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=  Entwicklung USB = Universal Serial Bus
— Datenrate

» USB = Universal Serial Bus
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- = = Version / Year <& B
Date 27.06.2017 | Technical Academy Public | USB3.1C
@ All rights reserved by Wurth Electronics, also in the event of industrial property rights. All rights of disposal such as copying and redistribution rights with us. www.we-online.com

source: WE USB3.X Kongress
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=  Entwicklung USB = Universal Serial Bus
— Benchmark

» Based on Microsoft tests: (showed at WinHEC 2008 on Nov 6)

Transfer of a 25GB Blu-ray movie:

USB 1.1: 9.3 hours
USB 2.0: 13.9 minutesa
USB 3.0: 70 seconds

USB version Data rate
USB 1.0 1,5 Mbps
USB 1.1 12 Mbps
USB 2.0 480 Mbps

USB 3.0 5 Gbps
USB3.1Gen.2 10 Gbps

:\:: 3;0: :::usuzc\::: ;::x:::m a::l:cmal uti?:f:-imnu property rights. All rights of disposal such as copying and redistribution rights with us. www.we-online.com
source: WE USB3.X Kongress
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Schnittstellen

= zuséatzliche Leitungen

USB 3.0
signals

. 2x diff. pairs
Host Device
— D+ =
m2 o
D- - cem3 e
USB 2.0 _ - < Fge
signals Sl
GND
— SSIX,
SSTX. o
Additional B SSRX, :E g ‘6'
e | —] &

Note: Tx & Rx are defined from the host perspective

Date 27.06.2017 | Technical Academy

www.we-online.de

Public | USB3.1C
© All rights reserved by Wurth Electronics, also in the event of industrial property rights. All rights of disposal such as copying and redistribution rights with us.
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Schnittstellen

USB (Universal Serial Bus)
LVDS (Low-Voltage-Differential Signaling)

Herausforderunq fur die Leiterplatte:

Key Electrical Metrics

Silicon
* Swing
* litter
* Equalization

System

* Loss

* Reflections
* Crosstalk

System performance maps to these parameters:

* Loss: Fitted insertion loss @ Nyquist (5GHz)
» Reflections: Integrated multi-reflection noise
* Crosstalk: Integrated crosstalk

Refer to the “USB 3.1 System Design” presentation from
November 2015 for deta:ls and usage. Avallable at:

USB Developer Days — October 19 ~ 20, 2016

www.we-online.de

USB Implementers Forum © 2016

Seite 6
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Zdiff 90 ohms
Zdiff 100 ohms
Key Performance Factors ‘
Loss Reflections Crosstalk
("silicon litter h
Equalization
\ Pad Cap Pad Cap <
Package Stackup Stackup Stackup
Trace Length Parallel Tx/Rx Length )
4 PCB Stackup Stackup Stackup N
Trace Length Parallel Tx/Tx Length
Dielectric Material Vias
searfhancer J
[ Connector Footprint Voiding ]
e e tengt )
Wire Gauge
EMC/RFI ESD Protection

Common Mode Choke

USB Developer Days — October 19 - 20, 2016

USB Implementers Forum © 2016

source: USB Implementers Forum 2016
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Schnittstellen

Losungsansatz: Microvias und Starrflex
= Vermeidung von THV wo mdglich

PCB Vias: Impact

93 mil
stackup

| Short via st'ub 4

Insertion Loss (dB)

1. Long via stub ’
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Short Stub via

0.25”

0.25"

L3

W=

WURTH ELEKTRONIK
0.25"
-
80 mil
Long Stub via

Impedance (ohm)
£

*~ Short via stub

“.Long via stub

Capacitive effect

TTTT T
14 15 16

AR R L

18
time, nsec

Via stubs cause reflections that reduce design margins.

www.we-online.de Seite 7

USB Implementers Forum © 2016
source: USB Implementers Forum 2016
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Losungsansatz: Starrflex
= |ow-loss Material Polyimid
= Eliminierung der Schwachstelle Stecker

www.we-online.de

Internal cable topology

Direct Connect to USB Port Connector

S5 peB route <3” Conn

Main Board

Connect through Daughter Card

- ernal
SRS PCB route <3” Cb‘nn"{

Main Board

USB Developer Days — October 19 — 20, 2016

Seite 8

Chassis

Conn| MS
Daughter Car

Chassis

usB
Port
d

W=
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Approach: extend reach by
using a long internal cable with
a short PCB route.

Often used types:
* Microcoax cable up to 18”
* Cable loss ~1/10t of PCB loss

* FPC/FFC up to 5”
* Cable loss ~ PCB loss

USB Implementers Forum © 2016

source: USB Implementers Forum 2016

11.10.2017
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Losungsansatz: Starrflex

= Eliminierung der Schwachstelle Stecker source: WE USB3.X Kongress

22

Zh - mAdAT ) Beml 5 O/ Raf 100 (3 irwvisible ~NET 2
Fe-SAd) 1 Real S 03/ Ret 100 (3 lnwvicible e

Z4x %At 11T Beal 5 0/ Ref 100 O
Ze A1l Real % 3/ Ret 100 €3 lrwicible

fixture pcb

n
Ch1 Start 10 MHts 2 1 Stop 20 GHix
NrtY Start O s som— Thma Domain

O Stant 1 Mk Par 10 @ Dw 1002 Stop 20 GHz

Tl Start 200 s = 9 Dlgam | o Stop 200
18.002017 | 1.0 | RoS | Public | USB3.x Basics and Measurments 132
© All nghts reserved by Wurth Electronics, aiso in the event of industrial property nghts. All nghts of disposal such as copying and redstribution rights with us www we-online com
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Signalintegritat und Leiterplatte

Kernthemen:

= Impedanz Leistungsanpassung
= Laufzeit / Gruppenlaufzeit (Timing)
= Reflexionen Hinweis:

o Mehr Informationen
Beispiel aus USB3-Schaltung: zu Signalintegritat bei

Starrflex:
Webinar Archiv

hier

Figure 2: Automatically generated xSignal Class of all Byte Lane 2
specific Data xSignals source: Altlum

www.we-online.de Seite 11 11.10.2017


http://www.we-online.de/web/de/leiterplatten/webinare/archiv/starrflex_webinare/teil_iv/webinar_archiv_22.php

Besonderheiten bei Starrflex: Flexmaterial Polyimid

= grundsatzlich gunstig fur hohe Frequenzen durch

— geringe Verluste durch kleines tano
— geringe Verluste durch sehr flaches Treatment des Kupfers

= grundsatzlich ,,Handlungsbedarf* wegen

— kleiner Dielektrizitatskonstante
— geringe Dicken, typ. 50um

Figure 6. Dielectric Constant vs. Frequency
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Loss Tangent vs. Frequency
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Besonderheiten bei Starrflex

Z1

L2

WURTH ELEKTRONIK

LOosungsansatz:

Zijex = £

rigid

www.we-online.de

= Zielimpedanz festlegen
= |Impedanzmodell auswahlen

= Hder Flexlage wéahlen (Dicke PI)
— (1 75um / 100um PI sind Preistreiber!)

— ? Gibt es mechanische Anforderungen
(Biegeradien, dynamische Biegungen)?

= Simulation: Leiterbahnbreiten anpassen.
W, .., mit LP-Hersteller absprechen

= ,Hatch® - Option Referenzlage

Seite 13 11.10.2017
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Lagen Konfiguration: 2-lagig im Flex-/ Biegebereich

: Edge Coupled Coated Microstrip — mit 1 Referenzlage

= Starrflex XxRi—2F=XRI

= FR4 Semiflex 2Ri—=xRi

www.we-online.de Seite 14 11.10.2017



Lagen Konfiguration: > 2-lagig im Flexbereich

s

Stripline — mit 2 Referenzlagen

=  Starrflex > xRi—-2F=xRIi, z.B. 1Ri—-6F-1Ri

www.we-online.de

Seite 15
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Auswirkung line / space Parameter

Substrate 1 Height
Substrate 1 Dielectric
Lower Trace Width
Upper Trace Width
Trace Separation

Trace Thickness
Coating Above Substrate
Coating Above Trace
Coating Between Traces
Coating Dielectric

Differential Impedance
Target Impedance
Target Tolerance %

www.we-online.de

H1[5000
Efza00
wi[1i2500
w2 [117.00
s1[15000
T1 [12.00
cifoo0
C2 [s0.00
C3 |60.00
CEr[3.6000

Zd |76.02

|100.00
I!0.00

Z diff [Q]

100

95

90

85

80

75

65

60

55

50

Designstrukturen, Polyimid 50pum

=
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Leiterbreite
— —
/ =4—100pm
p——— == 125um
/

'./ 150pm

Edge Coupled Coated Microstrip 1B
H1 £n
100 150 200 250 300
Abstand [um]
Seite 16 11.10.2017




Sinalintritéi Starrflex

. Design Chain — Ablauf Entwurf

Bspile -

Zusammenfassung,

www.we-online.de Seite 17 11.10.2017
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Design Chain Elektronikentwicklung

Mehr zu diesem Thema finden Sie hier

11.10.2017

Seite 18
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http://www.we-online.com/web/de/index.php/show/media/04_leiterplatte/2016_2/webinare_5/160301_WE_CBT_Jubilaeumswebinar_Worauf_es_ankommt.pdf

Design Chain fur Starrflex bel hohen Datenraten

relevante Punkte mit Input fur folgenden Ablauf

11.10.2017

Seite 19
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Ablauf ,,Starrflex mit Impedanz Spezifikationen* 5w£$:

WURTH ELEKTRONIK

» Stack-up (Standard)
* Via Technologie

» Check Platzbedarf (Anordnung, Testcoupon?)
« Kostenoptimierung

« Anpassung Stack-up
Impedanzrechnung, Dokumentation
Angebot Starrflex Leiterplatte

Bestellung mit Dokumentation, Herstellung Prototypen LP
mit / ohne Testcoupon, mit / ohne Impedanzmessung (Serie?)

Elektronik
Design

— N S

www.we-online.de Seite 20 11.10.2017



Standard Lagenaufbauten Starrflex

= Basismaterial Standard xRi-2F-xRi Aufbauten
— Starr: FR4 Tg >150°C, halogenarm, gefullt
— Flex: Polyimid Tg > 200°C — typisch 50um dick
— Lotstopplack, Polyimid Deckfolien (Coverlay) partiell im Biegebereich

— Innenlagenkupfer 18um

Viatypes

Standard
values
Modification

Material Flex area
description Structure
Standard
Soldermask
copper incl. plating
prepreg
I

Core 1

S

prepreg

Coverlay
Polyimide:

Coverlay

prepreg

I

Core 2

S

prepreg

copper incl. plating
Soldermask

45um

18um

18pm

3x 1080

18um

S0pm
18um

3 x 1080

18pum

18um

45um

1x 1080

1x1080 |

www.we-online.de

Seite 21
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Anfragen gerne per email

an die Teamadresse;

flex@we-online.de

11.10.2017




Mechanik Konstruktion :_—‘*wix
Platzbedarf verschiedener Anordnungen WO EEKTRORK




Mechanik Konstruktion
Platzbedarf ,,Kreuz*

Rigid
Part 4

|
Rigid Rigid Rigid Rigid
Part 1 Part 2 Part 3 Part 6

9 Ued € ued Z Ued T Ued
pibry pibry pibry pibry
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Mechanik Konstruktion o=
Platzbedarf ,,L-Form* _mw.ﬁmou.x

Rigid
Part 4

Rigid
Part 5

Rigid T Ued
Part 6 pIbry

G Ued ¥ 1ed € ued Z Ued T Ued
pibry pibry pibry pibry pIbry
n n

Rigid Rigid
Part 2 Part 3

Rigid 9 Med
Part 1 plﬁl&l

¥ Ued ¢ ued Z led
pIbry pIbry pIBIY
|

9 Ued
P16y

G Ued
pIbry




Mechanik Konstruktion I
Platzbedarf ,,Linie _wuwnm—gmon?i




Mechanik Konstruktion I
Platzbedarf ,,Matrix“ _wuwnm—gmon?i




2 48
3
4
5

TN W

Anpassung Stack-up

Masteransicht:

| A

e

4Ri-ZF 4RIRIGID PART

4Ri-2F -4RVFLEX PART 4Ri-2F-4RVRIGID PART

www.we-online.de

Betrachtung Starrbereich:

I oo
il A A A A CuFor
) 21 Toret e e
4 ! A A A CuFol
T 2116 TG1SO" WP -
: TG 150¢ Core
4
T ) seeTaiset e e
T 1040 TG150° WP e
. —— TR o
¢
g (|9 PO E——
g
¥ T 1080 TOSOT MF o
- —— TR LT [
| CE—————=1] otciso'w PP
’
TG 150 Core
.
%% 2118 TG150" WP 3
. w \ A J CuFol
- i ] 2198 TG0 e 23
0 R B w w w w CoFol
C———

Soldermask

350

380

380

3,80

100,00

105,00

4000

8000
8000
80,00

80,00
8000
80.00

4000

105.00

100,00

45.00
100,00
35.00
100,00
1800
410,00
1800
60,00
80,00
60,00

18,00
75,00
1800

60.00
60,00
60,00

18,00
10,00
18.00

100,00
35.00
100,00
4500

Betrachtung Flexbereich:

Seite 27

LF-0110
=
=]
= AP-HS35R
2

LF-0110

Coverlay 3,60

Palyimida 3,40

Coverlay 3,60

WE=-
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50,00

18,00 1
75,00
18.00

50,00

11.10.2017




Berechnung und Dokumentation 5Ri-4F-5Ri

,
—
[
[
[
[
L/

1

13

" EI"""I

f

SRi-4F-3Ri_2,0_18_100umFi...

SRi-4F-5Ri_2,0_18_100umFAi...

www.we-online.de
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Processed Mask
Layer Stack up i Type Er T i o]
3 Soldermask 3,50 40,00
1 |4 A A A A Cu-Fail 35.00 1.2.3
[ ] 2118 TG150* HF PP 3,80 100,00
2 1E,00
TG 150° Core 3,90 150,00
3 18,00 4567
| 2116 TGI50" HF PP 3,80 100,00
4 1B.00
TG 150* Core 3,70 125,00
5 18,00 E 9,10, 11
] 1080 TGISO* HF PP 3,90 60,00
] 1080 TGISO® HF PP 3,90 60,00
| 1080 TGISO" HF PP 3,90 60,00
6 § 16,00
=] [ — AP-ES4SR Folyimide 340 100,00
ri g 1B,00 12,13, 14,15
g ] 2118 TG150* HF PP 3,80 100,00
g = 18,00 16,17
§ AP-BES45R Polyimide 3,40 100,00
] R 1B.00
| 1080 TGS HF FP 3.50 60,00
| 1080 TG150* HF PP 3.50 60,00
| 1080 TGI50* HF PP 3.50 60,00
10 1B.00
TG 150* Core 370 125,00
1" 1B,00
] 2118 TGISO* HF PP 3,80 100,00
12 16,00
TG 150* Core 3.50 150,00
13 1E,00
| ] 2116 TGIS0" HF PP 3.80 100,00
" I W W W W W .00
Soldermask 3,50 40,00

Copper Thickness = 286,000 | Dielectric Thickness = 1610,000 | Solder Mask Thickness = 80,000 | Stack Up Thickness = 1896000 | Stack Up Thickness with Soldermask = 1976,000 |

Lower
Trace Trage
Impedance | Structurs Tol {+| Widlh | Separation
D Image Structure Name %) | (W) (51)
StackName: SRiI-IF-5Ri_2,0_18_100umPiRIGID Revision: Modfication: Drale of Revissan: Editar
Drate: 05.08.14
Author: W.Ochslen
Depaniment:
Site:

s 20000 = Spssdunch
o SclrmTsrenE T

Seite 28
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Berechnung und Dokumentation 5Ri-4F-5Ri

" EI"""I

SRi-4F-3Ri_2,0_18_100umFi...

www.we-online.de
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SRi-4F-5Ri_2,0_18_100umFAi...

Lower
Impedance [ Ref. Ref, Troce | Trace
Impedance [ Structure Signal | Plane 1 | Plane 2 | Target | Cakulated | Tol (v | Widih | Separation
D Image Structure Name Layer in Layer | in Layer ) 1 (51)
; Edge Coupled Costed Microstip 18 1 2 (] 90,00 20,60 10,00 14000 12500
z ; Edge Coupled Costed Microstip 18 1 2 (] 100,00 100,06 1000 12000 15000
3 ; Coated Microstrip 18 1 3 [] 50,00 50,00 1000 170,00 000
E Edge Coupled OMfset Siripiine 1B14 3 2 4 400,00 98,41 000 100,00 25000
3 E Offset Siripiine 114 3 2 4 50,00 4867 1000 10500 000
6 E Offset Stripiine 114 3 2 4 40,00 40,04 1000 16000  0.00
7 Edge Coupled OMfset Stripiine 1B1A 3 Loner
Impedance | Ref. | Ref. Trace | Trace
Impedance | Stucture Signal Plane 1| Plane 2| Targei | Calculated | Tol (+- | Widih | Se, L
D image Structure Name Layer | inLayer| inLayer| Impedance | impedance [ %) | i) [ w51
8 E Offsat Swipine TH1A 5 13 E Offset Suipiine 1624 7 6 ] 40,00 3857 1000 20000 000
] E Edge Coupled Offset Stripiine 1E14 5 1 E Edge Coupled Offset Stripine 1624 7 [ ] 80,00 7945 1000 17000 150,00
0 E ‘Offset Stipine 1B1A 5 15 E Edge Coupled Offset Stripine 1B2A 7 6 ] 100,00 0082 000 10000 150,00
‘Offset Stripine 1B1A B 7 3 40,00 40,72 000 13500 0,00
] E Edge Coupled Offset Stripiine 1E1A 5
Edge Coupled Offset Stripine 1B1A B 7 3 £0,00 7948 1000 13000 150,00
12 E Offset Stripiine 1824 7
Column
Dicill Images | 15t Layer | 2nd Layer | Position|  Drill Type
StackName: SRI-AF-573_2,0_18_100umPURIGID. Version: 1 14 1 Mechanical PTH
Date: 06.08.14 Agsacial
| Authoe: W.Ochsien
it Bates
[ ————
s smrrrimaes =
StackName: SRI-AF-571_2,0_18_100mPURIGID Version: Revision: Dale of Revision: | Egitor
Deate: 06.08.14 Associated Documents:
Auther. W_Ochsien o
Depenment:
Site:

[rSmp——
e s o

Seite 29
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Berechnung und Dokumentation 5Ri-4F-5Ri
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Layer Stack up Description Type er | Thickness | Thickness | Impedance ID
LF-0110 Coverlay 360  50.00
[ 8 18,00
3 AP-8545R Polyimide 340 100,00
¥ S| 18.00 1.2.3.4
; LF-0121 Bondply 360 10000
8
8 2 18.00 5.6
S AP-8545R Polyimide 340 100,00
9 2 18,00
LF0110 Coverday 360  50.00
Copper Thickness = 72,000 | Dielectric Thickness = 400,000 | Solder Mask Thickness = 0,000 | Stack Up Thickness = 472,000 | Stack Up Thickness with Soldermask = 472,000 |
Lower
Ref. Trace Trace
Plane 2 Calculated | Tol (+/-| Width | Separation
Structure Name: in Layer Impedance %) w1) (S1)
Offset Swipline 182A 7 6 9 50.00 4974 1000 12500 000
| Edge Coupled Offset Stripline 182A 7 6 9 100,00 100,78 1000 10000 150,00
Offset Stripline 182A 7 6 9 4000 3979 1000 19000 000
Edge Coupled Offset Stripline 182A 7 6 9 80.00 80,02 1000 16500  150.00
Offset Stripline 1B1A 8 7 9 40,00 4042 1000 12500  0.00
6 E Edge Coupled Offset Stripline 1B1A 8 7 9 80.00 79.70 1000 12000 150,00
| ]
I vWWVWVW e
SRi-4F-5RI_2.0_18_100umPi..  SRI-F-5Ri_2,0_18_100umFi..
StackName: SRi4F -5Ri_2,0_18_100pmPUFLEX Version: Revison: | Modibcation: Date of Revision: | Editor
Date: 06.08.14 Associated Documents:
Author: W.Ochslen Fssge
Depanment
Site:

‘Sofware SH000 + SpeedaBck
Wew pladnstiuments. com

www.we-online.de

Seite 30
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. Sinalinteritét bei Starrflex

. Dsig Chain — Ablauf Entwurf

. Beispiele

. Zsamnassung, QA

www.we-online.de Seite 31 11.10.2017




Anwendungsbeispiel EVE—‘*_O_:
Ausgangssituation " WURTH ELEKTRONIK

Power Board Connector FPGA Board Sensor Board

Board
8 layers 10 layers € 16 layers € 10 layers

FR4 FR4 high Tg FR4 FR4
contr. Impedance contr. Impedance contr. Impedance

Abbildung
beispielhaft




Anwendungsbeispiel Ewixc’
Losungsansatz: Starrflex xRi-4F-xRi " WURTH ELEKTRONIK

Power Board Connector FPGA Board Sensor Board

Board
16 layers 16 layers 16 layers 16 layers

high Tg FR4 high Tg FR4 high Tg FR4 high Tg FR4
contr. Impedance contr. Impedance contr. Impedance contr. Impedance

——
llll.ﬂllllll

»
]
[ ]
»
=
>
b
[ ]
»

| ] [ | Ij |
] 1 |
] 1 |
] 1 |
I I
] I
] | 1|
] |
] 1 |
] 1 |
] | |
[ ] Il |
Il | ] ] 1 I |
VYV VYVWVVYW VYWV VYVWVWYVW VYVVVW VYVWVVWVW
- - - - — - - - — = = = ===
-4F-5Ri_2,0_18_100pmPi 5Ri-4F-5Ri_2,0_18_100pumPi 5Ri- -4F-5Ri_2,0_18_100pumPi 5Ri-4F-5Ri_2,0_18_100pumPi




Anwendungsbeispiel
Ergebnis: Starrflex 4Ri-4F-4Ri

Power Board Connector

Board
12 layers 12 layers
high Tg FR4 high Tg FR4
contr. Impedance contr. Impedance

FPGA Board

12 layers
high Tg FR4
contr. Impedance

source: ANDOR

=
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Sensor Board

12 layers
high Tg FR4
contr. Impedance

Miniaturisierung, Performance, Testbarkeit




s ==

USB3 Kamera — Miniaturisierung par excellence! i

USB Stecker auf extra Starrteil
impedanzkontrollierte Verbindung tber Flexbereich
Vermeidung Stecker, Einsparung Footprints
Verwendung von Microvias

exzellente Performance

gute Testbarkeit

gute Robustheit

www.we-online.de Seite 35 11.10.2017



. Sinalinteritét bei Starrflex

. Dsig Chain — Ablauf Entwurf
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. Zusammenfassung, Q&A
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Zusammenfassung

Starrflex fir hohe Datenraten, wie z.B. USB3

= hohe Datenraten verlangen nach verbesserten
Leiterplattenldsungen

= Starrflex hat dafir klare systemische Vorteile

= die Komplexitat der Elektronikgerate Entwicklung
verlangt eine mit dem Leiterplattenhersteller eng
abgestimmte Vorgehensweise

= Wairth Elektronik hat Erfahrung mit Impedanz
gefertigten Starrflex Leiterplatten

= FUr die Umsetzung von USB3.1 Gen.2 in
miniaturisierten Systemen wird Starrflex notwendig
sein

www.we-online.de Seite 37 11.10.2017
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Die Kenntnis der Zusammenhange ist ein Erfolgsgeheimnis!

Vielen Dank fur lhre Aufmerksamkeit!

Andreas Schilpp

WURTH ELEKTRONIK GmbH & Co. KG
maoyre
expitl You

Senior Product Manager

Circuit Board Technology
T.. +49 7940 946 330

E. andreas.schilpp@we-online.de
W. www.we-online.de/flex
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