LAYOUT REVIEW CHECKLIST

GENERAL BOARD INFO

1) Fabrication Company


     
2) Address



     
3) Contact Name and phone

     
4) Board Type  



 FORMDROPDOWN 


     
(per PCB,8-1)

5) Thickness



 FORMDROPDOWN 


     
6) Silkscreen (y/n)


 FORMDROPDOWN 

7) Soldermask type


 FORMDROPDOWN 


     
8) Amount of copper to use:

 FORMDROPDOWN 


     
(per PCB, T8.1)

9) Minimum trace and space:

     


(per IPC 2221, T6.1)

10) Surface Finish


 FORMDROPDOWN 

CRITICAL LAYOUT NOTES

1) Identify critical routes

a) Net1:

     
i) Concerns:

     
b) Net2:

     
i) Concerns:

     
2) Identify critical placements

a) Component1:
     
i) Concerns:

     
b) Component2:
     
i) Concerns:

     
INITIAL LAYOUT SETUP

a)  FORMCHECKBOX 

Board Dimensions (get drawing)

(i) Board Size   

     
(ii) Number of Layers
     
b)  FORMCHECKBOX 
 
Cutout Locations and sizes

c)  FORMCHECKBOX 

Mounting hole locations

d)  FORMCHECKBOX 

Define plane boundary width and Cu pours swells 

(i) Set to max clearance 

1. Inner layers should have clearances >15 mils

(ii) Plane boundary set on board outline and added to border

(iii) Options ( Configure ( Plane Swell  (per IPC, 6.3)

e)  FORMCHECKBOX 

Make Paste Mask Shrink 1:1 with land pattern (fab changes accordingly)

f)  FORMCHECKBOX 

Define Solder Mask Swell 

(i) Make 3mils per side (in OPTIONS-> CONFIGURE-> Solder Mask Swell the user entry field is a per-side calculation)

g)  FORMCHECKBOX 

Design Info:

(i) Board Name

(ii) Trace/Space for each layer

(iii) Layer Stackup

(iv) Design Rules

1. Conductor to board edge >15 mils (prototron)

2. Pad and Line to hole >15 mils (prototron)

3. Hole to Pad

4. Pad to Pad

5. Pad to Trace

6. Trace to Trace

7. Hole to hole

(v) Review net classes & rules 

1. Ensure net classes are setup for power (bigger traces), High voltage (bigger trace and space), etc.

LAYOUT SETUP

a)  FORMCHECKBOX 

Put layer name inside title blocks at the bottom of each layer (title block is on title layer)

(i) Fill in other appropriate information into title block

b)  FORMCHECKBOX 

Update Fabrication Notes

c)  FORMCHECKBOX 

fabdwg layer (already created in template just update)

(i) layer stackup

(ii) Drill table 

(iii) Board dimensions

(iv) Fabrication notes (fr-4, construct IAW IPC-2221, ETC.)

d)  FORMCHECKBOX 

Plan Voltage and Ground distribution (per PCB, 13.5.3)

FIDUCIAL

a)  FORMCHECKBOX 

Ensure there are 3 fiducials placed on the board (perferablly in the corners). Diameter 

should be 50mils with 50mils of clearance to other objects.

PLACEMENT

a)  FORMCHECKBOX 

Designated areas identified by function (per IPC, 3.6.1)


(i) I.e. Power supply, digital

b)  FORMCHECKBOX 

Try to place on 100mil grid allowing at least .015” between component outlines

c)  FORMCHECKBOX 

All IC’s, capacitors, diodes, etc. Should face the same direction.

d)  FORMCHECKBOX 

Put decoupling capacitors at board edge and locally at each IC (per IPC, App. A)

ROUTING

a)  FORMCHECKBOX 

Calculate nominal trace width

b)  FORMCHECKBOX 

Check analog and high speed digital trace routes



c)  FORMCHECKBOX 

Get rid of as many 90( traces as possible (45( better, Rounded corner Best)

d)  FORMCHECKBOX 

Look for capacitance and inductance problem areas (traces running next to each other, 

Digital trace to analog plane, etc.)

e)  FORMCHECKBOX 

Clean up unnecessary vias

f)  FORMCHECKBOX 

Check for any stubs. (run “trace clean up”)

LAYOUT REVIEW

a)  FORMCHECKBOX 

Schematic to PCB comparison (make sure schematic and design review complete)

(i) Highlight each net in Accel layout, make sure nodes match those in schematic

b)  FORMCHECKBOX 

Check Plane boundary width and cutouts on board outline

c)  FORMCHECKBOX 

Get all Datasheets, and review all parts

SILKSCREEN REVIEW

a)  FORMCHECKBOX 

make sure all reference designators are readable and oriented correctly

b)  FORMCHECKBOX 

make sure IC’s have silkscreen outline

c)  FORMCHECKBOX 

All connectors, headers, and similar type connection devices have a pin 1 indicator

d)  FORMCHECKBOX 

Polarized caps have a “+” for polarity on correct pin

e)  FORMCHECKBOX 

The top silkscreen shall include:

(i) Board Name

(ii) Revision

(iii) Date

(iv) PCA P/N

f)  FORMCHECKBOX 

The top Copper shall include:

(i) Company Logo

(ii) PCB P/N

BOARD PHYSICAL SPECIFICATIONS

a)  FORMCHECKBOX 

All trace corners should be made with 45( angles (if possible). 90( corners should be 

avoided

b)  FORMCHECKBOX 

If space permits, space IC locations or prototyping areas should be added to first article 

products.

VERIFICATION

a)  FORMCHECKBOX 

Netlist compare

(i) Errors not to be fixed, error files go to “MiscFiles”

b)  FORMCHECKBOX 

Run DRC

(i) Errors not to be fixed, error files go to “MiscFiles”

DOCUMENTATION

a)  FORMCHECKBOX 

Put DRC errors and netlist errors in “MiscFiles” folder for project if some errors or    

                   
warnings are not to be corrected review them at design review meeting

b)  
 FORMCHECKBOX 

Copy template_readme.txt into output directory update the info contained in it.

c) 
 FORMCHECKBOX 

Place board Dimensions, cutouts, holes to board edge, etc.

d) 
 FORMCHECKBOX 

Place and update drill table

e) 
 FORMCHECKBOX 

Place and update layer diagram

g) Place the appropriate Design Info :

(a) “Checked By” and “DATE2”

(b) “Approved By” and “DATE3”

GERBER OUTPUT

a)  FORMCHECKBOX 

File extensions

(i) .top (top layer)

1. Board, Title, and top selected in gerber setup

2. Pads and vias checked

(ii) .bot (bottom layer)

1. Board, Title, and bottom layer selected in gerber setup

2. Pads and vias checked

(iii) .*ma (* layer mask assembly) (replace * with t for top or b for bot)

1. Board, Title, and top or bottom mask selected in gerber setup

2. Pads and vias checked (to tent vias, do not check the via box)

(iv) .*pa (* layer paste assembly) (replace * with t for top or b for bot)

1. Board, Title, and top or bottom paste selected in gerber setup

2. Pads checked

(v) .*sk (* layer silkscreen) (replace * with t for top or b for bot)

1. Board, Title, and top or bottom silk

2. Ref des checked

(vi) .*as (* layer assembly drawing) (replace * with t for top or b for bot) 

1. Board, Title, and top or bottom assembly

2. Mirror bottom layer checked

(vii) *** (Plane layers, done with layer name, i.e. laser = .las, ground = .gnd, etc.)

1. Board, Title, and plane layer selected in gerber setup

2. Pads and vias checked

(viii) .fab (drill table and dimensions, and fab notes)

1. Board, fabdwg, all signal layers, and all plane layers selected in gerber setup

2. Pads, vias, titles, and output drill symbols checked

b)  FORMCHECKBOX 

Automatically assign apertures

c)  FORMCHECKBOX 

Automatically assign drill symbols

(i) Make sure to update drill table before generating

d)  FORMCHECKBOX 

Gerber format is RS-274-X

e)  FORMCHECKBOX 

Output files to the “output” directory in project file

N/C DRILL FILE

a)  FORMCHECKBOX 

Output to project file in folder “output”

b)  FORMCHECKBOX 

Setup Drill files

(i) Select all layers (or layer sets for blind/buried vias)

(ii) Call drill files .ncd

c)  FORMCHECKBOX 

Auto assign Drill Tools

d)  FORMCHECKBOX 

Setup NC Drill format: ASCII

e)  FORMCHECKBOX 

Generate .ncd file to output subdirectory

FINAL CHECK

a)  FORMCHECKBOX 

Load gerber files and review

(i) Check plane connections

1. Make sure clearance pads on plane layers are not so big as to overlap onto thermal connections (Hadco DFM manual Fig 30)

2. Also check the web of copper on connectors, and ensure that there is at least 8 mils of web clearance to ensure the thermals get connected. (Hadco DFM manual Fig 30)

3. Split planes should be separated by at least 10 mils, but you should observe electrical properties. (Hadco DFM manual page 24)

(ii) Solder Mask

(iii) Solder Paste

(iv) Traces touching

(v) Silk Screen problems

ARCHIVE DESIGN


b)  FORMCHECKBOX 

Generate an archive library from the PCB file


c)  FORMCHECKBOX 
 
Setup archive design file directory structure in the folder:  



D:\Design_Archive\


d)  FORMCHECKBOX 

Copy the gerber files, netlist, .pcb file, .sch file, and the .lib file into archive directory







� Spacing between traces needs to be at least 1.5mm (60 mils) prefer 2.5 mm (100mils) (IEC 1010-1, Amendment 1&2, Safety Requirements for electrical equipment for measurement, control, and laboratory use)


� Separate grounding for analog and digital portions of the circuitry is one of the simplest and most effective methods for noise suppression. Ground and power planes are at the same AC potential, due to decoupling capacitors and distributed capacitance. Therefore, it is important to isolate the power planes as well. Do not overlap digital and analog planes. Place analog power coincident with analog ground, and vice versa with digital ground and power. If any portion of analog and digital plane overlaps, the distributed capacitance between the overlapping portions will couple high-speed digital noise into the analog circuitry (based on the capacitance between the two planes). This defeats the purpose of separated planes. “Separate grounds” does not mean that the grounds are electrically separate. They have to be common at some point- preferable a single, low impedance, point. It is important to avoid ground loops by multiple connections to the chassis. (TI, Analog Applications Journal, August 2000)


� Create fiducials IAW SMEMA FIDUCIAL MARK STANDARD (standard 3.1). Fiducials should be a solid filled circle with a minimum diameter of 40 mils and maximum diameter of 118 mils. Global fiducials require a minimum of 2 fiducials (3 to account for nonlinear distortions at assembly).  (Sections 3.1 and 3.3 of SMEMA Fiducial Mark Standard)


� Analog circuitry is very different from digital circuitry and should be partitioned in its own section with special layout techniques. Most apparent in high speed analog circuits. Keep analog traces short. Do not make the design so that a high-speed digital trace has to run right next to analog traces. (TI, Analog Applications Journal, August 2000) 


� It is a good idea to locate analog circuitry as close to I/O connections of the board. A common mistake is to make a large trace run several inches to the analog circuitry- thinking that reducing resistance in the trace will help get rid of noise. What actually happens is you create a long skinny capacitor that couples more noise from digital planes. (TI, Analog Applications Journal, August 2000)


� EI Microcircuits recommends placement greater than 15 mils. There pick and place machine allows for +- 5 mils accuracy. (Duane Lindley EI Microcircuits)


� To solve inductance problems in power supply traces to analog IC’s is to place the bypass caps as close as possible to the power supply pins of the component. The ground side of the capacitors should always be connected to ground plane with a via and the shortest trace possible. (the trace is an inductor at high frequencies, counteracting the good bypassing effects of the capacitor) (TI, Analog Applications Journal, November 1999)


� Trace width calculation:


	Amps * Cu Thickness (see Table) * Ambient Temp Rise (see table) * 1.8


Cu Thickness					


.5oz�
.02�
�
1oz�
.01�
�
2oz�
.005�
�
3oz�
.0025�
�
Ambient Temp. Rise	


0c�
1.5�
�
10c�
1.25�
�
20c�
1.0�
�
30c�
.975�
�
40c�
.95�
�
50c�
.925�
�
60c�
.9�
�
70c�
.875�
�



� Short analog traces, High-speed digital traces should not run near analog traces. Digital signals must be routed around analog circuitry and not overlap analog planes(TI, Analog Applications Journal, August 2000)


� Avoid running two traces coincident on different layers. This forms a long skinny capacitor. Especially avoid this at the inverting input to op-amps. It can cause ringing at that input. (TI, Analog Applications Journal, August 2000) 


� Op- Amp power supply traces should be kept as short as possible to reduce inductance. (any piece of electrical conducting wire has an inductance based on the length of wire) (TI, Analog Applications Journal, November 1999)


� When a trace turns a corner at 90( a reflection occurs (due to trace width is increased to 1.414 times its normal width causing a change in self-inductance of trace, which changes transmission line characteristics, causing reflection) (TI, Analog Applications Journal, August 2000) In Essence they begin to look like antennas. 


� Shortening the traces and reducing trace width can reduce capacitance. The parasitic effects of two traces running side by side can be calculated using transmission line and microstrip references. Unless you desire the transmission line and microstrip effects, traces should be routed in parallel only with at least a gap of 3 times the trace width  (TI, Analog Applications Journal, August 2000)


� Vias cause a small inductance (bad at high frequencies)


� A stub trace  is an antenna and its uncontrolled impedance can cause signal reflections whose results are unpredictable. (Even at low clock speeds (under 20MHz) you could have many harmonics that are powerful and up around 100MHz) Harmonic vs. Amplitude is given by: magnitude = cos((t) - cos(n(t)/n (n= harmonic number, (= wavelength)


� Land Size (min) = a + 2b + c                                                                                                                                                    


	a = Max diameter of finished hole


	b = Min annular ring requirements (see table 1)


		


ANNULAR RING �
CLASS 1,2,3�
�
Internal Supported�
.03mm (1.2mils)�
�
External Supported�
.05mm (2mils)�
�
External Unsupported�
.15mm (6mils)�
�



c = Standard Fab Allowance (considers tooling, and process variations required to fabricate boards)





LEVEL A�
LEVEL B�
LEVEL C�
�
.4mm (16mils)�
.25mm (10mils)�
.2mm (8mils)�
�



 			***Level A= general density (perferred)


			     Level B= Moderate density (standard)


      			     Level C= High Density (reduced)





� These are ISO-9000 Requirements (per Gary Shubinsky)





