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Was ist LATEX (nicht)?

LATEX ist

ein Textsatzsystem

LATEX ist nicht

eine grafische Anwendung

Abbildung: CTAN lion drawing by
Duane Bibby
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Geschichte

I 1970er: Digitaldruck verbreitet
sich

I Schlechtere Druckqualität

I Donald E. Knuth findet die
Qualität so schlecht, dass er
TEX entwickelt

I Weil TEX schwer zu bedienen
ist, entwickelt Leslie Lamport es
zu LATEX weiter

Abbildung: l: Donald E. Knuth,
r: Leslie Lamport
(Quelle: Wikipedia.org)
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Vor- und Nachteile

+ Trennung von Inhalt und Layout

+ Einheitliches Layout

+ Formelsatz

+ Geeignet für praktisch alle Dokumente

+ Kompatibilität

- Anfangs hoher Lernaufwand

- Grafikpositionierung manchmal
schwierig
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A Terahertz Time Domain Spectroscopy-based
Network Analyzer

Jan-Martin Rämer and Georg von Freymann

Abstract—We present a terahertz time domain spectroscopy-
based setup for measuring the transmission S parameters of
electronic devices. To this end radiation is radiation is focused
into horn antennas attached to the waveguide-coupled devices
under test and coupled out of the device using a similar setup.
As test cases, H band amplifiers are used and show promising
results. Also, a W band amplifier is measured, marking the lower
frequency boundary for this setup. The terahertz emitter is fiber-
coupled in order to allow flexibly selecting the measurement
geometry.

I. INTRODUCTION

Driven by applications like communication or radar, elec-
tronic devices working in the frequency range above 100 GHz
are being developed []. In order to achieve higher data rates,
communications devices are reaching operation frequencies
well in the THz range. On the other hand, commercially
available vectorial network analyzers (VNAs), an important
tool for characterization of electronic devices, can only handle
a few tens of GHz. This issue may be circumvented by using
frequency extendes [], currently reaching just over 1 THz [].
Though this enables measurements up to 1 THz, VNAs a well
as frequency extenders are rather expensive.

In the last few years, THz-time domain spectroscopy (THz-
TDS) has evolved from a lab systems to compact and flexible
systems which can also be used in industrial environments
[1]. Also, many means of generating and detecting THz
radiation have been developed and thoroughly studied, in-
cluding photoconductive antennas (PCAs) [?], electro-optic
detection [2] and surface [3] as well as nonlinear effects
[4]. All these approaches can be used in THz-TDS [5] for
various applications like spectroscopy of gases [], liquids []
and dielectric [] as well as semiconducting [] solids or imaging
[].

We use THz-TDS in order to measure the response of
rectangular waveguide coupled electronic devices. As our
system is able to generate and measure signals in the 100 GHz
to 3 THz range, we obtain information not available by even
the fastest commercial VNAs. Additionally, we validate our
measurement by comparing it to the results obtained by an
commercial VNA.

II. EXPERIMENTAL SETUP

Our setup uses an Er-doped Fiber laser (Toptica FemtoFErb)
supplying 50 fs pulses at an average power of 130 mW,
a repetition rate of 100 MHz and a central wavelength of
1560 nm.

The PCAs use a substrate of gallium arsenide (GaAs) on
which a 2 µm layer of low-temperature grown GaAs (LTG-
GaAs) has been deposited by molecular beam epitaxy (MBE).
Due to the low growth temperature, the defect density is
severely higher in LTG-GaAs than in normally grown GaAs.
This causes a low carrier lifetime in the range of a few hundred
fs. On this substrate, a dipole antenna is lithographically
defined. The antenna structure has a length of 20 µm with
a gap of 5 µm, a thickness of 10 µm and a height of 400 nm.

Though the PCAs can be excited at at the laser wavelength
[], we use second harmonic generation (SHG) via a periodi-
cally poled LiO3Nb (PPLN) crystal, as the efficiency of the
PCAs is about ten times higher at when exciting with photons
above the band gap of 870 nm. The conversion efficiency of
the PPLN is about 30%, yielding an average power of 30 mW
at 780 nm while retaining the pulse width.

The setup is based on a standard THz-TDS setup: The laser
beam is split into two parts, one of which includes a variable
delay line. This part of the beam triggers the detector while
the fixed part triggers the emitter. Contrary to standard lab
systems, the emitter is fiber coupled. Therefore, the beam
passes a dispersion compensation unit before entering the fiber
leading to the emitter. The THz beam path consists of a silicon
lens (Si-lens) on each PCA and four off-axis parabolic mirrors
(OAPMs) with an effective focal length f = 101.8 mm in a
standard 8f -configuration. The Si-lens on the emitter side is
glued to the emitter. Another modification of a standard THz-
TDS setup is the mounting of one PCA and two OAPMs
on one base plate for the detector as well as the emitter.
These bases are mounted on a rail allowing to choose the
distance between the two central OAPMs. This is necessary
as the devices under test (DUTs) have a substantial length
of a few cm in contrast to typical THz-TDS samples which

Detector
Block

PCA PCA

Emitter
Block

DUT

DC

Laser

Fig. 1. Experimental setup, PCA: photoconductive antenna, DC: dispersion
compensation, DUT: device under test; red: laser beam, green: THz beam
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Generation of THz bit patterns using phase-only optical pulse shaping (#8)

Introduction
THz time domain spectroscopy (THz-TDS) based on photoconductive antennnas (PCAs)
is combined with optical pulse shaping in order to generate shaped electronic waveforms
in the THz range. Pulse shaping is implemented via phase-only frequency filtering. Phase
masks are computed using the Gerchberg-Saxton algorithm. This setup enables the
quasi-realtime generation of designed electrical waveforms in the THz range, usable for
characterization of high speed electronic circuits.

Experimental Setup
� THz-TDS setup with LTG-GaAs (low temperature grown GaAs) PCAs
� Frequency doubled Er-doped fiber laser as source
� 4f pulse shaper [1] in emitter arm

SLM

PCA (detector)

PCA (emitter)

Laser
Figure 1: Schematic overview of the experimental setup.

THz Time Domain Specroscopy
THz generation

� Excitaion of PCA by ultrashort (pump) laser pulse generates charge carriers
� Bias voltage accelerates charge carriers
� Emission of THz pulse

THz detection
� Excitaion of PCA by ultrashort (probe) laser pulse generates charge carriers
� THz field voltage accelerates charge carriers
� Generation of THz field dependant current
� Scan delay between pump and probe laser pulse to sample THz field

Pulse Shaping
Concept

� Use first diffraction grating to map frequency to space
� Modulate phase or amplitude in space using a spatial light modulator (SLM)
� Recombine beam via second diffraction grating
� Evaluated Gerchberg-Saxton- and simulated annealing algorithm

Challenge
� Find mask pattern
� Input phase unknown
� Phase-only shaping: Find good approximation

Mask retrieval
Gerchberg-Saxton algorithm

� Phase-only (lower losses)
� Fast (about 10 iterations)

The Gerchberg-Saxton algorithm [2] works by applying available constraints of the mask
retrieval problem. The first constraint is the spectral intensity of the input pulse and
the second constraint is the temporal intensity of the output waveform. The algorithm
iterates over several Fourier transforms, applying the first constraint in the frequency
and the second constraint in the time domain while keeping the temporal and spectral
phase in each iteration. When the algorithm ends, the spectral phase corresponds to the
requested phase mask.

start
I( )=Iin( )

( )=rand();

I( )=Iin( )

finished?
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no
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
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
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


Figure 2: Gerchberg-Saxton algorithm for optical pulse shaping.
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Figure 3: Retrieved waveforms, simulated annealing: 30.000 iterations, Gerchberg-Saxton: 10 iterations.
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Results
In order to test the response of our system as well as its linearity, the pulse shaping setup
has been used to delay single pulses. The temporal position of the THz peak matches the
requested position nearly perfectly. A linear fit yields a slope of close to one (b = 1.0014)
as well as an offset of a few femtoseconds (a = 89.7 fs).
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Figure 4: Delay via pulse shaping.

Bit patterns consisting of three pulses were generated. In the first case, the pulses were
requested to be at −5 ps, 0 ps and 5 ps. In the second case, the central pulse was
shifted by 2 ps. The retrieved waveforms correspond reasonably well to the requested
waveforms.
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Figure 5: Measured bit patterns.

Outlook
Further research will focus on fiber coupling between PCAs and the pulse shaping setup
in order to achieve flexible measurement heads. Additionally, integration of feedback on
the THz waveform should be evaluated.
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Beispieldokument

1 \documentclass[a4paper]{ scrartcl}

2 \begin{document}

3 Hello World!

4 \end{document}

Hello World!

1
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Befehle

Grundsyntax: \Befehl[Optionen]{Argumente}
z.B. \documentclass[a4paper]{scrartcl}

Befehl: \documentclass

Legt die Klasse fest

Argument: scrartcl

Klasse: scrartcl (Artikel KOMA Script Article)

Option: a4paper

Papiergröße: A4 (Standard: US Letter)
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Papiergröße: A4 (Standard: US Letter)

7 / 13



Befehle

Grundsyntax: \Befehl[Optionen]{Argumente}
z.B. \documentclass[a4paper]{scrartcl}

Befehl: \documentclass

Legt die Klasse fest

Argument: scrartcl

Klasse: scrartcl (Artikel KOMA Script Article)

Option: a4paper
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Pakete einbinden

1 \documentclass[a4paper]{ scrartcl}

2 \usepackage[utf8]{ inputenc}

3 \begin{document}

4 Hello World!

5 Jetzt funktionieren auch Umlaute wie ä.

6 \end{document}

Hello World! Jetzt funktionieren auch Umlaute wie ä.
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Abschnitte

1 \documentclass[a4paper]{ scrartcl}

2 \usepackage[utf8]{ inputenc}

3 \begin{document}

4 \section{Hallo}

5 Hello World!

6 \section{Sonderzeichen}

7 \subsection{Umlaute}

8 Jetzt funktionieren auch Umlaute wie ä.

9 \end{document}

1 Hallo

Hello World!

2 Sonderzeichen

2.1 Umlaute

Jetzt funktionieren auch Umlaute wie ä.
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Abschnitte

1 \documentclass[a4paper]{ scrartcl}

2 \usepackage[utf8]{ inputenc}

3 \usepackage[ngerman ]{ babel}

4 \begin{document}

5 \tableofcontents

6 \section{Hallo}

7 \section{Sonderzeichen}

8 \subsection{Umlaute}

9 \end{document}

Inhaltsverzeichnis

1 Hallo 1

2 Sonderzeichen 1
2.1 Umlaute . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1 Hallo

2 Sonderzeichen

2.1 Umlaute

1
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Titel

1 \documentclass[a4paper]{ scrartcl}

2 \usepackage[utf8]{ inputenc}

3 \title{Ein Beispieldokument}

4 \author{Max Mustermann}

5 \date {29.04.2015}

6 \begin{document}

7 \maketitle

8 Hello World!

9 \end{document}

Ein Beispieldokument

Max Mustermann

29.04.2015

Hello World!

1
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Zusammenfassung & Hilfe

Zusammenfassung

I LATEXist ein Textsatzsystem
I Beispieldokument mit . . .

I eingebundenen Paketen
I Abschnitten, Inhaltsverzeichnis
I Titel, Autor, Datum

Hilfe

I Wikibooks:
http://en.wikibooks.org/wiki/LaTeX

http://de.wikibooks.org/wiki/LaTeX-Kompendium

I Detexify (Symbolerkennung): http://detexify.kirelabs.org

I CTAN (Comprehensive TeX Archive Network):
http://www.ctan.org
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Ausblick

Nächstes Mal

I Weiteres zum Aufbau von LATEX-Dokumenten

I Spezielle Zeichen

I Pakete

I LATEX-Klassen

I Listen und Aufzählungen
I Mathe-Modus

I Mathe-Umgebungen
I Brüche, Indizes und Exponenten
I Funktionen und Operatoren
I Sonderzeichen
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