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DRC syntax can be intimidating 4 | “A”l’l/n.)

Dictionary definition ;- &
syn-tax B
Isin taks/ R
noun :_ % ?“
a set of rules for or an analysis of '
this. :




Where can you turn for help?

You can turn to Altium’s Query Language Reference!

http://valhalla.altium.com/Learning-Guides/TR0110%20Query%?20Langquage%20Reference.pdf

This reference details the following in Altium Designer:

Summary Query Helper
This reference manual Library Functions
describes the Query Schematic Functions

Language used in

Altium Designer. PCB Functions

System Functions.

What is a Query?

349 pages of detailed syntax information! Umm...maybe not.


http://valhalla.altium.com/Learning-Guides/TR0110%20Query%20Language%20Reference.pdf

Fortunately Altium has automated the syntax entry...- s

'\
.

...with Query Helper

MName BoardOutlineClearance_Outer  Comment

Where The Object Matches

Custom Query « OnBottomLaver

Query Helper ...

Query Builder ...

Constraints
Query

Minimum Clear CnBottomL

Cutline Edge + -
Cavity Edge
Cutout Edge
Split Barrier
Split Continuation

Categories

4 PCE Functions
Object Type Checks
Fields
Membership Checks
Attribute Checks
Parameters
Layer Checks

4 PCE Object Lists
Mets

Polygons
Required clearances betweer Pads
Region -to- object settings a

Tawt

Unigue ID  URPOENMI Test Queries

Query Helper

Mod Mot And Or Xor < <= | 3=

Mame Description
AsMils Converts coordinate to mils
AsMM Converts coordinate to millimetres
ComponentinLayerClass |s the object in the specified Layer Class
ExistsOnLayer Does the object exist on the specified Layer
HasFootprint Does the object match the specified Footprint
HasFootprintPad Does the object match the specified Footprint & Pac
HasMaskExpansionOnLi
HasPad Does the object match the Pad Mame specified
InChannelClass Is the object in the specified Channel Class

v
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...and Query Builder

Mame BoardOutlineClearance_Outer Comment

Where The Object Matches
Custom Query = OnBottomLayer

Query Helper ...

Query Builder ...

Constraints

Minimum Clearal

Show All Levels o

Condition Type / Operator
Exists on Layer
Add another condition...

Cutline Edge
Cavity Edge
Cutout Edge

Split Barrier

Split Continuation

Required clearances between ele
Region -to- object settings and E

Unigue ID  URPOENNI

Building Query from Board

» 4+ 3 *+= = %
Condition Value
Layer 4 - Bottom
Drill Drawing
Drrill Guide
Keep-Cut Layer
Layer 1 - Top
Layer 2 - GND
Layer 3 - VCC
Layer 4 - Bottom

Query Preview

Test Queries




Let’s start with something easy...

...how about a
rule for board
outline
clearance?

This will also set

the polygon back-
off from the edge
of the PCB.

B PolygonConnect
4« Testpoint
4 ¢ Fabrication Testpoint Style
_¢ Testpoint
_ Fabrication Testpoint Usage
_~ TestPointUsage
_~ Assembly Testpoint Style
¢ AssemblyTestpoint
¢ Assembly Testpoint Usage
_¢ AssemblyTestPointUsage
4 7Manufacturing
7Minirnurn Annular Ring
7Acute Angle
P Hole Size
7Ho|eSize
7Layer Pairs
7LayerPairs
7 Hole To Hole Clearance
7Ho|eToHoIeCIearance
7 Minimum Solder Mask Sliver
7MinimumSoIderMaskSliver
7 Silk To Solder Mask Clearance
7SilkscreenOverComponentPads
P silk To Silk Clearance
W silkToSilkClearance
P Net Antennae
¥ netsntennae
7 Board Outline Clearance
7Bt}ard[)l.|llineCIealante_Dl.|lel
7B0ardOutIineCIearance_Inner
4 o= High Speed
— Parallel Segment
o= LENgth
4 o= Matched Lengths

Rule Wizard... Priorities...

Create Default Rules

PCB Rules and Constraints Editor [mil]

Mame BoardOutlineClearance_Outer Comment

Where The Object Matches

Custom Query = | OnBottomLayer
Query Helper ...

Query Builder ...
Constraints

Minimum Clearance  N/A

Are Track
Outline Edge 10
Cavity Edge 10
Cutout Edge 10
Split Barrier 10
Split Continuati 20 10

SMD P TH Pad

20
20
20
20
20

Unique ID

Jer

OnTopLay

Via

20
20
20
20
20

URPOENNI

Paly

20
20
20
20
20

Region

Test Queries

Text
20
20
20
20
20

Required clearances between electrical objects and Board Cutouts / Board Cavities are determined using
the largest of Electrical Clearance rule's Region -to- object settings and Board Cutline Clearance rule's

settings.

Cancel

Apply




Let’s start with something easy... SN IR (| [ /[ 1, [ ; )P

N (0)"," Iet,s create PCE Rules and Censtraints Editer [mil]

4~ Assembly Testpoint Style

a se arate # AssemblyTestpoint Mame BoardOutlineClearance_Inner  Comment Unigue I WISINVRA Test Queries
4« Assembly Testpoint Usage

_~ AssemblyTestPointUsage Where The Object Matches

outline rule for T
7I‘\.-1ir1imumﬁnr1ularRing Layer * layer3-VCC
¥ Acute Angle
th m -d I 7Ho|eSize Constraints
e InSI e ayer- 7HO|ESiZE
7LayerPairs r Minimum Clearance  25mil

¥ LayerPairs
‘¥ Hole To Hole Clearance

We Wi I I i ncrease 7 HoleToHoleClearance

7 Minimum Solder Mask Sliver
7MinimumSoIderMaskSIiver

the pOIygon P silk To Solder Mask Clearance

7SilkscreenOverComponentPads

¥ silk To Silk Clearance
aC -0 y ¥ silkToSilkClearance
Met Ant
7 ;N:t::t:iiae Arc Track SMD P TH Pad Via Fill Poly Region Text

m I Is O n th e I n n e r 7 Board Outline Clearance SIS IEFTE = = = =

7BoardOutlineCIearance_Outer Cavity Edge 25 25 25 =

7 BoardOutlineClearance Inner Cutout Edge 23 23 25 25
ayer o 4 == High Speed Split Barrier 25 25 25 25

o Parallel Segment Split Continuati 25 25 25 25

offset it from the =Tt

o Matchedlengths Required clearances between electrical objects and Board Cutouts / Board Cavities are determined using

o= Daisy Chain Stub Length the largest of Electrical Clearance rule's Region -to- object settings and Board Qutline Clearance rule's
ou er o—a Wias Under SMD settings.

—s Maximum Via Count

planeSI Rule Wizard... Priarities... Create Default Rules




Let’s start with something easy...

This slightly
greater polygon
back-off on the
inner VCC layer
prevents a
detrimental field
effect called
‘fringing’.




Let’s start with something easy...

Fringing is an
outward EMI
radiation from the
Power and GND
planes at the
edge of the PCB
as shown here.

2. 20H RULE

20H rule: If there are high-speed currents on the board, there are electromagnetic fields associated
with them. At the edge of the planes (presumably at the edge of the board) these fields will fringe
outward from the board as shown in Figure 1. If the ground plane is larger than the power plane,
the energy can not radiate out, as we can see from Figure 1(b). Thus, outward EMI radiation is
reduced and there is less chance for an external EMI problem.

Power Flane =, Fower Plane |
AR \

d:|: I |

_________ S — L
..G””'“d Flanae[~/ Ground Plane

Figure 1: Recessing power plane may reduce outward fringing.

The reduction of edge radiation relates to the plane edge retraction. 20H role (H is the height
between the power plane and the ground plane) take it that if the power plane edge is retracted
20H of the ground plane edge, T0% of the energy radiation can be repressed.

20H rule is experiential method without theoretically confirmation and demonstration. Some
designers believe that the 20H rule will cause more radiation than not applying it [2, 3]. There also
exist a saying that whether the 20H role is applicable depends on the dimension of the PCB and
the frequency and the layers separation [4]. Others think that using discrete components instead
of implementing the 20-H rule is another choice [5].



s -
While on the subject of polygons... s shes s T AT

LI pOIygon DRC Where The First Object Matches
options have S——

Where The Second Object Matches

been greatly o -
enhanced in v

Simple ®* Advanced

] ]
re ce nt reVI s I O n Through Hole Pad Connection SMD Pad Connection
' Connect Style Relief Connect - Connect Style Relief Connect - ire onnect -
updates!

- Air Gap Width - Air Gap Width
T Omi T 10mil
Click the

‘Advanced’ radio |
button to view

10mil 10mil

these options. cotaton RS centon | IS

Conductors Conductors

Conductor Width

2 * 4 2 .4




s -
While on the subject of polygons... s shes s T AT

Mame PolygonConnect_MoThermal

L .What if We Want Where The First Object Matches
our polygons to oo

Where The Second Object Matches

fIOOd the SMD CustomQuery = | IsNamedPolygon ('HoThermal’
and thrOugh-hole Query Helper ...

Query Builder ...

pads With no Constraints
thermal relief? T

Through Hole Pad Connection SMD Pad Connection

Connect Style Dire onnect - Connect Style Direct Connect ire onne —

Let’s create a
polygon rule!




Here is an easy way to create a polygon rule...

First, select the

polygon that you
wish to eliminate 48 ”
the thermal relief |

Met Length  1650.455mil

connections. y " p—

Then rename it
appropriately in
the Properties
panel as shown
here. I'll call it
‘NoThermal’.




Here is an easy way to create a polygon rule... s v T AU

= View/Edit
ex , I n e Mame Auto Assign Name Layer Shelved IsModified Locked

MoThermal Layer 1 -Top
Thermal Layer 3 - WVCC
POIygon Pou r MoThermal Layer 1-Top
GMND_Fill Layer 1 -Top
- MaoThermal Layer 1 -Top
Mana er dlalo Thermal Laver 3 - WVCC
MoThermal Layer 1 - Top
MoThermal Layer 1 - lop
GND_Fill Layer 4 - Bottom

box (shown)
, MoThermal Layer 3 - VCC
select the ‘Create
P O Iyg o n C O n n ect Repour... Shelving... Locking... Violations...  Auto Mame... Create Clearance Rule... Create Polygon Connect Style Rule... Create Polygon Class...

Pour Order
Style Rule...’
y EEE = MaoThermal
NoThermal
NoThermal
MoThermal
GMD_Fill
Thermal
Thermal
NoThermal
GND_Fill
NoThermal

Move Up Move Down Auto Generate

Animate Pour Order




' o) 5 ..' x
A polygon clearance rule can be created in a similar way. W e v Alhlﬂﬂ;.
.a .J‘.’.'. iy | .l';bp :’ :

Sy - " .8 s
0, . e . .

Mame | PolygonConnect_MoThermal Unigue ID  VXQUWDMX Test Queries

Finally’ in the Where The First Object Matches
design rule SE—

Where The Second Object Matches

dialog box that CustomQuery = IsNamedPolygon('HoThermal'
appears, enter an Query Helger ...

Query Builder ...

appropriate name [
and Change the Simple ® Advanced

Through Hole Pad Connection SMD Pad Connection

]
connectlon style Connect Style Direct Connect « Connect Style Direct Connect ire onne -

settings to Direct
Connect.

This new rule
now appears in
the design rules!




Here is an easy way to create a polygon rule... wiew v 7 ATburmg.

PCB Rules and Constraints Editor [mil]

This same S

4 Electrical Mame | Clearance_GND_Fill Comment Unique 1D IRGWAIVE Test Queries
Clearance

roced u re ca n be Clearance_Diff_Pairs_to_Poly Where The First Object Matches
Clearance_90_Ohm_DP_Separation

Clearance_100_Ohm_DP_Separatior Custom Query = | InNamedPolygon('GND Fill')

Clearance_GMD_Fill
use O crea e a Clearance_Under_BGA Query Helper ...
Clearance
Short-Circuit Query Builder ...

polygon clearance B B

UnRoutedNet

- Un-Connected Pin Al -
ru e O r a I Modified Polygon :
UnpouredPolygon Constraints

Routing .
Different Mets Only

co p pe r po Iyg O n u Wid\:-:dth_% Ohm_DP —— Minimum Clearance  8mil

Width_100_Ohm_DP
Width_Under_BGA
Width_Disjoint_Vertex
T L] Width
h I s a I I OWS u s to LT T 00 ~ lgnore Pad to Pad clearances within a footprint
RoutingTopology
Routing Priority

set increased
Routing Layers

ATl Track SMD Pad i Copper
Routing Corners
Track

clearances on

RoutingVias TH Pad
Fanout Control iE
these planes. 3
Fanout_LCC Text 3
Fanout_SOIC Haole a

F t_Small
anatr_sma Required clearances between electrical objects and Board Cutouts / Board Cavities are determined using the largest of Electrical

Fanout_Default Clearance rule's Region -to- object settings and Board Outline Clearance rule’s settings.
Differential Pairs Routing

Rule Wizard... Priorities... Create Default Rules




Order of priority and processing is critical... saew e T Al

PCB Rules and Constraints Editor [mil]

4 [ Design Rules

If a new design
rule doesn,t seem 4 Els:clt:rll:::.ar1ce Mame  Clearance_GMND_Fill Comment Unigue ID  IRGWAIVE Test Queries

Clearance_Diff_Pairs_to_Polygon Where The First Object Matches
Clearance_90_Ohm_DP Spacing

to be Working E:::::E::;TB?;:_DP_SMFHg* Custom Query = InNamedPolygon('GND Fill')
correctly try Edit Rule Priorities
J

Rule Type: Clearance

i n cre as i n g the | Priority  Enabled MName Scope Attributes

| 1 Clearance_Diff_Pairs_to InAnyDifferentialPair  Clearance = 13mil

- .t h Clearance_90_Ohm_DP_InDifferentialPairClass’ Clearance = 4mil

p rl o rl y as S Own ] Clearance_100_Ohm_DF InDifferentialPairClass(’ Clearance = 3mil
Clearance_GND_Fill InNamedPalygon( GMD Clearance = 8mil

Clearance_Under BGA WithinRoom([ BGA_Arez Generic clearance = 4.5mil, and 2 value(s) for objects
Clearance All - All Generic clearance = 5mil, and & value(s) for objects

Routim
Wit

The baseline

default rule should
always be the
catch-all at the =
bottom of the list.

M die el fim e

Priorities... Create Default Rules




Now let’s create some differential pair rules...

Now we need to
create a design
rule for our 90
ohm differential
USB signals as
shown.

Maodified Polygon
UnpouredPolygon
Routing
Width
Width_%0 Ohm_DP
Width_100_Chm_DP
Width_Under_BGA
Width_Disjoint_Vertex
Width
Routing Topology
RoutingTopology
Routing Priority
RoutingPriority
Routing Layers
RoutinglLayers
Routing Corners
RoutingCorners
Routing Via Style
RoutingVias
Fanout Control
Fanout_BGA
Fanout_LCC
Fanout_SOIC
Fanout_Small
Fanout_Default
Differential Pairs Routing
%0_Chm_DP
100_Chm_DP
4 W SMT
= 5MD To Corner
== 5MD To Plane
& SMD Neck-Down

Rule Wizard... Priorities...

PCB Rules and Constraints Editor [mil]

Name 90_Ohm_DP Comment
Where The Object Matches
Diff Pair Class = 90 _Ohms_DP

Constraints

Unigue ID  SKYDBIEG Test Queries

These Values are Applied to All Layers

Min Width  Min Gap

Max Uncoupled Length  500mil

Attributes on Layer
Min Width Min Gap Preferred Wi Preferred G
3mil Amil 5.5mil Amil
Omil Omil Omil Omil
3mil Amil 5.5mil Amil

LCreate Default Rules

Preferred Width  Preferred Gap  Max Width  Max Gap

~ Layers in layerstack only

Layer Stack Reference
Max Width Max Gap Mame
5.5mil 4mil Layer 1 -Top
Omil Omil Layer 3 - VCC
5.5mil Amil Layer 4 - Bottom




Differential Pairs

Now let’s create some differential pair rules...

Options

Th is traCk Wi dth Conductor Width (W) Target Zdiff Formula Restrictions: Base Copper Weight Units
5.5 mils 90 Ohms 0.1 <W/H <3.0 :S 8'§§§Z = it
d = 0.1 <S/H < 3.0 =c O Metric
J1
a n s paCI n g Conductor Spacing (S) :‘:: ;Z{oz Substrate Options
. = = 4 mils O 2.50z Material Selection
information is :

. Conductor Height (H) :;: ZEE EFrR 15T
gained from our g il
favorite online S Temp e (°)

S/H = 0.800 '{:‘:' 1oz 20
ca I c u Iato r. Zdifferential ':' ;’SZOZ -
90.479 Ohms |l 5357

Zo Differential Layer e
58.200 Ohms @ Edge Cpld Ext 22 c
O Edge Cpld Int Sym -

+/- Tolerance = 10%

O Edge Cpld Int Asym

O Edge Cpld Embed

O Broad Cpld Shid

O Broad Cpld NShid Print

99.527 Ohms

Information

Total Copper Thickness Via Thermal Resistance
1.40 mils N/A

Via Count: 1c

81.431 Ohms

Conductor Temperature N/A
Temp in (°C) = N/A Via Voltage Drop
Temp in (°F) = N/A N/A

& SATURN -...
T ENV v inR e




"
Now let’s create some differential pair rules... s e 7 AT

e | Design Tools Route Reports Windo

w
Update Schematics in DT01.PrjPCB 4

The best practice
is to define a
Differential Pair . :
Class for these

Layer Stack Manager...

He
e Object Class Explorer

Manage Layer Sets

USB signals. o

Classes... .

0¢
T = Make PCB Library by
h I n k Of these DC Make Integrated Library i
| ST

= Ly j o
classes as a .
4 [ Differential Fair Classes

bucket to contain %_Ohms_DP

100_Ohms_DP
< All Differential Pairs=

the nets We Want EDesign Channel Classes

. 4 BA Polygon Classes
= <All Polygonss
to conStralnl E;ructure Classes
F xSignaI Classes
= < All xSignals=>




Now let’s create some differential pair rules...

Next we need to
create a Width
rule for these
signals as
shown.

Yes, this seems
redundant but is
necessary to
automate the
routing.

Modified Polygon
UnpouradPaolygon
Routing
Width
Width_290 Ohm_DP
Width_100_Ohm_DP
Width_Under_BGA
Width_Disjoint_Wertex
Width
Routing Topology
RoutingTopology
Routing Priority
RoutingPriority
Routing Layers
RoutinglLayers
Routing Corners
RoutingCorners
Routing Via Style
RoutingVias
Fanout Control
Fanout_BGA
Fanout_LCC
Fanout_S0IC
Fanout_Small
Fanout_Default
Differential Pairs Routing
30_Ohm_DP
100_Ohm_DP
4 = SMT
== SMD To Corner
=~ 5MD To Plane
= SMD MNeck-Down

Rule Wizard... Priorities...

Create Default Rules

PCE Rules and Constraints Editor [mil]

Mame  Width_90 Ohm_DP Comment Unigue ID  LPNSVENF Test Queries

Where The Object Matches

Custom Query = | InDifferentialPairClass ("90
Query Helper ...

Query Builder ...
Constraints
Preferred Width MN/A

Min Width N/A Max Width M/A
| ® Check Tracks/Arcs Min/Max Width Individually
+ Check Min/Max Width for Physically Connected
= Copper (tracks, arcs, fills, pads & vias)
: | Characteristic Impedance Driven Width

~ Layers in layerstack only

Attributes on laver Laver Stark Reference Ahsnlute Laver

Min Width  Preferred Size Max Width  MName Mame
5.5mil 5.5mil 5.5mil Layer 1 -Top Toplayer
Omil Omil Omil Layer 3 - VCC MidLayer1
5.5mil 5.5mil 5.5mil Layer 4 - Bottom EottomLayer



Now let’s create some differential pair rules...

Finally, we need
to create a
Clearance rule to
define the
required spacing
between the

signals as
shown.

Yes, more
redundancy!

4 [B3 Design Rules
] Electrical

Clearance
Clearance_Diff_Pairs_to_Poly
Clearance_90_Ohm_DP_Space*
Clearance_100_Ohm_DP_Space*
Clearance_GMD_Fill
Clearance_Under_BGA
Clearance

Short-Circuit
ShortCircuit

Un-Routed MNet
UnRoutedMet

Un-Connected Pin

Modified Polygon
UnpouredPolygon

Routing

Width
‘Width_%0 Ohm_DP
Width_100_Chm_DP
Width_Under_BGA
Width_Disjoint_Vertex
Width

Routing Topology
RoutingTopology

Routing Priority
RoutingPriority

Routing Layers
Routinglayers

Routing Corners
RoutingCorners

Routing Via Style

Priorities... Create Default Rules

PCB Rules and Constraints Editor [mil]

Mame Clearance_90_Chm_DP_Space Comment Unique I HOVAXIPH Test Queries
Where The First Object Matches
CustomQuery = | InDifferentialPairClass('90
Query Helper ...
Query Builder ...
Where The Second Object Matches
All
Constraints

Same Differenital Pair

—— Minimum Clearance  4mil

~ |Ignore Pad to Pad clearances within a footprint

® Simple Advanced

Required clearances between electrical objects and Board Cutouts / Board Cavities are determined using the
largest of Electrical Clearance rule’'s Region -to- object settings and Board Outline Clearance rule's settings.



The BIG payoff...

Now, using the
‘Interactively
Route Differential
Pair Connections’
command, we get
a perfectly paired
90 ohm route as
shown!




How do we keep
the GND plane a
sufficient distance
to not adversely
affect these diff
paired signals?

By creating a
design rule
clearance from
any diff pair to
any polygon plane
as shown.

Still one more consideration...

4 [B= Design Rules
4 Electrical
] Clearance

Clearance_Diff_Pairs_to_Polygon™
Clearance_90_Ohm_DP_Space*
Clearance_100_Ohm_DP_Space*
Clearance_GMND_Fill
Clearance_Under_BGA
Clearance

Short-Circuit
ShortCircuit

Un-Routed Met
UnRoutedMet

Un-Connected Pin

Modified Polygon
UnpouredPolygon

Routing

Width
Width_290 Ohm_DP
Width_100_Ohm_DP
Width_Under_BGA
Width_Disjoint_Vertex
Width

Routing Topology
RoutingTopology

Routing Priority
RoutingPriority

Routing Layers
RoutinglLayers

Routing Corners
RoutingCorners

Routing Via Style

Priorities... LCreate Default Rules

PCB Rules and Constraints Editor [mil] *

Mame learance_Diff_Pairs_to_Polygon Comment'| Unique 1D GWUYCAQS

Where The First Object Matches
Custom Query = | InAnyDifferentialFPair
Query Helper ...

Query Builder ...
Where The Second Object Matches
Custom Query =  InFoly
Query Helper ...

Query Builder ...
Constraints

Different Nets Only

—— Minimum Clearance  16mil

w

Test Queries

~ lgnore Pad to Pad clearances within a footprint

Required clﬁo.ween electrical objects and Board Cutouts / Board Cavities are determined using
the largest of L w1 Clearance rule’s Region -to- object settings and Board Outline Clearance rule’s

settings,




The result...

The resulting
plane back-off
is a perfectly
smooth
separation from
the 90 ohm
signals as
shown here.
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Oh, and one more thing... saew e T Al

PCB Rules and Constraints Editor [rmil]

7H0|ETOHU|EC|EEFEI‘1CE

If we wish to ensure
the Ie n gth m atch i n g «7 g”ri:::ir:_ljs_:;jslrd:qrar;‘;i;i:ﬂ Mame Matchedlengths Comment  Unique D  CNMOOIAT Test Queries

Fl 7 Silk To Solder Mask Clearance Where The Object Matches

f th d lff u d 7SilkscreenOverComponentPads
o ese I pal re F] 7 Silk To Silk Clearance Diff Pair Class = All Differential Pairs -

P silkToSilkClearance

- 4 W Net Antennae Constraints

signals, we can add e et

4 "W Board Outline Clearance Tolerance 3mil
the MatChed Length ¥ BoardOutlineClearance_Outer Group Matched Lengths

7BoardOutIineCIearance_Inner
- 4 = High Speed ® Within Differential Pair Length
des‘gn rUIe o Parallel Segment
o= Length
4 o Matched Lengths

tolerance shown T

o Daisy Chain Stub Length
— Vias Under SMD

here- — Maximum Via Count

o— Max Via Stub Length (Back Drilling)
4 JF Placement
4 ¥ Room Definition

Incidentally, the F e

4 Component Clearance

B ComponentClearance
G ro u p M atc h ed B Component Orientations
B Permitted Layers
B Mets to Ignore

Length option is | Ereor
for single ended

impedance

controlled nets.

Priorities... Create Default Rules




- -~
Oh, and one more thing... SRS . | [/ [/, / J
] : 14 E

If necessary, the

' 0 O
signal lengths can ° R,@ —
be verified and - o = ]

T Apply W Clear ® Zoom Level...

2 1 :
' GhI WJSH 20 Dim = Select ~ Zoom Clear Existing

tuned from the o WO = st e
Differential Pairs 11 R 6 Cl2c=>
Editor of the PCB g

Designator Average Length [mil) Longest Signal Length (mil)

P a n e I . UsBE_D 711,628 4413

= Add 7= Delete [Pl Edit

2 Mets (0 Highlighted)

MName Mode Count Signal Length {... Total Pin/Packa... Routed Length...|Unrouted [(Man...
D+ [+] 3 n/a 0 711.747 0

D- - 2 704.413 0 711.509 0




.

Now what to do about the spacing under the BGA... ,v

- .a

L bt |
. L ' e
L] s Nalls
.

-

The 0.5mm pitch
BGA poses a unique
DRC challenge
because we must
neck down the
tracks to route
between the pads!

O
~Ri9

o0
O

0O

We want to maintain
a minimum Smil
trace and space rule

everywhere but
under the BGA.

|oC160 C14 C13
o

R24 oC1




Now what to do about the spacing under the BGA... .,.; v

To define separate
design rules specific
to the BGA area we
must place a room
delineating that area
as shown here.

Be aware that you
can only edit rooms
with those options
under the
Design/Rooms
command.




"
Now what to do about the spacing under the BGA... - v <o " o - Albugig.

N ow g ive th is room PCB Rules and Constraints Editor [mil]

— Parallel Segment

n ]
a descrlptlve name = Length Mame | BGA_Area Comment Unique ID  55)VKPAG Test Queries

— Matched Lengths

oo MatchedLength i
in the Room :Daisyacr:a:n S::E L:ngth {Where The Oblect Matches
o= Vias Under SMD Component Cla *  Room Definition1 =
= Egm m — Maxi Via C t
Definition section of St e e —
B Placement
n Er Definiti Room Locked
th e des I g n ru Ies ;O:GA_EAI::“IOH Components Locked
B Component Clearance a
B ComponentClearance

dialog box as shown e

I Permitted Layers ¥1:  -1240.303mil X2 742.095mil
B hets to Ignore

here_ B Height y1:  -243.262mil y2  248.116mil

Signal Integrity
Signal Stimulus
Overshoot - Falling Edge Keep Objects Inside

N ext, de'fi ne th is Overshoot - Rising Edge

Undershoot - Falling Edge

Top Layer -

Undershoot - Rising Edge

room under

Signal Top Value
Signal Base Value

Com ponent Class as Flight Time - Rising Edge

Flight Time - Falling Edge
Slope - Rising Edge

‘Room Definition 1’ st
in the pull down

Bule Wizard... Priorities... Create Default Rules Cancel
]
selection box.




Next, create a new
clearance rule for
this room definition
and set the smaller
clearances as shown
here.

4 [BE Design Rules
a Electrical
Clearance
Clearance_Diff_Pairs_to_Poly
eparation
00_Ohm_DP_Separation
D_Fill
Clearance_Under_BGA

Short-Circuit
ShortCircuit
Un-Routed Met
UnRoutedMet
nnected Pin
Modified Palygon
UnpouredPolygon

dth_Under_ BGA
dth_D

Routing Topology
Routin pology
Routing Priority
Routing
Routing L
RoutingLay
Routing Corners
RoutingCorners
Routing Via
Routing\
Fanout Control
Fanout_|
Fannut |

Rule Wizard... Priorities... ate Default Rules

PCE Rules and Constraints Editor [mil]

Mame Clearance_Under_BGA Comment Unique ID B SLMJ Test Queries
Where The First Object Matches
Custom Query
Query Helper ...
Query Builder ...
Where The Second Object Matches
All

Constraints

Different Met

—— Minimum Clearance

~ Ignore Pad to Pad clearances within a footprint

® Simple Advanced

Track SMD Pad TH Pad Copper

Track 4.5
SMD Pad E

4.5
Required clearances between electrical objects and Board Cuto rard Cavities are determined

using the largest of Electrical Clearance rule gion -to- object settings and Board Outline
Clearance rule’'s settings.

Cancel



Finally, we can
create a minimum
3 mil width rule for
the necked-down
tracks under the
BGA as shown
here.

This allows for
maximum width
and clearances
everywhere else.

Now what to do about the spacing under the BGA...

PCB Rules and Constraints Editor [rml]

Clearance
Clearance_Diff_Pairs_to_Poly
Clearance_90_Chm_DP_Separation
Clearance_100_Chm_DP_Separation
Clearance_GMD_Fill
Clearance_Under_BGA
Clearance

Short-Circuit
ShortCircuit

Un-Routed Met
UnRoutedMet

Un-Connected Pin

Maodified Polygon
UnpouredPolygon

Routing

Rule Wizard...

Width
Width_20 Ohm_DP
Width_100_Ohm_DP
Width_Under_BGA
Width_Disjoint_Vertex
Width

Routing Topology
RoutingTopology

Routing Priority
RoutingPriority

Routing Layers
RoutinglLayers

Routing Corners
RoutingCorners

Routing Via Style
RoutingVias

Fanout Contral

Priorities... Create Default Rules

Mame  Width_Under_BGA

Comment
Where The Object Matches
Custom Query = | WithinRoom('
Query Helper ...

Query Builder ...
Constraints
Preferred Width Smil

Min Width  3mil Max Width  &0mil

Attributes on Layer
Min Width Preferred 5... Max Width [lame

2mil Smil &0mil [ayer 1 -Top
3mil 5mil 60mil fayer 3 -VCC
3mil Smil &0mil [ayer 4 - Bottom

Layer Stack Reference

Unique ID  WLHIQGNE Test Queries

Check Tracks/Arcs Min/Max Width Indivi
Check Min/Max Width for Physically Cor
Copper (tracks, arcs, fills, pads & vias)

Characteristic Impedance Driven Width

~ Layers in layerstack only

Absolute Layer
MName
Toplayer
MidLayer1
BottomlLayer




Finally, let’s check for disjointed vertices... XS 1 (/]

T h is ru Ie o pti o n PCE Rules and Constraints Editor [mil]

Clearance_GMND_Fill

CheCkS for traCkS Clearance_Under_BGA Mame Width_Disjoint_Vertex Comment Unique I GMLPVLSE Test Queries

Clearance

Short-Circuit Where The Object Matches
a ave ShartCircuit

Un-Routed MNet CustomQuery = All} and Not WithinRoom('
UnRoutedMet

disjointed vertices

Madified Polygon

as shown below.

Width Constraints
Width_%0 Ohm_DP
Width_100_Ohm_DP Preferred Width  Smil

Width_Under BGA
Width Disjﬂil'it Vertex Min Width N,t Max Width &0mil

Width
Routing Topology
RoutingTopology
Routing Priority
RoutingPriority 1 Characteristic Impedance Driven Width
Routing Layers
Routinglayers
Routing Corners
RoutingCorners Attributes on Layer Layer Stack Reference Absolute Layer
Routing Via Style Min Width Preferred 5i Max Width Name Name
RoutingVias 3mil Smil &0mil Layer 1 -Top Toplayer
Fanout Control 3mil Smil 60mil Layer 3 - VCC MidLayer1
Fanout_BGA 3mil Smil 60mil Layer 4 - Bottom BottomLayer
Fanout_LCC
Fanout_SOIC
Fanout_Small

Rule Wizard... Priorities... Create Default Rules Cancel

Check Tracks/Arcs Min/Max Width Individually

Check Min/Max Width for Physically Connected
Copper (tracks, arcs, fills, pads & vias)

~ Layers in layerstack only




Well, this is great information, but...

.how do |
integrate these
rules into my
PCB as needed
and applicable?

° gsarance ¢ AssemblyTestpoint
o Clearance_Diff_Pairs_to_Poly ¢ AssemblyTestPointUsage
=" Clearance_90_Ohm_DP_Separation EBGA Area 1

= ;
S\ (c'.:earan(e_;l;(:lor_)('):lv:n DP_Separation ¥ BoardOutlineClearance_Inn 1
R P S, ?Clearance Diff_Pairs_to_| Poh1
o Clearance_Under_BGA
Flaseance ¥ ComponentClearance
a oFanout

S S K S S

K3 " UnRoutedNet
o Un-Connected Pir

“srule in

+» Routing
2% Width . PasteMan.u\pansnon
'°‘Width 90 Ohm_DP . PlaneClearanc

ioleToHoleClearance v
b 4 LayerPaus v

v
v

Assembly Testpoint Style Testpoint All Under Comp - Don't Allow
Assembly Testpoint Usage Testpoint All Testpoint - One Required
Room Definition Placement InComponentClass(Room Region (BR) = (-1286mil, -248
Board Outline Clearance Manufacturing  Onlayer('Layer 3 - VCC)) Board Clearance = 25mil
Clearance Electrical InAnyDifferentialPair - Clearance = 16mil
Component Clearance Placement All - All Horizontal Clearance =
Fanout Control yle - Auto Dlremon Alt

e key:to successf;ul?‘”‘des

Manufacturing  All - All Hol? )IeClearance—1
Laverﬂaus Enforce

Hole To Hole Clearance
Layer Pairs Manufadunng All

-.uring

7 N4 N W d Len eed Ny N Vv v "mll
le r a I 0 it n SolI Sﬂwer mn O I I l Mask Sliver
| N olevan(e =0
1

Paste Mask Expansion Mask Expansnon = Omil

ascompre: he‘ns’”i"i?c'é"*‘?*vs "et of D R

\_Jisjoin._. crtex
o W:dth

o°s RoutingCorners v
oo Routmgl.ayers v

3% Routin Topology z Ron’ ~aqpr I
s «I o
o0 Rou -

oo thmg. wuly 7
3% Routing Layers o ShortCnr(unt
P Silkg !eenOverComponrntP 1 v

o RouﬁngLayers

3% Rov, 7% 1

A\ j L

3% Routing via Sqne e 1
=% RoutingVias ¢ TestrointUsage 1

3% Fanout Control ? UnpouredPolygon 1
3% Fanout_BGA =" UnRoutedNet 1
3% Fanout_LCC 5% Width_90 Ohm_DP 1
% Fanout_SOIC %100 Ohm DP 2
3% Fanout_Small ——=

Style - 45 vegree  Min Setb
Toplayer - Enabled InternalP
Drincjfv < ()

t from
2™ 22mil Pref Hole

All - Al Short Circuit - Not Allowed

Silk To Solder Mask Clearan:
Silk to Silk Clearance = Omil
Expansion = Omil

Under Comp - Don't Allow

Testpoint - One Required

Routing Corners Routing
Routing Layers Routing
Routiza Priasity Dn"‘lng

1:can po

Short-Circuit L _ctrical

Silk Tn Sder Mask Clearance Manufacturing  IsPad - All
Slllt h Y o W All
«UI1C MEXL.
FabriceuG. Te.pou.. s 0l
Fabrication Testpoint Usage Testpoint All

Modified Polygon Electrical All Allow modified - No Allow §
Un-Routed Net Electrical All (No Attributes)

Width Routing InDifferentialPairClass('90_Ohr Pref Width = 5.5mil Min
Differential Pairs Routing Routing InDifferentialPairClass( 100_OF Pref Gap = 8mil Min Gap
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Exporting design rules...

PCB Rules and Constraints Editor [mil]

After compiling P
your favorite R g
design rules, you orll LS
can export those

rules by right

clicking on the

Category Scope Attributes
Differential | Routing  InDifferentialPairCl Pref Gap = 4mil N
Assembly Tes Testpoint Al Under Comp - Don’
Assembly Te: Testpoint  All Testpoint - One Ret
Room Defini Placement InComponentClass Region (BR) = [-128
Report... Board Outlir Manufactu OnBottomlayer or Generic clearance =
Clearance_Diff_Pairs_to_Poly
B ComponentClearance
Fanout_BGA
B Height
,HoleSize
¥ HoleToHoleClearance
V¥ LayerPairs
o= MatchedLengths
7MinimumSoIderMaskSIiver
¥ NetAntennae

Clearance  Electrical  InAnyDifferentialPz Clearance = 18mil
Component Placement All - All
Fanout Cont Routing  [sBGA
Height Placement All
Manufactu All

Harizontal Clearant
Style - Auto  Dired
Pref Height = 500m
Min = 1mil Max =
Hole To Hole Manufactu All - All Hole To Hole Clearz
Layer Pairs  Manufactu All Layer Pairs - Enforce
Matched Ler High Speec InDifferentialPairCl Tolerance = 10mil
Minimum S0 Manufactu All - All
Met Antenna Manufactu All

Export Rules...
| Impert Rules...

STUTLCIT UL
Un-Routed Met

UnRoutedMet
Un-Connected Pin
Maodified Polygon

UnpouredPalygon

Hole Size

Minimum Solder Wi
Met Antennae Toler

Design Rules B

header and
selecting the
Export Rules...
option as shown
here.

Width_%0 Ohm_DP
Width_100_Ohm_DP
Width_Under_BGA
Width_Disjoint_Vertex
Width
Routing Topology
RoutingTopology
Routing Priority
RoutingPriority
Routing Layers
RoutinglLayers
Routing Corners
RoutingCorners
Routing Via Style

Pl i mlline

Priorities...

@ PasteMaskExpansion

B PlaneClearance

B8 PlaneConnedt

B8 PolygonConnect_NoThermal
RoutingCaorners
Routinglayers
RoutingPriority
RoutingTopology
RoutingVias
ShartCircuit

"SiIkscreenOverComponentPads

¥ silkToSilkClearance

Mew Rule Delete Rule(s)...

LCreate Default Rules

Paste Mask E Mask
Power Flane Flane
Power Flane Plane
Polygon Cor Plane
Routing Cor Routing
Routing Lay: Routing
Routing Prio Routing
Routing Top Routing
Routing Via Routing
Short-Circuit Electrical

T rrr e rrrrrrrrrerrrrrn:

Silk To Silk C Manufactu

Duplicate Rule Report...

All
All
All
All
All
All
All
All
All
All

All

Silk To Solde Manufactu 1sPad

All

All

Expansion = Omil
Clearance = 10mil
Advanced settings
Style - Direct Conne
Style - 45 Degree
Toplayer - Enabled
Priority = 0
Topology - Shortesi
Pref Size = 22mil |
Shaort Circuit - Not #
Silk To Solder Mask
Silk to Silk Clearanc




Exporting design rules...

Then, in the
dialogue box that
appears, select
and highlight all
the rules to be
exported as
shown.

You will then be
prompted to save
the data file.

4 Design Rules
4 Electrical
Clearance
Clearance_Diff_Pairs_to

Un-Routed Met
UnRoutedMet
Un-Connected Pin
Maodified Polygon
UnpouredPalygon
Routing

PCE Rules and raints Editor [mil]

- - - i - Attributes
Choose Design Rule Type it ferentialPairCl Pref Gap = 4mil N
Under Comp - Don’
Testpoint - One R
omnponentClass Region (ER) = |
ttomLayer or Generic clearance =
Clearance = 18mil

Electrical
Clearance Constraint
Short-Circuit Constraint
Un-Routed Met Constraint
Un-Connected Pin Constraint
Modified Polygon

Routing
Width Constraint
Routing Topology
Routing Priority Hole To Hole arz
Routing Layers Layer Pairs - Enforce
Routing Corners ilferentialPairCl Tolerance = 10mil
Routing Via Style - Al
Fanout Contral Met Antennae Toler

Horizontal Clearant
Style - Auto Dired
Pref Height = 500m
Min = 1mil

Minimum Solder M;

Differential Pairs Routing
- ST
SMD To Corner Constraint

pansion = 0Omil
arance = 10mil
vanced settings

dth_Disjoint_Vertex
dth
Routing Topology
RoutingTopology
Routing Priority
RoutingPrio
Routing Layer:
Routing
Routing Corn
RoutingCorners

Routing Via Style
e 2

Bule Wizard... Priarities...

SMD To Plane Constraint fle - Direct C
SMD Meck-Down Constraint
SMD Entry Constraint

O Mask
Solder Mask Expansion
Paste Mask Expansion

B Plane
Power Plane Connect Style
Power Flane Clearance
Polygon Connect Style

Testpoint

Style - 45 Degree
To rer - Enabled
Priority = 0
Topology

Pref

Short Circuit - Mot #
Silk To Solder Mask
Silk to Silk Clearanc

Cancel
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Importing design rules...

PCB Rules and Constraints Editor [mil]

When importing
design rules into
an existing PCB
database, you can
then select only
those rules that

you wish to be
imported.

Be aware that
those existing
rules will be over-
written!

4 3 Design Rules w P . —_—

a Electrical

Clearance
Clearance_Diff_Pairs_to_Poly
Clearance_90_Ohm_DP_Sepa a
Clearance_100_Ohm_DP_Sepr
Clearance_GMND_Fill
Clearance_Under_BGA
Clearance

Short-Circuit
ShortCircuit

Un-Routed Met
UnRoutedMet

Un-Connected Pin

Maodified Polygon
UnpouredPolygon

Routing

Rule Wizard...

Width
Width_20 Ohm_DP
Width_100_Chm_DP
Width_Under_BGA
Width_Disjoint_Vertex
Width

Routing Topology
RoutingTopology

Routing Priority
RoutingPriority

Routing Layers
Routinglayers

Routing Corners
RoutingCorners

Routing Via Style

M biom el fim e

Priorities...

Choose Design Rule Type

Electrical
Clearance Constraint
Short-Circuit Constraint
Un-Routed MNet Constraint
Un-Connected Pin Constraint
Modified Polygon
Routing
Width Constraint
Routing Topology
Routing Priority
Routing Layers
Routing Corners
Routing Via Style
Fanout Contral
Differential Pairs Routing
- ST
SMD To Carner Constraint
SMD To Plane Constraint
SMD Neck-Down Constraint
SMD Entry Constraint
D Mask
Solder Mask Expansion
Paste Mask Expansion
B8 Plane
Power Plane Connect Style
Power Plane Clearance
Polygon Connect Style
Testpoint

Create-DofsuitNutes

Cancel

Attributes
il FerentialPairCl Pref Gap = 4mil N
Under Comp - Don’
Testpoint - One Rex
omponentClass Region (ER) = [-1238
3pttomLayer or Generic clearance =
riyDifferentialPz Clearance = 18mil
- Al Horizontal Clearant
S Style - Auto  Dired
Pref Height = 500m
Min = 1mil Max =
- Al Hole To Hole Clearz
Layer Pairs - Enforce
ilfferentialPairCl Tolerance = 10mil
- Al Minimum Solder Mi
MNet Antennae Toler
Expansion = Omil
Clearance = 10mil
Advanced settings
Style - Direct Conne
Style - 45 Degree
Toplayer - Enabled
Priarity = 0
Topology - Shortest
Pref Size = 22mil |
Short Circuit - Mot #
Silk To Solder Mask
Silk to Silk Clearanc

Cancel
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What about those design rules that aren’t applicable.:, 5. /

@ "~ ; " ’
L. é ~*e . .- ° ..’
0, . » o nlg

PCB Rules and Constraints Editor [mil]

4 [B3 Design Rules Name Enabl Type Category Scope Attributes

With these
] 4 Electrical Clearance_Diff_Pairs_to_Polygon i Clearance Electrical  InAnyDifferentialPa Clearance = 18mil
co m p re h e n s Ive Clearance Clearance 90 Ohm DP Spacing % Clearance  Electrical  InDifferentialPairCl: Clearance = 4mil

Clearance_Diff_Pairs_to_Polygon Clearance_100_Cthm_DP_Spacing Clearance  Electrical  InDifferentialPairCli Clearance = amil

Clearance_30_Ohm_DP_Spacing Clearance_GND_Fill - ; Clearance Electrical InMamedPolygon( ¢ Clearance = 8mil

]
d es I n ru I es e ML (B Sea iy Clearance_Under_BGA Clearance Electrical WithinRoom([BGA_ Generic clearance
Clearance_GMD_Fill

Clearance_Under_BGA

loaded, you can ey
simply uncheck e

those rules that R

Clearance Clearance Electrical All - All Generic clearance

Routing

are not applicable

Width_100_Ohm_DP
t rt' I Width_Under_BGA
o your pa Icu ar Width_Disjoint_Vertex
Width
PCB d H Routing Topology
es‘gn as RoutingTopology
Routing Priority
RoutingPriority
Shown here- Routing Layers
RoutinglLayers

Routing Corners

RoutingCorners
Routing Via Style MNew Rule Delete Rule(s)... Duplicate Rule Report...

L T

Bule Wizard... Priorities... Create Default Rules Cancel




One more bonus tip...

This is an Easter
egg that not many
are aware of.

Press the ‘Y’ key
in any PCB
database.

From the dialogue
box that appears,
select Examples,
then option #3 as
shown here.

R25

R39 R27
O -

¢ o o
a || 8

® s a @

Organize Favorites... "ol ot
- X RpHa . =

Examples 0 Hidden comment strings

History 1 Locked components

Filter For: (All) 2 Pads and vias with a hole size between 13 and 30
3 Tracks less than 2 units long k‘

4 All testpoints

3 Component track and arc silkscreen primitives

& Components not on a 5mil grid
7 Signal layer tracks at an odd angle
8 Top signal layer keepout objects

9 Mon-horizontal designators

More...

R47 (2 )4




One more bonus tip...

This command
selects all those
annoying little
stubs that seem to
accumulate in our

PCB designs after
routing.

While selected,
you can press the
delete key to
eliminate these
stubs!




One more bonus tip...

| would suggest
however, that you
edit this command
in the PCB Filter
(as shown) so that
it only selects
those stubs on the
signal routing
layers.

PCB Filter

¥ Selact objects to highlight
% Object

Component
Component Body
Room
Polygon
Text

Track

Arc

Via

Pad

Fill

Region

Layer
< All Layers=
< Component Layers>
< Electrical Layers>
< Signal Layers>
Sianal Lavers
Filter
IsTracH And Onsignal Bnd (S5grt {Sqgr({X1-X2) +
Sgr(¥1-¥2)) < 2)|

/= Helper uilder History

Add To Favorites W Favorites

Matching MNon-matching
o Select ~ Deselect

Zoom Dim -

T Clear T Apply to Selected T Apply to All

221 objects are displayed



-
One more bonus tip... s s 7 AT

After executing this
new command, Favorites |History
press the ‘Y, key IsTrack And Cnsignal And (Sgri(Sqr(x1-X2) + Sqr(¥1-Y2)) < 2}

IsTrack And Onsignal And [Sqri(Sqr(x1-X2) = Sqr(¥1-¥Y2)] < 2)

agai n and th is ti me IsTrack And (Sqri(Sqr(¥1-X2) = Sqr{¥1-Y2)) = 2}

IsTrack And OnSignal And (Sqri[Sqr(¥1-X2) + Sqrl¥1-¥2)) = 2)
= [ObjectKind = "Via') And [AsMils[ViaDiameter) = 18]
select the H |Story [ObjectKind = "Pad’) And [Layer = "MultiLayer’)
. [ChjectKind = "Pad’) And [DrillType = "Drilled’)
option and More... Objecting = Vi) N

[ObjectKind = "Text') And (StringType = 'Designator] And [AsMils(TextHeight) = 30) And
[AsMils[TextWidth] = &) And [StrokeFont = ‘Default’)

from the s u b-me n u u [ObjectKind = 'Text’) And (StringType = 'Designator’) And [AsMils[TextHeight) = 25) And

[AsMils(TextWidth) = 4]

Then from the [ObjectKind = "Text') And (StringType = 'Designator] And [AsMils(TextHeight) = 60) And
[AsMils(TextWidth) = 8)
[Objectkind = 'Pad’) And [Layer = "MultiLayer'}) And (DrillType = "Drilled’)

dialog box shown (Objectkind = "Pad)

(Objectkind = "Via') And (PadVialibraryTemplate = ‘vialCT-24-24-35-12d)

here, select the [_O;::é::ctl(ind = "Via') And [AsMils[HoleDiameter) = 12) And [AsMils(PadX5ize_BottomLayer)

Expression Manager

command and Add Add To Favarites | Clear History Close
To Favorites! -



One more bonus tip...

Now this short-
cut command
will always be
available to you
by simply Organize Favorites...
pressing the ‘Y’ Examples

key! History

IsTrack And Onsignal And (S5qri(5qrix1-£2) + 5gr(¥1-¥2)) < 2)

Filter For: Favorite_1

Enjoy!




May all your PCBs be error free!

Kelly Wigington, CID+
Director of PCB Design,

VPI Technology Group
kellyw@vpitech.com

Email me if you would like a copy of
my design rule file or this slide deck.
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