1SS 0169-4332

Accepted Manuscript

Applied
Full Length Article Surface Science

A JOURNAL DEVOTED TO APPLIED PHYSICS
AND CHEMISTRY OF SURFACES AND INTERFACES
H. RUDOLPH EDITOR-IN-CHIEF

Nucleation and Adhesion of ultra-thin Copper films on amino-terminated Self-
assembled Monolayers

J. Bogan, A. Brady-Boyd, S. Armini, R. Lundy, V. Selvaraju, R. O'Connor

PIL: S0169-4332(18)32149-4

DOI: https://doi.org/10.1016/j.apsusc.2018.08.029
Reference: APSUSC 40066

To appear in: Applied Surface Science

Received Date: 30 April 2018

Revised Date: 30 July 2018

Accepted Date: 3 August 2018

Please cite this article as: J. Bogan, A. Brady-Boyd, S. Armini, R. Lundy, V. Selvaraju, R. O'Connor, Nucleation
and Adhesion of ultra-thin Copper films on amino-terminated Self-assembled Monolayers, Applied Surface
Science (2018), doi: https://doi.org/10.1016/j.apsusc.2018.08.029

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.apsusc.2018.08.029
https://doi.org/10.1016/j.apsusc.2018.08.029

Nucleation and Adhesion of ultra-thin Copper films on amino-terminated
Self-assembled Monolayers

J. Bogan,* A. Brady-Boyd," S. Armini,? R. Lundy,* V. Selvaraju,* and R. O’Connor*
!School of Physical Sciences, Dublin City University, Glasnevin, Dublin 9, Ireland

2IMEC, Kapeldreef 75, B-3001 Heverlee, Leuven, Belgium

% School of Chemistry, Trinitiy College Dublin, Dublin 1, Ireland

*E-mail: justin.bogan@.dcu.ie

Abstract

In this work, we report on the effect of amino-terminated self-assembled
monolayers (SAMs) on the growth and adhesion of copper on a dielectric surface
in ultra-high vacuum. The nucleation and adhesion of copper is studied for a
range of self-assembled monolayers both with and without nitrogen containing
terminal groups, and as a function chain length using x-ray photoelectron
spectroscopy, dynamic water contact angle, sheet resistance, and adhesion
testing measurements.

In-situ x-ray photoelectron spectroscopy studies of ultra-thin copper films show
that the presence of nitrogen significantly improves the nucleation of copper to
the surface, particularly those coated with long chain SAMs. However, upon
thermal annealing short chain amino-terminated SAMs retain much of the
deposited copper while significant desorption occurs for longer chains.

Results consistent with these observations are obtained during conventional
tape test measurements to determine adhesion. As such, for CMOS interconnect
applications which require copper trenches with a nano-scale cross section,
short chain SAMs offer excellent nucleation and adhesion, as well as the potential
to act as a pore-sealant for low-k materials, without impacting significantly on
the cross-sectional area of the copper lines.

1. Introduction

As device scaling continues towards critical dimensions of just a few nanometers,
significant issues arise in back end of line (BEOL) processing. One of the most
crucial is ensuring that the diffusion barrier layer which is employed to halt the
migration of copper into the interlayer dielectric (ILD) maintains its integrity
when scaled aggressively 1. In order to keep line resistivity to a minimum it is
important that as much of the interconnect line cross section as possible is taken
up with copper rather than the barrier material. As trench widths shrink below
10 nm the barrier layer will need to be constrained to a thickness of 1 nm or less
in order to meet performance criteria 2. Furthermore, the behavior of electron
transport through copper lines with such small dimensions begin to diverge
significantly from bulk properties putting further pressure on the barrier layer
to deliver low resistivity 3.Ta/TaN bilayers have been employed as copper
diffusion barriers since the replacement of aluminum interconnects with copper
in the late 1990s. However, with the advancement in technology nodes, Ta/TaN
is no longer an effective barrier to copper diffusion due to difficulties with
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