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Abstract — The main consideration factor to design a magnetron of the sputtering system for TFT-LCD
metallization is the high sheet resistance (R;) uniformity which is provided by the high target erosion
and high current efficiency. The present study has developed a rectangular magnetron for TFT-LCD to
be considered full target erosion and high film uniformity. After an aluminum-2 at.% Nd alloy target
was installed in a magnetron source and the film was deposited on the glass of 600X720 mm, the Rs
uniformity of the deposited film was measured as functions of the magnet tilt and magnet scanning con-
figuration. And the target erosion profile was observed with the target voltage. When sputtered at 4
mtorr and 10 kW, the magnet tilt for the high R, uniformity of 8.38% was 7 mm. The plasma voltage at
the dwell home and end for full-face target erosion, when scanned the magnetron was 120% compared

to the mean voltage of the other area.

I. Introduction

Over the past several years, thin film transistor
Liquid crystal displays (TFT-LCD) have replaced
the cathode ray tube (CRT). The reason for this
replacement is that the use of desktop, personal com-
puters and workstations, full color and multi-scan
display capability in TFT-LCD is in great demand
[1]. TFT-LCD consists of color filter array, liquid
crystal, TFT array and others like backlight and
peripheral circuit.

The fabrication of TFT-LCD is performed in three
parts: the front glass the preparing color filter, the
back glass preparing for the thin film transistor, as
well as for metal interconnect lines and the final
step which is assembly. When fabricating TFT-
LCD's the metallization of TFT, which is used as the
gate and pixel signal is one of the important tech-
niques. The sputtering method has been widely used
for the metallization of TFT.

The sputtering is defined as the atom ejection pro-
cess by ion impact and consists of the sputtering
source, process chamber, pumping system and con-
troller. Magnetron as a sputtering source is all char-
acterized by nonuniform electric and magnetic
fields that are configured to provide the confine-
ment of electrons in the vicinity of the cathode. The
electric field is mainly established within the sheath
as dark space thickness between the bulk plasma
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and the target, while the magnetic field is provided
by a set of permanent magnets externally, located
behind the target [2-8].

This paper is for investigating the performance
and properties of magnetron, which is designed and
manufactured to consider the process concept of
TFT-LCD metallization. To use the developed mag-
netron, it is measured the sheet resistance unifor-
mity and investigated the factors affecting the sheet
resistance uniformity. In practical usage, a funda-
mental requirement for TFT-LCD is the uniformity
of sheet resistance because the metal line is much
longer as the substrate size is increasing. The target
erosion region is observed with the target voltage.

IL. Planar magnetron description

2.1. Theory of planar magnetron sputtering

The planar magnetron-sputtering source ejects
efficiently the target atoms by the ion impact
because the magnetic field is arranged to trap sec-
ondary electrons emitted by collisions between elec-
trons and sputtering gases [2,9-12]. The charged
particles show the confinement in front of the sput-
tering source because the magnetic and electric
fields are generated. The equation of motion of
these charged particles is as follows [2, 3, 13]

m{dV/dt) = g(E + VxB) (1)
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where ¢ is the charged particle, E is the electric
field, V is the velocity of the charged particle, and B
is the magnetic field strength. In DC magnetron
sputtering, there are two first-order equations of
motion for charged particles [14, 15]. Electric drift
Vi is

Ve = ExB/B? 2)

As this equation relates to the helical motion of
the charged single particle, it knows that Vg is inde-
pendent of g, m and v. Meanwhile the curvature drift
Ve is

Vi = mv*igB)YRXB)R.?) ©)

where R, is a constant radius of curvature. As this
equation relates to the confinement of charged parti-
cles, it requires a close path in order to get high
charged particle density.

The above Egs. (2) and (3) are directly propor-
tional to the electric field intensity and inversely
proportional to the magnetic field strength. If the
magnetic field is decreases or the electric field of the
electric field of the particle is decreased, the elec-
tron density to maintain the plasma decreases
because it will escape to the confinement easily. So
when the magnetron is designed, it should get
strong magnet field strength on the target surface.

2.2. Magnetron design

The magnetron for TFT-LCD consists of the mag-
net, target and backing plate, magnet chamber and
magnet scan system as shown in Fig. 1. There are
several important factors, which must be consid-
ered in the magnetron design, as it has high current
efficiency, high erosion area and low substrate heat-
ing [16].

The first is to get high current efficiency for effec-
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Fig. 1. Diagram of planar magnetron for TFT-LCD. (a)
Front view, (b) Side view.

tive electron confinement at the high power as the
strong magnetic field gets on the target surface as
shown in Eqgs. (2) and (3). The designed magnetron
in this study has been made of the magnet chamber,
which gets low pressure for reducing backing plate
thickness. It needs to reduce pressure differences
between the process chamber and the magnet cham-
ber because they tend to deform inward as result of
the pressure difference. As the backing plate thick-
ness reduce, it can get the strong magnetic field on
the target surface because the magnetic field in
dipole is proportional to (=) [17], here r is the back-
ing plate thickness. Then the magnetron to use TFT-
LCD should be rectangular form because of sub-
strate. The magnetron has designed in such a way
that the magnet is scanned over the target plate,
which is always water flow cooled along with the
target to get the full-face target erosion as shown in
Fig. 1. Therefore, the magnet scanning configura-
tions and the magnet tilt in a magnetron design for
TFT-LCD plays a major role in deciding the unifor-
mity of target erosion and hence uniformity of depo-
sition.

In this study, the magnet was designed as 110 mm
by 810 mm to be considered the substrate size of 600
mmX720 mm. Neodymium ferrite barium (NdFeB)
as rare-earth alloys was used and the magnetic field
was approximately 3500 Gauss. The scan length of
the magnet for full-face target erosion is about 780
mm depending on the process conditions. When the
magnet is scanning, the electrons, which move toward
the close loop in the plasma-ring go out toward the
grounded chamber wall as shown in Fig. 2.

Therefore the electrons at both corners escape
much more then the other place of magnetron. It
can't gets good uniformity of plasma and hence uni-
formity of film because the plasma density of a cor-
ner of the magnet is decreased. So, in this study, the
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Fig. 2. The electrons escaping at the dwell end and home
of the magnet configurations.
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magnetron was designed to make a tilt in order to
control the plasma density of magnetron that it is
variable to the magnetic field strength on the target
surface. It is efficiently improved the Rs uniformity.
In addition, the sputtering source must conduct heat
away efficiently because about 80% of the power
consumed in plasma generation are lost as heat at the
source. In this study, the water cool line at the back-
ing plate controlled the temperature of the target.

III. Experimental details

Figure 3 shows the schematic diagram of the pla-
nar magnetron sputtering system used in this study.
As shown in Fig. 3, the planar magnetron sputter-
ing consists of the process chamber including the
vacuum system, the magnetron including the mag-
net chamber, magnet, target and backing plate and
the water cool susceptor which controls the temper-
ature of glass as a substrate.

The magnetic field, generated by the permanent
magnets, traps the secondary electrons and hence
leads to operate in the magnetron mode like high-
density plasma, low pressure and high deposition
rate. Hence, by adjusting the magnet tilt as shown in
Fig. 1, the configuration of the lines of force can be
controlled. Figure 4 shows the field mapping at the
target surface with 0 to 20 mm of the magnet tilt.
The magnet field strength at 20 mm tilt was about
65% compared to the no tilt case. The magnet has
been scan to get full-face target erosion and it is
important for getting high uniformity to decide the
scan configuration of magnet such as the scan time,
acceleration and dwell end and home value condi-
tions. In this study, it was investigated relation
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among the scan configurations of magnet.

A rectangular form of 890 mm 750 mm to be con-
sidered the substrate size and thickness of 8 mm as
the aluminum-2 at.% neodymium was used as the
target. It was bonded to back plate of aluminum.
The table between the target and the substrate can
be adjusted 40 to 60 mm and was sputtered at pres-
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Fig, 3. Schematic diagram of the planar magnetron sputtering system for TFT-LCD used in this experiment.
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sure from 2 to 8 mTorr with 200 sccm MFC (mass
flow controller). Film deposition was carried out at
Ar gas pressure and the process chamber was evacu-
ated to 3.5%107® Torr by cryo-pump before sputter-
ing and the magnet chamber to 10 Torr. The dc
input power is about 18 kW for this system. Rs
(sheet resistance) uniformity of the film is mea-
sured by CDE Res Map. The chart recorder mea-
sured the target voltage for observation of the target
erosion condition. Substrate temperature is mea-
sured by a workstation with K type (chromel vs
alulmel) thermocouple, the so called non-contact
thermocouple which is not a contact substrate
directly [18].

IV. Discussion

4.1. Relationship between the gap and the
magnet configuration

Figure 5 shows the dwell end and home value in
the scan configuration factors of magnets as a func-
tion of table, which is between the target and the
susceptor distance. In Fig. 5, the table is inversely
proportional to the dwell end and home value with
percentage maintained at both ends during magnet
scanning in order to get high sheet resistance unifor-

mity.
That is the table 7, is
T~ kiD,,,

where k is the constant, D, 5 is the dwell end home
value of the magnet-scanning configuration. The
reason for this is that the plasma ring and profile
affect the table location. The electrons as plasma
profile at the dwell end and home value of the mag-
net scanning goes out toward the susceptor with the
table height decreasing.
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Fig. 5. The dwell home and end value of the magnet con-
figuration and the R, uniformity as a function of the table.
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4.2. The uniformity of sheet resistance

The R, (sheet resistance) uniformity was mea-
sured with the magnet tilt. The optimum tilt to get
high uniformity, when sputtered at 4 mTorr with an
applied power of 10 kW, was 7 mm tilt with 8.38%,
with the 10 mm edge exclusion of the substrate and
100 points measurements as shown in Fig. 6. The
reason for this is that the electrons, which are con-
fined by a closed magnetic field and rotated clock-
wise by the curvature drift of Eq. (3) go out toward
the chamber wall at the left corner of the dwell end
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Fig. 8. Target voltage with the magnet tilt.

and home compared to others during the magnet
scanning as shown in Fig. 2.

Therefore the electron density is lower at both
corners and becomes nonuniform at the dwell end
and home value, and hence it can't get high film uni-
formity. In this study, to make a magnet tilt, which
is down the magnet at both corners, can control the
electron density on the target surface. Therefore the
electron density at the dwell end and home of the
magnet assembly scanning can get high uniformity,
and hence the R, uniformity gets good uniformity.
Figure 7 shows the R, uniformity as functions of
pressure and temperature with a power of 10 kW
and a table of 50 mm. It knows that R, uniformity
depends on pressure but not temperature. The rea-
son is that the plasma sheath and the plasma ring
confined by magnetron are changed as a function of
the pressure. The pressure influences the ionizabil-
ity of the plasma in the chamber and determines the
relative mean free path of charged particles and
sputtered atoms. Therefore the plasma density at the
dwell home and end is down by the increase of
plasma ring with the pressure decreased because the
electrons escape toward the grounded chamber wall
faster than the pressure increase case at the normal
magnet scan length. But even through the tempera-
ture increases, there is no effect to be transferred
heat energy to atom mobility on the substrate, which
is formed the deposited film and to charged parti-
cles.

4.3. Target voltage

The dwell end and home voltage of the magnet
configuration for full face target erosion as a func-
tion of target voltage, when scanned the magnet,
was approximately 120% comparing to the mean
voltage of the other area:

Vop=1.0V,+02V,

where V,, is the end and home voltage and V, is the
mean target voltage. Figure 8 shows the target voltage
as a function of the magnet tilt. It knows the voltage
increased with the magnet tilt due to the trend of
diode sputtering. The average magnetic field
strength decreased with the tilt as shown in Fig. 4.

V. Conclusions

The magnetron to be considered for the process
concept of TFT-LCD metallization has been
designed and manufactured. To use the manufac-
tured magnetron, it has been investigated in relation
between the magnet configuration and the table and
measured the R uniformity with the magnet tilt and
the target voltage as functions of the magnet tilt,
pressure and temperature. The target erosion profile
has been investigated with target voltage. The dwell
end and home value related the magnet configura-
tion was inversely proportional to the table between
the target and the susceptor distance. The magnet tilt
for getting high Rs uniformity of 8.38% at the sub-
strate glass of 600x720 mm was 7 mm. It knows
that the Rs uniformity depended on the pressure but
not the temperature. The voltage for full-face target
erosion was 120% compared to the scan mean volt-
age of the other area.
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