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Trend Today

 Ever increasing data rates; more high-speed signal routing
 Signal quality issues arise: Reflection, loss, cross-talk
* Need for decreased design cycle time

2.5Gbps 5Gbps  40Gbps

Fast Data Rates and Faster Edges
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How Does This Impact the PCB Design Task?

Greater layout requirements

New and more complex routing strategies to better control immpedance and
crosstalk
— Implementation is oftentimes manual, time-consuming, and prone to layout

errors or misses
\ Layoyt

Increased need for pre-layout simulation
Less layout time

y Complex|ty and
Require €Mments
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In this Session...

* We will talk about new layout techniques that provide a faster and easier
mechanism to meet today’s complex high-speed signal routing requirements
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High-Speed Signal Requirements We Will Cover...

* Return path
 Mitigating fiber weave effect
* New tabbed routing technology
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Understanding Return Path

« Currents must always return to their source
* Return current will return to their source along the path of the least impedance

Outgoing signal current

e e Signal layer

Plane layer

Return signal current

The return currents must complete the loop

cadence



Providing Return Path

 For system clocks and high-speed 1/O interfaces—such as DDR, PCI Express®
(PCle®), USB, SATA, etc.—if via transition is necessary, it is required to place
return path via(s) as close as possible to the location of transition

* Without proper placement of return path vias, the return current must find its own
way

» Results in the current spread over a large area, which greatly increases the
possibility of cross contamination with other signal currents, creating a loss of Sl

Ground vias at layer transition High-speed differential signals

Provides low impedance path
for current to return to source
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Most Common Guidelines for High-Speed Via Transitions

« Use closely coupled impedance matched differential vias
» Use return vias in close proximity to signal vias
» Use large clearance hole (anti-pad) in the via stack

Use Return Vias

Clearance Holes
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Today's Typical User Flow

« Some don’t worry about return path vias until finished with all connections
« Some will route the high-speed signals and follow up manually with return path
vias

« Some have convoluted solutions where they have built schematic/physical
symbols and put these into the netlist
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Layout Challenges

Engineering change orders can be time consuming

Return path vias placed that do not meet Sl guidance
can be hours if not days of re-work to correct

Placed return path vias are left behind/forgotten when
users slide routes to another position during edit

Tedious and painful to add return path vias to
hundreds of high-speed signals

Re-route needed to make room

Prone to forget adding return path vias to some
critical signals

Sl teams are being more specific with return path
requirements, slowing down layout process
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New Layout Technique to Address These Challenges

+ Use of via structures—A unique methodology that allows you to create reusable
elements where you can define correct-by-design high-speed via transitions with
custom return paths and voids

 The following slides will describe this new technique using Cadence® Allegro®
high-speed via structures
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What Is a Via Structure?

- Combine vias, clines, shapes, and route keepouts into a single reusable design
element

* Defined as non-component symbols in database

« Supports import and export of XML files containing via structure definition for
analysis and re-use in other database
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«—— AntiPad X —

Create It Once o] oS
Sl engineers are getting more _“_\0 O
. . . |~ Differential Vias
creative, which results in more 1 |
complex requirements on: Ani Pad Y GND Via Y

— Return path vias: type (thru, BB
stacked/staggered), quantity, pattern,
and proximity locations

— Differential pair pad entry/exit (trace Anti Pad
width, entry/exit pattern)

— Void (layers, pad clearance, shape)

Differential Signals in Layer B

Wew Via Structure
I ame: |DIFFPAIF|_F|EETANGLE | Auto Expart
¢ Create One |nStan Ce per Existing Via Structures
requirement and define as via Use Route
Keep-Out for

StrUCture Custom Voids

Layer stackup for selected wia structurs:

Cut Clines by Rectangle
[ ak. ] | Cancel | Tlp

Allegro Platform Creates High-Speed Via Structure C 5 d eNnc e®



Re-Use Multiple Times

 Place high-speed via transitions as one entity—is a whole lot faster to add and manage in design

* Re-use in same design or another database

* Via structures stay together during placement and interactive editing so they can never be
unintentionally altered to ensure the design intent always remains intact
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Change Is Easy

* Using via structures makes it easier to replace some or all instances with a
different via structure

Options Visibility Find
Options - g X

DP_INLINE

PP TNLINE
lgriore Fiked Property

*ia Structure names

Old: [DP_INLINE ()
New: [DF_RECTANGLE () 2 .

Agzign return path net

0P RECTANGLE DPF RECTANGLE

Selection Method
Window Selection

et #

@) Manual Filter

Allegro Platform Replaces Via Structure
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Analysis Is Key, Optimize

B Pactoa) by Popt: DTermoidBirtse?

[ ® FEEEYE TIET
CI ] e DD e e P
K

Physical Extraction

(b

Allegro Via Structure library '7 Sigrity™ 3D-EM
eXML _ o

Allegro platform directly consumes via structures * Allow Sl to define and drive high-speed
structures during physical design via transition structures directly into
Allegro platform builds necessary pad glcla%%rc(:)edt?usrlggﬁ nd overhead on
stacks, no library dependencies * : :
Allegro can create and edit via structures physical design teams to meet and
Via structures stay together during edits in adjust to SI guidance

layout

Allegro — Sigrity 3DEM Integration
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What Is “Fiber Weave Effect™?

« Timing or phase skew caused by fiberglass reinforced dielectric substrate between two
transmission lines of the same length

 Traces routed directly over the fiberglass weave will see a different dielectric constant than the
traces that are routed over the voids in the weave where only epoxy resin is present

At high data rates, this dielectric constant mismatch can cause signal integrity issues when running
these high-speed signals parallel to the void areas of PCB fiberglass weave

FIBER WEAVE EFFECT

Trace running directly over glass fiber

Trace running directly over epoxy

l: :: This results in a degraded differential

= = signal as glass and epoxy have different
permittivities on PCBs

cadence



Typical Layout Routing Guideline

When routing for a considerable length, it is oftentimes recommended to do zigzag
routing to mitigate the negative effects of fiber weave on high-speed differential
signals by forcing the traces to be out of alignment with the fiber weave

— Angle of zigzag can be 1-10 degrees to skew traces relative to weave

— Typical value used is 10 degrees to sufficiently skew trace

ll

' I
|| = —||||||||I—— =_—Hw : — —“H ”H e — alignment to weave is 4"or
- -"”"""-“HHHH IHNH |||||||||- -||||||||||I IHHHMIIIIIIIIIIII

\i

9

Typical for >5GT/s, the fiber
weave effect becomes

IIIIIIIIIIIHHHHHIW “HH“HIIIIIIIIIIII significant when the trace

longer

FE

—_—
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Typical User Flow

« User manually constructs routes rotated at 10 degrees

* If doing zigzag routing, user will have to manually ensure lengths of each “zig” do
not go beyond maximum recommended length

» Copy zigzag routes to other buses

Linelock: |Line +||45 |
| Route offset: 10.00 -

Using Allegro Route Offset in Add Connect Copying Zigzag Routing
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Layout Challenges

« CAD tools don't easily support routing at angles other than 0, 45, or 90 degrees
- Significant increased layout time

— Estimated routing time is at least doubled compared to typical orthogonal routing
— More painful and time consuming to edit layout

> 2X

Routing Time

Orthogonal Off Angle/
Routing Zigzag Routing
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New Layout Technique to Address These Challenges

* Route in normal orthogonal or 45 degrees, which is easier to finish connections
and make edits as necessary

* Once routing is final, convert orthogonal or 45 degree traces to zigzag

* The following slides will describe this new technique using Allegro Add Zigzag
Pattern
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Recommended Design Preparations

* Route high-speed signals as normal in orthogonal or 45 degrees

- Make sure that traces are parallel
- Plan ahead and leave enough spacing when routing traces for phase bumps

Route in orthogonal or 45 degrees
Keep traces parallel

Plan for phase bumps as
needed
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Using Add Zigzag Pattern

» Specify zigzag angle and max length per Sl guidance

- Based on area spacing, specify whether to place zigzag centered relative to axis of
original segment

Dptions L T x
_ﬁ"_‘ Angle offset
Active etch subclass: m
B [ Signal_2 - 26
Mek:
Gap in use:

Fiber weave options

Angle offzet; |10
b an length:

. Centered zigzag — option unchecked
| Centered zigzag

Full zeament

Allegro Add Zigzag Pattern

Centered zigzag — option checked
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» Convert full parallel segments automatically or dynamically define start/end points
of zigzag conversion

Dynamically define start/end points to maintain routing in pin fields

Full

control on

where to
stop

before pin
field

Full Segment Zigzag Conversions
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What Is “Tabbed Routing™?

* New routing method in which trapezoidal shapes called tabs are added to parallel

traces

Impedance control in
pin field/breakout region

Manage crosstalk in
open field region

Allows for longer
trace lengths and

more compressed routing

aa

Pin Field Tabs

Facing Tzbs

Interdigital Tabs
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Layout Challenges

« Adds a lot of layout complexity to meet requirements

* Design engineers must maintain spreadsheet to do manual tab count matching
required to maintain same flight time and achieve crosstalk cancellation effect

- Difficult to manage tabs once placed on routes

Allegro PCB Designer
High-Speed Option enables:

- Tabbed route generation

The following slides will describe tips and new
techniques using Allegro Tabbed Routing to T
address these routing challenges

- Tab count validation
- Tab pitch validation
- Move and Delete Tabs

- Manage tabs when traces
are edited
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Layout Tips and Techniques

* It is recommended to finalize routing and verify trace spacing before adding tabs to

cline segments

* To generate tab, select mode, enter tab size/pitch values, and select parallel cline
segments to generate tabs using Allegro generate tab

ﬁ' Generate Tab = || =] ER
FParameters Mode
Switabh  [4.000 @) |nterdigital 1 (101
Lw'tab  |7.000 Interdigital 2 [ID2)
Ltab |4.500 Fir Field (ling] [PF1)
Ptab  |15.000 Pir Field [arc) [PF2)
SWiab
e | Load |
]
I |
| - Ptab ! [ Hep |

Farameter Description

Interdigital 1: Outer T ab lanes only have tabs on one
gide

Allegro Generate Tab
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* It Is recommended to create the proper constraint regions around the segments
with tabs for the different routing regions (i.e., pin field, breakout, and open field) to
limit invalid DRCs

* Do not forget to enable the relevant different net and same net spacing checks to
capture DRCs, such as below

Users will oftentimes need to move a tab to resolve DRCs created during
generation of tabs. Below, Allegro Move Tab is used to move tab along

segment while maintaining centerline connectivity. It provides dynamic DRC
‘ feedback so you can easily resolve these types of spacing violations.

“Generate Tab"” command creates Use “NMove Tak” command to resolve
tab on center of arc causing DRC DRC
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Tab Count Matching

 Typical requirement is that tab # difference between bits in same byte cannot be
more than a certain difference (typically 1 or 2) to maintain same flight time and
achieve crosstalk cancellation effect

« Allegro tabbed routing analyze is used to validate and find violations in design:

ﬁ' Tabbed Routing: Analyze l =NACN X
Tab Court [Tab P Define custom rules for pass/fail criteria and cross-

S probe violations in canvas for fast fixing

Tab Type I Cotnt By +i- Talerance Reference Count Walue I
D2 A Size 1 Lowest Count 2320 +| | AddFue | . . o
PFIPF2_ | Type - —Lawest Cout 2 (3 Pin Field Tab # and Interdigital Tab # are usually
[ iew e tabs onl separate when matching, they cannot be added or
) removed to meet tab number matching requirements

Met Mame Layer Tab Type Tah Size Tab Count Delta Result I

_ Violations shown in red—when selected, cross
" probes in design for easy identification and fixing

- | Generate custom reports to suit various data needs
[ Cloze ][ Clear All ][ Add Mets ][ Fefresh ][ Report ]

Allegro Analyze Tab
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- Easier to delete tabs to meet tab count matching requirement than to add tabs

 Recommend to set Reference Count = Lowest, which sets reference count used
for Pass/Fall criteria during tab count matching to be the lowest tab count from
selected nets per tab type/size

ﬁ' Tabbed Routing: Analyze =NECN X | .
If Allegro Delete Tab is used to delete tabs, analyze
Tab Count | Tab Pitch . . .
a'° table results is automatically updated to make is
Pass/Fail Criteria
Tah Type Count By +i- Talerance Reference Count I Walue ea‘Sy for userS to See reSUItS
D2 Size 1 LowestCount || 2320 o] | AddRue |
PF1+FF2 Type 1 Lowest Count !l 2
[T Wiew rule tabs anly
i NETE1
Met Marne Laper Tab Type Tab Size Tab Count Delta Result he o . A LB, ! — (U
. " . " . . — i L) Lo NETC3 S Yo .
NETA1 TOP D2 565 20 0 P455 - e . - i e W e W
NETAT TOP D2 354 23 0 PASS sl | NETA1 ™ g
m . Allegro Delete Tab can delete tabs by instance, cline segment, or cline
4 k
[ Cloze ] I Clear All J l Add Hets ] I Fiefrezh I l Feport ] Help
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* When different trace widths and
spacing are used in open region,
different interdigital tab dimensions
(sizes) are used

Option is available to do tab count matching separately for each tab
size for a given tab type. As an example below, the tabs are all type 1D2
but have 2 different tab sizes used for different area of routing.

Tab Type: ID2
Tab Size: SWtab=6,lWtab=8,Ltab=7

Tab Type: ID2
Tab Size: SWtab=4,lWtab=6,Ltab=4

ﬁ' Tabbed Routing: Analyze | NN X |
Tab Count | Tab Pitch
e P az2/F all Criteria
Tab Type Cotnt By +i- Talerance Reference Caunt Walue
D2 | Size 1 Lowest Count 29:20 - édd Rule
PF1+PF2 | Type 1 Lowweszt Count 2
Wiew rule kabs anly
Met Mame Layer Tab Type Tah Size Tab Count Delta Result
HETA1 TOP IN 5-8-8 20 P&SS
P&SS

[

TOF

D2

29

P&SS -

Cloge ] |

Clear All

| | AddMets | |

Refrazh | |

Report

| Help |

* Typically, same tab dimension in

both pin field (PF2) and breakout
(PF1) region is applied and tab
count is combined
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Tab Count Pitch

Q’Tabbed Routing: Analyze E@

Tab Count | TabPitch

* For pin field and breakout region where pitch . |
requirement might be relaxed due to non-uniformity in S o e =
routing, user can set min and max pitch rule values per
design guideline

 For Interdigital tabs where the pitch requirement is
typically an absolute value, user can set min and max

pitch rule values to be the same value

Wiew Fail tabs only

Met Mame Tab Type =11 w2 Pitch Status Fesult

HNETAT D2 1148.56, 436.98  [1127.34, 51819 |30.00 = Min-tdan PASS
LLLLLL N7 117724 Rig1a [11ne 12 2041 an nn — M 2 PACE

Q Tabbed Routing: Analyze o || = e

Tab Count| Tab Pitch

Pasz/Fail Criteria @ » ﬂ » » g » Jl"\j"’ 'm » @ »

Tab Type tdin Pitch tdax Pitch

FF2 40.00 60.00 - Add Rule

iew Fail tabs only

Met Name Tab Type #11 HE2 Fitch Status Result k ;

Use move tab to resolve

I — — T W% T e T - identified pitch violations
HETAT PF2 A 403.55,693.83  [360.68, 639.91 48.87 = Min-Man PASS
META1 FF2 \| 338,62, 700.48 298,75, 716.68 42.94 = Min-hMax PASS i
~J My
- I
e — I X
=10
[ Close ] | Clear &l | | Add Mets | | Refresh ‘ | Repart | | Help | £

Create custom rules and cross probe to easily find violations and fix
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