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FAST, FASTER, HIGH SPEED!
PHYSICAL PCB SAMPLE WE.SPEED!

WURTH ELEKTRONIK MORE THAN YOU EXPECT



SPEAKER INTRODUCTION

Andreas Dreher

Technical Project Management

= HDI-Design
= Signal Integrity & High Speed

Since 2003 at Wurth Elektronik CBT

Phone +49 7622 397-133
Mail andreas.dreher(@we-online.com
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Andreas Dreher

Field Application Engineer

Technical Project Management



mailto:andreas.dreher@we-online.com

AGENDA

Introduction to High Speed applications

Features of the HIGH.speed physical PCB Sample

What does High Speed means for PCB Manufacturing?

How to measure material parameters?
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INTRODUCTION

Analog Applications

Digital Application
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INTRODUCTION
Analog Application Digital Application

)) ( : R

I!

= Designed for one target Frequency = Frequency mix, often broadband
= (Controlled Emission in Antenna Area = Good transfer of Signals
= Often low Layer count = Often complex HDI Stackups
= Hybrid material stackup possible = Digital signals with fast rise-times
in the range of pico-seconds to nano-seconds
= Bluetooth Module 2,4 GHz
= Motion detection 6 GHz = USB 3.x 2.5 -5GHz
= Parking assistance 24 GHz = Display Port 2.7 — 4.05 GHz
= Radar +80 GHz = P(Cle Gen3 4 GHz

= P(Cle Gen5 16 GHz
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SURVEY

What maximum frequency do you use today ?

OHz 50Hz 10KHz 100 MHz 500 MHz 2,4 GHz 6 GHz 24 GHz 77 GHz
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SIGNALPROPAGATION

Top View

Cross section ~15cm/ps in FR4
I

) ——————em——e— 52 Materia
—— Gnd Property
Signal
! — Signal loss
N SN \

Rise time

Rules of thumb: Test your design at > 3 GHz or < 10 ps rise time
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MATERIAL COMPARISION

FR4 Epoxy-Resin Megtron 6 PPE-Resin Rogers  Hydrocabon-Resin
— - B o i )
ﬁ CHs H H
|
(8]
PN O-t- +C—C—+ +X
I di ||
% y i CHz |, - H H “n
= Tg130-180°C = Tg185°C = Tg>280°C
= Dk 3.61Df0,0040at 10 GHz = Dk 3.48Df0.0037 at 10 GHz

= Dk4.37Df0.022 at 1 GHz
=  Without or with Fillers

= With Fillers With ceramic Fillers
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MATERIAL COMPARISION

Impact of new Materials

Raw Material Wet Processes Multilayer Pressing Drill Parameters

Price increase More aggressive Higher temperature Higher wear out
Lx - 20x t chemistry necessary and of drill bits
to Tg150 Material more time necessary
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QUALIFIED MATERIALS

:;.:::;;al'm.l."""" | | For analog and digital High Speed applications
I

|
Panasonic
Dk 3.61
M EGTRO N6 Dissipation factor 0.0040 at 10 GHz

@

"
WITRO
JoRE 00T
Yo e

For special applications

ROGERS
CORPORATION
: , DK of 3.48
§ nn g, 4000- Famll\/ Dissipation factor of 0.0037 @10 GHz

I
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HIGH.SPEED PHYSICAL PCB SAMPLE

Get your personal sample NOW

https://www.we-online.com/we-speed

FAST, FASTER, HIGH SPEED!
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https://www.we-online.com/we-speed

HIGH.SPEED PHYSICAL PCB SAMPLE

Overview

= T

NE it W e -
__E Faze_jacam
S 7 S

EmmDelta-L 4.C

T, SRR o iy
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HIGH.SPEED PHYSICAL PCB SAMPLE

Stackup

1+4b+1

1

il: 118pm

740pm

i]: 160pm

Base material: Panasonic Megtron 6

50 Q

90 Q

100 Q

1

Single Ended
Coated Microstrip

Differential Pair
Edge Coupled Coated
Microstrip

Differential Pair
Edge Coupled Coated
Microstrip

Line Width

208 pm

150 pm

123 pm

SUPPORT: If you need an Impedance controlled Stack up feel free to contact us hdi@we-online.com
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120 pm

138 pm



IMPEDANCE REQUIERMENTS

Defined by Component choice

= |mpedance Calculation * |mpedance Measurement = HIGHSPEED Measurement
+Atlas”

SSSIITIITTERIT N TIIRTIes:  1hikiiiess

7 Polar Si6000 Controlled Impedance Quick Solver - [Untitled.Si6
He E® Suustures Cofigare  Heb

Aag PG Sag

R

s
34 youx comments hete g
Coplanar . :
. C Miimete:

Dif Suface Design and Test Tools for
o | ] Controlled Impedance
- = ] | ] and Signal Integrity

= Material Selection = Process Control = Helping customer with
= Design Rules = Material Choice
= Process Tolerance = Design Rules

= Reseach & Development
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HIGH.SPEED PHYSICAL PCB SAMPLE

Zig-Zag Routing

= Minimize Fiber-Weave Effect
Dk / E Glas ~6.0
Dk / Eg Fr4-Resin ~3.5

= Used in Customer application WEdesign Team
20-22-GHz

Zig-Zag Routing
to 35%angle
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HIGH.SPEED PHYSICAL PCB SAMPLE

Snake-Routing

Snake-Routing
= Beneficial for differential Pairs

= Avoiding of sharp edges and corners
to minimize reflections

= |mproving spacing at staggered / diagonal Grids

o 0 00 O 6 06 O

v
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HIGH.SPEED PHYSICAL PCB SAMPLE
HDI-Design

Use Micro Via as much as possible

Small footprint

Short stub length

In volume minimal extra cost = Stitching Via
More reliable than Back Drilling

. o i, ‘-‘»'av-.:'«'vm;..';k..uy_q-"@ gt I s-t:h,’iw....mwc AT L . 1

g ! P —
. - .. ;”.-a -
& o ‘ e

e e e

R

i et L

HDI- Approach Back Drilling
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HIGH.SPEED PHYSICAL PCB SAMPLE

Mix of Analog and Digital

= Definition of critical impedance tracks
e = Standard layout 150 pm
. = |mpedance track 150.1 pm

3 = Analog layout often needs tight etching tolerances

Tolerance increase by:
= High copper
= Bigviaarray
= Combination of via technologies on same layer
like via type VII + THT

Tolerance decrease by:
= Low copper
= Homogenious Layout
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HIGH.SPEED PHYSICAL PCB SAMPLE
RF Filters & Antennas

For Filters & Antennas

i ; e = Definition of critical structure size necessary
¢ " /B = Maybe ,Design In" necessary
1 TR P\ RN = Definition of Quality Control Process useful
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ETCHING TOLERANCE — DESIGN IN NECESSARY?

Test-Pattern - not suitable for series production

Can be optimized by Design In:

22 pm | R

60 pm|

25 um | Rt

48 pm)

100 pm 2 LM ] T

31 pm ] S e

24 pm |
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HIGH.SPEED PHYSICAL PCB SAMPLE
RF Filters & Antennas

= Be creative!

Possible Connection for a waveguide

Depth Milling Edge Metallisation Etching

2 1 FAST, FASTER, HIGH SPEED!
WEBINAR | MARCH 2024



HIGH.SPEED PHYSICAL PCB SAMPLE
Delta L 4.0 Coupon

= First PCB supplier in Europe capable of measuring
HIGHSPEED Values an PCB-Test coupons with the
Delta-L4.0 Test Method

= (an be offered as service also for external Coupons

= Upto40 GHz
= S- parameters (Scattering parameters)
= Dissipation factor
= Effective Dielectric Constant

B
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ATLAS SYSTEM DELTA-L4.0

5inch

First PCB supplier in Europe capable of measuring
HIGHSPEED Values an PCB-Test coupons with the

%b
Y
[w=)
[w=)
v
%x—
m

1inch

i i
1 I I I
: L : ; r ! Delta-L4.0 Test Method
i < :i: :i: » i
| Tinch | 3inch ‘ i Tinch |
! | (area of interes) ! ! = (an be offered as service also for external Coupons
Reference plane Reference plane
after calibration after calibration
= Upto40 GHz
Reference plane A (calibration at coaxial interface)
A A
:[BN‘ Zich___, %IH]:
i i |
1 ! B !
I I
[ I
D e e !
I
I
!

| Tlinch
i

[ ®
Reference plane Reference plane l n te l
after calibration after calibration
Delta-L4.0
[
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ATLAS SYSTEM DELTA-L4.0

Measurements

L ATLAS Test - Polar Atlas Transmission line test system = X
File Board Datalog View Utilities Help

i L - En

Layer | Description
VL6 YNADehal4 2/5Inch 3 : : -
VL8 VNADelal-4 2/5lnch e EiE e Eigen SDD21 Eigen Uncertainty S21
VL WN& Deltal-4 2/5/10 Inch F:e:' G:iz Eiéen Polarlnstruments.com Polarinstruments.com Polarinstruments.com
“En.. 3.00 -0.444 — Eigen SDD21 e nc. 0_— Sl e— |
6.00 -0.776 (| Fitted Loss | Threshold
10.00 -1.186 = = + F
15.00 -1.670 = 21004 2
20.00 -2.134 = g - C
2 o L 3 40
2 S =i E
o C 604
=1 = B 601
fis) o E
= w K DY s aa O A B
0 gy | T T -80 1 | 1 T 1 | 1 T
0 20 40 0 20 40
Freq GHz Freq GHz Freq GHz
Phase Effective Er
Polarinstruments.com o Polarinstruments.com
40 wilE
c L 4,5—:
Phase o 304 [ F
FreqGHz  14.605 = uL4.0-0
13695 Lol 235
8 20 835%
s T 530
10 E
L 251
0 I | | I | I | 20 e | 1 1 T 1 1 1 T
0 20 40 0 20 40
< > Freq GHz Freq GHz
Test | Description | Layer | Result | Averages
VoV VNADek. L1 Pass 1
VoV VNADel.. L6 Pass 1
VoV VNADelt. L8  Pas 1
VoV WNADel. L1 Pass 1
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ATLAS SYSTEM DELTA-L4.0

Measurements
Effective Er
Polarinstruments.com
50
4.5-
4.0

(%)
o
|

Effective Er
w
o
f

2.5+

2_0_IIII IIIIIIIIIlIlIIIIIIIIIIIIIIIIIIIIIIIIIIII

0 5 10 15 20 25 30 35 40 45
Freq GHz
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SUMMARY

4 Approach to a new High Speed Design :

= Experience?

= Competence?

= Trial & Error?

= Simulate before Fabricate?

Time & Money
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SUMMARY

Approach to a new High Speed Design:

Time & Money

Plan
Impedance controlled Stack Up

Design Parameters & Guide Lines
Design as Service by WEdesign Team

Preproduction

Feasibilty & DRC Check
EQ-Process with Documentation

Production
Quality Control
.Design In" if necessary

Testing
Impedance Controll on every production panel
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SUMMARY

= \Wiurth Elektronik has High Speed Material qualified
= Panasonic Megtron 6
= Many others are available with WE-Asia

= WE can measure Material- and Layout parameters
= Polar CITS880s Impedance Meter
= Polar Atlas Delta L4.0 VNA Meter

= WE offers custom impedance controlled Stackups
= 20 years of experience

oeltat 45" o8 o ST 1 L = High Speed Designs can be complex -
an early discussion about the Topic will lead to an

optimal Solution
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THANK YOU FOR
YOUR ATTENTION!

Thanks to my colleagues for the support

Contact:
Wirth Elektronik GmbH & Co. KG
+49 7622397-0

HDI@we-online.com

Michael Matthes - WE Design

FAST, FASTER, HIGH SPEED!
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