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9.  Notes

1. Introduction


The purpose of this specification is to establish design requirements and ground rules for the layout 
of printed circuit boards in order to standardize P.W. Boards layout criteria.  It is to be used for 
P.W. Layout by design engineers and drafters and to establish the necessary standards to control the 
design of printed wiring boards.  It shows guidelines and parameters for good standard commercial 
practice of the layout of P.W. Boards.  Deviations from this document shall be called to the 
attention of the responsible Project or Design Engineer.

2.  Reference Documents


MIL-STD-275D
GM-690
GM-701


MIL-STD-429

GM-2077


MIL-P-55110

MIL-P-13949

3.  Information Required For P.W. Board Design


The following information is to be supplied by the Project Engineer for each board design.


3.1.  Schematic with component designations and component values


3.2.  Component parts list including applicable ICI part numbers.  If no ICI part number is 

        available, then the necessary information on the item needed to prepare a purchase part 
    
        drawing shall be provided. 

3.3.  Special requirements such as anticipated proximity problems, critical conductor routings,  
    
        current requirements in excess of 1.5 amps, and voltages in excess of 100 volts should be 

        noted.


3.4.  Physical size of board desired, mounting provisions, type of electrical interconnects, and any 
        component height restrictions.


3.5.  Any special base laminate material or thickness shall be specified.  (Standard material shall be 
        FR-4 glass epoxy,  .062 thick and single or double sided with 2-ounce copper in a finished 

        state, specified by MIL-P-13949.

4.  Component Layout


4.1.  Case Size


Components shall be drawn to their maximum case dimensions for the purpose of P.W. 
  

layout.  Weld beads are to be included in the maximum case size.


4.2. Component Hole Location


Component lead holes shall be centered on grid intersections where possible and on quarter 

grid (.025) if necessary.  This shall be the rule except for parts whose leads emanate in a 


pattern that varies from the grid system.  In this case, the hole for at least one part lead 


shall be located at a grid intersection and the other holes of the pattern are dimensioned 


from that grid location.


4.3. Component Axis


Components axes shall be parallel to grid lines, and parallel to each other where practical.  

The polarity of the same types of components shall be in one direction where practical.


4.4.  Board Density Considerations



Layout balance and weight factor shall be taken into consideration so as to minimize 


possible board warping during flow solder operation.  In general, plated through printed 


circuit boards have large differences in copper density.  This problem can be minimized by 

adding “Blind Conductor” to the area or areas of the PWB with the least areas (either on one 

or two sides of the same board) exceeds 50 percent.  This should be checked as follows:  


The board is divided into squares about 2” X 2”.  If the highest conductor density in one 


area is Q, the lowest allowable density in any other area in either side of the same board 


shall be .7Q.



The preferred “Blind conductor” configuration shall be: lands of .062-inch line, a blind track 

and will not adversely affect the electrical characteristics of an assembled board.  



Alternatively, parallel-running conductors of .1 width may also be used.


4.5.  Positioning of Heat Sensitive Components


Heat sensitive components shall be positioned away from possible heat sources.  



Components sensitive to solder temperatures shall not be mounted directly over conductors 

or plated through holes.


4.6.  Mounting of Tunable Components


All tunable components shall be mounted in clear accessible areas.  If tunable conductors 

            have a slug that may be removed from the board side, then a hole of suitable diameter shall 

be provided in the board to allow for slug removal.


4.7.  Access of Test Points


For easy access, test points normally shall be located near the outer edge of the board, but 

not closer than .150” from the edge of the pad to the edge of the board and should be spaced 

out to prevent possible shorting.  Other locations shall be specified by Circuit Engineering 

and/or Test Engineering.


4.8.  Support of Heavy Components


Parts weighing 1/4 ounce or more per lead shall be evaluated for additional means of 


support.


4.9.  Heat Dissipation of Components


Parts dissipating 2 watts or more shall have either some means of dissipating heat or shall be 

mounted off the board a minimum of .06 inch.  There shall also be a minimum spacing from 

other components of .25 inch.


4.10.  Direction of Potentiometer Control


Potentiometers and/or other controls shall increase the parameter controlled when rotated 

            clockwise.


4.11.  Orientation of Axial and Radial Leaded Components


All axial lead components shall be orients in either the X or Y direction.  It is preferred that 

all automatically inserted components be placed in one direction only and that the polarity 

of the same type component shall be in one direction.  The component span should vary 


as little as possible.  All like components, such as transistors and dual-in-line packages, 


shall be oriented in the same direction.


4.12.  Numbering of Test Points, LED’s, etc.


Test points, LED’s, potentiometers, etc., located near the front edge should be numbers in 

sequence either from left to right or right to left.


4.13.  Board Stiffeners


Boards that are larger than normal may require stiffeners to prevent warping while being 


flow soldered.  An approximate size would be any board over 10” wide and 12” long may 

require stiffeners.


4.14.  Holes for Component Mounting


Each component or wire shall have its own hole and pad.  For heavy components such as 


tunable inductors, mounting pads should be as large as possible to provide additional 


mounting support and minimize pad lifting during repair.


4.15.  Automatic Insertion Head Clearance


See Figures 1, 5, 6A and 6B for clearances required by the heads of automatic insertion 


equipment for axial, dip (integrated circuits) and radial components.


4.16.  Overlapping of Components


Overlapping of components, as shown in Figure 2 shall not be permitted.  This restriction is 

necessary in order to allow replacement of a particular component with out the need to 


remove other adjacent ones.  Jumper wires and straps shall be regarded as components in 

            this respect.  (See figure 2)


4.17.  Component Lead Center Spacing


The following is the method for figuring the centerline mounting distances of components:



CS = Center spacing of mounting pads (.300 to .800).



L = Length of Component Body (Maximum).



D = Diameter of Component lead (Maximum)



BAF = Bend Allowance Factor



BAF= .150 when D is less than or equal to .022



BAF= .175 when D is less than or equal to .025



BAF= .200 when D is less than or equal to .028



BAF= .225 when D is less than or equal to .032



CS = L + BAF ( Round answer to next 1/2 or full grid.)



For automatic insertion, component spans shall meet the requirements of the insertion 


equipment used in accordance with the above requirements.


4.18.  Component Orientation for Layout


The following illustrations are in order of preference for PWB layout.  (see figure 3)


4.19.  Spacing of Components from Mechanical Fixing Holes


Components shall be spaced from mechanical fixing holes in such a way that the 



mechanical device (screw, etc.) does not come in contact with the component, or enough 


clearance tracking space shall be provided for tool access.  A spacing of .06, minimum is 

            required between hardware and conductors or components.


4.20.  Spacing of Components from Tooling 


See section 6 for details.


4.21.  Spacing of Components from Support Holes


A clearance area of .30” X .20” oriented as in Figure 4 shall be free of components around 

each supporting hole attachment of a supporting pillar.  (see figure 4)

5.  Master Artwork


The master artwork shall establish the shape or arrangement of both conductor and nonconductor 
patterns or elements and shall serve as the dimensional location for holes and features not 
specifically dimensioned on the drill drawing.  The artwork scale shall be a minimum of 2:1 for 
hand-taped boards with 4:1 preferred.


5.1.  Registration Marks



Three (3) registration marks for the double-sided boards shall be located at the corners of the 

board, preferably inside the board outline.  A dimension shall also be located on the 


horizontal axes terminating in line with the registration marks.  On a double-sided board the 

registration marks must be aligned.  These registration marks may e used for tooling holes.


5.2.  Issue Note on Artwork Drawings


The following note is to appear on Sheet 1 of all artworks: “Every issue change of this 


drawing requires revision of Note____ on Printed Wiring Board (Drilled), Dwg. No._____.”


5.3.  Edge Clearance


On boards using card guides or slides; conductors, edge of pads, etc., shall be a minimum of 

.06” from the edge of the board.  For solder machine clearance, two sides shall be free of 


components and solder pads for .100”.


5.4.  Grid Location of Board Edges and Fingers


The edges of the board and/or the connector fingers shall be on grid where possible.


5.5.  Conductor Path Sizing


5.5.1 Logic Conductor Path




With logic level signals, path width minimum should be as follows:

GRID              PATH SIZE

0.025       0.010 Minimum  

0.050       0.020 Minimum

0.075       0.035 Minimum



It is preferred to be as generous as possible with conductor width when physically feasible.  

The minimum width should not be used as a standard.



5.5.2 Power Conductor Path




Three factors affect or determine the conductor width.  They are current carrying 



capacity, voltage drop, and allowable temperature rise.  Maximum size consistent 


            with minimum spacing requirements shall be maintained for ease of manufacture 



and durability 
in usage.  Conductor path should be sized from MIL-STD-275D, 



Section 5.1.1. Bus Bars should be used when circuit density prevents the layout of a 


reliable PWB.


5.6.  Conductor Path Spacing



There are many variables that affect conductor spacing such as humidity, surface 



coatings, atmospheric pressure, insulation resistance of the base laminate, leakage 


            properties of the flux used in soldering, voltage drop, stray capacitance and 



economic factors.



The minimum allowable conductor spacing is .010”, but .025 to .050” is preferred.  If the 

            peak voltage between conductors is in excess of 100 volts, then the spacing shall be 


determined by MIL-STD-275D, section 5.1.4.  *  The above requirements also apply to 


conductor to pad spacing with the exception of the clinch side of automatically inserted 


axial lead components, in this case, the minimum distance from the center of the pad to the 

closest conductor path shall be .100” (see figure 6A).  When possible, this dimension should 

be .150” or greater.  When solder mask is used this dimension may be .050 minimum.



Spacing between hardware and an adjacent conductor shall be .06” minimum in the worse 

           case tolerance condition.


*  The most stringent applicable requirement shall be met.  Example:  UL/CSA, FCC/TCS 130



(See figure 6)



5.7.  Lands in Ground or Thermal Planes


Lands in any copper area such as a ground or thermal plane shall be separate from the main 

part and joined by one or more small spurs of conductor tracking as shown in Figures 8 and 

9.  On the solder side of the board the direction of any such connections is shown in Figures 

8 and 9.  The configuration shown in Figure 10 shall not be used as the molten solder will 

tend to flow away from the joint.  (See Figures 7, 8, 9, and 10.)


5.8.  Soldering Transport Direction


A number of design rules depend on the direction in which the PBA is transported over the 

solder machine.   This direction of travel is termed the “soldering transport direction” (STD) 

of the PBA’s with connectors mounted on one edge only, the preferred STD shall be such 



that the connector edge of the board is the leading edge, as the board approaches the solder 

path. Components shall be mounted .150 or greater from transport edge (see figure 11).



Departures from this preferred direction shall be permitted in special circumstances.  The 

            design team shall specify the STD for all PBA’s in a new system at the outset or during 


development stages.


 
The design team shall consult with the Industrial Engineering Department (IED) concerned, 

for verification of the specified STD.


5.9   Feed Through Holes



Feed through holes should not be located under components unless absolutely necessary and 

in no case under components sensitive to soldering temperatures.


5.10  Square Pads


A square pad shall only be used to denote pin 1 on I.C.’s and terminal posts.  Boards that do 

not require silk screens must have polarity of components etched in artwork.


5.11  Ninety Degree Nesting


Ninety degree (90) nesting of conductors is prohibited (See Figure 12).


5.12  Artwork Reduction Dimension


The master artwork shall have an accurate reduction dimension when required.  Artwork 


dimensions shall be referred from the tooling hole targets with a reduction dimension 


tolerance of +/-.003”.


5.13  Artwork for Long Boards


Boards longer than 20 inches (backplanes, etc.) shall have oblong pads with their long sides 

parallel to the long side of the board.  This is to reduce the effect of changes in artwork 


dimensioned due to stretching or shrinking of the mylar master.  All holes shall be centrally 

located in the oblong pads.


5.14  Conductor Routing to Ease Inspection Problems
The routing of conductor between adjacent pads or lands and an adjacent conductor shall be such as to make the difference between intended connections and unintended solder bridges immediately obvious to the inspection department.  These constraints apply only to the solder 
side of the PC Board.  The configuration shown in Figure 13A shall only be used if the distance “y” between two adjacent pads is greater than .035 inches, otherwise, the 
            configuration in B, C, or D shall be used.  The configuration shown in Figure 13E shall only be used if the distance “Z” is greater than .040 inches.  Otherwise, the configuration shown in Figure 13F shall be used.  (See Figure 13)


5.15  Routing of Conductors to Produce Well Soldered Joints 


In order that well soldered joints may be consistently obtained the following 



requirements must be fulfilled.



On non-plated-through boards it is essential that lands which are electrically connected 


together shall not allow the molten solder to flow easily from one land to another in order
 to  

prevent open joints.



On plated-through printed boards it is essential that the sink effect of the solder side of 


the board or of the inner layers of multilayer boards does not prevent the molten solder from 

wicking up the hole in the board.


5.16  Multiple Lands



Multiple lands as shown in Figure 14 and similar configurations that provide a common 

            connection to a number of component terminations shall not be used.



Two examples of the configurations suitable from the solder joint of view are shown in 


Figures 15 and 16.  These and other similar configurations shall be used, the choice 


depending on electrical and other layout requirements and restrictions.  (See Figures 14, 15, 

and 16)


5.17  Large Power Lands



Lands in large power conductors, as shown in Figure 17 shall not be used.



The configurations shown in Figures 18 and 19 are two examples of configurations, which 

 may be specified as alternatives.   (See Figures 18 and 19)


5.18  Thermal Lands



Thermal lands shall be either of the two types shown in Figure 20. 

NOTES:  The shaded illustrated in Figure 20 indicate non-copper areas on the manufactured 
printed board.  The apertures illustrated are intended for thermal lands and are plotted in 

negative on master patterns, i.e., the shaded areas shall correspond to opaque areas on the 

original master pattern and to insulate areas on the manufactured printed board,


5.19  Large Copper Areas


Configuration of copper areas:  for boards without solder resist, a full copper area on the 


solder side shall not be specified if any dimension (X or Y coordinates) exceeds .400.  Such 

copper areas shall be broken by “cross hatching”.  The “cross hatching” shall be at 45   

                       degrees to the edge of the board and the cross hatched area framed 
by a conductor of .10”      

                       width.


5.20  Pattern Density



Total pattern density shall not be less than 25% of the total board area.


5.21  Edge Connections


All PB’s have edge connections, for plug-in connectors shall be designated, so that with the 

components facing up the connector will be to the left and with connector pin 1 towards the 

top of the PWB.  The component side shall be specified as B, solder side as A, E.g. P1-1B is 

topmost connector, first pin component side, P2-1A is second connector, first pin solder 


side.



5.21.1  Voltage and Ground Pin Assignments




Voltage and ground should have a minimum of two (2) adjacent pins assigned on 



both sides of the board.  These pins should be assigned to reduce the possibility of 


electrical damage resulting from the shorts caused by misalignment between board 


fingers and connector.



5.21.2  Unused Connector Fingers




On boards having unused connector fingers, the unused fingers may be removed.


NOTE:  This does not apply to boards using connector pressure on the fingers as the primary means 
of retention.  Current density during nickel plating should also be considered.



5.21.3  Corner Marks and Slot Identification




All corner marks and slot identifications should be a different line width line than 


             connector fingers.  



5.21.4  Inside Corner Marks




Inside radius corner marks shall be as shown in Figure 23.



5.21.5  Cut Back Connections




The schematic shall specify the connections to be cut back to allow to be connected 


before power is applied.  The cut back shall be .075 and the edge of the connection 


shall be a radius.



5.21.6  Connections to Plating Bar




To connect these cut back connections to a common plating bar for gold plating, the 


methods listed are preferred.




A thin trace directed to the plating bar, that will be broken off, in final routing.




A thin trace directed to an edge connector  which is attached to the plating bar that 


can be broken by drilling after gold plating.




The use of a thin trace at he front edge of a cut back connection is not preferred as 


this can only be removed by cutting after gold plating and leaves a rough edge, 



which may damage the connector.



5.21.7  Edge Connector Spacing




The edge connector spacing shall be .10” or .15” and shall be placed on grid.  The 


             use of .156” spacing is not permitted, except for the design of PWB’s used in 



 established old designs.  When .156 spacing is used, Pin 1 shall be placed on grid.

6.  Printed Wiring Board (Drilled)


The drill drawing shall contain all information necessary for the manufacture of a finished p.w. 
board.  All blanking dimensions, hole sizes and number of holes, shall be specified.  Other 
necessary information such as raw material stock designation, single or double sided, plated thru or 
non-plated through holes, solder plating requirements, contact finger plating and any other special 
requirements shall be noted.  All p.w. boards shall meet the requirements of G.M. Specification 701 
unless deviations are noted and approved.


6.1. Grid System


All pads are located on a grid system in both the rectangular coordinates of X and Y.  Grid 

system shall be based on .100 inch spacing.  Pads may be located on .025 or .050 grid 


but.100 is preferred.


6.2. Component Hole Sizes



Hole sizes versus lead size for Automatic Insertion of Discrete Components, Finished hole 

diameter shall be a minimum of .014 inches and a maximum of .024 inches greater than the 

maximum diameter of the lead for axial leaded components.  For radial leaded components 

the hole size shall be .014 to .022 inches greater the lead.  This is to accommodate both 


the tolerance of the insertion machine and the hole location tolerance.  A table is listed 


below that uses these requirements and defines a group of standard hole sizes.  The table 


following that is for high density single sided p.w. boards with holes that are to be punched.



 NOTE:  Certain components require tighter tolerances, which must be specified.  The 


tolerance on these holes is usually +/-.002 inch.  Example:  Force or press fit components, 

such as a .025-inch square terminal requires specific finished hole sizes. (Refer to the 


particular part drawing for size.)

Standard Hole Sizes

.028 +/-.003



feed through hole

.031 +/-.002



hole size for .025 square pin  in a single sided pwb with 




                        punched holes

.032 +/-.002



hole size for .025 square pin  in a single sided pwb with 







drilled holes

.033 +/-.002



hole size for .025 square pin  in a 2-sided pwb with plated






thru board 


.038 +/-.003



hole size for radial leaded components with lead


        sizes from .016 to .022


 Need Radial Hole From .023-.029

.043 +/-.003



hole size for axial leaded components with lead sizes from .018 to 





.024

.042 +/-.004



hole size for automatic insertion error with correction holes






This could be same as .043 +/-.003

.047 +/-.003



hole size for axial leaded components with lead sizes from .025 to 







.029

.052 +/-.003



hole size for axial or radial leaded components with lead sizes from 




           .030 to .035.

.127 +/-.002/-.000


preferred tooling hole size for new  designs

Special hole sizes for High Density, Punched, Single-sided P.W. Boards

.035 +.004/-.002


hole size for radial leaded components with lead sizes from .016 to 




.022

.040 +.004/-.002


hole size for axial leaded components with lead sizes from .018 to






.024

.043 +.004/-.002


hole size for axial leaded components with lead sizes from .025 to 





.029

.047 +.004/-.002


hole size for axial or radial leaded components with lead sizes from .




030 to .035


6.3.  Board Dimensioning


Boards shall be completely dimensioned using decimals: standard tolerances shall be 2 place 

(+/-.01) an d3 place (+/-.005), unless otherwise specified.


6.4.  Quantity of Holes



Manually taped boards: Unmarked holes, using the hole chart, shall take the largest quantity.  

The quantity shall be called out on holes with the possible exception of unmarked holes.  


Where symbols are used, they should be standardized.


6.5.  Holes off Grid



Any pad not on grid, such as transformer hole patterns, shall be completely dimensioned on 

the drilled board drawings or noted to drill to pad centers in the notes.


6.6.  Tooling Holes



6.6.1  Number of Tooling Holes




Each board shall have three (3) tooling holes when the board perimeter exceeds 20 


inches, two (2) of these shall be located at diagonal corners.  Small boards may have 


2 tooling holes located in line.



6.6.2  Location and Drilling of Tooling Holes




All tooling holes shall be centered on artwork grid points, and shall be drilled at the 


same time as the circuit pads.  Circuit pad holes are to have no true position 



tolerance of .010 diameter at maximum material condition in relation to datums A 


and B.



6.6.3  Dimensioning of Tooling Holes




Tooling hole distance dimension tolerance shall be specified as true position 



tolerance of .006 diameter, regardless of feature size.



6.6.4  Tooling Hole Diameter




Tooling hole diameter shall be as specified above in Component Hole Sizes.



6.6.5  Tooling Hole Annular Ring




Each tooling hole shall have an annular ring.  Double sided boards shall have an 



annular ring on both sides of the board.  Annular rings shall be .145 inches ID and 


.190 inches OD.  These rings shall be covered with solder resist to avoid solder 



webbing.  If no solder resist is used on the board, Four evenly spaced .025 breaks 



shall be added to the ring.



6.6.6  Fixture Clearance Area




No component shall be mounted within a distance of .350 inches measures from the 


center of the tooling hole to the center of the nearest component mounting hole.



6.6.7  Standardization of Tooling Holes




Identical or similar board sizes shall have their tooling holes in identical locations 


            and shall be dimensioned the same way.



6.6.8  Example of Dimensioning and Tolerance




The example shown in figure 27 illustrates the above rules for dimensioning and 



tolerancing tooling holes.

6.7.  Standard Notes for Drill Drawings



6.7.1  Standard Notes for 2 sided boards




The following standard notes shall be used on drill drawings when applicable, 



example shown is for high density boards.  Format of notes and content 


                        may be changed from product to product.



1.  Material to be: plastic sheet, laminated, copper clad, type:  FL GFN 062C 1/1 A1A per 

     MIL-P-13949.



2.  Plate contact fingers gold per GM-701, .175 +.01/-.02 from end of  board.




3.  Reflow tin lead or solder mask over bare copper.



4.  All holes shall be plated thru except those designated by an asterisk (*).



5.  Finished board to be solder masked on both sides using artwork (see note 7) with solder 

     resist PC-401-GRN (Chemco CKT. Supply Co. or equivalent).



6.  Fabricated printed wiring boards shall meet requirements of ANSI/IPC-RB-276 or latest.



7.  Associated drawings:  DWG. No. Issue




Schematic

XXXXXX
N/A




Master Artwork
XXXXXX
X




Solder Mask

XXXXXX
X




Silk Screen

XXXXXX
X




Assembly

XXXXXX
N/A




P.C. Board Modified
XXXXXX
N/A



8.  Holes designated () to be drilled after gold plating (________Places)



9.  Unless otherwise specified all holes fall on a .025 grid and are to be located to Datum 


     features A and B with a true position tolerance of .010 diameter at maximum material  

     condition.  Holes must be concentric with terminal area within .010.


          10.  Vendor shall stamp the issue number of the drilled board on component side as shown.



6.7.2  Standard Notes for Single Sided Boards




The following standard notes shall be used on drill drawings for single sided boards.



1.  Material to be: Epoxy composite, .062 thick with 1oz. copper, such as General Electric 

     PC-75 or Equivalent.



2.  Finished board to be solder masked using artwork (see note 4) with solder resist PC-401-

     GRN (Chemco CKT. Co. or equivalent).



3.  Fabricated printed wiring boards shall meet requirements of ANSI/IPC-RB-276 or latest.



4.  Associated drawings:  DWG. No. Issue




Schematic

XXXXXX
N/A




Master Artwork
XXXXXX
X




Solder Mask

XXXXXX
X




Silk Screen

XXXXXX
X




Assembly

XXXXXX
N/A



5.  Unless otherwise specified all holes fall on a .025 grid and are to be located to Datum 


     features A and B with a true position tolerance of .010 diameter at maximum material 


     condition.  Holes must be concentric with terminal area within .010.



6.  Vendor shall stamp the issue number of the drilled board as shown.



7.  Reflow tin lead.




“or”



8.  Sealbrite 230-10 or engineering approved equivalent shall be applied to the solder side of 

     the board.


6.8. Material



The material called out in (above) Note 1 is explained for: FL GFN 062C 1/1 A1A per MIL-

P-13949.



FL
Foil clad laminate



GF
Glass base, epoxy resin, flame retardant



N
Without Opaquer



062
Normal Thickness



C
Foil Material Designating Copper



1/1
Nominal Foil thickness in Ounces per square foot for each side of board (1  for 1 oz. 


copper (.0014 in. nominal thickness), 2 for 2 oz., etc.)



A
grade of pits and dents



1
Class of thickness tolerance +/-.0075



A
Class of warp and twist



These requirements are for raw materials and do not include the plating thickness on plated 

thru boards.


6.9   Solder Resist Coating


6.9.1   Establishing Use of Solder Resist




A number of design rules in this standard depend on whether a board will require a 


coating of solder resist.  At the beginning of the design phase of a product a decision 


shall be made whether the design of the printed wiring board shall be based on the 


use of solder resist.



6.9.2   Silk Screening with Solder Resist




Silk screening of printed wiring boards (if applicable) shall be located under the 



solder resist, unless otherwise noted on drill drawing.



6.9.3   Solder Resist Window Size




When a solder mask is used, the solder resist window on solder side shall be .020 



larger than the pad for single sided P.W. boards, and .010 for double sided boards.



6.9.4   Solder Mask Material




Solder mask material to be used when applicable:  PC-401 GRN or engineering 



approved equivalent.

7.  Printed Wiring Assembly

The assembly drawing shall contain all information necessary for the assembly of the components to the printed wiring board.  This shall include polarity markings, spacing requirements when applicable, component location and designation, stocklist and necessary reference information such as testing and manufacturing specifications.  All assembled p.w.  boards shall meet the requirements of G.M. Specification 690.


7.1 Component Size



All components shall be drawn to their maximum case dimension.


7.2  Sleeving


Sleeving shall be used where the possibility of shorts may occur.


7.3  Component Height



Maximum component height shall be called out on all assemblies.


7.4  Selective Parts



All parts whose value must be selected shall be noted and the base part number so indicated 

for tester installation.


7.5  Installation after Flow Solder



Where possible damage to the components can be caused by flow soldering, a note added to 

the drawing will state:  Item () to be installed after flow soldering.


7.6  Preparation of Assembly Drawing



The assembly may be made by overlaying the silk screen master over a 1/2 tone of the 


component side and over a 1/4 tone of the circuit side.


7.7 Jumper Wires



Jumper wires for automatic insertion may  vary from .300 inch to .800 inch.


7.8  Forming of Component Leads



All component leads are to be formed over unless they are classified as pins and are too 


large a diameter to bend easily.


7.9   Conductive Components over Conductors  




Transformers with metal cans or other components in conductive packages mounted over 

            component side conductors require an insulator (mylar).


7.10  Drawing Notes



Standard notes for assembly drawings, when applicable, are as follows:



1.  Assemble per IPC-610A or equivalent.



2.  Component leads to be formed over before soldering



3.  Stamp the latest issue number of the assembly as shown



4.  Maximum component height is .XX (item XX)



5.  This item is a sensitive component and must be handled with precaution per GM-2077.  

      Care must be extended throughout the assembly, testing and packing operation.



6.  Items XX to be installed after flow soldering.


7.11   Stocklists



Stocklists shall be uniformed to all PWB assemblies.

8.  Summary of Rules to Aid Board Manufacturability


8.1 Maximum Bend of Tracks



Two 135 degree bends should be used rather than one 90 degrees bend in those instances 


when two or more parallel tracks must turn together with minimum spacing between tracks.


8.2  Use of Power Bus-Bars



The use of power bus-bars should be considered on all boards to provide better noise 


immunity and provide more space for other tracks.


8.3  Shape of Feed-thru Pads



All feed-thru pads shall be rounded rather than square.


8.4  Long Parallel Runs



Long  parallel runs of tracks shall be minimized.


8.5  Location of Holes on Grid Points




All component pads and all tooling holes shall be on grid points, exceptions should be noted 

and be justifiable.


8.6  Shape of Cut Back Fingers



Cut back fingers shall be half round rather than square.

9. Notes

     No SMT component shall be placed closer than .150 to p.c.b. edge.
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