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The copper (Cu) source-drain electrodes based on copper–calcium (CuCa) diffusion barrierwere fabricatedwith-
out annealing process and in one wet etching step in order to develop the applications of Cu in hydrogenated
amorphous silicon thin film transistor (α-Si:H TFT). The results show that oxygenflux and substrate temperature
in depositing CuCa buffer layer affect greatly the adhesion of source-drain electrodes, and a perfect adhesion was
obtained by an increasing oxygen flux to 4 sccm or an increasing substrate temperature to 150 °C, despite no an-
nealing process. The specific resistance of source-drain electrodes has a slight increase with the increasing oxy-
gen flux or substrate temperature or CuCa thickness. Auger electron spectroscopy (AES) show that the CuCa
alloy barrier layer has perfect anti-diffusion between Cu film and α-Si:H. A much-desired taper angle of 43.4°
and a little critical dimension (CD) bias of 0.91 μm for the Cu/CuCa electrodes were obtained in one wet etching
step. The α-Si:H TFT with the Cu/CuCa source-drain electrodes demonstrated the field-effect mobility of
0.73 cm2/Vs, the subthreshold slope of 0.73 V/dec, the threshold voltage of 0.45 V, and the Ion/Ioff ratio of 106

due to the superior performances of the source-drain electrodes with the desired adhesion, specific resistance
and taper angle despite no annealing process.

© 2017 Elsevier B.V. All rights reserved.
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1. Introduction

In recent years, with the rapid development of high-resolution thin
film transistor liquid crystal displays (TFT-LCDs), copper (Cu) has re-
ceived considerable attention due to its lower resistivity in comparison
with that of the pure aluminium (Al), which helps to increase the trans-
mission speed of digital signals and reduce the power consumption [1].
However, copper thin films exhibit poor adhesion to silicon basedmate-
rials; and copper atoms may diffuse into the silicon based materials,
resulting in reduction in reliability. In this case, it is necessary to provide
an auxiliaryfilm,which has an adhesion property and a barrier property
against diffusion to ensure structural integrity and electrical reliability
[2–4].

Several techniques have been suggested to overcome the problems.
For example, molybdenum or titanium has been employed as a buffer
layer in a bilayer structure of Cu/Mo or Cu/Ti in TFT-LCDs [5–6]. Howev-
er, these heterogeneousmetal bilayer structures give rise to problems in
wet etch patterning due to the differences in electrochemical properties
between Cu and the refractory metals as Mo, Ti, and so on. Since etch-
ants used for copper thin films and used for buffer layer are not the
same, the copper thin film and the buffer layer cannot be etched in

one etching step [7–8]. For this reason, a buffer layerwhich has a barrier
property and an adhesion property and can be etched by the same etch-
ant as a copper thinfilm is desired. A technique usingCu based alloyfilm
attracts considerable attentions. For example, Cu-Mn alloy film allows
the self-forming of a layer which prevents diffusion and aids adhesion
as a reliable and cost-effective alternative to an extra layer of Mo or Ti
[9]. With this technique, Cu-Mn alloy is first deposited directly on oxy-
gen-containing material such as silicon oxide or glass. During subse-
quent annealing, Mn migrates towards the interface and reacts with a
surface oxide layer until a Mn complex oxide layer forms, which
strengthens adhesion and blocks diffusion. However, a technical prob-
lem in attempting to apply Cu-Mn alloy to source/drain interconnects
is a lack of oxygen at the interface between the Cu-Mn alloy and phos-
phorus doped hydrogenated amorphous silicon (n-type α-Si:H). To
overcome this problem, surface oxidation pretreatment of the n-type
α-Si:H is required before depositing the alloy. Junichi Koike adopted a
10 nm SiO2 grown by oxide plasma pretreatment of n-type α-Si:H sur-
face to improve the adhesion and diffusion barrier of Cu-Mn electrode
[10].

In our previous work, it was testified that copper – calcium(CuCa)
alloy thin film deposited in the optimal conditions can be used as diffu-
sion barrier for copper metallization [11]. Sang Ho Lee also adopted
CuCa alloy layer as the barrier of Cu soure/drain electrodes in the In-
Ga-Zn-O (IGZO) TFT to enhance the adhesion and diffusion barrier of
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the electrodes by thermal annealing 250 for 15min in aN2 ambient [12].
In this paper, the annealing-free copper source-drain electrodes based
on CuCa diffusion barrier were investigated in order to develop the
applications of Cu in the α-Si:H TFT, and the superior performances of
α-Si:H TFT with the Cu/CuCa source-drain electrodes were obtained
for the desired adhesion, specific resistance and taper angle despite no
annealing process and only one wet etching step.

2. Experimental details

For the fabrication of α-Si:H TFT, a heavily doped Si wafer with
200 nm-thick thermally grown SiO2 was used as common gate elec-
trode and gate dielectric, respectively. Two layers of α-Si:H (150 nm),
n+ α-Si:H (40 nm) were consecutively deposited on the SiO2/Si in a
PECVD reactor at a substrate temperature of 300 °C. Theα-Si:H was de-
posited from a mixture of SiH4 (1 sccm), He (100 sccm), H2 (2 sccm),
and the n+ α-Si:H was deposited from a mixture of 2% PH and 98%
SiH4. Then, a bilayer of CuCa film and Cufilmwas successively deposited
on the n+α-Si:H layer bymagnetron sputtering using Cu-1 at.% Ca alloy
target (99.999% purity) and Cu target (99.999% purity), respectively.
The deposition atmosphere of CuCa thin film was oxygen/argon (O2/
Ar) mixture gas, and the deposition pressure was set to 0.5 Pa. The O2

gas flow rate varied from 0 to 5 sccm, and the substrate temperature
varied from room temperature to 250 °C. The deposition atmosphere
of Cu thin film was Ar gas, and the deposition pressure was set to
0.3 Pa. The thickness of Cu film was kept same as 300 nm, and the sub-
strate temperature was room temperature. The bilayer of CuCa film and
Cu filmwas processed into source/drain electrodes for the production of
α-Si:H TFT. The TFT structure is shown in Fig. 1. The source/drain elec-
trodes with the channel width (W) of 10 μm and channel length (L) of
5 μm were defined by photolithography and wet etching methods.

The critical load (Lc), as the evaluation index to describe the adhesive
strength of Cu/CuCa electrode film, was recorded by a CSEM Instru-
ments Micro Scratch Tester with a spherical Rockwell C diamond stylus.
The tip radii was fixed as 50 μm and the applied load varied from 0 to
20 Nwhich generated scratches. The tip was drawn across the film sub-
strate system to be tested, and the critical load (Lc) was defined as the
smallest load at which a recognisable failure occurred [13].

The sheet resistance was measured by the four-point probe (FPP)
technology and the specific resistance of the filmwas calculated by sim-
ple relation ρ=RS × t, where, ρ is specific resistance, RS is the sheet re-
sistance and t is the film thickness. The taper angle and critical
dimension (CD) bias of the Cu/CuCa electrode after the etch process
were confirmed by scanning electron microscopy (SEM). The depth
profile was obtained with Auger electron spectroscopy (AES) using a
probing energy of 10 kV and 10 nA corresponding to a beam size of
20–25 nm. The electrical characteristics of the TFT devices were per-
formed using semiconductor parameter Hewlett–Packard 4156C.

3. Results and discussion

The poor adhesion of Cu film deposited on glass or silicon has been
confirmed, and somemethods were proposed to enhance the adhesion
in view to the formation of an oxide layer by an inset of buffer layer and
a high temperature annealing process [1–10]. In the experiments, the
adhesion, resistance and diffusion properties of Cu film as source-
drain electrodes of α-Si:H TFT were improved with an inset of CuCa
buffer layer prepared at an optimal deposition condition without an-
nealing process. Among the deposition parameters of CuCa buffer
layer, the oxygen flux and substrate temperature remarkably affect
the adhesion of Cufilms and the optimal oxygenflux and substrate tem-
perature induce the perfect adhesion of Cu film despite no post-
annealing.

Fig. 2 shows the effects of oxygen flux (a) and substrate temperature
(b) in depositing CuCa buffer layer on the adhesion of source-drain elec-
trodes. For the samples prepared at substrate temperature of 150 °C,
without oxygen introduction into the deposition of CuCa film, almost
all the Cu film peels off without loading and the critical load (Lc) is de-
fined as 0 N. The adhesion strength increases slowly from 2 N to 2.8 N
and fast from 2.8 N to 19.5 N with the increase of oxygen flux from 1
to 2 sccm and from 2 to 4 sccm, respectively. When the oxygen flux ex-
ceeds 4 sccm, the source-drain electrodes shows perfect adhesion and
the adhesion strength almost keeps invariable as 20 N, as shown in
Fig. 2(a). For the samples prepared with oxygen flux of 4 sccm, the ad-
hesion strength increases from 2 N to 19.5 N with the increase of

Fig. 1. Cross-sectional view of α-Si:H TFT with Cu/CuCa alloy source-drain electrodes.
Fig. 2. The effects of oxygen flux (a) and substrate temperature (b) in depositing CuCa
buffer layer on the adhesion of source-drain electrodes as-deposited.
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