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Design for Manufacturing

DRC Rules to increase quality and reduce costs.
The rules apply to PCB Manufacturing and Assembly
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Design for Manufacturing

There are many checks requiring the knowledge of both, component
and Bare Board information.

PCB Assembly
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Design for Manufacturing

There are many checks requiring the knowledge of both, component
and Bare Board information.

PCB Assembly
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Solder mask exposure

£ Solder mask clearance from copper pad

PCB features spacing (traces, vias, pads, etc.)
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DFM - Data Formats

-)‘ E] AR - odbjob PCB-Investigator www.pcb-investigator.com - ﬁl
5
N Start | View  Selecton  Developer  Fabricaion  Analysis  Extras  Help  Signing

gia M AKX XO® A

Favorites | Recent Browse  Import Export ||| Zoom | Select Selectin  Select  Pan | Home Contour Selection Default || List
- - Rectangle Nt View

= ihl ¥ Clear Selection & Measure % Component Manager || @ Options
-, =

2 ReverseSelection || we Infolayer @ Openin Explorer oSwplolors e
¥) PreviousSelection || B Netlist [ Calculate Ares ChangeUnits ~  Rivben

Format 2D Import Export

ODB++ Yes Yes

IPC-2581 Yes Yes

GenCAD 1.4 Yes Yes

EAGLE ,ULP" Yes No

Gerber274x Yes Yes

Excellon Yes No

Sieb&Meyer Yes No

DXF Yes Yes

PDF Yes ves Format 3D Import Export
VRML Yes Yes
Obj Yes Yes
X3D Yes Yes
XAML Yes Yes
IDF 2.0/3.0 Yes Yes
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DFM - Workflow

DRC check should be done on ODB++ to utilize all information
integrated in the ODB++ structure

Workflow
— | L] L | L] | L] | L] | L] | _——
| Fail PCB-Investigator |
I Pass I
ODB++ P | Dre |
A Differences in
- | | ODB++/Gerber
| Compare |
I I Identical
.| Gerber/ ] A :
- Excellon '
SIS I S S S S S e e e e e e
- v
Order PCB
with ODB++ or Gerber
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DFM - Preparations / Setup

Is data preparation necessary?

In case your ECAD System Library does not add the proper attributes to
the design, it is possible to add the missing attributes with a small script
to prepare your PCB-Data.

Preparations | |

o Preconditions for using the DRC Bare Board Analysis of PCEBI:

I

[ - All signal layers must be positive |
[ - The stack-up definiticn must be correct (e.g. type and order of layers) [

- The 'Oversize’ on the solder mask layers must already be generated

{ - All soldered copper pads must have the .smd' attribute [
- All testpoint copper pads must have the ".test_point’ attribute
[ - All unplated drills must have the attribute " drill=non_plated’ [
- All drilled copper pads must have the attribute '.pad_usage=via'
- All lines defining a text should have the attribute ".nomenclature’
[ - For the Open/Short Check, a netlist must be available in the data set [

{ OK [
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DFM - Preparations / Setup

Is data preparation necessary?

Depending of the used library, the Solder Mask Oversize is already
applied in the data or must be generated with PCB-Investigator.

F' B ANLZED L L = odbjob - PCB-Investigator / ww
—) Start  View | Selection | Developer | Fabricaion = Analysis  Extras  Help  Signing
gp Add Cop: /' Change Job Name Np Component Heights - Drill Tool Manager == Panel Builder
- . —
Prepa ratlons 2 Paste | L Y | = Remove Double Elements B Generate Netlist P T EE Profile
%) Undo I # Add Text as Surface (5 Generate Qversize | Show S and R

The Solder Mask

oversize is used to [iayer Tfo ~ e ——
make sure, that all |- cemp st [ component; o e
- sst Silk_screen; ize |/ =] wm r _v
SOI de rin g pa d S are ) spt Solder_past: . L Al zetive Layers
free Of Iacq u er’ ._-_ [ only Selected Objects
when taking the i) rop Obi.: 9428; ¢ Llauas s v hecept
tolerances of D, Jews =i
o q | lyr_1 Signal; Boar

manufacturing into |5 .-, R
account. 0 /gnd signal; Boar

[J  bottom Signal; Boar

e onane

O |spb Solder_past

O ssb+1 Silk_screen;

O ssb Silk_screen;

O rout Rout; Board

O comp_+_... Component;

O assembly-... Document; b

m fah Naruman - B
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DFM - Preparations / Setup

Preparations

»
.

Is data preparation necessary?

Preparing PCB fabrication data from Gerber, Excellon Sieb&Meyer

Gerber data does
not include
information about
the type or
purpose of the
files.

This information
must be added.
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Analysis Extras

Help Siening

odbjob - PCB-Investigator / www.pt

L]
7
P

Start  View
Add

Edit 24 Paste
Delete | ) Undo

Copy

Selection Developer Fabrication
# Change Job Name
=¢ Remove Double Elements
Transform
o 4 Add Text as Surface

lodoooooooogoogod

Layer

0 comp_+_t...
O sst

| spt

spb
ssb+1
ssb

rout

comp_+_...

assembly-...

fab
height_top
height_bot

Info ~

CMPs: 294; (
Silk_screen;

Solder_past:

Obj.: 9428; ¢

Signal; Boar
Obj.: 2018; ¢
Signal; Boar
Signal; Boar
Signal; Boar

Solder_past:
Silk_screen;
Silk_screen;
Rout; Board
CMPs: 246; (
Document; P
Document; P
Document; b

Document; b

N7 Component Heights

B Generste Netlist
™ Generate Oversize

B Polygonize Selection

[%f Change Attributes |

== Panel Builder
== g profle -

Matrix

Fabrication

= g

Attribute
bonding_pad_comp
bump_pad
drc_pad_keepout
dre_pad_keepout_lyr
laser_via_pad
npth_pad

osp_pad
pad_usage
pth_pad
thvpad_required

wvia_pad
wvia_type_pad

Type
bonding_pad_.
bump_pad
drc_pad_kee..
dre_pad_kee
laser_via_pad
npth_pad
osp_pad
pad_usage
pth_pad
thvpad_required
wvia_pad
wvia_type_pad

Properties:

toeprint
via
g_fiducial
|_fiducial
tooling_hole

1) geometry = C52P32
2) pad_usage = toeprint




DFM - Preparations / Setup

Is data preparation necessary?

The DRC Rule File Manager let you set up different categories of PCB
types, like standard, advanced, HDI, SBU or any other used technology

7| Design Rule Creator - o X

Multilayer-Standard ~ ~ H K 1.0 % pm  <=> mil
Sav

New e Delete Import  Export Compare

Preparations

» Outer Signal Rules (@) copper Rulis
Creating rule files is
supported by the |
rule file editor, # Solder Mask Rules Spacing (58um)
which creates a

Minimum Space
#p Inner Signal Rules

Value: 125 pm

Minimum spacing between copper areas of same or different nets on outer layers

. PTH Rul 3
XML file to prepare W P Ruks R
and exchange B NPTH Rules —
setups

I» MicroVIA Rules Value: 125 pm

7
ConductorWidth (104pm)

Minimum copper trace width on outer layers

W Buried Drill Rules
172

Minimum Angle

Value: |45

{
AcuteAngle (357)
Minimum angle in copper areas on outer layers
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DFM - Preparations / Setup

Is data preparation necessary?

The created rule sets can easily be compared to find all different check
values and characteristics of a certain rule set.

7 Compare Rule Sets - m}

Multilayer-Standard | | Multilayer-HighEnd l:‘

Rule Multilayer-Standard ‘ Multilayer-HighEnd Description

|Outer Signal Rules

H Minimum Space 125 pm 100 pm Minimum spacing between copper areas of same or different nets on outer layers
P re pa ratl O n S Minimum Trace 125 pm 100 pm Minimum copper trace width on outer layers

[Minimum Angle 45 ° 45 ° Minimum angle in copper areas on outer layers

AI I d Ifferent Va I ues Hmask Clearance for SMD P?ds 75 pm 50 pm Minimum needed sclder mask clearance arround SMD pads (smd Attribute)
ask Clearance for Testpoint Pads 75 um 50 pm Minimum needed sclder mask clearance arround test point pads (.test_point Attribute)

betwee n tWo Inner Signal Rules

HMlmmum Space 125 pm 100 pm Minimum spacing between copper areas of same or different nets on inner layers
Selected FU Ie SetS Minimum Trace 125 pm 100 pm Minimum copper trace width on inner layers

] . Minimum Angle 45 ° 45 ° Minimum angle in copper areas on inner layers

are hlghllghted Solder Mask Rules

Distance to Copper 75 pm 50 pm Minimum distance from the solder mask opening to surrounding copper

Minimum Space 70 pm 70 pm Minimum spacing between solder mask clearances (=smallest solder resist fillet)

Minimum Trace 70 pm 70 pm Minimum width of solder mask clearances

Minimum Angle 45 ° 45 ° Minimum angle in solder mask clearances

IPTH Rules

Mask Clearance for PTHs 75 pm 50 pm Minimum needed solder mask clearance for plated through holes

Mask Clearance for PTH-Pads 75 pm 50 pm Minimum needed sclder mask clearance for plated through hole copper pads

|Accept masks smaller as PTH-Pad on on If active, mask clearances which are smaller than the PTH-Pad are not reported

|Annular Ring on Quter Layers 150 pm 100 pm Minimum annular ring for the drill on outer signal layers

lAnnular Ring on Inner Layers 150 pm 100 pm Minimum annular ring for the drill on inner signal layers

IAccept missing Pads on Inner Layers on on If active, missing copper pads on inner signal layers will not be reported

Distance to Copper 275 pm 275 pm Minimum distance to surrounding copper on inner layers, if missing pads are accepted

Minimum Diameter 250 pm 200 pm Minimim diameter of plated through holes

Minimum Drill Distance 300 pm 300 pm Minimum Distance to any other Drill

INPTH Rules

Mask Clearance for NPTHs 225 pm 200 pm Minimum needed solder mask clearance for unplated through holes

Distance to Copper on OQuter Layers 300 pm 300 pm Minimum distance to surrounding copper on outer signal layers

HD\stance to Copper on Inner Layers 300 pm 300 pm Minimum distance to surrounding copper on inner signal layers
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DFM - Preparations / Setup

PCB Stack-Up Management

Layer
.position
.type (Component, Solder_Mask,Signal,Drill, Rout)
.thickness
COMP_+_TOP Component
SPT Solderpaste  0.00 ym
Preparations ST —
can be done in the ECAD 1 siGT “ [ .. | signal 18.00+25.00me
system or with PCB- o |
Investigator. A library is T o g
used to share stack—ups. Copner400 400.00 um 500 x 630 mm B I
The Stack-Up can be < Hum |
imported / exported as Cancel ok e |
XML, ODB++ and IPC2581 4 siGa Copper3s | .. | Signal 35.00 um I
PREPREG_4 1080 [FZ97] ~ lII Dielectric 102.00 pm I
5 SIGS Copper3s | .. | Signal 35.00 ym I
PREPREG_5 1080 [FZ97] ~ lII Dielectric 102.00 pm I
6 SIGB Copper;18 Iil Signal 18.00 + 25.00 pm I
SPB Solderpaste  0.00 pm
DRILL Drill

By
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DFM - Preparations / Setup

DRC violations have a strong impact on the quality and price

Running the DRC helps to find violations and to categorize the design.

'« Design Rule Check (Step: pcb) *
i Rule File: |Standard " Rule File Manager -
Preparations | | (2]
P v
Layer Space (ym)  Trace (um) Type Used Trace Foil Progress

e N i

Before the DRC is ToP 45 |z (145 2| SgnalTop 102m  18m | |

started a pre-check _ PWR 145 |z 145 3| Sgnallner 152m  3B/un | |

reports the copper foil LYR_1 145 |2 145 |3 Sgnallner 152um  35um | |

and smallest line used

for each layer LYR_2 145 3] 145 |3 Sgnallner 152um  35um | |

GND 145 2] 145 3 Sorallner  152um  35m | |

BOTTOM 145 2] 145 3 SgralBot  100um  18m | |
S CHEE| |

Scan for Opene/Shorts
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DFM - Results

EASYLDGIX.DE

All results are
categorized and
summed up per layer.

DRC results for Bare Board and Assembly

DRC for Solder Mask, Signals and Drills in conjunction to each other

‘M'E Bare Board DRC - Result Viewer: Standard_2015.10.29_145627
- Actions
DRC Result: | Standard_2015.10.29_145627 | |5 Load _
i Eoot | [ X Dt
Layers Emor Types Ermors
Layer Emor Type Emor Type Value Check-Value  Crtical Description
Geben Sie Text hier ein Geben Sie Text hier ein = Acutefngle
4 Angle (15) [l
O | | A Acuteingle [ AmrFinaPTH (2
sigt AnnularRingPTH C‘;:e:agirﬁ:sj @ m
[ sig2 ConductorWidth E‘:' ExposedCopper (12) 0
0] =ig3 Coverage T2 MissingDrill (1) O
L s ExposedCapper 172 MissingMaskPTH (6) O
[ sie5 fasing Dl T8 MissinghaskSMD (14) m
[] sigh MissingMaskF TH T2 MissingMaskTP (1) O
D_ MissingMask SMD T2 MissingPad (1) ]
|:| drill MissingMask TP ‘EZ. NFTHteCopper (1)
MissingPad 1{;‘3 Open (265) I
PTHtoCopper SameMNetSpacing (2) I
pen Short (619) (]
SameNetSpacing 5“‘19!' 2 [m]
Shart Spacing (5) [m]
Sliver Stub (1) [l
Spacing ‘wongMaskNPTH (1) [l
Stub ]l?:‘ ‘wrongMaskPTH (1) [l
]l?:‘ ‘wrongMaskPTHPad (1) [l
E‘D ‘wrongMaskSMD (21) O
‘E‘D ‘wrongMaskTP (1) O
WrongMask SMD
WrongMask TP
< > < < >

[] Show only critical Emors
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DFM - Copper Signhal Check

DRC Signal Analysis for outer and inner layers

N
Sliver Spacing (102um)

Plane ConductorWidth (125 Distance

7
ConductorWidth (104 Co nq uctor
width

¢ EASYLDGIX.DE
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DFM - Solder Mask Check

DRC Solder Mask Analysis

Sliver ),
Coverage (/1pum)

Coverage Distance

Copper +SM

Angle

¢ EASYLDGIX.DE
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DFM - Drill Check

DRC Drill Analysis for mechanical and laser drills

Copper
Spacing

via035

Drill to Mask Diameter

DoubleDrill
x_via35

. l/"‘*,\
WrongMaskV. Via to Maks TH
uvia_0100

AnnularRingV
uvia_ 0100

-
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DFM - Component Check

Spacing between components to test manufacturing constraints

Set-up the rules to find AOI, Pick & Place and Test Point issues

~%. Distance Check Cemponents — | *

File  Options Help
Fiters  Last Results

Filter [sMRo402A [[200 | um
© Packages [SMA0s03 |20 ] m
() CMP Heights
ON [smy_FC255 |[200 | m
Depending on the one S— 0
Component design in the Include Pins | = | |
library, the values have to |S018_50IN_213X210 |20 | im
be adjusted. @"--&, e E o]
7
|soT23 5P |[200 | m
|soT238 |20 | im
Component Body ) S0T3262 200
Component Pin C£7 - | | | | w
|SPOKE_N156_CNR_PKG_2_| [200 | im
| [5S0P16_65MM |[200 | m
= Components "30"' [S50P43_30_251A [[200 | wm
A [emsinmnn | lann 1

By

¢ EASYLDGIX.DE



DFM - Component Check

Tombstone effect during soldering, caused by different pin
connection

All 2 Pin components are checked for their signal connection

& Tombstone Analysis - O x

File  Options Help

Settings
Geometries Court Size -
Geben Sie Text hier ein ?’| G... ?| Geben Sie T.. ﬂ
. SMRO402A 239 1016x 1905x 0. ...
Possible hazar(_j areas are small SMCD402A 152 1016x 19050, .
components with two pins. In cases SMCO201 g 1122% 1132x 0...
where the difference from one pin SMCDGRD2 16 1651x 3175x0,...
connection to the other is too big, the SMF0402 2 1905x 1108x0....
component might be tipped upright SMCO805P 1 1905 4445x 1,...
during the soldering process. SMC0205 2 1905k 4ddSx ...
SMFO805 1 2794 % 1270 1....
SMRO603 1 3175x 1657 x0....
[ smc1210_110T 1 3175 6223x 2....
[] SMLEDDs03 5 4064 % 1803x 0, ..
[ 102276-001 2 5842x 3505 1.
[]issw2RPE b G045x 3886x% 2 |
[] SMY_FC255 1 B156x 2845 0,...
[] sMy2414_2P 1 BB35x 4335x 1,... Check current
] SMF2411 1 BE61x 3810x 2, .. step!
= Components [ Smi_255_255 3 9652 7493x 2.,...

-, 19
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DFM - Component Check

Stencil optimization to reduce pad lifting regarding IPC7525

DRC for SMT soldering using a stencil

IPC Guidelines show & Get Paste Size Ratio o %
how to define solder Fle  Help
paste pads to ensure R e

h | g h q u a I |ty d u rl n g Layer Ratio Aspect Ratio Area Area Walls X Y Width Height Stencil Thickness ~
. (Geben Sie Te... 57| Geben Sie T °F| Geben Sie Text ... 57| Geben Si... 7| Geben Sie .. Geb... 57| Geben 5. 7| Geben .. 57| Geben Sie Text hier .. ﬂ
the process. To find spb 064 275 0m 004 2645 0618 013 0.18 0.070
Pads with a larger - ot am o ow me w0 om  ow oo
wall adhesive spb 064 275 003 004 %49 060 078 018 007
spb 064 2,18 003 0,04 2653 10615 015 021 0,070
compared to the Pad stb 054 275 003 004 649 10618 019 0.18 007
spt 0.72 331 0.04 0.05 8164 -2 023 0.23 0.070
surfa ce, a Il Pads are spb 072 331 004 005 g16L M2 023 023 0,07
calculated rega rdin g spt 0.74 417 0.04 0.05 5,87 98,01 023 015 0.070
spt 0.74 417 0.04 0.05 1447 11198 029 015 0070
H spt 0.74 417 0.04 0.05 1523 0524 029 015 0.070
the tested stencil st n74 417 nnd nns 1689 ADRES 079 n1s nn7n ©
thickness. < >
Stencil thickness: 70 pm .
Mark lines with ratio <
[ Check only in PCE Frofile Calculate Expott Close
= Components
_ISY
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Software Portfolio

PCB-Investigator
Www.pcb-investigator.com

Native Board Import (3D Interface to CATIA, SiemensNX, SolidWorks, SolidEdge)
www.sts-development.biz

GerberlLogix
www.GerberLogix.com

Online Gerber Viewer
www.Gerber-Viewer.com

Software Development, CAD Converter, data connection
WWwWw.easylogix.de

Get in touch,
info@easylogix.de
Guenther Schindler

Tel. +49 941 604 889 719
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21


http://www.pcb-investigator.com/
http://www.pcb-investigator.com/
http://www.pcb-investigator.com/
http://www.sts-development.biz/
http://www.sts-development.biz/
http://www.sts-development.biz/
http://www.gerberlogix.com/
http://www.gerber-viewer.com/
http://www.gerber-viewer.com/
http://www.gerber-viewer.com/
http://www.easylogix.de/
mailto:info@easylogix.de

