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Rigid-Flex Design with Allegro g

* Miniaturization
« Design Miniaturization through Rigid-Flex

 Rigid-Flex Design Flow
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Miniaturization
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Miniaturization

* SoC — more functional density

* SIP — mixed technologies with memory

[- Rigid-Flex circuits ]

Stacked Die

Large Pin Count Devices

BGAs with shrinking pin
pitches

— 1.0mm > 0.8 mm -2 0.5 mm

High Density Interconnect ]




Design Miniaturization through
Build-up Technology

« Complete Build-up
— ALIVH, PALAP, B2it, ...

— ALIVH (Matsushita
owned): All Layer
Interstitial Via Hole

— PALAP (DENSO
Consortium) Patterned
LAyup Process

)

ALIVH — 8 Layers (28 combinations)

» Hybrid approach

— Build-up with a core
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Hybrid Approach -

 Typel: =

— Through vias and micro vias
— No buried vias

* Typell
— 1-C-Oor1-C-1 Type Il
— Through and Micro vias
— Buried vias

* Type lll

— Through and Buried vias

Graser’ ..o



HDI Design Challenges __ e

I

Core+BIJiIdup
Hybrid approach
|

« Signal Integrity, Crosstalk, Power
Delivery, SSO —

* Physical Design
— Fanout :
— Micro vs. Mechanically Drilled via HDI — 2+4+2 (Max 8 comb)

— New Class of rules M

e Dirill to Metal, Drill to Drill . . _

Slide all stacked vias at same time

e Same Net DRCs

 Via stack-up rules M =
— Interactive etch editing B o som axt of coorcietes)
— Display
— Manufacturing prep

 Package-PCB Co-Design
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Dense BGAs with shrinking pin pitch requires
carefully throughout fanout

Fanout corgmi®F
Users moving to via-in-pad for two reasons
— Better Power Delivery system performance

Via in Pad
— Better space utilization
Floating via X D
— Complete via must be inside the SMD pad o O
— Via Center must be inside the SMD pad Q O

Override by component instance
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New Via Type, Rules and Controls

Needed

« System must be able to differentiate

microvia from mechanically drilled vias

— Support same net and
net-net DRC conditions

* New rules and controls

— Microvia spacing to all other etch
elements

— Controls for via tangency
— Rules for pad overlap
— Support rules for via stacking

Graser’ ...

Lazer vias

Mesh Via

Gap1 < Gap2

Same-net , Same-layer Via-Via DRC

12 pad w' 5 hole

Layer 1
I manme 3 _ 20 pad w10 hole

-
’
—_— . A

N

Stacked yYja/corevia —* BEGH| | EERICIERIIN N
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Same Net DRC =i

» Difference Same Net from Net to _
Net Spacing DRCs Via to SMD PIN

Fa B
{ -
e f
e I
e
e

« Same Net values are typically less
than net-net

— (different net) Pin to Via = 6 mils

. Same Net P|n tO V|a — 3 m||S Same Heté;:-acemuch less than Nettc:;:NetSpace

Line to Line

« Different for reporting same net
DRC error (Display, reports)




Adding uVia Structures

* Optimize the process of adding
micro-vias and core-vias based
on user defined rules

« Traverse multiple layers with as
few clicks as possible I

- Treat structure as group entity

¢ Semi—interactive model for
staggered pattern
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Via Span Display -

« Designs that utilize B/B vias present
a problem for a user in trying to
determine what layers a via connects
to

« Color coding is currently used but on
designs with a high concentration of
via types, mapping colors to layer
spans becomes difficult to remember

« The additional nomenclature within
the bounds of the via pad will help
aid in the determination of the span

» Allow users to control size, color for
the nomenclature

@raser’ ..o



Via Hole Plugging e

* Via hole plugging/filling becomes standard on most high
density boards

* Via holes can be plugged with conductive or non
conductive material

e Thru vias are typically plugged from one side of the board.
They assist in creating a tight vacuum for test fixtures

* Vias in Pad can be filled from either side of the board,
usually with a conductive paste

Graser’



Degassing -

« Perforation of power and shielding
shapes with a grid of voids, with the
intent of gaining additional adhesion oy

and allow gases to escape between i
layers during the manufacturing -

Starting Posttion

process of the package o ] i

Woud Spacing Condtiarts
Suppress Shapes Less than 100, 0 prdcrons:
B Voud ba

Shapes B ourdan: S000 freci s

 Used to prevent build-up layer de- | i =
lamination

[ Geneste | [ Clew |

[ ok | [ Canca |
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Miniaturization through Embedded-=28:
Ccomponents

« Specify layers for embedding packaged
components

« New DRCs for embedded devices

« Constraint-driven place and route
— Move components to inner layers

— Support for connecting to devices on
Inner layers

* Manufacturing outputs for layers with
embedded devices
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Embedded Component Design

* Front-end driven
— “Embed required” (hard) or “embed optional” (soft)
— Ensures only qualified components get embedded
— Alt symbol support
— Backend to support symbol instance overrides

« PCB design implementation
— Stack-up driven (chip-up, chip-down)
— Cavity support
— Package geometry support on internal layers

— DRC

e Comp to comp

e Comp to cavity

» Height within cavity
— Router integration
— Manufacturing output

Chip Down

L]
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Embedded Components in a
Cavity

« Package symbol driven
— New class “Cavity Outline”
— Legacy place bound used as fallback

— Keep-out properties

* User-defined cavities
— Manually entered
— Can span multiple layers
— Represents as dynamic fill
* Merge capability
— Checks under consideration

 Max cavity area
e Max comps within cavity
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Advanced Miniaturization
Techniques

* Dual-sided components

* Vertical components

« Support for embedding in dielectric
on 2-layer boards

Develop differentiated products

@raser’ ..o

Vertically
Embedded
Component
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Design Miniaturization
through Rigid-Flex
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Rigid-Flex
Necessary for Products in Many Market
Segments

e Consumer electronics
Mil/Aero

Medical

Automotive

o
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Allegro Allows Multiple Board Outlinesc—s=e
for Rigid or Flex Sections

Er'assr- mn {

Well this is one of the reasons why Motorola Mobile Devices switched to Cadence Allegro 3 years ago. Allegro allows
multiple outlines like flex outlines or rigid outlines, external soldermask layers and internal full or partial coverlay layers and
SO on...

Philippe Gleizes =
Flex Circuit Design Manager INTERNATIONAL

Motorola Mobile Devices -
600 North U.S. Highway 45 http://forums.mugweb.org/showflat.php?Cat=&Board=ExpeditionRE&Number=4

Lihertyville, IL 60048 390&Searchpage=1&Main=4382&Words=+Dieseldog&topic=&Search=true

mIJOIN MUG B CONTACT MUG W FORUMS

* “Motorola adopts Allegro for Flex
Design capability”

e This was a limitation of our
competition




Custom Pad Definitions for Rigid-Flex ===

Layers

Er-assf' m|] t

« Allegro PCB Editor allows up to 16 User Defined layers can be added

to the padstack definition
— Plug
— Cap
— Gold

Parameters | Lavers

Fad=

Ban|

1

-¥

 Plans to increase to 32 in new release

GPBSEFE 1014 Graser Technoloes

tack layers

Single laver mode

Layer Regular Fad | Thermal Belief| At
TOF Rect 02000 ] Hul Hull
GOLD_TOF Hull M2, Mt
SOLDERMASE_TOP Rect 02000 | A8 M
SOLDERMASE BOTTOK  [Hull M M




Place Components Directly on ~
Flex Layers

* No special pad editing or complicated work-arounds
required with PCB Miniaturization Option

- Drop component to layer Saaana s

. T ” . IDJ_ Lﬂar Mame Type Thickness Embedded Status Attach Method
defined as “flex” using 1 :
2 003 (=)
a3|ToP 0018 |MotEmbedded | e
embedded component !
5|LAYER_2 0.018  |BodyUp I Divect Attach I Top
. . 5 0.3
'I:u n Ctl O n aI It 7|LevER_3 0.018  |MotEmbedded | [-
y i 0.3
3[goTTOM 0018 |MotEmbedded [ -
10 0.3
1 0.0 s
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Fast Interconnect Routing on Flex ===,

Tapri

* Curved Corners
— Support in both Add Connect and Slide functions

Graser’



Multi-line Flex Router -
Interconnect Flow Planning

B Multi-Line Route E

« Multi-line Flex router permits users to quickly
add ‘trunk of bus’ for real estate planning
— Includes line of different width (guard trace/signals)

— “Contour locking” (lock onto guard trace or route
keep-in area)

« User configurable for maximum productivity
— Contour lock option
— Arc option
— User defines line and space

— Once satisfied, connects the end points to their
destination pins
— Effective in preventing “I-Beam” routing on Flex

* |-Beam construction increases stiffness through bend
areas of flex.

GIPESER - i oo oo ot Al e st e s o e o of s Techmotos o 110



Best in Class Support for HDI Routing, =gz
DRC

« Staggered vias

» Stacked vias

* |nsetvias

* Any Layer via

* Viain pad

* Vialabels

* NC Drill automation for all HDI via

combinations
BLE2

Slide all stacked vias at same time

Fo s fesf

Slide stacked vias with split Slide stacked vias with merge
(snap to same axis of coordinates)

| EOEEOODNDEEH
3
o 121955
g 2|a|afa|a L
g el | e | et { | 1
] || || |[ e

Adding of stacked vias used “working layer model”

Adding Inset vias
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Fillets and Cross Hatch Improve -—z=gg
Reliability, Flexibility

* Fillets or teardrops
— Increases pad area
— distribute stresses evenly at the junction
— Straight or curved fillets

— Dynamic option: Add or delete as your
route into pin or via

* Cross-Hatch shapes are used to
decrease weight and increase
flexibility

— Allegro offers both “Static” and
“Dynamic” fill options

GPASER - 0o renmoion ot All e recreed The



Shape Based Fillet to “ Taper” -
Line Width

« Shape based fillet designed to “taper” line width changes

along route path
— Automatically added at the point of a line width change

Graser’



Rigid-Flex Design Flow
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Rigid-Flex Design Flow -

* Flexible Circuit Technology
« Material Used for Flex/Rigid-Flex Design

e Board Outline
« Design Guidelines for Flex Circuits

Graser’



Flexible Circuit Technology

Flex circuits

° S|ng|e Iayer [ conductive polymer |

conduciive palymer

condiiciive Eaiﬁmer

* Double layer

L . )
canduciive polymer

«  Multi layer

cordisciive palymear

conduciive Eaigmer
E Different layers

cordiictive galgrm:r |

L]
J asep £ 2014 Graser Technology Co.,Ltd. All rights reserved. The Graser logo are trademarks of Graser Technolog



Flexible Circuit Technology e
Rigid flex

L g
] far B Conductor Laver
Laminate Laminate
| Conductap Layer [ Conditctor Laper |
L Jbendimgfilm | L Dbondimgfilw |
COver il
Condiiciive palymer |
I _ Base film |
Condiciive Eligmer |
Caver
L bomdimgfilw = ] L bondimgfiltm ]
A e B |
Laminate Laminaie
Conducior Layvear | Emar Layer

* This structure is combination of flex circuits placed on rigid as well as
on flexible substrates. These are laminated together into a single
structure

GPASER - i oo renmoion ot Al g et The oo



Material Used for Flex/Rigid-Flex
Design

Materials Editor

Graser’
i

=1ol.

‘Maternialz File

C:/Cadencef/SPB_16.5/zhare/pcbh/ftext/matenals_dat

Reload katerialz |

In Uze bl atenial Mame Type Thickness Electrical Conductivity Dielectric Constant Lozs Tangent (@ 1Ghz |
[ I izer_defined.... Conductar 39,3701 MIL 520000 rmhodcm 4. 500000 0.000000 = |
L 10°_COPPER Conductar 0 MIL 820000 mhodcm 4 500000 0.000000 __|
LI (- COPPER Conductor 0 MIL 520000 mhodcm 4 500000 0.000000
L A0°_ COPPER Conductor 0 MIL 520000 mhodcm 4 500000 0.000000
B ElE Dielectric 0O MIL 0 mhiodcm 1.000000 0.000000
Ry Conductar O MIL 380000 rmhadcm 4 /O00ao 0.000000
L I ET_EPO:y Dielectric aMIL 0 mhadcm 4100000 0.020000
LI CHR ORI Conductar O MIL 77000 mhodcm 4 /00000 0.000000
LI COMFORMAL COAT Dielectric 0787402 MIL 0 mhodcm 3000000 0.000000
= CIPPER Conductor 1.2 MIL 835300 mhodcm 4 500000 0.000000
L I CraMAaTE ESTER_E Dielectric aMiL 0 mhodcm 3.800000 1.003000
L I CraMNATE ESTER S Dielectric a ML 0 mhiodcm 3.500000 1.003000
I FF - Dielectric aMiL 0 mhiodcm 4 /00000 0.035000
L I GO Conductar O MIL 430000 rmhadcm 4 /0000 0.000000
L 1 COMEL Dielectric O MIL 8200 mhadcm 4 /00000 0.000000
L I LIk Conductar O MIL 120000 mhadcm 4 /00000 0.000000 -
| 35 Materials |
k. I Spply Cancel | Help |

Graser’

Material Editor Window

mlct’
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Board Outline

@Graser . [cf’
1.‘rp|:|

« Allegro PCB Editor can
import IDX, DXF, and IDF
files that contain the
outline, cutouts, and other
mechanical features that
are critical to the design.

Graser’



Design Guidelines for Flex Circuits ==

11111

Conductor Routing

® Multi-Line Roul E3||# Contour x| . )
| a. Multiline Routing

Huantity fo I (@ Foute Kespin

Line Wwidth 5.0 (" Connect Line b. Hug-Contour

Ling ta Line Space |5.0 Extra Gap lU.DD -
Contral Trace Centered
| Ok | Carnicel ] Help ]

Ok, | Cancel | Help |

4

A

1

4

Graser’



Design Guidelines for Flex Circuits =z
Conductor Routing

Min Corner Size:  |1% width 2] a
Min Arc Radiug: |12 width 52
Yertex Action: Arc Camer - ™ =
Eubble: |Hug arly el E".
Showve wias: |fo d m
v LClip danglng clines
Srnooth: | b irirnal hl

Arc Editing option with vertex action as Arc Corner

Graser’



Design Guidelines for Flex Circuits =z
Conductor Routing

=~ MNetk Mull Net o
Min Comer Size: | 1% width = 2
bMin Arc Radius: | 1% width 4
Yertex Action: M ove hd -
Bubble: [ R 2
0ff - 7
v Clip dangling clines -
Srnooth: M iniral d

Arc Editing slide with vertex action as Move

Graser’



Design Guidelines for Flex Circuits —z=g,

Tapri

Conductor Routing

Auto Interactive Convert Corner (AiCC)

K/(/K(a\\
f=_

Graser ... i |

= Dpkions L
Conwvert Tope: Al T
Bllow In chz areas: Tes ¥

Freferred Badius Size: | 5w width
kMin Radiuz Size: 1 width

Led]

Prefernred Corner Size: |20 width

| 4

kin Carner Size:
[ Allow DRCs

L




Design Guidelines for Flex Circuits —zsée

Placement of Components Using Rooms

areas

Cutlines

y
1 Roorm Qutling. I

21 Design Setup,..
W 51 Design Audit..,

Board Outline, ..

keepout...

Makakin M ockamizaki;nn

@raser’ - ..c..:

Plane Cutline. ..

Tapet

# Room Outline

=100 x]

— Command Operations
i+ Create " Edit i Move

" Delete

— R oom Mame

Marme: |FLEX_BEMD

— Side of Board
" Top

" Bottom
{+ Both

ROOM_TYPE Properties

R oo I Hard

Dezign level: I <Moner

— Create/Edit Optionz
f+ Draw Pectangle

{~ Place Rectangle

" Draw Paolpgon

"Width: I
Height: I

| k. I Spply I Carnicel

Help




Design Guidelines for Flex Circuits —zsg=,

Tapet

Placement of Components Using Embedded
Functionality

JRI=TEY
0] I Laper Mame I Type | Thickness | Embedded Status Attach kMethod I Top
1 SIURFACE 0.00 =
2(TOP CONDUCTOR 0.&0 Nat Embedded - L
3 250
4(L02 GMD1 .60 Mot Embedded - |;| !
] 5.00
6[516_FLEX 060 |Body Up B Dicottach [ °
7 250
A |GHD_FLE= 060 Mot Embedded - |;|
| 5.00
10(LO0BGHD 2 0.&0 Nat Enbedded - [;l
| |Llse the Apply button to zave changes. o
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Design Guidelines for Flex Circuits —zzgen

Tapet

Filleting Pads and Traces

leray [0l X]  Fillet Options P Fillet and T =101
Fillet Object; Al l
— &pplication ~Run— . ; Global Options

Desired angle; Iﬁ [ Dynamic ™ Curved

| Line &nd via cleanup [ tax angle: Iﬁ [~ Allaw DRC [ Uruszed nets

J - b an offset: IEE

Wia eliminate

baw arc offzet: I

J Line smoathing I Min arc offset: I
bdir line width: |3

J Center lines between pads I i :
b & line waidth: IEE

J Imprave ling entry into pads r

J Lire fattening I

J Conwert cormer bo are: I

| Fillet and tapered trace I

J Dielectric generation I

[3lozs | Cloze | Help |

Gloss option with Filleting
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Design Guidelines for Flex Circuits =z
Filleting Pads and Traces

Tapered Trace

Without curve With curve

Graser’



Design Guidelines for Flex Circuits —z=t=

Shape Shielding

: Uphions £ 7 X
<
Active Clazz and Subclasz: 2,
Etch = |F
=] [nt1-3 - =
= [ g
Shape Fil o
Type: | Dunamic copper j
[~ Defe|Cavity
Dynarmic copper o
. S tatic zolid =l
Azzign nifs t-Elil:: crogzhatch E'
Durnrny | I.'I.,r:'f'"Ed i
Shape arid: Currett grid _
— Segment Type
Tope: Line 45 j
Angle: | 0.00000
A radius; |0.0000

@raser’ o:o:coe o co

Graser .ot
Tarped

A Dynamic Shape Instance Parameters — ) H.H

Shape i [Woid contols | Cleasances | Themel el connoctz

Drpraar: bl

Fill shyle Hhalch - ey Holh =
Halch vl Lrm vdh Spacrg Haghe

First: [n125 00 | &5 nnn
Second s =0 [135.000
Oiigin 3 (WO00 OdginY 295,500

Boaden vt ((RET

Minimum connects

Yias IDiagu:unal "I

[~ Best contact

=
=

IEI.DEI
ID.DD

b a=imum connects

" Use fixed thermal width of;

I ¥ Use zhatch thermal width |

i\ /

Reset |

Help |

K I Cancel | Apply |




Design Guidelines for Flex Circuits =z
Region Rules for Trace width and Spacing

= 5 P

Shape Conztrant Hegion All

Graser’



Design Guidelines for Flex Circuits
Restricting Via Type by Region Area

‘ lieck Differentisl Pair Gap | - i B8 Via Stagger
Type Objects Min Width | MaxLength | Primary Neck | Vias. ‘ Min Max
mil il mil mi___J mil mil_
Dsn [ module6 CM 1000 (000 - ! |V26C14P_BGA 5.00 0.00
Ron  [IEBGATIMNT - S [ [iraeis | |

7 Edit Via List ==X
Select a via from the library or the database: Via lists

Name & |SIart|Er|d | -| Name Start |End | Remove
e =N e |

102%118R TOP  TOP ?BELZ TOP SIGHAL_2

§E 100y disreo-3 SIGNAL_? SIGNAL_3 Up

BB 14c svmis TOP  TOP HEEBS-CORE36  SIGNAL_3 SIGNAL6

[ o PTG TOP TOP diapnc-7 SIGNAL_6 SIGNAL_7 Down

B 16cu76R TOP TOP giarn7-9 SIGNAL_7 BOTTOM

B 1ax64R_SMT22¢66R  TOP  TOP FEG e TOP BOTTOM
EBooc_sm24 TOP TOP s TOP-51G3-5KIP  TOP SIGNAL_3

BB 2o0x2208 TOP TOP Cancel

° I i gﬁg_wm_m_m g BTg'PrroM - h;lpl
Constraint regions can be used to i &

control the types of vias that are  Sonaston sty

¥ Show vias from the database

used within specific areas of gy e |

Or enter a via name:

d eS I g n . Add Viewer Options Undock Viewer Hide Viewer

]
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