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Effect of annealing on composition, structure and electrical properties
of Au layers grown on different thickness Cr layers
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Abstract: 110 nm-thick Au layers were sputter-deposited on unheated glasses coated about a 10 nm-thick and a 50 nm-thick Cr layer
respectively. The Au/Cr bilayer films were annealed in a vacuum of 1 mPa at 300°C for 2, 5 and 30 min, respectively. Auger electron
spectroscopy, X-ray diffraction and Field emission scanning electron microscopy were used to analyze the composition and structure
of the Au layers. The resistivity of the bilayer films was measured by using four-point probe technique. The adhesion of the bilayer
films to the substrate was tested using tape tests. The amount of Cr atoms diffusing into the Au layer increases with increasing the
annealing time, resulting in a decrease in lattice constant and an increase in resistivity of the Au layer. The content of Cr inside the
Au layer grown on the thinner Cr layer is less than that grown on the thicker Cr layer. For the Au/Cr bilayer films, the lower resistiv-
ity and the good adhesion to the glass substrate can be obtained at a shorter annealing time for a thinner Cr layer.

Key words: Au/Cr bilayer film; Cr layer thickness; annealing; characteristic

1 Introduction

Au films have been generally applied in modern
technology such as metal-insulator-semiconductor de-
vices [1], strain gauge sensors [2], surface plasma
resonance biosensors [3] and so on because of their
high conductivity and chemical inertness. On the other
hand, Au films as a traditional film material have been
studied by many research groups [4-8]. Recently, an
integrate immune biochip using an Au film as an
electrode has been reported [9]. The Au film was
sputter-deposited on a glass substrate. In order to en-
hance the adhesion of the Au film to the glass sub-
strate, a Cr layer was grown between the Au film and
the glass and a post annealing was carried out for the
Au/Cr/glass system. For the integrate immune biochip,
the Au electrode must have a low resistivity and a
good adhesion to the glass substrate. It was reported
that for an Au/Cr bilayer film a diffusion of chromium
atoms into the Au layer could be promoted with in-
creasing the annealing temperature and time [10],
leading to an increase in resistivity of the Au layer
[11,12]. The aim of the present work is to study the
composition, structure, electrical and adhesive prop-
erties of the annealed Au layers grown on different
thickness Cr layers by Auger electron spectroscopy
(AES), X-ray diffraction (XRD), field emission scan-
ning electron microscopy (FE-SEM), sheet resistance
measurements and tape tests. The effect of Cr layer
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thickness on the characteristic of the annealed Au
layer will be briefly discussed.

2 Experimental procedure

Cr layers with thicknesses of about 10 nm and
50nm were deposited on unheated glass substrates by
a conventional electron beam evaporation using a Cr
target (99.9%) and a base pressure of 0.6 mPa, re-
spectively. The acceleration voltage of the electron
beam was fixed at 8 kV and the current was adjusted
to be 0.05 A. The glass substrates were ultrasonically
rinsed in acetone, distilled water and ethanol, respec-
tively. Au layers of about 110 nm in thickness were
sputter-deposited on the unheated glass substrates
each coated with a Cr layer using a simple SBC-12
type DC sputtering system [KYKY Co.]. Prior to
deposition, the chamber was evacuated to 1 Pa using a
rotary pump for 1 min. After introducing Ar gas into
the chamber, the sputtering was started at 4 Pa Ar gas
pressure at power of 1000 Vx10 mA. The distance
between the target and the substrates was 25 mm. Be-
fore depositing Au layers, the substrates coated with
Cr layers were exposed to air.

The Au/Cr bilayer films were annealed in 1 mPa at
300°C for 2, 5 and 30 min, respectively. The annealing
temperature was controlled within £1°C using an
SR73 type temperature controller [Shimaden Co.].

Composition inside the Au layers was analyzed by
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AES [Perkin Elmer Co.] with a background pressure
of 0.01 pPa. In order to obtain the composition inside
the Au layers, AES measurement was carried out after
sputtering off the surface of Au layers using Ar gas at
a bombarding voltage of 3 kV. XRD [Rigaku Co.] was
used to investigate the crystalline orientation and latti-
ce constant of the Au/Cr bilayer films. The sheet re-
sistance of the bilayer films was measured at room
temperature using four-point probe technique. The ad-
hesion of the bilayer films to the glass substrates was
tested using a commercial tape [3M Co.]. Furthermore,
the adhesion was also verified by processing the inte-
grate immune biochip: the Au/Cr/glass specimens
were cleaned in 3H,S0,+7H,0, solution. S4300 FE-
SEM [Hitachi Co.] was used to confirm the structures
of both the Cr layer and the unannealed Au/Cr bilayer
film.

3 Results
3.1 Composition

Figure 1 shows auger electron spectra inside the
Au layers grown on the 10 nm-thick Cr layer and the
50 nm-thick Cr layer after sputtering off the surface of
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Au layers, in which the Au/Cr bilayer films were an-
nealed at 300°C for 2 min and 30 min, respectively.
As can be seen from figure 1, impurities such as car-
bon, nitrogen and oxygen could not be detected inside
any of the Au layers. After annealed at 300°C for 2
min, no Cr atoms can be detected inside the Au layer
grown on the 10 nm-thick Cr layer, while a few Cr
atoms are detected inside the Au layer grown on the
50 nm-thick Cr layer. Furthermore, after annealed at
300°C for 30 min, the Cr atoms can be detected not
only for the Au layer grown on the 50 nm-thick Cr
layer but also for the Au layer grown on the 10 nm-
thick Cr layer. The amount of Cr can be calculated in
terms of AES and then is summarized in table 1. As
shown in table 1, the content of Cr inside the Au layer
increases with increasing the annealing time. For the
same condition of annealing, the content of Cr inside
the Au layer grown on the thinner Cr layer is less than
that grown on the thicker Cr layer. It indicates that on
the same condition of annealing the amount of Cr
atoms diffusing into the Au layer decreases as the Cr
layer has a comparatively thin thickness.
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Figure 1 Auger electron spectra inside the Au layers: (a) the 10 nm-thick Cr layer, annealing at 300°C for 2 min; (b) the 50
nm-thick Cr layer, annealing at 300°C for 2 min; (c) the 10 nm-thick Cr layer, annealing at 300°C for 30 min; (d) the 50 nm-

thick Cr layer, annealing at 300°C for 30 min.

Table 1 Cr contents C¢, (atom fraction) inside the Au lay-
ers annealed at 300°C for different time ¢z, and Cr layer
thicknesses d.

d/nm t, / min Co! %
10 2 No
10 30 7.110.5
50 2 4.6104
50 30 15.320.6

3.2 Orientation and structure

Figure 2 shows XRD spectra of the Au/Cr bilayer
films as-deposited and annealed at 300°C for 30 min,
in which the bilayer films have 10 nm-thick and 50
nm-thick Cr layers. As can be seen from figure 2, the
XRD spectra show Au(111), Au(200), Au(220) and
Au(311) diffraction peaks while the Au(111) peak in-
tensity is much stronger than the others. No Cr dif-
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fraction peak from the Cr layer can be observed. Be-
sides, the (111) peak intensity of the Au layer grown
on the thinner Cr layer is much strong compared with
that of the Au layer grown on the thicker Cr layer, in-
dicating that the former has a higher crystalline quality
than the latter. Using the measured X-ray peak inten-
sity, the texture coefficient B(hkl) of a plane (hkl) for
the Au layer can be calculated using

_ 1(hki) ! 1y (hkl)
) (U NYXU (kD) ] 1, (kD))

BhkD) (1)

where I(hkl) is the measured X-ray peak intensity of
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the plane (hkl) of the Au layer, I,(hkl) is the standard
X-ray peak intensity of the plane (hkl) of the Au bulk
and N is the number of the reflection diffraction peak
[13]. Table 2 is the summary of the calculated B(hkl)
values of the Au layers. As shown in table 2, Au lay-
ers mainly retain the crystalline orientation of [111] in
the direction of the layer growth although some of
much weak [200], [220] and [311] orientations exist.
Furthermore, for both as-deposited and annealed bi-
layer films, the Au layer grown on the thinner Cr layer
shows stronger [111] orientation than that grown on
the thicker Cr layer.
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Figure 2 XRD spectra of Au/Cr bilayer films: (a) the 10 nm-thick Cr layer, unannealing; (b) the 50 nm-thick Cr layer, un-
annealing; (c) the 10 nm-thick Cr layer, annealing at 300°C for 30 min; (d) the 50 nm-thick Cr layer, annealing at 300°C for

30 min.
Table 2 Texture coefficients of Au layers grown on the different thickness Cr layers
L XRD peak intensity, CPS Texture coefficient
d/nm  T,/t, /(°C-min")

I(111) 1(200) 220y  I(311) [111] [200] [220] [311]
10 No 87555 1766 917 1463 3.55 0.14 0.10 0.20
50 No 18634 2897 1793 1505 2.17 0.67 0.68 0.48
10 300/30 46937 843 412 777 3.55 0.14 0.10 0.20
50 300/30 10422 1700 1120 1045 2.07 0.64 0.71 0.58

Note: T, denotes an annealing temperature.

According to the plane distance of Au(111) coming
from the XRD results, the lattice constant of Au layers
can be obtained and then is listed in table 3. As shown
in table 3, for the as-deposited bilayer films, the lattice
constant of the Au layer is almost equal to that of the
Au bulk. However, for the annealed bilayer films, the
lattice constant of the Au layer is smaller than that of
the Au bulk. Besides, after annealing, the lattice con-
stant of the Au layer grown on the thicker Cr layer is
smaller than that grown on the thinner Cr layer.

3.3 Resistivity and adhesion

Sheet resistances of the Au/Cr bilayer films before
and after annealed were measured using four-point
probe technique at room temperature. The resistivity p

of the film can be given by [14]

In2 @

where (7/In2)R is the sheet resistance of the film. Ac-
cording to equation (2), it can be said that the ratio of
the resistivity of the bilayer film annealed to that un-
annealed is equal to the ratio of the sheet resistance of
the bilayer film annealed to that unannealed. In the
present work, it may be simply considered that the re-
sistivity of the bilayer film is approximately equal to
that of the Au layer because the resistance of the Au
layer is smaller by one or two orders of magnitude
than that of the Cr layer. Therefore, the ratios of the
resistivity of the Au layer annealed to that unannealed
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can be obtained and then are summarized in table 4.
As shown in table 4, for all of the Au layers, the ratios
of resistivity obviously increase with increasing the
annealing time. Besides, on the same annealing con-
dition, the ratios of resistivity of the Au layer grown
on the 50 nm-thick Cr layer are larger than that of the
Au layer grown on the 10 nm-thick Cr layer.

Table 3 Lattice constants of Au layers grown on the dif-
ferent thickness Cr layers

d/nm T,/t,/(°C-min™")  Lattice constant / nm
10 No 0.40826
50 No 0.40805
10 300/30 0.40662
50 300/30 0.40539
Au bulk — 0.40790

Table 4 Resistivity ratios of the annealed Au layer (p,) to
the unannealed Au layer (pg) and the adhesions of the bi-
layer film to the glass substrate

d/nm  Tu/t,/ (°C-min™") PalPy Adhesion
10 No 1.0 Poor
10 300/2 1.9+0.1 Good
10 300/5 3.810.2 Good
10 300/30 5.010.3 Good
50 No 1.0 Poor
50 300/2 3.310.2 Good
50 300/5 5.240.3 Good
50 300/30 7.240.4 Good

An adhesion of the bilayer film to the glass sub-
strate was determined in terms of tape tests. The re-
sults of adhesion are also summarized in table 4. As
shown in table 4, for all the annealed bilayer films, the
films could not be peeled off from the substrates, i.e.,
the bilayer films have a good adhesion to the glass
substrate. Furthermore, both the unannealed and an-
nealed Au/Cr/glass specimens were also cleaned in
3H,S0,+7H,0, solution, which is one step fabricating
the integrate immune biochip. The Au layer of the un-
annealed specimen desquamated during cleaning
while the annealed specimen successfully passed the
process. It indicates that all of the annealed bilayer
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films have a good adhesion to the glass substrate.

4 Discussion

As previously reported, when Au/Cr bilayer films
were annealed at a higher temperature, the Cr atoms
diffuse into the Au layer, resulting in an increase in
resistivity of the Au layer and a decrease in lattice
constant of the Au layer [10-12]. In the present work,
the amount of Cr atoms diffusing into the Au layer in-
creases with an increase in annealing time as shown in
figure 1 and table 1, resulting in a decrease in lattice
constant and an increase in resistivity of the Au layer
with annealing time as indicated in tables 3 and 4.

The diffusion of Cr atoms into the Au layer in-
creases the adhesion of the Au layer to the glass sub-
strate. Besides, on the same annealing condition the
Au layer grown on the thicker Cr layer has a larger in-
crement in resistivity and decrement in lattice constant
compared with that grown on the thinner Cr layer. It
can be caused by the fact that the former has a higher
content of Cr due to the diffusion of Cr atoms com-
pared with the latter as shown in figure 1 and table |.
Figure 3 shows FE-SEM microphotographs of the 10
nm-thick and 50 nm-thick Cr layers. As can be seen
from figure 3, both grain size and shape of the 10 nm-
thick Cr layer are remarkably different from those of
the 50 nm-thick Cr layer. As a result, the crystalline
structure of the Au layer as-deposited on the 10 nm-
thick Cr layer is different from that of the Au layer as-
deposited on the 50 nm-thick Cr layer, i.e., the former
has a more dense crystalline structure and more
smooth surface compared with the latter, as shown in
figure 4. It is consistent with the XRD results. The
dense crystalline structure of the Au layer grown the
thinner Cr layer decreases the diffusion path of Cr
atoms into the Au layer, resulting in the decrease in
the content of Cr inside the Au layer after annealing.
In this work, the reason why the 10 nm-thick Cr layer
has remarkably different crystalline structure from the
50 nm-thick Cr layer is not well understood. The
further work should be done.

100nm
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Figure 3 FE-SEM microphotographs of the Cr layers: (a) the 10 nm-thick Cr layer; (b) the 50 nm-thick Cr layer.
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Figure 4 FE-SEM microphotographs of the Au layers: (a)
as-deposited on the 10 nm-thick Cr layer; (b) as-deposited
on the 50 nm-thick Cr layer.

5 Conclusions

(1) The amount of Cr atoms diffusing into the Au
layer increases with increasing the annealing time, re-
sulting in a decrease in lattice constant and an increase
in resistivity of the Au layer.

(2) The content of Cr inside the Au layer grown on
the thinner Cr layer is less than that inside the Au
layer grown on the thicker Cr layer. As a result, the
decrement of lattice constant and the increment of re-
sistivity of the Au layer grown on the thinner Cr layer
are less than those of the Au layer grown on the thick-
er Cr layer.

(3) The dense crystalline structure of the Au layer
as-deposited on the thinner Cr layer weakens the in-
fluence of annealing on the Au layer, i.e., decreases
the amount of Cr atoms diffusing into the Au layer as
well as the changes of both lattice constant and resis-
tivity of the Au layer relative to the unannealed one.

(4) For Auw/Cr bilayer films, a lower resistivity and
a good adhesion to glass substrates can be obtained at
a shorter annealing time and for a thinner Cr layer.
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