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Abstract

Ti-Zr-V non-evaporable getter (NEG) films have been

widely used in vacuum chambers of various accelerators

since their discovery. Recently, we have used a new method

called "quantitative deposition" to deposit Ti-Zr-V NEG

films on nichrome substrates. The surface morphology and

surface chemical bonding information were collected by

scanning electron microscopy. Although the film deposited

by DC magnetron sputtering has more uniform grain growth,

smoother grain boundaries and higher porosity, the two films

all have porous network structure and can be used as getter

films.

INTRODUCTION

Non-evaporable getters (NEG) are now widely used in

large particle accelerators, colliders and small precision ultra-

high vacuum devices to create ultra-high vacuum environ-

ments. A NEG film is applied to the inner wall of the vac-

uum chamber to change the wall from a venting source to a

ventable surface. It will directly improve the vacuum degree

of particle accelerators, which is quite negative for long-time

operation.

After decades of development, NEG has been produced in

many different ways. Vacuum coating is a commonly used

coating method, which is a method of applying a special

performance coating on a solid surface by physical or chem-

ical means in a vacuum environment [1]. Vacuum coating

can be divided into Physical Vapor Deposition (PVD) and

Chemical Vapor Deposition (CVD) [2]. PVD is a process

that uses physical methods to achieve controlled transfer of

material atoms from source to film. Commonly used PVD

methods are evaporation coating, sputter coating, and ion

plating. CVD is a technique in which a chemical substance

in a gaseous or a vapor state forms a solid deposit at a gas

phase or a gas-solid interface by a chemical reaction using

heating, plasma excitation, and light irradiation. Different

methods can be used to obtain films with different structures

and properties [3]. Non-evaporable thin film getters are usu-

ally prepared by vapor deposition, screen printing, coating,

etc., among which magnetron sputtering is most commonly

used. We deposited a 720 nm thick film on a Si (111) sub-

strate using DC magnetron sputtering. In addition, we have

devised a new method called quantitative deposition. In this

method, Ti, Zr and Hf powders were mixed in a ratio of 1:1:1
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and uniformly placed on a nichrome substrate, then sintered

in a vacuum tube furnace to form a film with a thickness of

about 30 µm.

Herein, scanning electron microscopy (SEM) was used

to detect the films produced by the two methods and we

found that the two films have similar properties. This work

provides a very convenient new coating method, quantita-

tive deposition method, and confirms the feasibility of this

method.

EXPERIMENTAL PROCEDURES

Using DC Magnetron Sputtering

A layer of Ti-Zr-V film was deposited on the Si substrate

using DC magnetron sputtering. The specific experimental

procedure has been discussed in our previous article [4].

The substrate was ultrasonically cleaned, then immersed in

a dilute HF solution, finally rinsed in deionized water and

dried with nitrogen gas. The cathode target was made of

three twisted metal wires (Ti, Zr, and V) with a purity of

99.9%, 99.5% and 99.5%, respectively. The discharge gas is

Kr gas which is more stable than Ar gas. The main coating

parameters are coating time (8 h), discharge current (0.2

A), magnetic field strength (200 G), working pressure (2 P)

and cathode voltage (-500 V). The DC magnetron sputtering

coating system is showed in Fig. 1 with a stainless steel pipe

to be plated.

Figure 1: DC magnetron sputtering coating system.

Using Quantitative Deposition

The apparatus for quantitative deposition consists of a

vacuum tube furnace, a turbo molecular pump and a vacuum

gauge as shown in Fig. 2. The prepared nichrome substrate

is first sanded to increase its roughness and enhance the
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adhesion of the film. The cleaning process of the nichrome

substrate is the same as that of the Si substrate. Then, take a

certain amount of Ti, Zr and Hf powders of about 300 mesh

in a ratio of 1:1:1, use alcohol as a binder, stir them evenly

on the substrate and wait for the alcohol to evaporate. The

substrate is shown in Fig. 3. Finally, the vacuum degree of

the vacuum tube furnace was pumped to 10−3 Pa using a

turbo molecular pump, and the dried substrate was placed

in the tube and sintered to 1000 ◦C. The heating rate was

about 5 ◦C/min and held at 1000 ◦C for 150 min [5].

Figure 2: Quantitative deposition coating system.

Figure 3: The Si substrate used in quantitative deposition

method.

RESULT AND DISCUSSION

Figures 4 and 5 show films deposited on a Si substrate

using DC magnetron sputtering and quantitative deposition,

respectively. The film deposited by DC magnetron sputter-

ing has a stronger metallic color, and the film deposited by

the quantitative deposition method is relatively inferior in

compactness and adhesion.

Figures 6 and 7 show the surface morphology informa-

tion of the films deposited by DC magnetron sputtering and

quantitative deposition, respectively, obtained by SEM [6].

It can be seen from the figures that both films have porous

Figure 4: The film deposited by DC magnetron sputtering.

Figure 5: The film deposited by quantitative deposition.

network structures. The surface is composed of many fine

particles, and the particles are bonded to each other to ensure

porosity and mechanical strength. The pores between the

particles can be regarded as a container for storing gas. They

are likely to be adsorbed on the surface after the reactive gas

molecules enter these holes.

In the case of DC magnetron sputtering, the properties

of the sputtering target directly determine the stability of

the sputtering and the properties of the film. The utilization

of the target is directly related to the sputtering rate and

the sputtering cost. In the case of quantitative deposition,

the film needs to be sintered using a vacuum tube furnace.

Sintering is divided into contact, formation of sintered neck,

densification, grain growth and other stages. As the sintering

temperature continues to increase, the sintered neck grows

rapidly. The interface between particles quickly closes and

forms a closed hole between the interfaces, affecting the
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Figure 6: Surface Observation of the TiZrV film obtained

by SEM using DC magnetron sputtering.

Figure 7: Surface Observation of the TiZrV film obtained

by SEM using quantitative deposition.

uniformity of the target. At the same time, when the grain

boundary moves faster than the velocity of the hole at high

temperature, the grain boundary and the hole are unhooked,

and closed pores are formed in the grain. These closed

holes are difficult to shrink and disappear under the action of

diffusion, which affects the density of the target [7]. It can

be seen from Fig. 7 that the surface of the film is relatively

uneven, and its porosity is also slightly worse than that of

the film prepared by DC magnetron method (lower porosity

results in a large weight and a faster decay of the gettering

rate). But the overall structure of the two films is similar, so

we can think of them as having similar gettering properties.

CONCLUSION

In this work, Ti-Zr-V NEG films were successfully de-

posited on Si substrates by DC magnetron sputtering and

quantitative deposition. The surface properties of the two

films were examined by SEM. Although the porosity and

density of the two films differed somewhat, they all have

very similar porous network structures. This work not only

provides a new alternative strategy for the deposition of NEG

films, but also confirms the feasibility of this method.
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