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PCB PRODUCTION, PART 3:
RIGID.FLEX PCBS, CONTINUED

Guido Biernat

WEBINAR WURTH ELEKTRONIK MORE THAN YOU EXPECT



AGENDA

1)  Review Webinar PCB Production Part 2

2) Application Examples for

3Ri-2F-3Ri Torque tool

3Ri-2F-3Ri small industrial camera

4Ri-4F-4Ri modern High-Speed camera
Standard stackups WE Circuit Board Technology

FwhN =

3) Production Processes of a RIGID.flex 3Ri-2F-3Ri (8 Layers)
1. Owerview of all production processes

2. Presentation of the processes of the rigid-flex technology Guido Biernat
3. Design Rules Technical Project Management
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REVIEW
Webinar PCB Production part 2

The following points were presented in this webinar:

BASICS FLEXIBLE AND RIGIDFLEXIBLE

The difference between flexible and rigid-flex printed PRINTED CIRCUIT BOARDS
Guido Biernat

Cl rcu |t boards Technical project management

WURTH ELEKTRONIK MORE THAN YOU EXPECT

= The base materials for RIGID.flex printed circuit boards

= The manufacturing processes of a RIGID.flex 1F-7Ri PCB
Flex layer on the outside (Top)

Standard 4F-Ri SLIM.flex HDI
Standard 4F SLIM.flex ErrT

Standard 1F-Ri

= Printed circuit board production, part 2: RIGID.flex

= \Webinar Archive (all)
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https://www.we-online.com/web/en/leiterplatten/webinare/archiv/starrflex_webinare/zif_2/webinar_archiv_74.php
https://www.we-online.com/web/en/leiterplatten/webinare/archiv/webinar_archiv.php

APPLICATION EXAMPLE

Torque Tool Industry

u Stackup RIGID.erx 3Ri-2F-3Ri — ] == e [ p——
= 50pm Polyimide core, FR-4.1 TG 150° | B
= Microvias double sided

= Miniaturization
= Reliability
= System advantages
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APPLICATION EXAMPLE

Industrial camera with a small construction

= Stackup RIGID.flex 3Ri-2F-3Ri

= |Impedance defined signals, Rdiff 90Q

=  Use of Hatch structures (mesh design)
= USB connector on a separate rigid section
= Avoidance of connectors

= Saving of footprint areas

Hatch Configuration

R HP HW-,
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APPLICATION EXAMPLE

High resolution high speed camera

Application:
Astronomy, area scanning and spectroscopy

= Stackup RIGID.flex 4Ri-4F-4Ri (12 layers)
= |mpedance defined signals

= 50pm Polyimide core, FR-4.1 TG 150°
= All flex layers are bonded in the flex area.

Source: ANDOR
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WE CIRCUIT BOARD TECHNOLOGY STANDARD STACKUPS
RIGID.flex xRi-2F(4F)-xRi

Standard 1Ri-2F-1Ri Thickness 1.00 mm Standard 2Ri-2F-2Ri Thickness 1.00 mm

— - - Rigidflex 2Ri-2F-2Ri
Rigidflex 1Ri-2F-1Ri g
PCB Thickness ;098 mm +- 10% Flex Thickness:” 0,16 mm +/-0.05mm
PCB Thickness :” 0,99 mm +/-10% Flex Thickness:” 0,16 mm +/- 0.05mm
Flexarea | Rigid area Flexarea
Material description Viatypes
Flex area | Rigid area Flex area Thickness | Thickness Structure
Thickness | Thickness | Material description structure Viatypes ‘ ‘ ‘ ‘
15
" I
395 FR4 Tg150 HF FR4 Tg150 HF
310 918
Coverlay 40 Coveriay
It It 17 17
= Fotymige 50 50 Polyimide
7 7 17 17
C L
Coverlay sk
30
FR4 Tg150 HF
395
FR4 Tg150 HF
17
50 FRé TglS0HE
15 15

Standard 1Ri-2F-1Ri Thickness 1.55 mm Standard 2Ri-2F-2Ri Thickness 1.55 mm

Rigidflex 2Ri-2F-2Ri

Rigidflex 1Ri-2F-1Ri

PCB Thickness . 1,54 __mm +/- 10% Flex Thickness: 0,16 mim +/-0.06mm

PCB Thickness :_ 1.51 mm +/- 10% Flex Thickness:” 0,16 mm +/-0.05mm

Flex area

Flex area | Rigid area
structure

Thickness | Thickness

Rigidarea | Flexarea | Rigid area

Matarial description
Flex area

Viatypes ‘

Material description ‘ ‘

n
410 FR4 Tg150 HF
-
£ = z 50 50 Polyimide
50 50 Polyimide 17 17
5 o
655

[0

3 IRIELG
] [ "o paing | 3 w© Tnct Pty |
Sodermask s (0
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WE CIRCUIT BOARD TECHNOLOGY STANDARD STACKUPS
RIGID.flex xRi-2F(4F)-xRi

Standard 3Ri-2F-3Ri Thickness 1.55 mm Standard 3Ri-4F-3Ri Thickness 1.55 mm

Rigidflex 3Ri-2F-3Ri Rigidflex 3Ri-4F-3Ri
PCB Thickness - 1,57 mm +/- 10% Flex T kness: 0,16 mm +/- 0,.05mm PCB Thickness : 1,54 mm +/- 10%__ Flex Thickness: 0,27 mim +/- 0,05mm
Thickness | Thickness | M3terial description ‘ Structure ‘ Vistypes Structure | Thickness | Thickness | Material descripti Structure Viatyps

60 FR4 Tg150 HF Prepreg 105 1x2118

=

AL prea 3 %1080

10 FR4 Ta150 HE Core 126 FR4 Tg150 HF

Standard 3Ri-2F-3Ri Thickness 1.55 mm HDI 1-6b-1 Standard 3Ri-4F-3Ri Thickness 1.55 mm HDI 2-6(8b)-2
Rigidfiex 3RI-2F-3R] + HDI 1-6b-1 Rigidflex 3RI-4F-3Ri + HDI 2-6(8b)-2
PCB Thick i 1,58 +/- 10% __ Fl Thick - 0,34  min +/- 0. 06mm
PCB Thickness : 1,56 mm +/- 10% Flex Thickness: 0,16 mim +/- 0,06mm chness mm Ll ckness:
Flexarea | Rigid area | o i description Flex area Viatypes Structure | Thickneas | Thickness | Material description Structure Viatypes

=

45 60 1% 1080

u FRA TalS0HE [£] 30 “inct potng [

T [E) 16 ]
"

o T —

- M
-

85 0 1 % 1080

L ) 30 ~incl. Piating

2
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WE CIRCUIT BOARD TECHNOLOGY NON STANDARD STACKUPS
RIGID.flex 3Ri-2F+2F-3Ri

Rigidflex 3Ri-2F+2F-3Ri
PCB Thickness: _ 1,63 mm +/- 10% _Flex Thickness: 0,39 _mm +/- 0.05mm Standard 4F stackup

CT 20 Coverlay

[ 16 1%
Flexcore 100 100 Polyimide

Rigid area Flex area Rigid area - A Flex area . LS 16 16
Structure Thickness | Thickness | Material description Structure Viatypes "’EL"S’E" "‘": "1": Bondply
Flexcore 100 100 Polyimide

7 16 16
Soldermask 15 20 Coveray

L1 45 *Incl. Plating
Prepreg 125 2x 1080

I 40 LFO110
L4 33 33

Core 200 FR4 Tg150 HF 50 50 APS121
LS 33 33

40 LFO110

L3 33 Prepreg 160 3 x 1080

40 LFO110
3= 1080 [ 33 33

Prepreg 170 50 50 APg121
L L L7 33 33

40 LFo110 e w Fotio

L4 33 33

L5 33 33
S
40 LR

Prepreg 160

» Air Gap Distance min. 0.150mm - 0.200mm

40 R TR

L& 33 33

L7 33 33

LFO110 Taeamaa

Prepreg 170

3x 1080

LE 33

Core 200 FR4 Tg150 HF

Ly 33
Prepreg 125 2x 1080

L10 45 *Incl. Plating

Soldermask 15

Compressions of the
inner flex core with a
very small bending
radius
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SUMMARY STACKUPS

= |n the webinar PCB production part 2 you will find important information about
asymmetrical stack-ups as well as a description of the basic materials required.

= Symmetrical RIGID.flex PCBs are used for industrial tools up to
ultra-modern high-speed cameras.

= Standard stackups of xRi-2F(4F)-xRi variants were presented

NON Standard using the example of a 3Ri-2F+2F-3Ri stackup with air gap
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PCB PRODUCTION, PART 3: RIGID.FLEX PCBS, CONTINUED

POLL: Multiple-Choice with one correct answer

What is the typical feature of a symmetrical layer stackup xRi-yF-xRi of a rigid-flex circuit board?

= |mpedance defined signals are not possible
= They only consist of flexible base materials
= The flexible layers are always located outside -

= The flexible area can only consist of 2 flex layers . \
= The flexible layers are located inside (center) of the PCB ‘

A
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PRODUCTION PROCESSES
RIGID.flex 3Ri-2F-3Ri

Flex-Base Material Base Material Base Material FR4 Base Material FR4 Base Material Base Material Base Material Base Material
Inner Layer Coverlay Film Core2/3 Core6/7 CL-Prepreg Top CL-Prepreg Bottom PTFE-Prepreg Top PTFE-Prepreg Bottom
Top / Bottom =
| Printing | | Printing IL | | Printing IL | | Pinning | | Pinning | | Pinning | | Pinning |
v v v v v v v
| DES | | DES | | DES | | Routing | | Routing | | Routing | | Routing |
2 Cutting v v
| AOI | Coverlay | — | | A |
v v v
[ PlaceCoverlay  J&————— | Bond-PREP ||  Bond-PREP |
v
| Coverlay fix. Lam. |
A 4 ‘ Top copper foil
Assembly point Prepreg
L2 - _ _ —
. - . rigid core ML STANDARD
| v | L3
ML assembling “ -
T poretnate! —— Prepreg FLEX specific
v
i A i L4 Coverlay foil
i ML preSSIng i opper :.‘\ad flex core
LS5 owverlay foil S
ML Manufacturing _
Standard separating foil Frepres
3 —
v Ls - - - -
Depth milling Top + Bottom s SR rigid core
# Prepreg - —
ML Manufacturing e —
Standard Bottom copper foil
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PRODUCTION PROCESSES

RIGID.flex 3Ri-2F-3Ri (flex inner layers 4 / 5)

Top

L2

L3

L4

L5

L6

L7

Bottom

13 |

copper foil

+——— Prepreg

rigid core

separating foil

+—— Prepreg

Coverlay foil

opper clad flex core
Coverlay foil

+——— Prepreg

seiaratini foil

rigid core

+——— Prepreg

copper foil
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Flex-Base Material
Inner Layer

| Printing |
v

| DES

v
| AOI |

Base Material
Coverlay
Top / Bottom

Cutting

Coverlay

v

| Place Coverlay |

v

| Coverlay fix. Lam. |

\ 4

o

Assembly point

Cutting Register

Fix

Flexcore
Layers4 /5

Lamination

— —
I N I
STARR STARR




PRODUCTION PROCESSES
RIGID.flex 3Ri-2F-3Ri (Prepreg, PTFE foil)

Prepreg + Coverlay + PTFE

—= Flexcore Layer 4/ 5
| Pinning | |
v

Prepreg + Coverlay + PTFE

| Routing | | Routing | | Routing | | Routing |

Top copper foil

+——— Prepreg

L2

rigid core
L3

separating foil

+—— Prepreg

1= or 1 . ¢
il .
;" - \ | \
- - \ §
L4 Coverlay foil : .
opper clad flex core
L5 Coverlay foil
+—— Prepreg -
L

seiaratini foil

L6

rigid core

L7

+——— Prepreg
Bottom copper foil
v
Assembly point -
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PRODUCTION PROCESSES

RIGID.flex 3Ri-2F-3Ri (rigid inner layers 2 & 3/6 & 7)

Top

L2

L3

L4

L5

L6

L7

Bottom

15 |

copper foil

separating foil

seiaratini foil

+——— Prepreg

rigid core

+—— Prepreg

Coverlay foil
opper clad flex core
Coverlay foil

+——— Prepreg

rigid core

+——— Prepreg
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copper foil

RIGID.FLEX

Base Material FRE | [ Base Material FRG
Core2/3 Core6/ 7
v v

[ g ] [ prnengit_]
| DES || DES |
| AOI || Aol |
| Bond-PREP  |[ Bond-PREP |

ssembly poin

FR4 Core Lage 2/3

Prepreg + Coverlay + PTFE
Flexcore Layer 4 / 5

Prepreg + Coverlay + PTFE

FR4 Core Lage 6/ 7




PRODUCTION PROCESSES
RIGID.flex 3Ri-2F-3Ri(Prepreg und Copper foil)

Prepreg + Copper-Foil

FR4 Core Layer 2/3
T E— ——
h . Prepreg + Coverlay + PTFE _
Eem oin
w P Flexcore Layer 4 / 5
— —— —
+ Prepreg + Coverlay + PTFE _
B e I I E—
. ol i FR4 Core Layer6/7
op copper foi . — —
[ ML dasse mhl |nE Prepreg + Copper-Foil
+—— Prepreg '
1
]
L2 e o _ ;
rigid core
L3 ML pressing
separating foil
+—— Prepreg
L4 Coverlay foil

pper clad flex core

L5 Coverlay foil

+«——— Prepreg

seiaratinifoil
L6 - - o .
rigid core g
L7 _ - - = _-

+——— Prepreg

Bottom copper foil
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PRODUCTION PROCESSES
RIGID.flex 3Ri-2F-3Ri

Cross-section of a pressed production panel
Top Copper foil

= After pressing the rigid-flexible PCB, all the usual FRucoe
processes of a BASIC multilayer PCB are applied. ;

PTFE
Prepreg
Coverlayer
L4
Flex core
L5
Coverlayer
Prepreg
PTFE

L6

FR4 core

L7 — — —

N
_ Prepreg
Assembly pOInt / Bottom Copper foil

ML assembly \/ > drilling > etching » Depth milling Top / Bot

v v v v

ML pressing \/ Desmear + plating micro section milling
! v v v

X-RAY Panelplating Solder mask cleaning
v v v v

trimming exposure outer layer Chem. Ni/Au optical controll

v v ! y

Laser drilling Top / Bot electroplating LBA E-Test shipping
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PRODUCTION PROCESSES
RIGID.flex 3Ri-2F-3Ri (depth milling)

Top - - ——— — —

Two process steps are necessary for the "depth milling" L - Jd L - =

L3

= Depth milling from the top side
= Depth milling from the bottom side .

L6 — - o — — — — — —

The depth of the milling tool reaches the PTFE foil (separating
foil). The PTFE foil is removed in the process.

L7 — - = — — —— —

Bottom - o —— — —

Picture 1 Picture 2

—»| depth milling Top / Bot

v

Milling outer contur

v ’ milling tool —
)
cleaning 4

v

Optical final control

v

shipping
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DESIGN RULES
RIGID.flex xRi->2F-xRi

Now we have learned that the production of a
rigid-flex circuit board differs fundamentally

from a rigid BASIC PCB.

Especially the mechanical processing of the prepreg
and the cover layer require elementary design rules.

Stackup IRi-2F-3R§ Draufsicht

& o ow

Especially points D and G need a closer look.
For this, please visit our web page.

= Design Rules RIGID.flex xRi-2F-xRi
= Design Guide RIGID.flex
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MORE THAN
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Design Rules
RIGID.flex xRi-=2F-xRi

These design rules apply to:

RIGID flex PCEs with two or more copper layers on flexible polyimide foil material, internally located
Application in accordance with IPC 2223 Use A: Flex-to-install, UL marking according UL94 and UL796F
possible.

Examples:

3F-2Ri-3F: B layers 2Ri-4F-2Ri + HOI 1-6-1: 8 layers 3Ri-3x(2F)-3Ri: 12 layers
Nomenclature: Ri = Rigid, F = Flex

Basic instructions
+  Please comply with general standards, such as IPC or IEC

+  Please refer to the valuable hints and tips in our RIGID.flex Design Guide at wwwwe-online com/flex
*  Please refer to our BASIC Design Rules for rules on conductor widths, spacings, via and pad sizes as
well as solder mask at www we-online com/hasic.

Filling of PTHs [plated through holes}:

Do not use open holes in solder pads! Keep at least 400pm distance from solder pads to hales ta be
plugged on both sides [Via plugging IPC-L761 type Ill). For vias according to IPC-6761 type VIl (filled
and capped) please consult us for allowed design rules iconductor spacingl!

Lift-off areas - attention: NO copper layout below the flex and NO vias permitted in these areas!

Flexible and rigid-flexible circuit boards must be dried before they are assembled. Further information

about this is available at www we-online.com/dryingprocess.
Copper removal is required in ground or reference layers for drying

o Recommendation: Copper openings 0.3mm per 1mm length of copper.

Flex=to-install bending radius: Installation Use A in accordance with IPC- 2223 up
to 90° bending angle:

—  2copper layers: 10 x total thickness IPC-2223 section 5.2.3.3)
—  More than 2 copper layers: 20 x total thickness (IPC-2223 section 5.2.4.3)

~  For use in more demanding conditions, please contact us.

‘We will be happy to create the optimal delivery panel for you (best pricel).
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Design Rules MORE THAN
YOU EXPECT
RIGID.flex xRi-=2F-xRi
A F c 3
-‘ —o—"— } =
| — !
: > - °
3 T — "
o g ‘ . i
;- ! ° N
-
Rl =, 1 Q .
4 o S F
Technical Advanced
Symbol Description
i v Standard | i
Line widths and spacings see WE BASIC Design Rules!
Minimum via pad diameter
A = see WE BASIC Design Rules!
—»For all Pad-
B Final diameter of PTH see WE BASIC Design Rules!
R —» NFP: Non functional / non-used pads do NOT remove!!
C Spacing, Cu — outer layer to flex-rigid transition (battom] >300pm
D Spacing Cu — inner layer to flex-rigid transition =500um
D1 Spacing, Cu — to flex-rigid transition: inner layers next to flex =1000um
E: Distance of conductor to the flexible contour =300pm
F Spacing, exposed Cu — outside of flex-rigid transition =300um
G Flexible area 2F: Distance of via pad to flex-rigid transition =1500um [ =1000um
G Flexible area > 2F: Distance of via pad to flex-rigid transition =2000pm | =1500um
[2 For your IPC-222305.223: 3.718 mm+ § pad diameter
H Length of the flex area with 2F (for > 2F please contact us) =5mm [ =25mm
K Minimum recess width directly at the flex area 1.6mm | 1.0mm
K| Outline manufacturing of fiex area: No scoring permitted!
2 2IF contacts thickness tolerance (material of stiffener) +0.05mm (FR&) +0.03mm (P1)
special stackup
Combination with microvia (from 2Ri-yF-2Ri) and buried via
- see HDI Microvia Design Guide!
technique is possible

Further specifications available on request, please contact us: flex@uwe-online.com
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https://www.we-online.com/web/en/index.php/show/media/04_leiterplatte/2012_2/3d_2/design_rules_neu_/CBT_Check_PM_02_en.pdf
https://www.we-online.com/web/en/index.php/show/media/04_leiterplatte/2012_2/3d_2/design_rules_neu_/110502_DesignGuide_Flex-rigid.pdf

PCB PRODUCTION, PART 3: RIGID.FLEX PCBS, CONTINUED

g

Thank You!
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