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Flex Circuit Roadmap

glass and associated

glass, PTFE and

glass, PTFE and

associated pre-pregs and

Attribute 2009 RCG 2009 SoA 2010-2011 RCG 2010-2011 SoA
copper, polyimide copper, polyimide films, | copper, polyimide films, copper, polyimide films, !
: : = = : = = = 4 o Thermal ma
films, acrylic adhesive, | acrylic adhesive, acrylic adhesives, acrylic adhesive, polyimide signal inteqrit
Materials polyimide glass, epoxy | polyimide glass, epoxy polyimide glass, epoxy | glass, epoxy glass, PTFE, 9 9

dimensional stabil
issues

plated layers (um)

pre-pregs associated pre-pregs associated pre-pregs other low Dk dielectrics
Board (Panel) Size | 456.9 mm X 609.1 mm | 609.1 mm X 761.4 mm 609.1 mm X 761.4 mm 761.4 mm X 913.7 mm Panel fabrication only
(mm) (18" X 24") (24" X 307) (24”7 X 30") (24" X 367
Board Thickness . . . . Minimum dielectric
(mm) 4.75 mm (.187") 6.35 mm (.250") 6.35 mm (.250") > 6.35 mm (.250") required
Number of “crossing legs” adds to
Lamination Cycles 2 cycles > 3 cycles 3 cycles > 4 cycles complexity
Number of Material cher can be cuprous-
- nickel, ITO, constantan,
Types (Mixed Stack 3 4 4 4 .
beryllium copper, and
Up) o .
exotic dielectrics
Layer Count 16 > 16 20 > 24
Minimum line/space - o 7 7
internal (um) 102 pm (.004) 76 ym (.003") 76 um (.003") 51 ym (.0027) % 0z. copper
Minimum line/space 127 pm (.005") 102 pm (.004”) 102 pm (.004") 76 pm (.003”) 1 0z. copper

Minimum Drill
diameter via (um)/
Aspect Ratio

305 pm (.0127)
8:1

254 ym (.0107)
10:1

254 ym (.0107)
10:1

203 um (.008")
12:1

May require reverse
pulse-plating with
aggressive sparging

Blind/buried via
hole quantity

.03/mm? (3,000/in2)

.05/mmz (5,000/in2)

.05/mm2 (5,000/in2)

.07/mm2 (7,500/in2)

Only Motherboard type
rigid-flexes have many
holes

Minimum Drill
diameter 254 ym (.010") 228 ym (.009") 228 pym (.009") 178 uym (.007") Sequential lamination
buried/blind (um)
Hole Qty .002/mm? (250/in3) .004/mm2 (500/in3) .004/mm2 (500/in3) .007/mm? (750/in?) Conductive via hole fill
Min microvia 102 pm (.004)" 76 pm (.003" 76 um (.003" 51 um (.002"
laser dia pm/ 3.5:1(.0 ) li.o:(l.o ) %.8:(1.0 ) l1.2:(1.0 : Laser ablated
Aspect ratio
[™»Microvia guantity .002/mm? (250/in?) .004/mm2 (500/in3) .004/mm2 (500/in3) .007/mm2 (750/in3) Plugged

HNCopper
keep-out (um)

254 pm (.010”)

178 um (.007”)

178 um (.007”)

152 um (.006")

Non-functional pads
removed

76 pm (.003")

51 pym (.002")

51 ym (.0027)

38 um (.0015")

Soldermask on MB rigid-

flex only; Laser Defined
Soldermask on rise

Soldermask
registratiomDTP
(umI%

-
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Key Technology Drivers

 Signal Integrity and Performance

« System/Component Miniaturization
« Space and Weight Reduction
 Handling Issues

« Other Common PCB Features are typical
on Rigid-Flex Mother Boards

 Limited Market Limits R&D Investment




Product Evolutions Supporting Drivers
* Rigid-Flex Circuit Board

« Backplane
 Motherboard

« Sculpted Flex Circuit

 Coax & Twisted Shielded Pair emulation
« Oversized Flex Harness (> 36" long)
 Formed-To-Install Flex Circuits

o Chip-On-Flex/TAB/Flip-Chip

Cprc
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Backplane Type Rigid-Flex
Circuit Board in Carrier

Cipc.
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Motherboard Type
Rigid-Flex Circuit Board
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| ** LAYER * * | | THICKNESS | |******xxxxx MATERIAL * * * * * % » » K&
No. Designation rigid flex Description Spec

1 Pads Only 0.0020 Cop'per plating & HASL fln_lsh IPC-6013
0.0014 15 mil epoxy (FR-4) core with 1
. IPC-4101/24
0.0150 0z. copper one side
0.0050 2 plys 1080 prepreg, no-flow IPC-4101/24
0.0030 1 mil polyimide film/2 mil adhesive  IPC-4203/1
2 2aprower [N 00028 0.0028 1 mil polyimide film with 2 oz.
0.0010 0.0010 copper both sides, adhesive-less  IPC-4204/11
3 o I 0002 00028 (AP9212)
0.0030 1 mil polyimide film/2 mil adhesive  IPC-4203/1
0.0050 2 plys 1080 prepreg, no-flow IPC-4101/24
0.0030 1 mil polyimide film/2 mil adhesive  IPC-4203/1
4 signas [ 00014 00014 2 mil polyimide film with 1 oz.
IPC-4204/11
0.0020 0.0020 copper one side, adhesive-less
0.0050 2 plys 1080 prepreg, no-flow IPC-4101/24
0.0030 1 mil polyimide film/2 mil adhesive  IPC-4203/1
5 ono [ 00028 0.0028 1 mil polyimide film with 2 oz.
0.0010 0.0010 copper both sides, adhesive-less  IPC-4204/11
6 saporer [ 00025 0.0028 (AP9212)
0.0030 1 mil polyimide film/2 mil adhesive  IPC-4203/1
0.0050 2 plys 1080 prepreg, no-flow IPC-4101/24
0.0150 15 mil epoxy (FR-4) co‘re with 1 IPC-4101/24
Pads Onl 0.0014 0z. copper one side
Y 0.0020 Copper plating & HASL finish IPC-6013

0.0734 owerall thickness (metal-to-metal)
0.0068 less outer metalization
0.0666 owerall thickness (glass-to-glass)

Typical Rigid-Flex Cross-Section

Member
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Sculpted Flex Circuit

CIpc
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Typical Sculpted Flex
Circuit Cross-Section

|

Kapton
Adhesive

Typical Copper thickness of.010" Nom.

in termination areas and fully exposed

Finger Patterns Copper is Chemically Milled to
a thickness of .004" = .001" in
the Circuit Flex area(s).

Adhesive
Kapton

Cpc.
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Oversized Flex Harness

CIpc
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Innovative Shielding Technigues

Cross-Section of Silver Polymer "Stitching" on Typical Rigid-Flex Leg

3
y

Layer 4

Layer 5

Layer 6

Layer 7

Flex Leg Width

.025" minimum edge of ground
trace to edge of Flex Leg

— Top Side Coverc

2 |
2= [ —Silver Polymer £

22— Internal Dielectri
4—— Copper Conduct
— Internal Dielectri
<4— Copper Conduct
—Internal Dielectri
<4—— Copper Conduct
— Internal Dielectri
<4— Copper Conduct

— Internal Dielectri

Layer 8

<4——Copper Conduct
22— Internal Dielectri

2 Silver Polymer £

[

— Bottom Side Co

- = designates a ground trace. On Layers 4 and 8 these traces are in direct contacted with the Silver Polymer. On
Layers 5, 6 & 7 these traces are "floating" grounds and are of a width that is at least 3 times the thickness of the
dielectric material between conductive layers - so as to provide a shield for the cable sides from external EMI in
various frequencies. All ground traces are electrically connected to each other through vias in the rigid sections.

CiIPc
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Formed-To-Install Flex Circuit

CpPc,
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Innovations in Support of Drivers

« Materials Development
* Low Dk dielectrics
* Adhesive-less laminates
« Shielding alternatives
* “No Flow” pre-pregs
 Embedded passive laminates

* Process Development
« Selective covercoat bonding
« Thermal management modeling
 Layer registration/sequential lamination
* Impedance modeling

Cprc
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Summary

Overseas Competition Creating Price Erosion
- Low profit margins make IR&D difficult

- Innovation stifled by less players

- Potential for comprise of IP

Materials & Consumables Made Overseas

- Susceptible to delays and price variances
Process Equipment Made Overseas

- Designed for commercial product production

Lack of Industry Gap Analysis/Road Map

- No organized R&D effort

Cprc
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Summary and Common
Challenges
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PCB Technology and Market Migration

* The Market Trend is Obvious

 Certain D&A PCBs are being off-shored

» Defense and Aerospace Companies Must Think of the Long Term
Impact on Domestic PCB Industry

* Reverse ITAR Potential

* Innovations will be required to compete and retain technological
advantage

Lets not forget about PCB consumables
« Laminate Materials

* Chemistry
* Drill Bits
* Equipment e
e AT
?1\ USA £ _\*-‘ JJ J>
H‘“‘\m\ {/ IPC Programs : D&A Technology Roadmap
\f,ﬂw’”s D&A Task Force

IP Protection Standard

Cpc.
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Next Gen PCBs require capital
investment and advanced capabilities

New 24"x36” Hi-Speed LDI New 26”x38” Large Format Mod Dirill for +/-
Laser Direct Imager 0.0005” controlled depth capability and
Ultra-Hi Aspect Ratio Drilling

3’x5’ Autoclave
Microwave/Rf Market,

up to 27”x48” panel sizes,
and Complex Full-Flex/Rigid-
Flex

CpPc,

ASC Econoclave Model EC3X5 Member




Next Gen Products also require
improved metrology and automation

Cu Thickness
Measurement Robot -

Line Width/Pad Size
Measurement Robot
(also used for LGA Co-Planarity)

CIl-1000 Impedance Robot with SPP in-Process Df
Measurement Capability Improves Impedance Tolerance
Capability CIpc

Member




DoD needs to be concerned with current PCB market transition
D&A market will continue to be the focus of NA based fabricators

Market growth depends on economic climate and government
funding

The domestic PCB industry needs to lobby for retention of this
market in NA and to prevent further off-shoring

Technology demands of D&A PCBs will continue to increase with
focus on bandwidth, size and weight reduction

NA PCB fabricators will need to make capital investments in
equipment and infrastructure to support next gen PCBs

Innovation and IP Protection will be key to retaining competitive
edge

CiIpc
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Question and Answer

Cipc.




