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Abstract
Jablonka, L. 2019. Contacts and Interconnects for Germanium-based Monolithic 3D 
Integrated Circuits. Digital Comprehensive Summaries of Uppsala Dissertations from the 
Faculty of Science and Technology 1824. 85 pp. Uppsala: Acta Universitatis Upsaliensis. 
ISBN 978-91-513-0687-2.

Three-dimensional integrated circuits have great potential for further increasing the number of 
transistors per area by stacking several device tiers on top of each other and without the need 
to continue the evermore complicated and expensive down-scaling of transistor dimensions. 
Among the different approaches towards the realization of such circuits, the monolithic 
approach, i.e. the tier-by-tier fabrication on a single substrate, is the most promising one in 
terms of integration density. Germanium is chosen as a substrate material instead of silicon in 
order to take advantage of its low fabrication temperatures as well as its high carrier mobilities. 
In this thesis, the work on two key components for the realization of such germanium-based 
three-dimensional integrated circuits is presented:the source/drain contacts to germanium the 
interconnects.

As a potential source/drain contact material, nickel germanide is investigated.In particular, 
the process temperature windows for the fabrication of morphologically stable nickel germanide 
layers formed from initial nickel layers below 10 nm are identified and the reaction between 
nickel and germanium is further studied by means of in-situ x-ray diffraction. The agglomeration 
temperature of nickel germanide is increased by 100 °C by the addition of tantalum and tungsten 
interlayers and capping layers. In an effort to more thoroughly characterize the contacts, a 
method to reliably extract the specific contact resistivity is implemented on germanium.

As a potential interconnect material cobalt is investigated. In a first step, highly conductive 
cobalt thin films are demonstrated by means of high-power impulse magnetron sputtering. The 
high conductivity of the cobalt films is owing to big grains, high density, high purity, and smooth 
interfaces. In a second step, the potential of high-power impulse magnetron sputtering for the 
metallization of nanostructures is further explored.
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Figure 5.15. Yield in dependence of the equivalent hole diameter. Each datapoint is
based on measurements on 96 different devices.
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Figure 5.16. HAADF-STEM micrograph and respective EDS maps of a contact hole
with 𝑑nom = 250 nm.

51









Target

e-

Magnets

Pump

Substrate

Plasma

Argon

e-
Magnetic field

lines

Metal

(a) (b)







0 10 20 30 40 50 60

Thickness [nm]

101

102

103
R

e
si

st
iv

it
y
 [

μ
Ω

 c
m

]
DCMS -30 V

HiPIMS -30 V

DCMS -300 V

HiPIMS -300 V





Cu
SiO2

Pt

Si

SiO2

Pt

Si

Co

(a) (b)

Si

SiO2

Co





















































Acta Universitatis Upsaliensis
Digital Comprehensive Summaries of Uppsala Dissertations
from the Faculty of Science and Technology 1824

Editor: The Dean of the Faculty of Science and Technology

A doctoral dissertation from the Faculty of Science and
Technology, Uppsala University, is usually a summary of a
number of papers. A few copies of the complete dissertation
are kept at major Swedish research libraries, while the
summary alone is distributed internationally through
the series Digital Comprehensive Summaries of Uppsala
Dissertations from the Faculty of Science and Technology.
(Prior to January, 2005, the series was published under the
title “Comprehensive Summaries of Uppsala Dissertations
from the Faculty of Science and Technology”.)

Distribution: publications.uu.se
urn:nbn:se:uu:diva-380573

ACTA
UNIVERSITATIS

UPSALIENSIS
UPPSALA

2019


	Abstract
	List of papers
	Author’s contributions
	Related work
	Contents
	Acronyms
	1. Introduction
	2. Background
	2.1 3D≠3D
	2.2 Monolithic 3DICs
	2.3 Germanium

	3. Characterization Techniques
	3.1 Four-point probe measurements
	3.2 Electron microscopy
	3.3 X-ray diffraction
	3.4 Ion beam analysis
	3.5 Atom probe tomography

	4. Source/drain contact materials
	4.1 Self-aligned germanidation
	4.2 Nickel germanides
	4.2.1 Phase formation
	4.2.2 Degradation


	5. Contact resisitivity measurements
	5.1 Measurement structures
	5.2 Integration with Ge
	5.2.1 Dielectrics
	5.2.2 Electron beam lithography
	5.2.3 Final process flow

	5.3 Methodology
	5.4 Results

	6. Interconnects
	6.1 Resistivity
	6.2 Sputtering
	6.2.1 Direct current magnetron sputtering
	6.2.2 Hogh-power impulse magnetron sputtering

	6.3 Main findings
	6.3.1 Thin films (Paper IV)
	6.3.2 Via filling (Paper V)
	6.3.3 Outlook


	7. Summary & outlook
	Svensk sammanfattning
	Deutsche Zusammenfassung
	Acknowledgments
	Bibliography



