
 
 
 

 
© 2000 American Vacuum Society  

 

 

Growth of Ultrathin Co/Cu/Si(110) Films 
 

G. Mankey – University of Alabama 

et al. 

 

 

Deposited 07/18/2019 

 

 

 

 

 

Citation of published version: 

Maat, S., Liu, C., Eads, W., Umlor, M., Mankey, G. (2000): Growth of Ultrathin 
Co/Cu/Si(110) Films. Journal of Vacuum Science and Technology A, 18(4).  
DOI: https://doi.org/10.1116/1.582340 
 

 

 

 

THE UNIVERSITY OF 

ALABAMA University Libraries 

https://doi.org/10.1116/1.582340


Growth of ultrathin Co/Cu/Si(110) films
S. Maat, C. Liu, W. Eads, M. T. Umlor, and G. J. Mankey

Citation: Journal of Vacuum Science & Technology A 18, 1278 (2000); doi: 10.1116/1.582340
View online: https://doi.org/10.1116/1.582340
View Table of Contents: https://avs.scitation.org/toc/jva/18/4
Published by the American Vacuum Society

ANALYTICAL 

Contact Hiden Analytical for further details: 

w www.HidenAnalytical.com 
, info@hiden.co.uk 

CLICK TO VIEW our product catalogue 

Instruments for Advanced Science 

► UHVTPD 

• 9MS 

► endpontderection i1ionbeaTietd1 
► elemertal magw,g-sisface rnapi::a,g 

► plasma source characterization 
► etch and deposition process reaction 

kileticstudies 

► analysis of neutral and radical species 

Vacuum Analysis 

• partial pressure measurement and control 
of process gases 

► reactive sputter process control 
► vacuum diagnostics 
► vacuum coating process monitoring 

http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/test.int.aip.org/adtest/L16/1456051485/x01/AIP/Hiden_JVA_PDF_2019/Hiden_27811-BANNER-AD-GENERAL-1640x440.jpg/4239516c6c4676687969774141667441?x
https://avs.scitation.org/author/Maat%2C+S
https://avs.scitation.org/author/Liu%2C+C
https://avs.scitation.org/author/Eads%2C+W
https://avs.scitation.org/author/Umlor%2C+M+T
https://avs.scitation.org/author/Mankey%2C+G+J
/loi/jva
https://doi.org/10.1116/1.582340
https://avs.scitation.org/toc/jva/18/4
https://avs.scitation.org/publisher/


Growth of ultrathin Co ÕCuÕSi„110… films
S. Maat, C. Liu, W. Eads, M. T. Umlor,a) and G. J. Mankeyb)

Department of Physics and Astronomy and Center for Materials for Information Technology,
University of Alabama, Tuscaloosa, Alabama 35487-0209

~Received 1 October 1999; accepted 20 December 1999!

We report the results of a study of the structural properties of Co films deposited on Cu/H–Si~110!.
A Cu~111! buffer layer is formed by evaporation or ultrahigh vacuum sputter deposition on the
H-terminated Si~110! surface. From consideration of bulk lattice constants, the Cu films undergo a
6% expansion along the@1, 21, 0# direction and a 13% compression along the@1, 1,22# direction.
The structure and annealing behavior of the Cu buffer layer was determined with a combination of
low-energy electron diffraction~LEED! and Auger electron spectroscopy. The LEED patterns of Co
films evaporated on this buffer layer are compared to Co films grown on a Cu~111! single crystal.
© 2000 American Vacuum Society.@S0734-2101~00!03304-2#

I. INTRODUCTION

Multilayers of Co and Cu are candidate materials for spin
valve elements in read heads for magnetic storage devices.1

Co/Cu~111! multilayers exhibit a polarization of the Cu con-
duction band due to a good band matching between the Co
and Cu. The band matching is an essential feature for a high
giant magnetoresistance ratio.2 However, the stacking se-
quence in ultrathin evaporated films may be fcc or hcp. A
recent study showed that in Co/Cu~111! films deposited by
laser ablation this fcc–hcp stacking fault may be
suppressed.3 The existence of the stacking fault affects the
strength of the antiferromagnetic coupling between magnetic
layers separated by a Cu spacer layer. In order to utilize the
Co/Cu system in a real device, the materials must be depos-
ited on insulating or semiconducting substrates. A Cu~111!
surface can be produced by growth on Si~110! and used as a
buffer for subsequent spin valve growth. The material re-
quirements of this buffer layer are:~1! for current in-plane
devices it should be thin compared to the other ingredients of
the spin valve to reduce the amount of shunting through the
buffer layer,~2! it should be smooth since the Ne´el ‘‘orange
peel’’ coupling through the film interface increases the coer-
civity of the Co layers, and~3! the buffer layer should pro-
vide a good template for the magnetic materials comprising
the spin valve.

A recent x-ray diffraction study showed that Cu~111!
films of high quality can be grown on Si~110! using magne-
tron sputtering.4 This study extended from relatively thick
films of 30 nm down to 2.5 nm thick films. In this article, the
focus is on the ultrathin regime to determine the minimum
thickness for a good epitaxial orientation. Molecular beam
epitaxy ~MBE! has been used to grow epitaxial Cu on hy-
drogen terminated Si~100! and Si~111!.5 Magnetron sput-
tered Cu~111! on Si~110! has sharper diffraction spots than
Cu on Si~100! or Si~111!,4 and the MBE growth of Cu on
Si~110! has not been well investigated. The purpose of this

study is to determine the potential of Co MBE growth onto
the buffer layer of Cu~111! on Si~110!. The structure of Co
films grown on Cu/Si~110! is compared to Co films grown
on a Cu~111! single crystal substrate.

II. EXPERIMENTAL PROCEDURE

The Si~110! substrates were prepared by exposure to ul-
traviolet radiation for 1 h followed by a 1 min dilute HF
~5%! dip prior to insertion into the ultrahigh vacuum depo-
sition chamber through a load lock. The substrates were
transported from the HF etch into the load lock and pumped
down to a pressure of 1.531026 Torr in about 10 min. This
procedure produces a well-ordered hydrogen-terminated
single crystal surface.6 The films were deposited at a growth
pressure of 2.031029 Torr with the main component of the
background gas being Co. Typical deposition rates were
0.010 nm/s for Cu and 0.001 nm/s for Co. Film thickness
was determined using a quartz crystal microbalance located
the same distance from the source as the substrate. The films
were deposited with the substrate at room temperature.

Auger electron spectroscopy measurements were made
with a Princeton Applied Physics retarding field analyzer
using retarding field modulation and detecting the signal
with a lock-in amplifier. Low-energy electron diffraction
~LEED! measurements were also performed with the retard-
ing field analyzer. LEED images were collected using a
black and white format security camera and a frame grabber.

III. RESULTS

In order to determine the initial growth mode of Cu/
Si~110!, Auger electron spectroscopy and LEED measure-
ments were performed. Thermodynamic equilibrium argu-
ments indicate that the growth morphology of thin films is
dominated by the surface free energyg of the film, substrate,
and interface.7 For layer by layer growth this can be ex-
pressed as

gfilm2gsubstrate1g interface<0. ~1!

From surface energy considerations, it is expected that Cu
will not completely wet the substrate, however, nonequilib-
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rium room temperature deposition may produce a metastable
film.8,9 Since the films must show a good epitaxial relation to
the substrate, only films greater than 3 nm thick were stud-
ied. Below 3 nm, the LEED patterns show no evidence of
long range order of the film.

Auger spectra of a Cu/Co bilayer deposited on
H-terminated Si~110!are shown in Fig. 1. The Si LVV Au-
ger peak is quite strong even after deposition of 6 nm of Cu.
For layer by layer growth, an approximate intensity ratio of
Si to Cu can be calculated using

I Si

I Cu
5S SSi

SCu
De2ad/lSi/~12e2ad/lCu!, ~2!

whereI is the measured intensity,SSi /SCu51.6 is the ratio of
the elemental sensitivity factors,d56 nm is the film thick-
ness,a51.4 is a correction factor that accounts for the fact
that the Auger electrons are collected within the solid angle
of the analyzer, andl is the inelastic mean free path of an
electron for the given Auger energy. The mean free path for
electrons within this energy range is 0.3–0.6 nm,10 so a Si to
Cu intensity ratio of about 1026 would be observed for ideal
growth. The ratio in Fig. 1 is about 1/3, indicating that the
Cu grows in islands, covering only a portion of the Si sur-
face. For thicker films, the Si Auger peak is further attenu-
ated since the Cu islands eventually coalesce to form a com-
plete Cu layer. Another possibility of an enhanced Si signal
is the formation of copper silicide by Cu diffusion into the Si
substrate.

In Fig. 2, Auger spectra from a 10 nm film grown at room
temperature are presented. In order to improve the surface
order the film was annealed at successively higher tempera-
tures. Upon heating to 150 °C, the LEED pattern showed

little or no improvement, indicating that the temperature nec-
essary for activating the surface diffusion process had not
been reached. Heating the substrate to a temperature of
177 °C results in a complete loss of the LEED pattern and a
change in the Auger spectrum that is characteristic of silicide
formation. We found that the silicide formation generally
occurs for substrate temperatures above 150 °C.

The epitaxial relation of Cu~111! on Si~110! with
Cu@ 1̄10#//Si@001# is shown in Fig. 3. Figure 3 illustrates that
Cu films grown on this substrate will have a high amount of
strain. The bulk lattice mismatch gives a 6% expansion of
the Cu film along the Si@001#direction ~Cu@ 1̄10# direction!

and a 13% compression along the Si@11̄0# direction
(Cu@112̄# direction!. If the growth is epitaxial, the twofold

FIG. 1. Auger electron spectra for a 4.5 nm Co/6 nm Cu bilayer on
H-terminated Si~110!. The Si LVV peak is not completely attenuated by the
6 nm Cu film, indicating the growth mode is not ideal. Deposition of an
additional 4.5 nm of Co produces a completely wetted Si surface. Upon
exposure to atmosphere, the surface is oxidized.

FIG. 2. Auger electron spectra for a 10 nm film of Cu on H-terminated
Si~110!. The film is deposited at room temperature and successive annealing
cycles are performed to find the temperature where silicide formation starts.

FIG. 3. Diagram illustrating the epitaxial relation of Cu~111!on Si~110!. The
Si atoms are symbolized by the white disks and the Co atoms are the black
disks. The arrangement of atoms yields a uniaxial strain in the Cu layer with
a 13% compression along the Cu@112̄# direction and a 6% expansion along
the Cu@1̄10# direction.
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pattern of the substrate will evolve into a sixfold pattern for
the film, since epitaxial growth can produce domains with
different stacking sequences.4

All of the films showed a significant amount of surface
disorder and roughness, as evidenced by the broad LEED
spots with a large amount of background. The LEED pattern
from the H–Si~110!surface is characteristic of an unrecon-
structed surface with sharp spots and a low background.
Deposition of up to 1 nm of Cu showed a steady deteriora-
tion of the Si pattern and an increase in the background in-
tensity. For deposition from 1 to 3 nm of Cu, no well-defined
diffraction spots are observable. Above 3 nm of Cu, a sixfold
pattern begins to emerge and the spots increase in intensity
relative to the background for greater film thickness. The
LEED results shown in Fig. 4 are for an 18 nm Cu buffer and
subsequent Co and Cu evaporated films. The energy depen-
dence of the spot positions shows some indication of
faceting—within a narrow energy range careful observation
of the pattern reveals that as the energy is increased, the
angular separation of the spots increases. The diffraction spot
width is roughly 30% of the separation, which shows that the
surface is rough on the atomic scale. No significant change
of the diffraction pattern is observed upon deposition of 1
nm Co onto the buffer layer and capping of the Co layer with
3 nm of Cu.

For comparison, a thin film of Co was deposited on a
Cu~111!substrate. LEED data are presented in Fig. 5. The
diffraction pattern from the Cu~111! substrate shows a char-
acteristic threefold pattern that is expected for the fcc~111!
surface. Deposition of Co on this surface results in a sixfold
pattern that is characteristic of hcp~0001! or fcc~111! with
randomly oriented domains of a different stacking sequence.
Capping with Cu results in a sixfold pattern, indicating that

the initial fcc stacking sequence that leads to the threefold
pattern of the substrate is not restored.

IV. CONCLUSIONS

In summary, it has been demonstrated that epitaxial Co
can be grown on Si~110!using a thin 3 nm Cu seed layer.
Both Auger spectroscopy and LEED indicated that the
growth mode was not an ideal layer by layer growth, but
indicative of island formation. The LEED patterns reveal a
rough surface with a large amount of surface disorder. Low
temperature anneals to improve surface ordering showed the
onset of silicide formation occurring prior to any observable
improvement in the LEED pattern. As typical spin valve el-
ement processing temperatures often reach 225 °C, the sili-
cide formation is a significant problem that may be overcome
with a suitable choice of an epitaxial diffusion barrier, for
example.
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