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core
Ø 10 µm



Is it possible to realize

Fiber-tip Spintronic Terahertz Emitters?

And if, what are

possible applications?    



Offen

The fabrication consists of four processes: 

gluing, polishing, cleaning, and sputtering.

Gluing
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Polishing Cleaning Sputtering



Offen

Many different fiber-tip-STE designs are possible.
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Fiber material Ferrule material Connector typeCore size

doped quartz
glasses

crystalline
sapphire

bare fiber

pigtail

FC/PC

zirconia

stainless steel

Ø 10 µm

Ø 100 µm

Ø 425 µm

https://www.thorlabs.com/search/thorsearch.cfm?search=ferrules



Offen

The fiber is inserted into the ferrule and fixated using high-speed UV glue.
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Fiber insertion Glue placement Glue hardening



Offen

The end facets are polished via a sequence of polishing steps. 
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increasing surface quality

6 µm 3 µm 1 µm 0.02 µm

grit size of polishing paper



Offen

The SEM images reveal an excellent surface quality. 
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Extensive cleaning is essential. 

Surface quality of

first fiber-tip STEs

Surface quality of

current fiber-tip STEs

Extensive cleaning procedure

and quality control
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microscopy image SEM image



Offen

A tri-layer STE is sputtered onto the fiber tips.

11

© Fraunhofer ITWM



• fully fiber-coupled

• seamless integration 
into any existing 
laboratory setup

• exchangeable within 
a minute 

• rotatable external 
magnet



Offen

The fiber-tip STEs exhibit the same performance as 

conventional free-space STEs. 

• pump fiber laser: 
150 mW, 100 MHz, 70 fs 
at 1550 nm

• dynamic range:
~ 42 dB

13

© Fraunhofer ITWM



What are possible applications?



Offen

Single-mode fiber-tip STEs naturally lead to a simple

terahertz near-field imaging system.
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Offen

A 90%-10% knife-edge resolution of 30 µm is achieved 

using single-mode fiber-tip STEs.

x
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Offen

Two metal strips with a width of 77.5 µm and a spacing of 122.5 µm are 

clearly resolved with the single-mode fiber-tip STEs.
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Offen

A proof-of-concept layer thickness determination has been shown.

Fiber-tip
STE

PCA
detector

Transceiver
module

THz
beam

Tesa on 
metal

n1 = 1 n2 = 1.5 metal

R1

R2

R0
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Offen

A proof-of-concept layer thickness determination has been shown.

Simulation

Experiment

Layer thickness determination
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Offen
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Fiber-tip-STE based endoscopic measurements could become a reality 

at one point in time.



Offen

Change of material

Magnetic-bias-free fiber-tip STEs are possible.
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Inducing anisotropy by a 
strong external magnetic field

P. Koleják, et al.; „360° Polarization Control of Terahertz Spintronic 
Emitters Using Uniaxial FeCo/TbCo2/FeCo Trilayers”; 
ACS Photonics (2022)



Offen

Magnetic-bias-free fiber-tip STEs are possible.
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Optical damage threshold is a limiting factor.

before experiment after experiment
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Offen

This type of optical damage has already been mentioned in 

several publications.

U. Nandi, et al. 

Appl. Phys. Lett. (2019)

T. Vogel, et al. 

Opt. Express (2022)
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Offen

Infrared-transmittance and THz-amplitude measurements 

indicate a heat-based problem. 

pump laser

• central wavelength 
1550 nm

• 100 MHz 

• 70 fs FWHM

optical power 
density threshold

< 2 kW/cm² 

single-mode
fiber-tip STE

THz amplitudeIR transmittance
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publication in preparation



Offen

Outlook: Physics is the limit! 

endoscopic 

measurements

fully fiber-coupled

STE systems

simple prototyping-tool 

to 

easily manufacture 

a variety of different samples 

with an equal and clearly 

defined pump mode-field

integrated terahertz 

photonics

„STE-on-a-chip“

FutureToday ?
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“Fiber-tip spintronic terahertz emitters” 
F. Paries, et al. (2023)
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