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Harz University of Applied Sciences

» Founded in 1991
» 3300 students

» Dept. of Automation and
Computer Science

Optical Communications Systems
» Photonic Packaging

» WDM-visible system

» Optical Frequency References

Address:

Harz University of Applied Sciences
Friedrichstral3e 57-59

D-38855 Wernigerode

Phone: +49 3943 659 105

Fax: +49 3943 659 109
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Vita

University
Freie Universitat Berlin, 1976 bis 1982 Diplom-Physicist

,Optical Determination of enerqy transport in
Dibenzofuran/Anthrazen-mixed cristals”

Doktorarbeit
Freie Universitat Berlin, 1983 bis 1988 Dr. rer. nat.

, Optical Determination of enerqgy transport in organic
molecular crystals with high disorder”

Scientific staff

Heinrich-Hertz-Institut Berlin, 1988 bis 1995
Head of packaging group ,
Heinrich-Hertz-Institut Berlin, 1995 bis 2001

Prof. for communications technolog
Prorektor for Research

Habilitation February 2006, TU-Dresden
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Teaching

Telecommunication mit focus on optical communications systems
Teaching (since 2001) '
» Electr. und opt. communications systems i
» Measurement techniques in communications systems |
» Photonic packaging

» Opt. transmission systems

» 14 years in the Heinrich-Hertz-Institut

Adress:

Hochschule Harz
Friedrichstral’e 57-59
D-38855 Wernigerode
Tel.: 03943 659 340
Fax: 03943 659 399
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Research interests

» Optical communications systems
e Polymeric fiber systems and functional-key
elements
e Optical frequency refereneces for WDM-networks
e Optical characterisation up to 10 Gbit/s
e Teaching concepts for photonics systems

» Photonic Packaging
e [Far and near field characterisation of Lasers etc.
e Fiber-Chip-coupling
e Field analysing und Simulation of optical wave-
guides (BPM)
e Concepts for opt. moduls
e ITG-Group within VDE
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POF-WDM-Technigue
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Application area of POF (1)

Multimedia in car communication (MOST):
“communication between e.g. mobile phone,
GPS, receiver and DVD-player”

BMV/ 7er Series

2001 m—tp
Automotive sector

et A

Peugeot 807 Fiat Ulysse

Porsche 911 Volvo Y50 udi .

”””

Infineon, POF2004 HOCHSCHULE
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Application area of POF 11

IP based Services (“Triple Play™):
» PC-Data

» VoIP

» IP-TV

INn-house communication:

» “A/V Server Network” (communication
between e.g. television, hi-fi-receiver
and DVD-player)

» “Control Server Network” (messaging | <Pt %SW”CH

between e.g. refrigerator and stove)  em, coox,

» “Data Server Network” (data exchange """
between e.g. notebook and printer)
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Motivation for VIS-WDM over POF (1)

The shown applications have high demand on bandwidth!

» Standard optical transmission system:

One wavelength carries the information

- limitation in bandwidth - Problem!

» New technology: VIS-WDM over POF
Multiple wavelengths carry information
- a multiple of bandwidth is possible

- Multiplexer and Demultiplexer are needed

Lab 2007
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Motivation for VIS-WDM over POF (11)

WDM system capacity depends on:

» Number of wavelengths

» Bit rate per channel WDM
» Channel density Data Capacit
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Advantages of POF systems

500 -
attenuation [dBlkm]

A0 attenuation
windows
300 Y

1
200

100

POF core

50 pm MMF core 9 pm SMF core

400 450 =00 =E0) &0 B50 260 Comparlsg?agectlgrfgrent fiber
wavelength [nm]
www.porac.de
+ Operates with visible light disadvantage.
+ Large core diameter (1 mm) - high attenuation (125 dB/km)

+ High numeric aperture (—~ 0,5)
+ Easy to connect and to handle
In comparison to glass fiber

Lab 2007

Folie 12 Prof. Dr. Fischer-Hirchert (HS-Harz)

HOCHSCHULE

Forhachude e aegewaedle Wissesschallen (FH}




POF key elements
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Design of opt. Waveguides

» Ray-Tracing with OpTaliX® und TracePro
e Calculation of POF-key elements
e Analysis of POF wave guiding

» OPTIWAVE-BPM- program for simulation e.g. of fiber
optics elements

e (Calculation of the wave equation within the waveguides

Refractive Inc 100 Optical Field

T T T * “ i e = =]
. 250, 500, 7 |
O t o 250, 500, 750, 1000
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Realisation of
POF-WDM-DeMuxer by
Injection moulding

Dipl.-Ing. Matthias Haupt/ U Fischer-Hirchert

Patents pending.

1. Multiplex-Sender fiir Polymerfasertibertragung und Verfahren zu dessen Herstellung, 10 2005 050 747.6
(Sender) 22.10.2005,

2. Demultiplex-Empfanger fiir Polymerfaserdibertragung und Verfahren zu dessen Herstellung, 10 2005 050
739.5 (Empfénger), 22.10.2005

3. Multiplex-Transceiver fir Polymerfaseriibertragung und Verfahren zu dessen Herstellung,
HOCHSCHULE
_ Lab 2007
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Patented basic concept

» Principle Sketch of a VIS-WDM

Demultiplexer
(unscaled)

SI-POF: ( \
Core d=0.98mm Convex
NA=0.5 Lens
n=1.49

o |

green

Detection
Layer

[1] Multiplex-Sender fur Polymerfaseribertragung und Verfahren zu dessen Herstellung, 10 2005 050 747.6 (Tx) 22.10.2005,
[2] Demultiplex-Empfanger fur Polymerfasertibertragung und Verfahren zu dessen Herstellung, 10 2005 050 739.5 (Rx), 22.10.200f
[3] Multiplex-Transceiver fur Polymerfasertbertragung und Verfahren zu dessen Herstellung, 10 2006 009 365.8 (TRx)
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1st attempt: realisation by transmission optics

File = Prisma 2 Linsen 1.00.o0tx Scale = 4.3888 Y/Z-view

| 22.7855 mm
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Best Results using integrated module

with reflective grating

» Lower aberrations =
all colors can be
detected

» Gap between colors is
large enough for
photodiodes

» Cross-talk lower than
30dB

0.0000/ 0.000 (Gnm
= o A

e

5.0mm

3188 g
Trl. J . L "r
OQut: 6376
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POF-teaching system HarzOptics

[ —

electrical 3x Tx
Input

electrical

HM stage
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Photonic Packaging
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Module basic set-up

Gehause

Zuleityngen

HF-Anschliisse
Modulation

Lab 2007
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Freld of a diode LASER

Parallel

YR ler Iy
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Adaptation of mode fields

» Mode field conversion of 1 by lenses

SMF

Realisation of spezific tapered fibers

Folie 23
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Optical Field Characterisation

Detektor

» Far field methode
e Spherical scan

» Near field methode-
e Planar scan
» Medianfield-

methode

e Planar scan
e High resolution

Bildebene

Ona 0

max

QDQH‘
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Photodiode module
»Max. frequency 40GHz
»Small opt. reflections
»Easy set-up Montage

ad
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Modules

Laser module
50Gbit/s

Recerver module

40Gbit/s

Service for Universities and SME o
Multifiber module

16 x 16 fibers

HOCHSCHUL
Lab 2007 JRLs
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WDM-Frequency stabilisation

Folie 27
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Hierarchic optical communications

systems

Ultra Long Haul

Fiber to the home:
triple-play
VolP, IP-TV, IP-data

| Lab 2007 27 )
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History of WDM-Technique

Folie 29

attenuation erstes
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WDM- wavelength allocations

Technique Channel distance Opt. window
» CWDM 2-3 THz(20-25nm) 1. or 3.
» NWDM 800GHz(6.4nm) 3.
» DWDM 100GHz/200GHz (0.8nm/1.6nm) 3
50GHz(0.4nm) 3.

» HDWDM

- .
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I TU-G652 Channel allocation

200 GHz channel grid: |
NEERSESNNENEESN NN RN EY
m.l 196

100 GHz channel grid: !
182 'I: 15 185 186
1;3.1 — T
Anchor frequency fnli I THz
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19“-Frequency stabilised Laser module
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Equipment

measurement and test
engineering
also as an offer of services

Folie 33

Lab 2007
Prof. Dr. Fischer-Hirchert (HS-Harz)

h CHSCHULE

Hochastade T wm.um




rest equipment for SM/—'

;J,.|

» Optical bit error rate tester bis 1OGB|t/&
(STM 1-STM 48)

» Optical Dispersion Analyzer

CD
DGD
PMD
IL

 PDL

» Wavelengthmeter 600-1700 nm
» Tunable laser sources

e 1495-1640 nm

e 1240-1400 nm

: Sl i
(—é b IR

b L;_"L,-_‘:..{ﬁ.{.a
t-_!l-_ﬂ_G_i(EL:tEEE
LI -
FEERY ~ ==
L_-L.—l-]'( =L -
L R ==
a8 -

|

» WDM-Testbed

e 4 x WDM-Transmitter up to 10Gb/s
¢ 100km SMF G692

o Er+-amplifier
« AWG-Splitter
» Dispersion compensation DCF

« Simulation von WDM-systems by VPI-
simulation software

Agilent 86038A Optical Dispersion Analyzer

Lab 2007
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Equipment for characerisation of Lasers

» Moden field
analysis

» Determination of
optical near and far
fields of fibers,
PMMA,fibers, LEDs,
LDs, AWGS, PLCs

» Resolution better
than 0.1um

» POF-equipment for
the characterisatoin
of far fields

» Integrated spheres

_ Lab 2007 m
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Electrical Packaging

» Glueing

» Bonding
e Wedge-Wedge
e Ball-Wedge
e Gold wire 25um
» Fiber-Chip-coupling solutions
e SMF/MMF
e Fabrication of taperd fibers by customer request
e Life cycle tests

» Soldering -“"’-”—'__é', 7
‘é s

CHSCHULE
Lab 2007 h

Folie 36 Prof. Dr. Fischer-Hirchert (HS-Harz)

Hochastade T wm-un




Spectral analysys

» Spektral analysis
e Faser optic und

e POF-systems
e 300Nnm —1700Nnm

» Wavelenght meter
e Fiber optic
e 600Nnm —1700Nnm

e Laser diode (DFB)
e Resolution 1kHz

HOCHSCHULE
Lab 2007
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Polymeric fiber systems

Kalibrated Integrating Spheres with
Powermeter

White light source 200- 1000nm t

Photoreceiver und Puls sources > 2 GHz

Optical spektrum analyser

HOCHSCHULE
Lab 2007
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Drawing of Polymeric Fibers

Halterung mit
Vorschubeinrichtung

Vorform

Aufwickeltrommel

33 Durchmesser-
Kontrolle

NEKEIFIS

Folie 39
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Electrical equipment

» EI. BERT fur
e 150 Mb/s to 12.5 Gb/s
e Eye-measurement

» El. Network analyser
e 0-3GHz
e 4-Port
e S-Parameter

Folie 40
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Climate test

» fully automated
» Programming in LabView
» Characterisation of several modules

» Temperatur range -40°C < T <
180°C

» Humidity : 10% bis 98% r.F.

. Lab 2007
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Regional cooperations partner

ﬁilﬂ'ﬁlﬁﬁ' Hationalpark

Harz
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National and international partners
e

mmE
. Fraunhofer Institut T HHH
\ Fabrikbetrieb
i nd - matisierun .
/ und -automatisierung Institut
Machrichtentachnilk
Heinrich-Hertz-Institut
AIDO e
= dPie, ul.ﬂ'lEl-\'l-l-linE-H
[ | HHH Fl'ﬂl.lﬁh'ﬂfel' Irstitut
| | HHH

Zuverlassigkeit und

Mikroinie gratiom

Werlstoffmechanik EI E'Igl_,l E

/ POILYKUM .V,
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< Inflneun
technologies
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BOSCH

MEDIA@kKomm

Stadtewettbewerb Multimedia

HOCHSCHULE
Lab 2007 h _

Folie 43 Prof. Dr. Fischer-Hirchert (HS-Harz)

Focldlude s el Wrisesashalien (1H)




HiInts

» VDE/ITG-Group for Photonic Packaging

(http://www.vde.com/VDE/Fachgesellschaften/ITG/)
» Goals:

» Collecting the KnowHow in D/EU
» Realising Workshops (1/year)

» Automation of complete photonic module in
collaboration with German industry

Ulrich Fischer

» Standardisation of OEIC-interfaces Optoelectronic
Packaging

» Packaging-Service (soldering, glueing , bonding
» Book about optoelektronic packaging
(VDE-Verlag)

Optische Netze -
Komponenten — Aufbautechniken -
Faser-Chip-Kopplung

OCHSCHULE
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End of Presentation

Thanks
Ulrich Fischer-Hirchert
Contact:

Email: ufischerhirchert@hs-harz.de
Web: ufischerhirchert.hs-harz.de
Tel: +49 3943 659 105
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