certificate of compliance will need to accompany each shipment of that circuit board.

6.0
MATERIAL REQUIREMENTS

6.1
Base Material

The finished product is to be RoHS compliant.  Provided with a declaration of conformity.  Base material will be specified on the fabrication drawing and is to be a balanced construction of the requested materials, color - natural.

6.2
Processes

The materials and manufacturing process used in producing circuit boards must be recognized per UL 796 and UL 94, and must meet a flammability rating of V-1 or better. The circuit board will be appropriately marked as per section 5.4.
6.3
Thickness

The circuit board thickness will be specified on the circuit board fabrication drawing.  If vendor is unable to process the material thickness required, LD must be notified immediately.

The thickness called out on the circuit board fabrication drawing is the finished thickness.  The finished thickness tolerances will be +.005" unless otherwise specified on the fabrication drawing.  The vendor must record any deviations from the default or the specified thickness tolerances and LD notified.  Deviations will not be accepted without prior, written approval from Engineering.

7.0
PERFORMANCE REQUIREMENTS

7.1
Holes

· Finished hole size shall be ± 0.003" unless otherwise stated.

7.2
Warp/Twist

Warp and twist will not exceed 0.01" per 1.00" (0.7%), as measured per IPC-TM-650, method 2.4.22.


7.3
Solderability

The condition of the circuit boards, as received, will be such that the metallic surfaces can be completely covered with a smooth film of SAC305 (Pb-free), or 60/40 or 63/37 tin/lead (SnPb) solder when the surfaces are brought in contact with solder at a temperature of 260 ± 5 degrees C (500 +- 10 degrees F) for a period of 5 to 7 seconds using an approved flux. There must be flow through all plated-through holes (excluding vias), even flow across the surface of SMT pads, no breaks of solder in any hole and no bubbling or out-gassing will be apparent.

One circuit board or panel (if delivered in panel form) for use as a solder sample is to be submitted when there is a revision change and/or the first time the new revision is built. This may be a non-functional circuit board or panel.  The solder sample circuit board / panel is to be clearly identified as a solder sample and packaged separately.  Each shipping carton that contains a solder sample is to be identified “Contains Solder Sample”. This applies to production runs and is not applicable to prototype orders.

7.4
Routed Dimensions

All dimensions in inches unless otherwise stated.

Routed dimensions shall meet a tolerance of ± 0.010" or as specified on the fabrication drawing.

8.0
PHYSICAL REQUIREMENTS

8.1
Conductor

Conductor material is to be 28.35 grams (1 oz.) copper for all internal layers before plating. External layers will be 14.18 grams (0.5 oz.) copper before plating, except where noted on fabrication drawing.

Unless otherwise specified, the conductor width and lands will not deviate from those on the 1:1 artwork by more than ±20%. The thickness of the traces or lands shall not be visibly compromised.

Conductor spacing shall not be less than 80% of the spacing on the artwork.

Spurious copper shall not reduce the copper to less than the minimum spacing. Spurious copper in normally void areas will not be larger than 0.020" X 0.020".

There will be no evidence of delamination, foil separation, slivers, cracks or scratches greater than the finished copper thickness.

Undercutting due to etching shall not exceed an etch factor of 1:1.

Unless otherwise specified, the conductor edge roughness shall not exceed 0.0005" crest to valley when measured within any 0.500".

8.2
Conductor Repairs

Conductors on circuit boards may be repaired by means of parallel gap welding or other industry approved methods if such repair meets the following conditions, these repairs only pertain to conductors 0.008" or wider.

· The maximum number of welds is limited to 5 per 100 square inches of circuit board surface.

· The repair ribbon shall have its width matched with the conductor to be repaired. 

· The length of the conductor break shall not exceed 0.04".

· The conductor break shall be located at least 0.125" from a directional change in the conductor and 0.15" minimum from a land.

· The minimum distance between 2 breaks located on the same conductor shall be 0.35" 

· The overlap of the ribbon and the conductor shall be 0.125" minimum to 0.2" maximum.

· Sharp points on the ends of the ribbon are not acceptable.

· The ribbon shall be solder reflowed after repair.

· The ribbon shall be coated with solder mask to prevent oxidation or corrosion of the conductor.

· Repaired conductors will withstand the adhesion test detailed in IPC-A-600, Section 2.

8.3
Pad

The drilled hole shall be within ± 0.002" of pad center (congruity).

A minimum of 0.005" annular ring will be at the junction of the pad to the conductor (egress).

No breakout of the pad is allowed on any layer.

9.0
PLATING REQUIREMENTS

9.1
Finish

The circuit board finish is specified on the bid sheet and on the "Fabrication Drawing".  

The standard finish will be an LD approved LPI (liquid photo-imageable) soldermask over bare copper (SMOBC) with Electroless Nickel Immersion Gold (ENIG) unless specified otherwise on the fabrication drawing.

· The standard plating finish will be 2 to 5 micro-inches Gold over 150 micro-inches Nickel.  

The plating will be fused smooth, continuous, free of excess roughness or modulation and conform to the best commercial practices.
9.2
Hole Plating

All holes will be plated through unless otherwise specified.

Via holes may not be completely plated shut due to the potential entrapment of contaminates.

Holes are to be plated through with a minimum wall thickness of 0.001" copper. Maximum thickness will be limited only by the hole diameter requirements.

9.3
Tin/Nickel

The Tin/Nickel (SnNi) plate, of 65% tin and 35% nickel, will measure a minimum of 0.0005" thick when measured at the crest and covers the conductors completely.

9.4
Gold

Gold Fingers:  When specified, a gold finish will be plated to the connector contact fingers to a minimum thickness of 30 micro-inches in accordance with MIL-G-45204. The plating will be Type 1 (99.7% purity) and Class C (130-200 Knoop Hardness). A minimum of 150 micro-inches of nickel will be used as an undercoat. The pattern will be provided or will be specified on the fabrication drawing by LD with only authorized additions or changes.

Gold contacts or pads:  When gold is used as a contact for a metal dome, conductive rubber pill or will be soldered, the minimum gold thickness will be 2 (optimum 7-10) micro-inches over 150 micro-inches of nickel as an undercoat. 

Surface finish:  The gold plating will be smooth, fine-grained, continuous, uniformly satin-like in appearance, not coarsely crystalline. It will also be free from discoloration, indications of burning, visible pinholes, nodules, pits, scratches, denting, and any other harmful defects.

9.5
“Hard” or “Deep” Nickel Plating

When “Hard” or “Deep” Nickel is specified as the final plating process, the finished plating thickness will be a minimum of 150 micro-inches thick. The plating will be uniformly flat, smooth, fine-grained, continuous, uniformly satin-like in appearance, not coarsely crystalline. It will also be free from discoloration, indications of burning, visible pinholes, nodules, pits, scratches, denting and any other harmful defects.

When specified, the “Hard” or “Deep” Nickel plating will have a minimum gold plate finish as specified in sections 9.1 and 9.4.  This will decrease contact resistance and improve durability on special use circuit boards and allow for soldering in SMT applications.

9.6
Carbon Ink

Carbon ink requirements will be defined in the individual circuit board fabrication packages.

9.7
Plating Adhesion

When tested in accordance with test method 2.4.1 of IPC-TM-650, the plating will not separate from the conductor pattern or have plating slivers evident.

9.8
Cleaning
Ionic contamination of the circuit board must be avoided throughout the manufacturing process.  Do not clean boards with soft water.  Cleaning solutions must be contaminate and ion free.  Recommend using high-grade De-ionized water or ionic free solvent cleaning methods.

10.0
REGISTRATION REQUIREMENTS

· Front to back registration shall be within ± 0.005".

· Layer-to-layer registration shall be within ± 0.005".

Registration is to be measured in two places when the circuit board has connector contact fingers:

1.
Between the extreme ends of the connector contact fingers.

2.
In the circuitry between the greatest measurement whether “X” or “Y” axis.

11.0
SOLDER MASK REQUIREMENTS

11.1
Specification

Solder mask will be applied as per IPC-SM840, Class III.

11.2
Approved SolderMask

Soldermask both sides of the circuit board with LD approved soldermask.  The current approved soldermasks include but are not limited to:

· Taiyo

· Probimer 52

A supplier may petition to have their standard LPI soldermask approved.  A copy of the soldermask materials specification must be provided along with the manufacturer's name and part number.  Two sample boards will need to accompany the specifications for testing through the LD process.

Written approval will be granted through QA and/or Engineering if the soldermask samples are approved.

Color - use what is standard for the board house doing the work unless otherwise specified.  

Dry film is not an approved solder mask, (Due to ionic contamination concerns and incompatibility with the LD cleaning processes).

11.3
Coverage

After application, circuit pads, connector tabs, and plated-through holes will be free of solder mask unless otherwise specified. No conductors may be exposed.  Vias may be covered or filled with soldermask.  Tenting is not required.

11.4
Appearance

Solder mask will show no sign of blistering, discoloration, chipping or separation.

11.5
Durability

The solder mask will withstand a temperature of 260 degrees C (500 degrees F) for 10 seconds without peeling, cracking or flaking.

The soldermask will be required to withstand the following cleaning conditions:

· Solvent cleaning at temperatures of 130(F with ultrasonics for 5 minutes

· 18 Megohm DI water rinse at 160(F for 20 minutes

· Hot air dry at 200(F for 5 minutes

11.6
Touch-up

Touch-up of solder mask will be uniform and neat in appearance.  Touch-up materials used must be compatible with cleaning processes and as resilient as the original material.

11.7
Rework

If any circuit boards have to be stripped of the coating and re-coated, the supplier must make LD aware of which circuit boards have been recycled.  Such circuit boards must be bundled separately and clearly identified as such within the shipping container.

12.0
SILK SCREEN NOMENCLATURE REQUIREMENTS

12.1
Nomenclature

When specified a nomenclature designating component locations, part numbers, etc., will be silk screened over the solder mask using white, nonconductive epoxy ink or epoxy paint. The pattern will be provided by LD with only authorized additions or changes in text.  Deviation from the supplied pattern will not be allowed without approval from LD.

Silk-screened nomenclature will be legible, consistent with good workmanship standards and well defined with no evidence of bleed or smear.

Silk screen nomenclature is not permitted on connector tabs, land areas, terminal areas, hole walls or any other area designated free of nonconductive coatings except as stated tolerances allow.

12.2
Registration

Silk screen registration tolerance will be ± 0.010".

12.3
Adhesion

Adhesion requirements will be the same as for solder mask,

13.0
Printed Circuit Board PANELS

All circuit board panels must conform to the individual LD Panel for each part number.  This information is contained in each documentation package.

14.0
MISCELLANEOUS REQUIREMENTS

Requirements of the circuit boards not addressed by the Purchase Order/Contract, board fabrication drawing or this specification will be per the high reliability requirements in IPC Standards listed in Section 2 Applicable Documents.

15.0
QUALITY REQUIREMENTS

15.1
Qualification inspection

Qualification and/or periodic re-qualification will be performed by LD to ascertain the capability of the vendor to meet all specified requirements.

Samples submitted will be typical of production circuit boards and not specially processed engineering samples.

15.2
First Article Requirements

Unless otherwise specified, circuit boards supplied will be inspected to the current revision of IPC-A-600 Acceptability of Printed Boards, Class III High Reliability.

LD reserves the right to return any lot not meeting this specification solely on sampled results on any circuit boards found defective at incoming receiving inspection, inprocess, or during mechanical inspection or assembly.

15.3
Lot Evaluation Sample

A sample exhibiting standard copper, solder and/or nickel/gold plating that typify the lot may be required from the supplier to allow LD to evaluate the finished product.  The sample may be non-functional.

If requested, the supplier will furnish LD with micro-sections or the photographs of those micro-sections of the individual LD circuit board types.

LD reserves the right to inspect such items as plated-through holes by micro-ohm measurements or Beta-scope. The supplier assumes the burden of proof on all discrepancies found using these measuring devices.

15.4
Manufacturing/Inspection Flow Chart

Supplier will provide LD, upon request, a flow chart detailing the individual manufacturing and process steps and noting the individual procedures and specification by which each step is controlled. The flow chart will also note the quality assurance verification corresponding to the process.

15.5
Supplier Quality Assurance Program

Supplier will have an established product assurance program that demonstrates and assures compliance with all requirements of this specification and ISO 9000.  Supplier is not required to be ISO 9000 certified but is required through self-declaration or LD audit to be compliant with the Quality requirements of the ISO 9000 standards.   Details of compliance will be made available to the LD Quality Assurance Manager.

15.6
Vendor Visit

LD reserves the right to visit supplier facilities for the purpose of review and evaluation of production facilities, processes, process control procedures and general control of material throughout the facility. This survey may be restricted to those facilities and processes used to manufacture products for LD.

15.7
Design or Process Changes by Supplier

Written notification of any process change, design change or material change will be made to LD Engineering, Quality Assurance and Purchasing Departments prior to production of product.  If, in the opinion of LD, the changes are unacceptable, then at LD’s option, any contract relating to parts herein specified may be considered breached and the contract therefore terminated at no penalty or cost to LD.

The information submitted will include a complete description of the change and the effect the change will have on the characteristics specified and in general of the circuit board. The design, materials and manufacturing processes used to manufacture the supplier qualification samples, that supplier approval was based, will be referenced and compared to the requested changes.

15.8
Circuit Board Electrical Testing

· When specified by LD, circuit boards will be tested 100% for electrical continuity and shorts between all conductors, including gold fingers. Accepted circuit boards and/or panels will be appropriately marked with a permanent test stamp, as per section 5.4. This requirement applies to production runs only.

· The percentage of defective (X-outs) boards per panel shall not exceed 10%.  Exceptions to this requirement will need to be approved by the Quality or Purchasing Managers.

16.0
PACKAGING REQUIREMENTS

The circuit board will be packaged in such a manner that it will not be scratched, nicked or corroded from normal handling, shipping, and storage. 

The circuit boards may be vacuum-sealed in plastic bubble wrap, placed in individual plastic bags, wrapped in bubble wrap or as otherwise approved by LD.  Product scratches due to shipping and handling prior to receipt at LD, Inc. may be returned to the vendor for replacement if LD Engineering determines that the damage will affect the function of the product.

All panels which have one or more bad (X'd out) circuit boards must be packaged separately and marked as such on the outside of the packaging.

If the circuit boards are bulk packaged, they must be identified by means of a tag, label or similar method containing the following information:

· LD Part Number

· LD Revision Level

· Purchased Order Number

· Manufacturer’s Name, Code or Symbol

· Manufacturer’s Part Number (if applicable)

17.0
REVISION HISTORY

	DCO #
	REV
	DATE
	INITIALS
	CHANGES MADE

	
	A
	10/90
	JEB
	Initial release and implementation

	
	B
	12/14/90
	JEB
	Changed wording in 13.0 PCB PANELS to read:
13.1 “All PCB panels must conform to the individual LD Panel standard which is not included in each documentation package.”

9.5 Gold

9.5.1 When specified a gold finish will be plated to the connector contact fingers, or to specified pads, to a minimum thickness of 30 micro-inches in accordance with MIL-G-45204. The plating will be Type 1 (99.7% purity) and Class C (130-200 Knoop Hardness). A minimum of 100 micro-inches of nickel will be used as an undercoat. The pattern will be provided, or will b e specified, on the fabrication drawing by LD with only authorized additions or changes.
9.5.2 Surface finish for contact fingers: The gold plating will be smooth, fine-grained, continuous, uniformly satin-like in appearance, not coarsely crystalline. It will also be free from discoloration, indications of burring, visible pin holes, nodules, pits and any other harmful defects.

9.5.3 All exposed metal surfaces other than gold contact fingers, or pads, shall be covered with a 63/37 or 60/40 tin/lead (SnPb) solder alloy and be at least 0.001-96" thick.

11.1 Solder mask will be applied as per IPC-SM840, Class III.

11.2 Solder mask both sides of PCB only with LD approved material such as Photoimageable Ciba-Giegy or other approved solder mask, color - green. Dry film must be at least 3 mil thick and approved by LD.

11.3 After application, circuit pads, connector tabs, and plated-through holes will be free of solder mask unless otherwise specified. The tenting of vias with solder mask is preferred. No conductors may be exposed.



	
	C
	8/15/91
	JEB
	Section Added

9.6 “HARD” or “DEEP” NICKEL PLATING

9.6.1 When “Hard” or “Deep” Nickel is specified as the final plating process, the finished plating thickness will be a minimum of 200 micro-inches thick. The plating will be uniformly flat, smooth, fine-grained, continuous, uniformly satin-like in appearance, not coarsely crystalline. It will also be free from discoloration, indications of burning, visible pin holes, nodules, pits and any other harmful defects.



	
	D
	8/17/93
	JEB / JH
	Rewritten

5.3.1 An actual Size (1:1) photographic master (artwork); gerber (RS274D) data as supplied on magnetic tape, floppy disk, or transmitted by modem; these will be supplied by LD.

5.3.6 Added the phrase “when requested by vendor”.

Section Added
9.6.1 When specified the “Hard” or “Deep” Nickel plating will have a gold plate finish of 30 micro-inches. (Refer to section 9.5). This will allow for soldering of parts to special use boards.

11.2 Rewrote the last sentence to read: “Dry film not approved.”

12.1 Changed the silk-screen color from yellow to white. (Yellow contains lead.)

Changed by Jan Badertscher/James Higley. 



	
	E
	9/29/94
	
	Rewritten, Sections renumbered

5.3 Added the phrase “on the artwork”.

5.4 Added the sentence “An electrical stamp is only required when electrical test is requested by LD”.

8.1 Added the phrase “except where noted on fabrication drawing”.

9.3 Added the phrase “of 65% tin and 35% nickel”.

9.4 Added the paragraph “When gold is used as a contact for a metal dome or conductive rubber pill and will not be soldered, the minimum gold thickness will be 7 micro-inches over 200 micro-inches of nickel as an undercoat”.

9.5 Changed phrase to read: “a minimum gold plate finish of 30 micro-inches”. 

11.2 Changed phrase to read: “Liquid Photoimageable Ciba-Giegy, Dynachem, M&T, WR Grace, Goates”

15.3 Changed sentence to read: “The supplier will, upon request, furnish LD with micro-sections of the individual PCB types”.

15.7 Added the phrase “and Purchasing Departments”.

15.8 Added the phrase “When specified by LD”.

Section Added
9.6 Nickel/Boron

When specified, a nickel/boron plate, with a 0.1% to 0.3% boron content, shall be applied to allow for soldering of parts.

9.7 Carbon Ink

All carbon ink PCBs must conform to the individual LD standard contained in each documentation package.



	
	F
	2/13/97
	JEB / JH
	11.2 Solder mask both sides of PCB only with LD approved material such as Liquid Photoimageable Taiyo, Probimer 52, or other approved solder mask, color - green, or as specified on fabrication drawing. Dry film is not an approved solder mask, (Due to ionic contamination concerns and exposure to hot water cleaning).

11.3 Removed the phrase “The tenting or coating of vias with soldermask is preferred”.



	
	G
	11/7/97
	JEB
	Total rewrite and reformatting of the document.

Updated sections to reflect current LD needs and products.

Inclusion of ISO 9000.

Added the following to the sections indicated.

6.3:  The thickness called out on the PCB fabrication drawing is the material thickness.  The thickness tolerances  are:

Material Thickness  +.008" / -.003"
15.8:
The percentage of defective (X-outs) boards per panel shall not exceed 10%.  Exceptions to this requirement will need to be approved by the Quality Manager or the Purchasing Manager.



	
	H
	11/21/97
	JEB
	Differences in the manner that each engineer specified board thickness.  This will make the method more uniform and minimize confusion.

6.3
Thickness

The PCB thickness will be specified on the PCB fabrication drawing.  If vendor is unable to process the material thickness required, LD must be notified immediately.

The thickness called out on the PCB fabrication drawing is the finished thickness.  The finished thickness tolerances will be +.005", - .0015" unless otherwise specified on the fabrication drawing.



	
	I
	3/9/99
	JEB
	Edited and formatted sections and appearance of the text.

6.3 Added text requiring vendor to notify LD of thickness deviations and obtain written approval for the deviations from QA or Engineering.

7.3 Clarified section 7.3 concerning solder samples

11.5 Durability (re-write)

The solder mask will withstand a temperature of 260 degrees C (500 degrees F) for 10 seconds without peeling, cracking or flaking.

The soldermask will be required to withstand the following cleaning conditions:

· Solvent cleaning at temperatures of 130(F with ultrasonics for 5 minutes

· 18 Megohm DI water rinse at 160(F for 20 minutes

· Hot air dry at 200(F for 5 minutes

15.2 LD reserves the right to return any lot not meeting this specification solely on sampled results on any PCBs found defective at incoming receiving inspection, inprocess, or during mechanical inspection or assembly.

16.0 PCBs may be vacuum-sealed in plastic bubble wrap, placed in individual plastic bags, wrapped in bubble wrap or as otherwise approved by LD.  Product scratches due to shipping and handling prior to receipt at LD, Inc. may be returned to the vendor for replacement if LD Engineering determines that the damage will affect the function of the product.



	
	J
	7/18/00
	JEB
	Corrected grammatical errors and re-worded awkward paragraphs, abbreviated Larson Davis to LD in the procedure.  Deleted Section 9.6 and renumbered the section.  Changed Nickel thickness from 200 micro-inches to 150 micro-inches in section 9.5.

	296
	K
	6/13/01
	JEB
	Corrected minor spelling errors, changed remaining instances of 200 micro-inch Nickel to 150 micro-inch, added engineering notification to section 15.7 and clarified that 15.7 related to changes made by PCB Supplier.

	1033
	L
	8/10/07
	HKB
	Replace PCB with pcb

	1108
	M
	5/28/08
	DAR
	Update

	1757
	N
	10/18/2017
	AJR
	Added changes to specify RoHS as the standard requirement
Changed flammability rating to V-1 per IEC 61010 section 14.7
Changed the abbreviation “pcb” to words, i.e. “Circuit Board”
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