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ABSTRACT 

Thin films (5nm+2nm thick) of Zr02, Al2Os, Ti02, Sm, Gd, Zr, Ni, and Pt were 

deposited onto TbFeCo films (100nm+20nm thick) on silicon and graphite substrates 

and analyzed with XPS as prospective candidates for TbFeCo diffusion barriers. 

Metals were chosen primarily according to electronegativity. Samples were 

typically heated to 272°C in UHV for 20 hours to enhance diffusion. Experiments 

with the metals were performed in a more consistent manner than with the oxides. 

The Sm, Gd, and Zr were reactively oxidized during the deposition. The Sm/Sm-

oxide and Gd/Gd-oxide appeared to be favorable candidates for TbFeCo diffusion 

barriers. No TbFeCo diffused after heating the samples to 272°C for 20 hours and 

depth profiles indicated oxygen contamination decreased steadily as the 

barrier/TbFeCo interface was approached. For the other materials examined, either 

the oxides were reduced (at least partially) during heating to 272°C (381°C for 

A1203) or diffusion of TbFeCo was detected after heating, indicating that they 

would not be favorable candidates for TbFeCo diffusion barriers. 
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CHAPTER 1 

INTRODUCTION 

Recently much work has been addressed towards the development of the 

practical application of magneto-optical (MO) data storage. Upon successful 

implementation, this storage technology would lead to larger storage densities, a 

factor of 10 greater than presently achievable (Bloomberg,1985). The technology is 

based on the principle that the orientation of the magnetization of a submicron sized 

domain in a magnetic medium can be determined by reflecting coherent radiation 

off the domain via the polar Kerr effect. The magnetic medium used must have 

"an easy axis of magnetization which is perpendicular to the plane of the 

film"(perpendicular anisotropy) (vanDover, 1985). The ferrimagnetic materials 

currently in use that have this property are amorphous rare earth transition metal 

(RE-TM) alloys discovered in the early 1970's (Bloomberg, 1985). A common alloy 

used is terbium iron cobalt (TbFeCo). One of the primary problems with the 

technology is protecting the RE-TM alloys from oxidizing. If the materials become 

oxidized, their magnetic properties are degraded. 

The manner in which unprotected RE-TM films oxidize (in air) has been 

shown to be complex (vanDover, 1986). The RE component of the film (Tb in this 

case) is preferentially oxidized due to its highly reactive nature in comparison with 

the TM component. Initially, a surface oxide appears, followed by the growth of 

oxidation regions underneath, culminating in the oxidization of the entire film. 

The objective of the TbFeCo diffusion barrier studies presented in this thesis 
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was to examine some materials as prospective candidates for protective over layers. 

The materials Zr02, A1203, Ti02, Sm, Gd, Zr, Ni, and Pt were examined. In 

actuality, the more reactive metals Sm, Gd, and Zr were partially oxidized during 

the deposition process, with the resulting studies being on a mixture of these metals 

with their oxides. 

RE-TM Diffusion Barrier Background 

Oxide Barriers 

Many studies have been conducted to determine the feasibility of various 

oxides as RE-TM diffusion barriers. A few of these studies will be briefly 

presented to provide a background for this work. 

SiO, Si02, and variations on these oxides, have been the most widely examined 

materials for oxide barriers. The studies, described in detail later, indicate that SiO 

and Si02 by themselves in most cases do not provide adequate protection against the 

degradation of the MO layer. 

Magnetic measurements have confirmed that Tb can move freely in an 

amorphous TbFe film, even at room temperature, and tends to migrate towards the 

film interfaces (Bernstein, 1984). With an Si02 layer on top of a TbFe film, the 

diffused Tb at the interface may interact with the oxygen in the Si02. Whether 

through interaction or not, it was indicated in this study that an Si02 overlayer did 

change the magnetic properties of the MO layer sufficiently, in such a way that it 

was no longer useful for data storage applications. 

Similar studies in which quadrilayers consisting of a protective coating on top 

of a MO layer (TbFeCo) sandwiched between two dielectric layers, have also been 

examined (Anthony, 198S). The dielectrics used included Si02, SiO, and Si,N4. 
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Samples were heated between 100°C and 200°C in air and magnetic measurements 

were made. The magnetic measurements indicated that: 1) Tb was preferentially 

oxidized at the SiO/TbFeCo and Si02/TbFeCo buried interfaces; 2) the largest 

changes in the magnetic properties of the films occurred in the first 10 seconds 

after heating them; 3) these changes took place more rapidly with Si02 than with 

SiO and Si3N4 overlayers; 4) SisN4 appears to be a favorable candidate for a MO 

protective overlayer in comparison with the oxides. 

A group of oxide and nitride MO protective layer studies were presented by 

Kobayashi(1987). In his first paper, Kobayashi studied the performance of SiO, 

Si02, and TiO as protective layers and compares this with that of a group of films 

like AlSiN and AlSiON, to name a few. Magnetic and optical measurements were 

made on several trilayer configurations of TbFe films sandwiched between two of 

the dielectrics mentioned above on polycarbonate substrates. Many different 

combinations of the dielectrics were chosen for the top and bottom layers in the 

trilayers. Samples were heated as high as 85°C with 85% relative humidity (RH) for 

up to 1200 hours. Large changes in the magnetic properties of the trilayers were 

observed for those with SiO and Si02 protective layers, agreeing with the results of 

Bernstein(1984) and Anthony(1985). It was concluded that the AlSiN and AlSiON 

films exhibited more protection of the MO films in comparison with the oxides. 

In his second paper, Kobayashi(1987) made a comparison between trilayers of 

SiO and Si02 sandwiches with Tb31Fe69 or Tb31(Ti10Co10Fe80)69 MO layers in 

between. Detectable pinholes formed indicating a large amount of corrosion in the 

MO layer of a SiO/Tb3,Fe69/Si trilayer after accelerated humidity exposure and 

after immersion in NaCl solutions. Detectable pinholes were not observed in similar 

experiments where SiO/Tb31(Ti10Co10Fe80)69/SiO trilayers were used. It was 
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concluded that SiO/Tb31(Ti10Co10Feg0)69/SiO films were less susceptible to corrosion 

in comparison to SiO/Tb3IFe69/SiO films. 

A study of Si-rich Si02 protective layers on GdTbFe films was performed by 

Suzuki(1987). Auger electron spectroscopy was used to acquire depth profile 

information on Si02/GdTbFe and Si-rich Si02/GdTbFe films for comparison. X-

ray photoelectron spectroscopy was also used to obtain information on the chemical 

bonding states of the film's constituents at various times during the depth profiles. 

The results indicated that Si-rich SiOz is composed of elemental Si and Si oxide 

(Si02 and SiO-like oxides). They also indicated that Si-rich Si02 may be a feasible 

protective layer for MO media since a FeSi2 "barrier" formed at the Si-rich 

Si02/GdTbFe interface, this acts to separate the MO media from the Si oxide which 

most probably could be reduced by the Tb and Gd at the interface, leading to the 

degradation of the MO media. 

A large number of prospective protective oxide overlayers for MO media were 

examined by Watanabe(1987). The oxides Si02, A1203, Ti02, Zr02, HfO, Ce02, 

Ta205, MgO, Nb205, Cr203, Yb203, Er203, and La203 were examined in trilayer 

structures with Tb sandwiched in between two oxide layers. X-ray diffraction and 

optical transparency measurements were used to characterize the trilayers, Samples 

were also subjected to aging tests at 60°C with 80% relative humidity in most cases. 

In these studies, where polycrystalline Tb was examined rather than amorphous 

RE-TM media, the x-ray diffraction and optical transparency data indicated that: 

Si02 and A1203 do not protect the Tb adequately; the oxides A1203, Cr2Os, Yb203, 

Er203, and MgO are less reactive with Tb than Si02, Ti02, Zr02, Ta205, and Nb205; 

and some combination of A1203 with another oxide, such as Ta205, is the best 

material for a protective layer. 
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In conclusion, a few of the oxide studies in this thesis have been previously 

examined. However, the experimental procedures followed here differ from 

previous work. 

Metal Barriers 

A few of the studies conducted to determine the feasibility of various metals as 

RE-TM diffusion barriers will be briefly presented to provide a background for 

this work. 

The metals Al, Cr, CrNi, Cu, Gd, and Y have been investigated by 

Hartmann(1986). GdTbFe films were overcoated with thin films of these metals and 

heated to temperatures between 60-160°C in air. Magnetic measurements and SIMS 

depth profiles were used to characterize the performance of the different metals as 

to whether or not they were favorable candidates for protecting the GdTbFe from 

oxidizing. 

The results of these studies by Hartmann(1986) indicated that: 1) Al, Cr, and 

CrNi films as thin as 20nm appear to be favorable candidates for GdTbFe diffusion 

barriers since diffusion of oxygen was negligible in these overlayers and the 

magnetic properties of the GdTbFe did not change as dramatically as with the other 

overlayers studied after 15 hours heating at 160°C; 2) for Cu, Gd, and Y overlayers, 

these magnetic changes were large, and for Gd and Y, probably due to oxidation of 

the overlayer since they are highly reactive; 3) SIMS depth profiles presented for 

unprotected GdFeCo, Cr/GdFeCo, and Cu/TbFeCo samples, indicated the oxygen 

concentration in a Cr overlayer did not change dramatically after IS hours at 160°C 

but did in a Cu overlayer. 

A study of metallic bilayer protective overlayers for TbFe films was performed 
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by Frankenthal(1987). Recently, a United States patent for multilayer structures 

designed to protect MO films from degrading has been issued to Frankenthal(1988). 

The purpose for using a bilayer, as presented by Frankenthal(1987), was that a thin 

metal (at the thinnest 5nm thick), such as Nb that does not interdiffuse with TbFe, 

could be put down first to act as a diffusion barrier. A second layer, such as Cr 

or A1 that does not interact with oxygen from the air, could be put on top to act as 

a passivation layer. 

Al/Nb/TbFe and Cr/Nb/TbFe samples were studied by heating them at 200°C 

for 110 hours in air and performing Auger depth profiles on the preheated samples, 

as well as on unheated samples for comparison. The results indicated that the 

Cr/Nb and Al/Nb layers inhibited oxygen from diffusing to the TbFe layer after 

heating. 

It was mentioned in this paper that thinner bilayer protective overcoats are 

favorable to reduce the amount of laser power needed to interact with the TbFe. It 

was observed that 5nm of Cr on top of lOnm Nb was sufficient to protect the TbFe 

from oxidization after heat exposure. 

It was argued that metals are necessary for the inner diffusion barriers since 

most oxides may be partially reduced by the TbFe at the interface. Metals are 

more favorable over oxides for the outer passivating layers since oxides may go 

down in conventional vacuum deposition at room temperature with microvoids due 

to lower surface mobility than metals. Metals will provide more uniform coverage. 

However, there are still the problems that the metal layers must be thin to reduce 

absorption of the light needed to interact with the MO layer as well as the possible 

magnetic interactions between metal overlayers and MO media, that could degrade 

their properties.. 
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In conclusion, a few of the metal studies in this thesis have been previously 

examined. However, the experimental procedures followed here differ considerably 

from previous work. 
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CHAPTER 2 

ANALYSIS BACKGROUND 

Two analysis techniques were utilized in the TbFeCo diffusion barrier studies. 

X-ray photoelectron spectroscopy(XPS) was the primary analysis technique used to 

determine whether or not diffusion of TbFeCo took place through the thin metal 

and oxide barriers, to give information on the chemical bonding states of the films' 

constituents, and to roughly determine the stoichiometry of the surfaces. Also, 

Rutherford backscattering(RBS) was performed by Dr. John Leavitt to determine the 

stoichiometries of the TbFeCo films used in the experiments. 

X-Ray Photoelectron Spectroscopy 

X-ray photoelectron spectroscopy (XPS) also known as electron spectroscopy 

for chemical analysis (ESCA) is a surface sensitive analysis technique performed 

under ultra high vaccum. The following discussion is mainly along the lines of 

Wagner(1979). In this technique, the surface under investigation is bombarded with 

monoenergetic soft x-rays which cause electrons to be emitted. The electrons are 

sorted according to their energy. A spectrum is then obtained of the number of 

electrons emitted per energy interval (Wagner, 1979). The spectra provide 

information on the elemental constituents of the surface. The spectra are unique 

for a given element because the kinetic energies of the electrons are determined by 

the atomic levels from which they came. If more than one element is present, the 

resulting spectrum is essentially the sum of the individual spectra. XPS is surface 
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sensitive because the mean free path of electrons in a solid is on the order of 

nanometers restricting the detectable electrons to this depth. Information on the 

stoichiometry of a surface can be obtained by comparing the heights or areas of 

representative elemental peaks. These representative peaks are typically those 

which have the strongest signal. Information on chemical bonding between surface 

constituents can be inferred from the positions and separations of the peaks as well 

as from certain lineshapes of the peaks. 

XPS analysis is possible due to the photoelectric effect. In this process a 

photon transfers all of its energy to a bound electron in an atom. The affected 

electron is then emitted from the atom with a kinetic energy of 

K.E. - hi>-B.E.-0s . (2.1) 

where hi> is the energy of the photon, B.E. is the binding energy of the electron in 

the atomic shell from which it came, and <f>s is the work function of the 

spectrometer. The recoil of the atom due to the ejection of an electron is not taken 

into account in this formula, and only becomes significant for the lightest elements 

H, He, and Li (Ibach,1977). 

The binding energy is defined as the amount of energy needed to take a 

photoelectron to infinity where it would have zero kinetic energy. It may be used 

interchangeably with the ionization energy of the atom for an electron in a given 

shell. The different atomic levels of an atom are reflected in the various kinetic 

energies of the emitted electrons. Furthermore, there is a different cross-section for 

each ionization process. The Fermi level of an atom is taken as a zero binding 

energy reference point. This assignment is fine for metals and metallic substances, 

however, semiconductors and insulators do not have such well defined reference 

levels and this leads to ambiguity when working with these materials. 
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Auger electrons, as well as photoelectrons, can be emitted during the 

photoelectric process. After photoemission, the atom is left in an energetic ionic 

state. The excess energy may be released from the excited ion by the emission of 

an Auger electron or the emission of an x-ray. The latter process in the energy 

range concerned rarely occurs and therefore is neglegible. In the Auger process, an 

outer electron goes into the inner orbital vacancy left by the photoelectron, and a 

second outer electron (the Auger electron) is emitted taking with it the excess 

energy. The kinetic energy of the Auger electron is equal to the energy of the 

initial singly ionized atom minus the final doubly ionized atom. This kinetic energy 

is independent of the energy of the photons involved, unlike the kinetic energies of 

the photoelectrons which depend linearly on the photon energy. 

Although atoms will be ionized in a solid under the bombardment of x-rays to 

depths up to a few microns, the electron escape depth for most solids is on the 

order of nanometers and only electrons from this depth will make it to the energy 

analyzer without losing energy. These electrons form the peaks in the spectrum 

whereas electrons which do suffer energy losses before leaving the solid will form 

the background of the spectrum. 

Figure 2.1 is a schematic illustration of an XPS chamber. An x-ray source, a 

differentially pumped ion source, and an energy analyzer are depicted. The ion 

source is not necessary to acquire data but is used to sputter clean surfaces and to 

sputter into the surface of a film to obtain depth information. 

Typical x-ray sources utilized in XPS emit either AlKa(1486.6eV) or 

MgKa(1253.6eV) soft x-rays. With these sources about one half of the x-rays 

produced are Ka x-rays. There are two distinct Ka lines, Ka, lines which are due 

to the 2p3/2 to Is transition, and Ka2 lines due to the 2p,/2 to Is transition. The Ka, 
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Figure 2.1. Schematic illustration of an XPS chamber with an x-ray source, ion 
source, and energy analyzer. 
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lines are considerably more intense than the Ka2 lines. The full widths at half 

maximum of the AlKa and MgKa lines are about 0.8eV. The small widths of these 

x-ray lines makes them good choices for applications in XPS since the resolution 

limit of an XPS system is directly related to the width of the x-ray lines used. It 

turns out that an MgKa source will provide better resolution since the two Ka 

constituents are separated by twice as much energy (about 0.8eV) as with the AlKa. 

If higher resolution is required, a monochromator may be used at the expense of 

losing much of the original signal (Feldman,1986). 

The energy analyzers used in XPS measure the photoelectron's energies 

indirectly by their deflection in electrostatic or magnetic fields. Electrostatic 

analyzers are normally used since they are less complex than magnetic alternatives. 

There are two common configurations for electrostatic analyzers; cylindrical mirror 

analyzers (CMA) and concentric hemispherical analyzers (CHA). 

In figure 2.1 the cross-section of a CHA is depicted. Electrons enter the 

analyzer and pass through a number of slits before they enter into the main body of 

the analyzer where they are electrostatically separated and then detected. The 

analyzer floats at a potential while the sample under examination is held at ground. 

Scanning is carried out by varying the retardation potential on which the analyzer 

sits. This potential can be varied from zero up to the photon's energy (Briggs,1983). 

XPS data comes in the form of a spectrum of the number of counts per 

interval divided by the energy interval (N(E)/E) plotted versus the binding energy 

(B.E.). The binding energy is computed using equation (2.1) where hu and <j>s are 

constants and K.E. is determined by the CHA. For the Perkin Elmer 5100 ESCA 

system used in the experiments, the value of 0S was 2.45eV and Yiu was 

1253.6eV(MgKa). 
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Normally, the energy analyzer has several resolution modes for acquiring data. 

The higher the resolution, the longer the acquisition time. Survey resolutions 

(+1.0eV) and multiplex resolutions (+0.2eV) will be discussed since they are the most 

commonly used. Survey resolution is used for taking relatively quick scans over 

the entire energy spectrum. This gives an overview of what elements are present 

on the surface of the solid under investigation. Multiplex resolution is utilized 

when scanning over smaller regions (20-30eV in size) of the energy spectrum. This 

type of scan gives more detailed information about specific peaks of interest. 

The two most prominent features of an XPS spectrum are the photoelectric lines 

and the Auger lines. Photoelectric lines are well defined, relatively symmetrical 

lines, corresponding to the electrons which have not lost energy upon emerging from 

the sample. These lines are typically the narrowest observed. The Auger lines 

typically come in groups. The core-type Auger lines are produced by the electrons 

having deeper final vacancies than the valence lines, and usually have one peak 

with similar width and intensity as the most intense photoelectric line. 

Figure 2.2 and 2.3 are representative survey scans taken on the Perkin Elmer 

5100 ESCA system, respectively. The survey is of an A1203 film as indicated by 

the labeled peaks. The carbon contamination peak and oxygen Auger peaks are 

also labeled. The multiplex is of the Ols peak. With this plot, the binding energy, 

the area, and the height of the peak are more accurately measured than with the 

survey. 

Atomic Concentrations Calculations 

The stoichiometry of a surface under investigation can be estimated by 

comparing peak heights or areas of representative elemental peaks. The method 
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Figure 2.3. XPS multiplex spectrum of an Ols peak. 



24 

using area, which is more accurate, was used in the experiments. Elemental area 

sensitivity factors are necessary to compute the relative atomic concentrations of the 

constituents of a surface. The sensitivity factors are derived for a sample assumed 

to be homogeneous in the analysis volume from an equation for 1, the number of 

photoelectrons per second in a given elemental peak by 

1 - nfaOyXAT , (2.2) 

with 

n - number of atoms/cm3 of the sample 

f = x-ray flux in photons/cm2-sec 

a - photoelectric cross-section for the given atomic orbital in cm2 

6 = angular efficiency factor (instrument specific) 

y - photoelectron efficiency factor (element specific) 

X = mean free path of photoelectrons in the sample in cm 

A » area of photoelectron detection window in cm2 

T = detection efficiency factor (instrument specific). 

Equation 2.2 can be rearranged to give 

n - | , (2.3a) 

where 

S - faflyXAT (2.3b) 

nents, the i 

ni I,/S, 

is the sensitivity factor. For two elements, the ratio of — is then given by 
n2 

n2 '2/S2 
(2.4) 

As long as Sj/Sj is matrix independent for all materials, this expression is valid 

for all homogeneous samples and can be used to determine relative sensitivity 
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factors (meaning ratios of sensitivity factors of the form J"; -(Sj)/(S0) where S0 is 

some reference sensitivity factor for all the elements). The relative sensitivity 

factors may then be used in the expansion 

Cx - —5* (2.5) 

where Cx denotes the relative atomic concentration of a given element in a sample. 

In the 5100 ESCA system, these sensitivity factors are stored in the computer and 

used in a program to calculate relative atomic concentrations. The results of such 

calculations are normally taken to be semiquantitative in most cases, with an 

approximate error of 10-20 percent (with transition metals the error can be as high 

as 30 percent). Comparisons of similar systems can be more accurate; relative 

changes in atomic concentrations can be significantly better than 5 percent. 

Depth Profiles 

Two methods were used in the experiments to obtain depth information. The 

first method, angle resolved analysis, is achieved by changing the electron take off 

angle by rotating the sample plane. When the electron take off angle is small, about 

15°, the information gathered is more surface sensitive, and when the take off angle 

is large, about 80°, the information gathered is more bulk sensitive. The depth 

information gathered through this method is limited approximately to the first 5nm 

of the sample. 

A second method for obtaining depth information is by sputtering into a 

surface with energetic Ar ions to remove, ideally, thin layers of the sample one at a 

time. There are a number of problems with this technique. First of all, different 
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materials have different sputtering rates, which leads to preferential sputtering 

when the sample under investigation is composed of more than one material. 

Second, the energetic ions, which are typically of 3kV, transfer energy and 

momentum to the sample, thus altering its original structure. Third, "knock on" can 

occur in which some material originally on the surface of the sample is knocked 

deeper into the sample altering the original distribution of material within the 

sample. Fourth, since the area under analysis is relatively large (about 4mmxl0mm 

for the 5100 ESCA system) there is also the possibility that signals from the 

constituents at the bottom of the "crater" ( about 1cm2 for the 5100 ESCA system) 

made by the ions will be detected along with unwanted signals from the edges of 

the "crater". 

The impinging ions may also have the effect of charging the sample, especially 

if it is an insulator, causing the whole binding energy spectrum to be shifted from 

its original position. It is common practice to use the Cls line at 284.6eV (which 

actually represents the binding energy of hydrocarbons, since they are the most 

common carbon contaminants), as a reference point for peak shifts due to charging 

of the sample. If the Cls peak is not found at this value, and there's no indication 

that the carbon may be bound to some other constituent in the film, then it can be 

assumed that the shift is due to charging. Thus, all binding energies for the other 

constituents of the film will be shifted by approximately the same amount as the 

Cls peak and can be corrected by either subtracting or adding the difference. 

Shifts due to charging may also be induced by heating samples or by exposing them 

to x-rays. 
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Rutherford Backscattering Spectroscopy 

Rutherford backscattering spectroscopy (RBS) is a technique in which a beam 

of high energy (s4MeV) monoenergetic charged particles are elastically 

backscattered off of atoms in a solid into a detector that determines their energy. 

Typically, He+ ions are used for the incident beam. If the incident and 

backscattered particles energies are known, the stoichiometry and approximate 

thickness of a thin film under investigation can be determined. The technique is 

performed under vacuum. 

Figure 2.4 is a sample RBS spectrum of a Al/TbFeCo film on a Si 

substrate. The channel numbers correspond to the energies of the backscattered 

particles. As a consequence of conservation of momentum, the higher energy 

(higher channel number) peaks in the spectrum correspond to the heavier elements 

in the film. The width of the peaks are representative of the thickness of the film 

since the He+ ions lose energy approximately linearly as they enter deeper into the 

film. From the number of counts under each elemental peak, the number of atoms 

per cm2 of that element is determined. The stoichiometry of the film can thus be 

determined. Since the Fe and Co peaks overlap in this instance, deconvolution was 

used to separate the Fe and Co contributions to the peak. Assuming bulk densities 

for the constituents of the film, an estimate of the thickness can be calculated. A 

signal is also detected from the substrate as shown in Figure 2.4. When films are 

on Si substrates, the signal from the Si obscures the information on oxygen and 

carbon contamination in the film since it interferes with these peaks. It is 

necessary to use substrates made of low Z materials, such as carbon, if information 

on contaminants in the film is desired. 
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CHAPTER 3 

EXPERIMENTAL 

A number of prospective metal and oxide diffusion barriers were deposited 

onto TbFeCo films on silicon and graphite substrates. X-ray photoeleetron 

spectroscopy(XPS) was employed to determine the feasibility of using the materials 

under examination as diffusion barriers. The diffusion process was effectively 

accelerated by heating the samples to 250°C in the analysis chamber. A more 

rigorous analysis was carried out on a group of five metals in comparison with the 

three oxides studied. A description of the apparatus and materials used in the 

experiments, a calibration of the specimen heater, and results of the Rutherford 

backscattering performed on the samples before overcoating will be discussed in this 

chapter. 

Apparatus and Materials 

Equipment utilized in the experiment consisted of a deposition chamber, 

vacuum transfer vessel, sample stub, argon glove box, desiccator, and an x-ray 

photoeleetron spectrometer. Materials included metallic and oxide evaporative 

sources and thin films of TbFeCo overcoated with A1 on silicon and graphite 

substrates. 

The deposition chamber, shown in Figure 3.1, had an 18" stainless steel bell jar 

equipped with numerous flanges ranging in size from 6 3/4" to 2 3/4". The flanges 

were used as viewports and for the attachment of an introduction chamber. The 
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Figure 3.1. Illustration of the deposition chamber used in the experiments. 



31 

bell jar fit onto an aluminum ring which coupled to a stainless steel collar. Viton 

O-rings were in place on both the top and bottom of the ring. The collar, equipped 

with 2 3/4" conflat flanges used for electrical feedthroughs, was positioned on a 

platform which had a central port leading to the pump. A viton L gasket sealed 

the bottom of the collar to the surface of the platform. 

High vacuum was achieved in the deposition chamber by means of a 10" water 

cooled oil diffusion pump with a liquid nitrogen cold trap. Typical base pressures 

of 3.0xl0"6torr were attained. Pressures were measured in the chamber with an 

ion gauge and in the fore and roughing lines with thermocouples. 

The transfer vessel with stub and fork are depicted in Figure 3.2. All three 

items are standard equipment supplied by Perkin Elmer Co. The vessel consists of 

a rotary mechanism designed to raise and lower the platform on which a stub might 

sit. A viton O-ring seals the platform to the main body of the vessel. The 

extension on the vessel houses a 2f/s ion pump, capable of achieving vacuum in the 

10"7torr range. At the end of the extension is a connector for a lead to run to a Ion 

Pak 2000 power supply. 

Thin films of Zr02, Ti02, A1203, Sm, Gd, Zr, Ni, and Pt were deposited by 

either thermal or electron beam evaporation. Source materials were place in 

tantalum boats or alumina crucibles when thermal evaporation was utilized and a 

AC power supply provided current to heat them. Special precautions were taken in 

the storage of the Sm and Gd to prevent oxidation, such as keeping the materials in 

tightly sealed vials before they were used and obtaining the lowest possible base 

pressures in the system before deposition. A Thermionics model 100-0010 water 

cooled electron gun along with a Varian model 922-0200 high voltage electron gun 

controller were used for the latter type of evaporation. Source materials were 



32 

Ion pump 

1n t roduc t1 on 
— fork 

sample stub 

opened transfer vessel 

,— magnet 

sample stub 

^ (s1de view ) 

sample stub 

( top view w/sample 

Figure 3.2. Illustration of the transfer vessel with fork and stub. 



33 

either placed in the bare hearth of the gun or in graphite crucibles that fit into the 

hearth. An Inficon XTC quartz crystal monitor was used to estimate the rates and 

thicknesses of the films during deposition. 

A1 overcoated TbFeCo/Si and TbFeCo/C samples were provided by Fastman 

Kodak Co. of Rochester NY and IBM of Tucson AZ, respectively. There were 

three separate batches of samples used in the experiments. Batches 1&3 were 

provided Kodak Co. and came on Si substrates and Batch 2 was provided by IBM 

and came on graphite substrates. The A1 films were generally 30nm thick with 

approximately 120nm of MO material underneath. 

In order to remove the A1 overcoating invacuo, an Ion Tech model 

2.5-1500-125 broad beam ion source in conjunction with an Ion Tech model IT2500 

controller were utilized. 400eV Ar ions with a beam current of ~20mA were used 

in all the experiments. The base pressure in the system during the ion milling was 

1.0xl0~4torr. 27 minutes ion milling with these parameters was typically enough 

time to remove the Al. A faraday cup with a .01cm2 aperture and a -55V bias 

was positioned in the plane of the sample serving as an ion surface current density 

probe. A Keithley model 614 electrometer was used to record the ion current 

density information. A typical value of the ion surface current density was 

70/iA/cm2. 

X-ray photoelectron spectroscopy was performed using a Perkin Elmer 5100 

ESCA system (refer back to Figure 2.1 for an illustration of an XPS chamber). The 

5100 ESCA system is computer interfaced and data was acquired with the aid of 

software provided by Perkin Elmer. 

An ion pump was used to achieve ultra high vacuum(UHV) in the analysis 

chamber. Pressures were measured with a DGC nude filament ion gauge and base 
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pressures were generally in the mid to low 10"9torr range. MgKa x-rays(1253.6eV) 

were emitted by the water cooled x-ray source which operated at 15kV and 300W. 

The energies of emitted electrons were detected by a concentric hemispherical 

energy analyzer. 

The ion gun in the chamber was differentially pumped by a turbo pump and 

supplied 3kV Ar ions rastered over an approximately 1cm2 area in the plane of the 

sample. An emission current of 25mA and a pressure (in the differentially pumped 

chamber were the ions were produced) of 26mPa were typical parameters. The 

surface current density of the impinging ions in the plane of the sample was 

measured with a faraday cup fashioned in the form of a sample stub and also 

supplied by Perkin Elmer. The value calculated for the surface current density in 

the sample plane was 0.5/iA/cm2. 

Atomic concentrations were calculated from the strongest, representitive peaks 

for each element. For example, the strongest carbon peak is the Cls and the 

strongest terbium peak is the Tb4d. Table 3.1 is a compilation of the binding 

energies of the strongest peaks of the pure elements investigated as well as their 

oxide counterparts, as appropriate. The sensitivity factors used to calculate the 

atomic concentrations from the areas of the peak(s) in parentheses are also listed. 

Areas of the representative peaks of interest were calculated with the aid of the 

software. The areas were then multiplied by sensitivity factors that are stored in 

the computer and a display of the concentrations, with the constraint that the sum 

of them should be 100%, was obtained. 

An ultra high vacuum(UHV) compatible introduction chamber was connected 

onto the analysis chamber. The introduction chamber was pumped with the turbo 

pump (also used for the ion gun) before the gate valve isolating it from the main 
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Table 3.1. Binding energies of the strongest peaks of the elements and their oxides 
pertaining to the experiments with area sensitivity factors(peak(s) used 
to calculate area in parentheses). 

Representative 
Elemental 
Lines 

Pure 
Element 

Binding Energy(eV) 
Oxidized 
Element 

Sensitivity 
Factor 

A12p 72.65 74.7 (A1203) 0.18(2p) 

Cls 284.6 (hydrocarbon) 290 (CO) 0.25(ls) 

Co2p3/2 

Co2pi/2 

777.9 
792.95 

780.0 (CoO) 
795.5 (CoO) 

3.8(2p) 

Fe2p 3/2 

Fe2p,/2 

706.75 
719.95 

710.7 (Fe203) 
724.3 (Fe2Os) 

3.0(2p) 

Gd4d3/2 

Gd4d,/2 

141.5+ 
147.1+ 

143+ (Gd203) 
147.1+ (Gd203) 

2.0(4d) 

Ni2ps/2 

Ni2pl/2 

852.3 
869.7 

853.3 (NiO) 
871.7 (NiO) 

4.5(2p) 

Ols - 531.6 (A1203) 0.66(ls) 

Pt4f7/2 

Pt4f5/2 

70.9 
74.25 

4.4(4f) 

Sm3d5/2(3+) 
Sm3d3/2(3+) 

1081.0 
1108.2^0.2++ 
111.3+0.2++ 

1083.2 (Sm203) 
1110.4 (Sm203) 

5.0(3d5/2) 

Tb4d5/2 149.0+0.4* 150.2+0.2* (Tb203) 2.0(4d) 

Ti2p3/2 

Ti2pj/2 

453.8 
459.95 

458.5 (TiOz) 
464.2 (Ti02) 

1.8(2p) 

Zr3d 5/2 

Zr3d3/2 

178.7 
181.1 

182 (Zr02) 
184.4 (Zr02) 

2.1 (3d) 

Values taken from Wagner( 1979),tAyyoob( 1983),ttFaldt( 1984),*Padalia( 1977) 
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chamber was opened. 

The stage in the main chamber has two degrees of freedom, namely azimuthal 

and angular. It is also heatable and a Perkin Elmer model 20-028A specimen 

heater was utilized. 

Calibration of Specimen Heater 

A calibration of the specimen heater was performed by feeding a thermocouple 

into the analysis chamber through the introduction mechanism. When a given 

temperature is set on the heater controller, a current is supplied to a circular 

heating coil in the stub holding stage. The coil is positioned directly under were a 

stub would sit. A control thermocouple mounted approximately 1.5cm away from 

the coil on the main arm which supports the stage provides feedback to the heater 

electronics and registers the temperature of the stage on a meter(refer to Figure 3.3). 

There is no direct connection between this controlling thermocouple, and the sample 

stub. 

In order to attain an independent temperature reading of the stub, rather than 

the stage, a thermocouple was fed into the system. A mini-conflat thermocouple 

feedthrough was attached to a mini-conflat flange on the introduction chamber. 

Vacuum compatible teflon coated 0.05" chromel-alumel leads were used to fashion a 

thermocouple. The thermocouple junction was held between a Si substrate fastened 

securely to a stub with the leads running off to the feedthrough. This stub was 

then placed on the stage and the introduction fork was retracted. The gate valve to 

the introduction chamber was left open during the procedure because the leads 

prevented its closure. Subsequently the base pressure during the calibration was 

slightly higher than usual at around 2.0x10~8torr. 
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Data was taken at the temperatures set on the control thermocouple that were 

used in the experiments performed. The incrementation of temperature set points 

on the heater controller followed what was done in the metal diffusion barrier 

experiments. The calibration data is presented in Figure 3.4 which is a plot of the 

stub temperature versus the control thermocouple temperature after they had 

equilibrated. The notation T* will be used throughout the text to indicate the 

temperature as determined by the control thermocouple. Figure 3.5 is graph of 

temperature as measured by the stub thermocouple versus time. This plot illustrates 

the temperature overshoots indicated by the stub thermocouple as the temperature 

was incremented on the controller. Generally it took 20 minutes for the stub 

temperature reading to equilibrate. At no time was an overshoot registered on the 

control thermocouple because the circuitry prevented this. Since the temperature 

controlling thermocouple is not in direct contact with the stub, the overshoot that 

occured during the heating is unavoidable unless very slow heating incrementations 

were made. 

The stub equilibrated at 272°C when the control thermocouple indicated 250°C. 

This is the most important datum since the samples were held at 250°C(according to 

the control thermocouple) for 20 hours whereas they were held at the lower 

temperatures for much shorter times on the order of tens of minutes. 

Before the stub with thermocouple was entered into the system it registered 

22.7°C as the room temperature reading. Upon equilibrating on the stage and 

before the heating began, the stub indicated a temperature of 34.7°C compared to 

35°C as indicated by the control thermocouple. This higher than room temperature 

reading in the vacuum system may be due to thermal energy supplied by the nude 

ion gauge filament glowing in the chamber at all times. 
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CHAPTER 4 

OXIDE DIFFUSION BARRIERS 

The oxides Zr02, Al2Os, and Ti02 were examined as possible candidates for 

TbFeCo diffusion barriers. Zr02 and A1203 where chosen because they have 

different structures when deposited in thin film form and a comparison between 

their performances in the experiments was of interest. Zr02 typically has a 

polycrystalline structure and A1203 is amorphous. Ti02 was chosen to complete a 

set of three oxides since it has intermediate behavior. The thin oxide films were 

deposited by Kenneth D. Cornett of the optical materials group. The Al/TbFeCo/Si 

samples used in all the oxide experiments were from Batch 1. The oxide 

experiments were not all carried out in exactly the same manner and therefore are 

not quantitatively comparable. In all the oxide experiments a small Si2s signal was 

detected by XPS at 153eV. The signal was probably due to an exposed substrate 

edge. 

General Procedures 

The Al/TbFeCo/Si samples used in these experiments were loaded onto the Mo 

stub in the Ar glovebox and then transferred under Ar in the sealed transfer vessel 

to the deposition chamber which had been pumped into the mid to low 10~6torr 

range by an oil diffusion pump with IN2 cold trap. The A1 overlayers were 

removed with 400eV Ar ions as described in chapter 3. Thin films of oxides 

approximately 5nm thick were electron beam evaporated onto the TbFeCo surfaces 
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at rates of about 0.3-0.4nm/s. Deposition rates and film thicknesses were 

determined by the crystal monitor. The samples were then transferred in the vessel 

to the XPS analysis chamber. When the transfer vessel was used with the ion 

pump on, the pressures in the vessel were approximately in the mid 10~5torr range. 

Once in XPS, initial and final spectra were acquired before and after the samples 

were heated typically to T*-250°C with the specimen heater(refer back to chapter 3, 

page 37, for definition of T*). Variations in the specific procedures as well as the 

results of the experiments will be presented in the following sections. 

Results and Discussion 

Rutherford Backscattering Results 

Rutherford backscattering(RBS) analysis was performed by Dr. John Leavitt on 

a representative sample from each of the three batches of the Al/TbFeCo/Si and 

Al/TbFeCo/C samples used in the experiments. RBS was performed primarily to 

determine the stoichiometry of the TbFeCo layer. Information on the level of 

oxygen and carbon contamination in the TbFeCo layer for the samples on graphite 

was also obtained. Contamination information cannot be obtained from the samples 

with Si substrates because, as discussed previously, the heavier Si substrates renders 

this information inaccessible. Table 4.1 is a list of the calculated stoichiometrics of 

the three representative samples analyzed. Also the approximate thicknesses of the 

A1 overlayers and TbFeCo underlayers were calculated assuming bulk densities of 

6.02x1022At./cm3(Al), 3.22xl022At./cm3(Tb), 8.50x1022At./cms(Fe), and 

8.97x 1022At./cm3(Co). 
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Table 4.1. RBS stoichiometry and thickness calculations for the Al/TbFeCo/Si and 
Al/TbFeCo/C samples. 

Batch # : Thickness(nm) 
(Al/TbFeCo) Tb 

Atomic Concentrations^) 
Fe Co 0 C 

Batch 1 : ~18/~120 22.1+0.3 67.6+0.4 10.3+0.3 - -

Batch 2 : ~23/~150 22.9?0.5 64.7+0.1 7.1+0.2 2.3+1.0 3.0+0.7 

Batch 3 : ~23/~120 21.4+0.3 67.4+0.4 11.1+0.3 - -

Zirconia Diffusion Barriers 

Two Zr02/TbFeCo/Si experiments were performed along with one Zr02/Si 

control experiment. In the first Zr02/TbFeCo/Si experiment, after the A1 overlayer 

had been ion milled for 27 minutes, the sample was transferred to XPS to ensure 

that the A1 had been removed. Upon transfer back to the deposition chamber, the 

sample was ion milled for five more minutes and then the Zr02 was evaporated 

onto the TbFeCo surface. The overcoated sample was then transferred back to the 

XPS chamber for analysis. During the three transfers, the transfer vessel's ion 

pump was not in operation. It can be estimated that the sample was exposed to 

pressures at the highest in the millitorr range. 

Initial XPS spectra were obtained and then the sample was left in the XPS 

chamber for 50 hours at the ambient chamber temperature of T*ss30°C. Spectra 

were acquired after the SO hours and the sample was raised directly to T*-250°C. 

XPS data were taken after 20 hours at T*-250°C while held at this temperature. 

Table 4.2 is a listing of the atomic concentrations (A.C.%'s) calculated from the 
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XPS spectra taken just after deposition, SO hours after deposition, and after 20 

hours heating at T*-250°C ( 70 hours after deposition). 

Table 4.2. Atomic Concentrations for the first Zr02/TbFeCo/Si sample. 

A.C.% of: Ols Cls Zr3d Tb4d Fe2p Co2p 

Before deposition(45°) 44.6 29.5 00.0 5.1 18.0 2.8 

After deposition(45°) 57.5 18.2 24.3 00.0 00.0 00.0 

Angle resolved 
before heating 

2° 54.5 27.3 18.3 00.0 00.0 00.0 

5° 55.0 24.3 20.7 00.0 00.0 00.0 

15° 55.7 20.5 23.8 00.0 00.0 00.0 

30° 58.0 16.7 25.3 00.0 00.0 00.0 

80° 60.2 14.6 25.2 00.0 00.0 00.0 

Angle resolved 
after heating 

2° 27.7 55.8 16.4 00.0 00.0 00.0 

5° 24.4 57.6 18.0 00.0 00.0 00.0 

15° 26.7 48.9 24.4 00.0 00.0 00.0 

30° 25.8 44.9 29.2 00.0 00.0 00.0 

80° 28.4 38.3 33.3 00.0 00.0 00.0 

A number of statements can be made from the information in Table 4.2. 

Stoichiometric Zr02 is indicated by the A.C.%'s at all instances except after the 

heating. The angle resolved data suggests that there was more carbon contamination 

near the surface of the film than in the bulk since the Cls A.C.'s are higher at 
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lower electron take off angles. The large increase in the carbon contamination after 

the heating period may have been due to carbon migration to the surface during the 

heating period. 

Figures 4.1a and 4.1b are plots of the Zr3d doublet signals before heating and 

after 20 hours heating at T*-250°C taken at electron take off angles of 15° and 80°, 

respectively. Before heating the Zr was bound in the form Zr02 according to the 

binding energies (B.E.'s) of the Zr3d doublet of 184.7eV and 182.4eV (refer to Table 

3.1) as indicated in Figure 4.1b. After heating, a superposition of two or more 

Zr3d doublets was observed; one at higher B.E. representing Zr02 as before, one at 

lower B.E. most likely representing metallic Zr, and possibly one in between 

representing some other bound state of Zr (possibly ZrC). The B.E. of the peak to 

the far right in Figure 4.1b is 179.4eV. The cited B.E. for the metallic Zr3d5/2 

peak is 178.7eV. There is some discrepancy between these values, however if the 

peaks were deconvolved they would be shifted to the right by enough to account 

for this. It is most likely that the observed peak was due to elemental Zr. This 

peak was larger at 80° than at 15°, indicating more of this bound state of Zr in the 

bulk of the film. Some ZrOz was probably reduced during the heating process, and 

more in the bulk of the film as opposed to the surface. The Ols A.C.%'s decreased 

after the heating and the Zr3d increased at higher electron take off angles, also 

suggesting reduction. 

Similar phenomena was also observed in the second Zr02/TbFeCo/Si 

experiment. In this experiment, the intermediate step of transferring to XPS to 

ensure all the A1 was gone was not performed. The Zr02/TbFeCo/Si sample was 

transferred to XPS in the vessel with the ion pump on and initial data were taken. 

It was then heated to T*-250°C shortly after initial data were taken. More XPS 
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Figure 4.1a. XPS spectra of Zr3d doublets before and after heating for 20h at 
T*-250°C taken at an electron take off angle of 15°. 
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data were then acquired after 20 and 40 hours heating. 

The similarities between the first and second Zr02/TbFeCo/Si experiments 

are:l) Cls A.C.%'s were larger at lower electron take off angles, indicating more 

carbon contamination near the surface of the samples;2) no Tb, Fe, or Co was 

detected except possibly a trace of Tb (<1 A.C.%) at 80° electron take off angle;3) 

Zr02 was stoichiometric according to A.C.% calculations before heating but not 

afterwards;4) some Zr02 was most likely reduced to elemental Zr during heating;5) 

angle resolved data indicated more metallic Zr3d signal in the bulk of the films 

compared to the surface after heating. 

A Zr02/Fe/Si02 control experiment was performed. Approximately lOOnm of 

Zr02 over about 20nm of Fe on a glass substrate was analyzed with XPS before 

and after heating to T*-250°C for 21 hours. Results were that the Zr3d doublet, 

indicative of Zr02, did not change after the heating period. 

The control experiment suppports the conclusion that some Zr02 was reduced, 

most likely to elemental Zr, not only because of the heating but also because of 

interfacial reactions with the TbFeCo surface. It is probable that Tb was 

responsible for reducing the oxide since it is more reactive than Fe and Co. These 

results indicate that Zr02 would not make a good TbFeCo protective layer. 

Alumina Diffusion Barriers 

Three consecutive Al203/TbFeCo/Si experiments were carried out after the 

Zr02 experiments. In the first and second experiments, the Al203/TbFeCo/Si 

samples were prepared in essentially the same sequence of steps as the first 

Zr02/TbFeCo/Si sample with an intermediate step to verify that the A1 had 

thoroughly been removed. In the third experiment, a higher reaction temperature 
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was used. 

The samples were transferred to XPS in the transfer vessel with the ion pump 

on. Initial XPS data were taken and the samples were heated directly to T*-250°C. 

Final XPS data were taken after the samples had been held at T*=250°C for 21 

hours and 24 hours, respectively. 

Tables 4.3a and 4.3b are listings of the atomic concentrations (A.C.%) 

calculated from XPS data taken at 45° electron take off angle before and after 

Table 4.3a. Atomic Concentrations for the first Al203/TbFeCo/Si sample. 

A.C.% of: Ols Cls A12p Tb4d Fe2p Co2p 

Before heating 57.4 9.4 33.2 00.0 00.0 00.0 

After heating 
at T*-250°C 

59.5 6.0 34.5 00.0 00.0 00.0 

Table 4.3b. Atomic Concentrations for the second Al203/TbFeCo/Si sample. 

A.C.% of: Ols Cls A12p Tb4d Fe2p Co2p 

Before heating 61.4 5.2 33.4 00.0 00.0 00.0 

After heating 
at T*-250°C 

60.9 4.6 34.5 00.0 00.0 00.0 

heating in the first and second experiments, respectively. These A.C.%'s indicate 

there was enough oxygen for all of the A1 to be in an A1203 oxidized state. The 

lineshapes and binding energies of the A12p peaks observed before and after heating 

are indicative of A1203. Tb, Fe, and Co were not detected near the surface of the 
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films during the experiments. 

A third Al203/TbFeCo/Si experiment was performed at a higher reaction 

temperature. The A1 overlayer on the Al/TbFeCo/Si sample was ion milled as 

before for 27 minutes and then transferred to XPS to confirm that all of the A1 had 

been removed. It was transfered back to the deposition chamber and ion milled for 

three more minutes before deposition. The sample was then transferred to XPS in 

the transfer vessel with the ion pump on. Initial XPS spectra were acquired, and 

the sample was heated directly to T*-350°C. After 17 hours heating, final XPS 

spectra were acquired. 

Figure 4.2 is a plot of the A12p peaks before and after 17 hours heating. After 

heating the A12p peak was a doublet, indicating A1203 and most likely elemental 

Al(refer to Table 3.1). Figure 4.3 is a plot of the superposition of the angle 

resolved spectra for the A12p peak taken after 20 hours heating indicating that the 

peak on the right increased as angle increased. The peak on the right in these 

figures has a B.E. of 71.6eV. The cited value for elemental A1 is 72.65eV. Thus, it 

is most likely that this peak was due to elemental Al. Some of the A1 in the A1203 

was in a different binding state, most likely elemental Al, after 17 hours heating at 

T*-350°C. 

Fe, Co, and Tb were detected near the surface of this film after heating. 

Figure 4.4 is superposition of the multiplexes of the region where the Tb4d peak is 

found before and after heating. There was no Tb4d signal before heating. The 

sharp peak at 153eV observed before heating is most likely the Si2s line. It was 

observed in all the oxide experiments, both before and after heating. The broad 

lineshape of the Tb4d peak observed after heating is indicative of Tb oxide 

(Padalia,1977) (refer to Table 3.1). 
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Figure 4.2. XPS spectra of A12p,/2 peak for the third Al203/TbFeCo/Si sample 
before and after 17h heating at T*-350°C taken at an electron take 
off angle of 45°. 
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Figure 4.3. XPS angle resolved spectra of the A12p,A peak for the third 
Al203/TbFeCo/Si sample after 20h heating at T*-350°C. 
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Figure 4.4. XPS spectra of a Si2s peak before heating and a Tb4d peak after 
17h heating T*-350°C taken at an electron take off angle of 45°. 
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A control Al203/Si experiment was performed. Approximately 5nm of A1203 

was deposited onto a Si substrate. The sample was vacuum transferred to XPS 

with the ion pump on. Initial data were taken and then the sample was heated 

directly to T*-350°C. After 20 hours heating, final XPS data was acquired. Little 

change in the A12p peak, with a binding energy of 75.0eV indicative of A1203, was 

observed after heating. There was no indication of the reduction of A1203 after 

heating. 

In summary, it was observed that A1203 was not reduced nor was there any 

indication of Tb, Fe, or Co diffusion in the two initial Al203/TbFeCo/Si 

experiments after approximately 20 hours heating at T*-250°C. In the third 

experiment, after 17 hours heating at T*-350°C, some A1203 was probably reduced 

to elemental Al, and Tb, Fe, and Co diffused through the A1203 overlayer. The 

Al203/Si experiment indicated A1203 was not reduced after 20 hours heating at 

T* »350°C. 

Some A1203 was most likely reduced as Zr02 had been, by the Tb at the buried 

interface. The evidence presented suggests that A1203 would probably not be a 

good candidate for a TbFeCo protective layer. 

Titania Diffusion Barriers 

Titania was tested in a Ti02/TbFeCo/Si experiment after the other oxide 

experiments had been performed as a possible candidate for a TbFeCo diffusion 

barrier. The procedures were as outlined previously. Ti02 in chunk form was 

used in the electron gun as an evaporative source. There was much outgassing of 

the source material as well as sparks flying from the electron gun hearth during the 

deposition. These conditions may have affected the quality of the TiOz film. The 
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intermediate step of checking to ensure all the A1 had been removed was not 

performed. 

After initial XPS spectra were obtained, the sample was heated directly to 

T*«250°C. Additional spectra were acquired at 6 and 18 hours after the sample 

had been heated continuously at T*-250°C. The sample was cooled after heating 

for 18 hours to about T*-50°C (a process which took approximately 3 hours). It 

was then sputtered with 3kV, 0.5/iA/cm2 Ar ions for 15 minutes. 

Table 4.4 is a listing of the calculated atomic concentrations (A.C.%) at four 

Table 4.4. Atomic Concentrations for the Ti02/TbFeCo/Si sample. 

A.C.% of: Ols Cls Ti2p Tb4d Fe2p Co2p 

Before heating 58.7 15.3 25.9 00.0 00.0 00.0 

After heating 
at T*=250°C(6h) 

34.7 22.7 42.6 00.0 00.0 00.0 

After heating 
at T*«250°C( 18h) 

36.2 22.5 41.3 00.0 00.0 00.0 

After sputtering 
15min. 

11.7 25.4 24.7 3.4 31.1 3.6 

different phases of the experiment. Tb, Fe, and Co were not detected except after 

heating for 18 hours and after sputtering for 15 minutes. A faint Fe2p signal was 

present in the survey taken after the 18 hour heating period but no Tb or Co were 

detected. Tb, Fe, and Co were all detected after the sputtering. 

Stoichiometric Ti02 is indicated by the A.C.%'s before heating but not 

afterwards. Carbon contamination increased after heating. This is expected, since 

there was sufficient time for contaminants to bond to the surface of the film. It 
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also increased by a small amount after the 15 minute sputtering. The Ti02 source 

material may have been contaminated (as indicated by the sparking and outgassing 

during deposition), explaining the increase in carbon. 

Figures 4.5 and 4.6 are plots of the superpositions of the Cls and Ti2p peaks, 

respectively, before and after 18 hours heating. The Cls line became a doublet 

after heating. The lineshapes and positions of the peaks after 6 hours heating were 

almost identical with the ones after 18 hours heating. The Ti2p peak shifted by 

4.0eV and the Cls by 2.7eV (for the larger component of the doublet) and 0.5eV 

(for the smaller component of the doublet) after heating. The Ols peak (not 

presented) shifted only by about O.leV after heating. This smaller shift of O.leV 

may be attributable to charging since it was observed for all peaks ( the Ols and 

part of the Cls). The larger shifts of the Cls and Ti2p peaks must be attributed to 

changes in chemical bonding state. 

Before the heating, when the A.C.%'s indicated stoichiometric Ti02, the binding 

energies (B.E.'s) of the Ti2p peaks (458.5eV and 464.4eV) corresponded to those 

cited for Ti02 (458.5eV and 464.2eV). After heating, when the A.C.%'s indicated 

that there could not be all stoichiometric Ti02, the B.E.'s of these peaks (454.3eV 

and 460.3eV after the O.leV charging shift had been taken into account) compared 

more closely with those cited for metallic Ti at 453.8eV and 460.0eV. There could 

also, however, have been TiC present. The B.E. of the Ti2p!/2 for TiC is 455eV. 

This is also close to the measured value of 454.3eV. It is probable that some of the 

Ti02 was reduced after heating. 

A control Ti02/Si experiment was performed. Approximately 25nm (as 

determined by the crystal monitor) of Ti02 was deposited onto a Si substrate and 

then transferred under vacuum with the ion pump on to XPS. Initial spectra were 
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Figure 4.5. XPS spectra of Cls peaks for the Ti02/TbFeCo/Si sample before and 
after 18h heating at T*-250°C taken at an electron take off angle of 
45°. 
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Figure 4.6. XPS spectra of Ti2p doublets for the Ti02/TbFeCo/Si sample before 
and after 18h heating at T*»250°C taken at an electron take off angle 
of 45°. 
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taken and then the sample was heated directly to T*-250°C. Eleven hours after 

heating, final XPS spectra were taken. 

Table 4.5. Atomic Concentrations for the Ti02/Si sample. 

A.C.% of: Ols Cls Ti2p Tb4d Fe2p Co2p 

Before heating 62.6 10.5 27.0 00.0 00.0 00.0 

After heating 
at T*=250°C(1 lh) 

64.8 6.2 29.0 00.0 00.0 00.0 

Table 4.5 lists the A.C.%'s before and after heating for the control experiment. 

They indicate that there was enough oxygen for the Ti02 to be stoichiometric. The 

spectra from which the A.C.%'s were calculated did not show any significant 

binding energy shifts of the Cls and Ti2p peaks after heating. Furthermore, the 

peak energies of the Ti2pt/2 and Ti2p3/2 lines indicated that the Ti was bound in 

the form Ti02 before and after heating. 

There was no indication of the formation of TiC in the control experiment. It 

is possible that the TbFeCo at the buried interface in the Ti02/TbFeCo/Si 

experiment acted as a catalyst for the formation of TiC, if in fact it was formed. 

In conclusion, the results of the Ti02/TbFeCo/Si experiment suggest that some 

of the Ti02 was probably reduced after 6 hours heating at T*«250°C. The A.C.%'s 

taken before and after heating and the binding energies of the Ti2p peaks supports 

this claim. The control Ti02/Si experiment did not indicate that the Ti02 was 

reduced after heating. This suggests that the reduction of some of the Ti02 in the 

Ti02/TbFeCo/Si experiment probably was due to the presence of Tb at the buried 

interface. 
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Tb, Fe, or Co in any substantial amounts were not detected by XPS near the 

surface of the film either before or after heating at T*-250°C. A small trace of Fe 

was detected after heating the Ti02/TbFeCo/Si sample for 18 hours at T*=250°C. 

It can be estimated that the Fe2p signal observed would not account for more than 

1% of the total 100% of the calculated atomic concentrations. From the evidence 

presented Ti02 probably would not be a good material for a TbFeCo diffusion 

barrier. 

Summary 

The oxides Zr02, A1203, and Ti02 were examined as possible candidates for 

TbFeCo diffusion barriers. Zr02 and Al2Os were chosen because they are known 

to have different crystalline structures in thin film form and a comparison between 

their performances as TbFeCo diffusion barriers was of interest. Zr02 is typically 

polycrystalline and A1203 amorphous. Ti02 was choosen to complete a set of three 

oxides since it has intermediate behavior. 

Thin films of the oxides approximately Snm thick (as determined by the crystal 

monitor) were deposited onto films of TbFeCo approximately lOOnm thick (as 

determined by RBS) on Si substrates. The films were then analyzed with XPS 

before and after heating them. The heating enhanced the diffusion process. 

The results of the experiments were:l) some of the Zr02 and Ti02 in the 

overlayers was at least partially reduced after heating for approximately 20 hours at 

T*-250°C but A1203 showed no signs of reducing at this temperature;2) no 

significant amounts of Tb, Fe, or Co were detected to have diffused through any of 

the overlayers at this temperature;3) some A1203 in an overlayer was at least 

partially reduced after heating for 20 hours at T*-350°C and significant amounts of 
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Tb, Fe, and Co were detected to have diffused through the overlayer. It is possible 

that this third alumina sample was defective, leading to the diffusion. 

There was a difference between the polycrystalline Zr02 and the amorphous 

A1203. The A1203 inhibited diffusion of TbFeCo, and was not reduced at T*-250°C 

as the Zr02 (at least partially) had been. The amorphous material was less 

susceptible to reduction than the polycrystalline. The energy required to take one 

O atom from an A1203 molecule is calculated (by AHf°(Al2O3)-AHf0(O2)-AHf0(Al2), 

where AHf°is the heat of formation at 25°C) to be -516.64kcal/mol and similarly to 

take one O from a Zr02 molecule (by AHf°(Zr02)-AHf°(Zr0) ) to be 

-278.04kcal/mol. These calculations suggest it would be expected that alumina 

would require higher temperatures to reduce because it takes more energy to 

remove an O atom from it than from Zr02. The results indicate that probably none 

of these oxides by themselves would be favorable candidates for TbFeCo protective 

layers. 
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CHAPTER 5 

METALLIC DIFFUSION BARRIERS 

Five metals were examined as possible candidates for TbFeCo diffusion 

barriers: Sm*, Gd* Zr* Ni, and Pt. The notation Sm*, Gd*, and Zr* indicates the 

metals are partially oxidized (due to the relatively high base pressures and slow 

rates during deposition accompanied by the highly reactive nature of these metals) 

and will be used throughout this chapter. The metals were chosen primarily 

according to their electronegativities and secondarily according to other factors such 

as crystalline structure or covalent radius. The electronegativity of an element is 

related to the element's tendency to become oxidized, with small electronegativities 

corresponding to highly reactive elements and large electronegativities to less 

reactive ones. The purpose of this set of experiments was to examine the 

performances of the metals, ranked according to electronegativity, to act as TbFeCo 

diffusion barriers. 

Six experiments comprised this comparable group: one Sm*, Zr*. Pt, and Ni 

experiment, and two Gd experiments. Preliminary Sm and Zr experiments were 

also performed. The procedures for these two experiments were not as rigorous as 

for the group of six. However, the information as to whether or not diffusion took 

place after the heating was obtained from the preliminary experiments and will be 

presented. 

All temperatures denoted by T* in this chapter indicate that they were 

measured by the control thermocouple described in chapter 3. The Rutherford 
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backscattering results presented in chapter 4 apply to the samples used in this 

chapter. 

Procedures and Conditions 

Preliminary Experiments 

Before a consistent set of metal diffusion barrier studies were carried out, a 

few preliminary experiments were performed. Two preliminary diffusion barrier 

experiments were performed to aid in the determination of a procedure. Various 

control experiments in which metal thin films were deposited onto Si substrates and 

then heated and analyzed with XPS were also carried out. These were used to 

determine any changes that might occur to the metals by themselves when not in the 

presence of a buried TbFeCo interface. 

Sm and Zr were chosen as the diffusion barrier materials for the two 

preliminary experiments because they were logical initial choices in accordance with 

the intent of studying metals over the range of electronegativities. Sm and Zr have 

electronegativities of 1.17 and 1.33, respectively, which are close to and on either 

side of that of Tb (1.2), and less than those of Fe (1.83) and Co (1.88). 

In both experiments, Al/TbFeCo/Si samples from Batch 1 were used. The 

samples were stored in an Ar glovebox and transferred to the deposition chamber 

under Ar in the transfer vessel. The deposition chamber was at a base pressure of 

5.0xl0_6torr and 4.5xl0"6torr for the Sm* and Zr* experiments, respectively. 

In the Sm* experiment, the A1 overlayer was removed by ion milling with 

400eV Ar ions for 27 minutes. A 5.8nm thick Sm* film was thermally evaporated 

at a rate of 0.39nm/sec (as determined by the crystal monitor) onto the exposed 

TbFeCo surface. The sample was then transferred to XPS in the sealed transfer 
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vessel without the ion pump on (since the power supply for the pump was not 

available at this time). The transfer took approximately 3 minutes from the 

deposition chamber to the XPS introduction chamber. Preliminary XPS spectra 

were taken and then the sample was heated to T*«250°C. Data were taken at this 

point and also after the sample had been at T*-250°C for 20 hours. 

In the preliminary Zr* experiment the A1 overlayer was ion milled for 27 

minutes and the TbFeCo/Si sample was transferred to XPS in the sealed transfer 

vessel with the ion pump on to determine for a second time if all the A1 was gone. 

The sample was then transferred back to the deposition chamber and ion milled for 

a few more minutes. Directly after the second milling, S.Onm of Zr* at a rate of 

O.lnm/sec (as determined by the crystal monitor), was electron beam evaporated 

onto the TbFeCo surface. The sample was then transferred back to XPS where 

initial data were taken and then heated to T*«250°C. Final data were taken after 

the sample had been heating at T*-250°C for 16 hours. 

The procedures for the control experiments were as follows. Si(100) substrates 

were placed on stubs and entered into the deposition chamber. The base pressure 

was typically 3.0xl0"6torr. About lOOnm of Sm*. Gd*. Zr* and Ni (as determined 

by the crystal monitor) was either thermally or electron beam evaporated onto the 

Si(100) substrates. The films were then transferred under vacuum to XPS and 

analyzed before and after heating to T*«150°C. The majority were heated at 

T*-150°C for 20 hours and more analysis was performed afterwards. Angle 

resolved data were taken in the control experiments. 

The information gathered from these preliminary experiments was used to 

formulate a consistent procedure for analyzing the feasibility of the metals as 

TbFeCo diffusion barriers. It was decided to heat the samples to T*-250°C in 50°C 
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increments to determine at what temperature rapid diffusion, if any, would take 

place. It was decided not to transfer samples to XPS after the ion milling of the A1 

to reduce exposure to contaminants. XPS angle resolve data were omitted due to 

the large amount of time required for acquisition. An initial ion sputter cleaning in 

XPS was incorporated into the procedure to remove the superficial contamination 

acquired by the samples after deposition. Lastly, depth profiling into the diffusion 

barriers after the heating was implemented to study the barrier/TbFeCo interface 

and also to ensure that all of the A1 had been removed. 

Experiments 

There were five major steps involved in performing the experiments: 1) 

removal of the A1 overcoat from the TbFeCo/Si and TbFeCo/C samples with 

energetic Ar ions; 2) evaporatively depositing approximately 5nm thick films of the 

chosen metals onto the exposed TbFeCo surfaces; 3) transferring the samples to XPS 

under vacuum; 4) acquiring XPS spectra before, during, and after heating the 

samples to T*-250°C for 20 hours; and 5) sputtering into the samples with 3kV Ar 

ions after cooling, and taking XPS spectra at regular intervals until the majority of 

the diffusion barrier material had been removed. All XPS data were taken at 45° 

electron take off angle. 

TbFeCo samples for the Sm*, Ni, Pt, and first Gd* experiments were stored in 

an Ar glovebox. They were loaded onto stubs in the glovebox and then transferred 

under Ar in the transfer vessel to the introduction chamber of the deposition 

system. For the Zr* and second Gd* experiments samples were stored in an 

evacuated desiccator. They were removed from the desiccator, loaded onto stubs, 

and then quickly entered into the introduction chamber. In both cases the samples 
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were then entered into the deposition chamber after the introduction chamber had 

been pumped down to 200mtorr and the gate valve opened. 

Typically the system was pumped down to 3.0xl0"6torr before the A1 overlayer 

was removed in the diffusion pumped system. Three to four hours of pumping 

time were required. The exception was with the second Gd experiment were a 

lower base pressure of 8.3xl0"7torr was achieved. This was possible because a 

cryopump was in use and pumped on the system overnight. 

Removal of the A1 overlayer (using the parameters described in chapter 3) was 

followed by the deposition of thin films onto the freshly exposed TbFeCo surfaces. 

The Gd*, Zr*, and Pt films were electron beam deposited whereas the Sm and Ni 

films were thermally evaporated from a Ta boat and a A1203 crucible, respectively. 

Approximately 5.5nm of the materials were deposited at rates of approximately 

0.35nm/s as determined by the crystal monitor during the deposition. The ion beam 

surface currrent density in the sample plane was measured with the faraday cup 

probe described previously. Deposition rates and film thicknesses are estimates 

provided by the crystal monitor. A 151.2nm thick Gd/Gd oxide (as determined by 

the crystal monitor) films' thickness was estimated with a Tencor alpha-step 100 

thin film edge thickness measuring device and compared with the crystal monitor 

value. The alpha-step indicated that the film was 29%+2% thicker than the crystal 

monitor value. The crystal monitor had been programmed for Gd metal, and since 

Gd and other highly reactive metals such as Sm and to a lesser extent Zr tend to 

combine with 02 during deposition, it is not suprising that a thicker film resulted in 

this instance and that in general reactive metal films would be thicker than 

estimated by the crystal monitor. This gives an idea of the uncertainty in the film 

thicknesses which can be placed at about 42.0nm for the reactive metals and about 
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Hhl.Onm for the inert metals (Pt and Ni). 

After the depositions, the samples were transferred to XPS in the sealed 

transfer vessel. During the transfers, which took approximately 3 minutes, 

pressures in the vessel ranged between 2.0x10"5torr and 3.0x10-6torr. This was 

probably due to the higher pressures (~10"5torr) in the introduction chambers of 

both the deposition system and the XPS system. Some steps were taken to try and 

improve this condition but were unsucessful. 

Once the samples had been transferred into XPS, preliminary surveys and 

multiplexes were taken. This was followed by a 1 minute sputter cleaning with 

3kV Ar ions at a current density of approximately 0.5/iA/cm2 to remove surface 

contaminants. Base pressures in the analysis system were in the mid to low 10"9torr 

range. 

After preliminary data were taken, the samples were heated from the initial 

temperature of about T*«30°C up to T*-50°C, and then from T*-50°C up to 

T*-250°C in 50°C increments. Data were taken after each increment. During the 

heating process the base pressure of the system typically rose into the mid to low 

10~8torr range due to outgassing of the sample and stub. After 20 hours at 

T*-250°C the pressure in the analysis system was typically 2.0x10"9torr. At this 

time the heating filament was turned off and the samples cooled for about 3 hours 

until the control thermocouple had stabilized at T*-50°C+5°C. 

Once the temperature of the stage had stabilized, the samples were eroded by 

ion bombardment (3kV, 0.5/iA/cm2). Sputtering was performed in 5 minute 

intervals until the majority of the diffusion barrier material had been removed, 

with data taken after each 5min sputtering. These data were used in plotting depth 

profiles. This last procedure was not followed in the Ni diffusion barrier 
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experiment because a large amount of diffusion of the TbFeCo underlayer was 

observed during the heating. 

Results and Discussion 

Results for the five metallic barriers studied are arranged in three sections 

according to their electronegativities: Sm and Gd with low electronegativities (of 

1.17 and 1.20 respectively), comprise the first section; Zr with an intermediate 

electronegativity of 1.33 the second; and, Ni and Ft with high electronegativities (of 

1.91 and 2.28 respectively), the third. The electronegativities of Tb, Fe, and Co are 

1.2, 1.83, and 1.88, respectively. 

As mentioned previously, the uncertainties in the atomic concentrations 

(A.C.%'s) are between 10-20% of the calculated values and can be higher for 

transition metals (as high as 30%). The uncertainties of relative changes in A.C.%'s 

of similar systems are considerably better at 5% or less. Also, the uncertainties in 

the A.C.%'s calculated for carbon from the Cls line are probably close to +50% or 

higher once Tb is detected because the Tb4p3/2 line overlaps with the Cls line, 

making it difficult to accurately measure the area of the Cls peak needed to 

compute the A.C.%. 

In the experiments, XPS surveys were taken at appropriate times to check if 

there were any peaks in the spectra that were unaccounted for. Attention was paid 

to the regions of the spectrum where Al, Mo, and Si would be found. This was 

because there may have been remnants of the original Al layer in the films or, a 

signal may have been detected from part of the Mo stub or from an edge on a Si 

substrate. 
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The surveys indicated no considerable amount of A1 was present in any of the 

samples. More detailed multiplexes specifically for A1 were taken during the 

Sm*/TbFeCo/C and Pt/TbFeCo/C depth profiles. This resulted in the discovery of 

a trace of A1 in the Sm*/TbFeCo/C sample. These surveys also indicated that no 

Mo signal for all the samples nor an Si signal for the Gd*/TbFeCo/Si sample were 

detected. 

In all of the metal diffusion barrier experiments except for the Pt one, Cls 

doublets in place of the usual singlets were detected at some point during the 

procedures. A Cls doublet indicates that the carbon on the surface is in two 

distiguishable chemical bonding states. Since the behavior of the carbon on the 

films was not of central importance in these experiments, this doublet phenomenon 

will not be discussed in detail. 

Samarium and Gadolinium Diffusion Barriers 

Four experiments were performed to determine whether or not Sm* and Gd* 

are suitable materials for TbFeCo diffusion barriers. A preliminary 

Sm*/TbFeCo/Si film was analyzed for which a Batch 1 sample was used. A second 

Sm*/TbFeCo/C film was analyzed and a Batch 2 sample was used. Two 

Gd*/TbFeCo/C and Gd*/TbFeCo/Si films were also analyzed (Batch 2 and Batch 3 

samples were used in these experiments, respectively). The XPS data taken 

suggested that the TbFeCo did not diffuse through the thin Sm and Gd overlayers 

either before or after the samples were heated to T*-250°C for 20 hours. 

Tables 5.la, 5.1b, and 5.1c are lists of the calculated atomic concentrations 

(A.C.%) before sputter cleaning, after sputter cleaning, after the samples had been 

heated to T*-250°C, and after the samples had been held for 20 hours at T*-250°C. 
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Figures S.l, 5.2, and 5.3 are plots of the A.C.%'s versus the calibrated stub 

Table 5.1a. Atomic concentrations for the Sm*/TbFeCo/C sample. 

A.C.% of: Ols Cls Sm3d Tb4d Fe2p Co2p 

Before sputtering 44.4 9.2 46.2 00.0 00.0 00.0 

After sputtering 34.0 0.9 65.0 00.0 00.0 00.0 

At T*-250°C 29.9 25.3 44.8 00.0 00.0 00.0 

At T*-250°C for 20h 19.4 36.9 43.7 00.0 00.0 00.0 

Table 5.1b. Atomic concentrations for the Gd*/TbFeCo/C sample. 

A.C.% of: Ols Cls Gd4d Tb4d Fe2p Co2p 

Before sputtering 53.0 18.4 28.6 00.0 00.0 00.0 

After sputtering 57.9 5.8 36.4 00.0 00.0 00.0 

At T*-250°C 37.6 33.4 29.0 00.0 00.0 00.0 

At T*=250°C for 20h 31.3 37.8 30.9 00.0 00.0 00.0 

temperature for the three final experiments. This data must be looked at in the 

light of the results of the specimen heater calibration. Since the stub temperature 

overshot the equilibrium temperatures, the samples experienced thermal overshoot 

each time the temperature was incremented (refer back to Figure 3.4). An 

explanation of the behavior of the Cls and Ols signals reflected in the calculated 

A.C.%'s is as follows. 

The change in the Cls signal during the heating is similar in the 
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Table 5.1c. Atomic concentrations for the Gd*/TbFeCo/Si sample. 

A.C.% of: Ols Cls Gd4d Tb4d Fe2p Co2p 

Before sputtering 53.4 16.6 30.0 00.0 00.0 00.0 

After sputtering 50.7 5.8 43.4 00.0 00.0 00.0 

At T*-250°C 48.4 8.0 43.6 00.0 00.0 00.0 

At T*-250°C for 20h 34.8 20.1 45.1 00.0 00.0 00.0 

Sm*/TbFeCo/C, Gd*/TbFeCo/C, and Gd*/TbFeCo/Si experiments. The times it 

took to achieve T*-250°C in the three experiments are comparable, at 82, 97, and 83 

minutes, respectively. After the initial one minute sputter cleaning, all three 

samples had small Cls signals reflected in the A.C.%'s (1%, 6%, and 6%, 

respectively). Also, the peak concentration of carbon occurs at T*-150°C for all 

three, and the final A.C.%'s after 20 hours at T*-250°C were almost identical for 

the two films on graphite substrates at 37% for Sm and 38% for Gd. The final 

carbon A.C.% for the Gd*/TbFeCo/Si film was considerably lower at 20%. 

The levels of carbon contamination on the two samples with graphite substrates 

is unusually high. An explanation of this phenomenon may be that some of the 

carbon in the graphite migrated to the surface of the films during heating. 

Furthermore, since the amount of carbon contamination peaked at T*»150°C in all 

three experiments, it may be that the thermal energy of the contaminating carbon 

compound above T*-150°C was sufficient for some of it to desorb into the vacuum. 

At the same time that there was a maximum in the Cls A.C.%, there were minimas 

in the Sm3d and Gd4d A.C.%'s. This is due to the relative nature of the A.C% 
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Figure 5.1. A.C.% versus calibrated temperature for the Sm*/TbFeCo/C sample. 
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calculations. When one signal grows in intensity (the Cls in this case), another (the 

Sm3d or Gd4d) will appear to decrease in intensity according to the A.C.%'s even 

though it has not changed. It is also possible that an exposed graphite substrate 

edge may have contributed to the Cls signal. However, this is unlikely because the 

initial carbon contamination after the sputter cleaning was comparable for all three 

samples, including the Gd*/TbFeCo/Si sample. 

There were also large amounts of oxygen near the surface of the three films in 

question. While the samples were being heated, there was sufficient oxygen 

contamination for about 70% or more of the Gd to be in oxidized Gd203 state, and 

about 40% or more of Sm to be in an Sm203 state. The lineshape of the Gd4d peak 

was more representative of Gd203 than Gd (Ayyoob, 1983), supporting this 

supposition. Figure 5.4 exhibits the differences between pure and partially oxidized 

Gd. Similarly, the Sm3d5/2 peak had a binding energy value of 1083.8eV, indicative 

of Sm203 (refer to Table 3.1). 

As the Sm*/TbFeCo/C sample was heated and sputtered into afterwards, a 

Sm3d5/2 2+ valence peak was observed along with the stronger 3+ line (Faldt, 1984). 

Figure 5.5 is a plot of the superposition of the Sm3d lines before and after 

sputtering, clarifying this point. The 2+ peak was always small compared to the 3+ 

peak. This suggests the Sm-oxide in the film was probably in an Sm203 state since 

this oxide has a 3+ valence state. The same phenomenon was observed in the 

preliminary Sm*/TbFeCo/Si and control Sm*/Si experiments. The origin of the 2+ 

valence state is not known. 

The samples were sputtered with Ar ions (3kV,0.5/iA/cm2) after they had 

cooled in order to obtain information on the barrier/TbFeCo interfaces. Figures 

5.6, 5.7a,b, and 5.8a,b are plots of the A.C.%'s versus sputtering time for the 
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Gd as observed in the Gd*/TbFeCo experiments. 
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Figure 5.5. XPS spectra of Sm3d(3+) and Sm3d(3+ and 2+) doublets as observed 
in the Sm*/TbFeCo/C experiment. 
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Figure 5.7a. Depth profile of the Gd*/TbFeCo/C sample. 
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Figure 5.7b. Depth profile of the Gd*/TbFeCo/C sample with the Gd and Tb 
components separated. 
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Figure 5.8a. Depth profile of the Gd*/TbFeCo/Si sample. 
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Figure 5.8b. Depth profile of the Gd*/TbFeCo/Si sample with the Gd and Tb 
components separated. 
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Sm*/TbFeCo/C, Gd*/TbFeCo/C, and Gd*/TbFeCo/Si films, respectively. 

In the two Gd*/TbFeCo/C and Gd*/TbFeCo/Si experiments, the Gd4d and 

Tb4d peaks overlap. Since these are the principle lines of the two elements, they 

are normally used in atomic concentration determination. Due to this overlap the 

atomic concentrations of Gd and Tb were obscured when both elements were 

present. 

An approximation was made to estimate the relative concentrations of Tb and 

Gd using the area of the Gd4p3/2 for both experiments. It is the second strongest 

Gd line and in this experiment did not interfere with any other prominent lines. 

At the beginning of the depth profile the peak was strong and gradually diminished 

to almost nothing after 27 minutes sputtering. The change in the area of this peak 

was used to establish a ratio between the Tb4d and Gd4d contributions to the 

observed "Gd4d+Tb4d" pei k. It was assumed that there was no Tb present near 

the surface of the film after 2 minutes sputtering. There was no evidence of the 

presence of Tb at this time since the Gd4d peak had no Tb4d like lineshape and the 

Cls line did not appear to be modified by the Tb4p3/2 line. It was also assumed 

that there was only a trace of Gd near the surface of the film after 27 minutes 

sputtering. This can be supported by the fact that there was only a very small 

Gd4p3/2 peak observable at this time and that the "Gd4d+Tb4d" peak had the 

familiar Tb4d oxide appearance. The results of these calculations are presented in 

Figures 5.7b and 5.8b. 

The A.C.% of oxygen and carbon near the barrier/TbFeCo interfaces are 

comparable at about 10%#% O and 4%±3% C. The exception was the C interfacial 

contamination in the Gd*/TbFeCo/Si sample which was probably less than 4%. 

This can be inferred from the trend in the Cls data but was unmeasurable because 
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the Tb4p3/2 line overlaps with Cls line, thus obscuring the carbon information. 

This is also why the estimated uncertainty (4%+3%) on the carbon A.C.% is placed 

so high. 

The depth profiles of these three samples indicate a gradual interface between 

the diffusion barrier material and the TbFeCo. It is most likely that the inherent 

problems of preferential sputtering, "knock on", and crater edge effects associated 

with sputter depth profiling are responsible for this. Also, the electron escape 

depth for most metals is about 2nm and as the interface is approached a small 

signal will be generated by the TbFeCo on the other side of the interface. The 

small tails of Tb, Fe, and Co that rapidly grow into stronger signals in Figures 

5.6-5.8 may be also explained in this manner. 

The sputter rates of the diffusion barriers can be calculated approximately 

from the depth profile plots. For the case of Sm*/TbFeCo/C, if the interface is 

taken to be at 16 minutes sputtering time and if the film is assumed to be 5.5+2nm 

thick (as determined by the crystal monitor), then this would imply a sputter rate of 

the Sm* overlayer of 0.34+0.13nm/min. Similarly, if the interface in the 

Gd*/TbFeCo/C film is taken as 11.5 minutes sputtering time and if the film is 

assumed to be 5.842nm thick, then the sputter rate for the Gd* would be 

0.50^0.17nm/min. These calculated milling rates for 3kV Ar ions at approximately 

0.5/iA/cm2 are slower than expected for pure metals. It is probable that the milling 

rates were affected by the presence of oxides in the diffusion barriers. 

Referring back at Tables 5.1a, 5.1b, and 5.1c, the Ols A.C.% decreases by a 

considerable amount from the time the sample was just heated to T*»250°C until 

after 20 hours at T*-250°C. There are two processes that may explain this 

phenomenon. Either oxygen had diffused down into the barrier overlayer or it had 
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desorbed from the surface during the heating. It is likely that a combination of 

these two effects caused the depletion of the oxygen. The first hypothesis is 

supported by the depth profiles, indicating the Ols signal increases at first during 

the sputtering and then decreases continually as the interface is approached. They 

also suggest that substantial amounts of oxygen probably did not diffuse to the 

buried TbFeCo interface because there was no increase of the Ols signal near the 

interface. However, since depth profiles were not performed on unheated samples, 

ii is unknown what the oxygen concentration may have been at an interface before 

heating. 

Similarities in the results of the Sm* and Gd* diffusion barrier experiments 

may be attributable to the similar nature of the pure elements. There are three 

factors which have been used to categorize the metals used in the experiments; 

electronegativity, crystal structure, and covalent radius. The emphasis was placed 

on electronegativities. Sm and Gd are both rare earth metals that are highly 

reactive with oxygen as reflected in their low electronegativities of 1.17 and 1.20, 

respectively. These electronegativities are less than or equivalent to that of Tb 

(1.20) and much lower than those of Fe (1.83) and Co (1.88). It was postulated that 

materials with lower electronegativties than Tb used as TbFeCo diffusion barriers 

would tend to react with any oxygen diffusing towards the magneto-optical layer, 

forming an oxide that could not be reduced by the Tb underneath. 

The crystalline structure of the elements examined may also be important 

because it is more likely for interdiffusion to occur between two metals of the same 

crystalline structure. Sm has a rhombohedral crystalline structure and Gd a 

hexagonal structure compared with the hexagonal structure of Tb, the body centered 

cubic of Fe, and the hexagonal of Co. Since diffusion of Tb, Fe, or Co was not 
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detected in the experiments, the possible influences of the crystal structures of the 

elements involved will not be discussed. 

The covalent radii of the elements examined may also be of importance because 

it is more likely that an element with a small covalent radius might diffuse through 

a film composed of an element with a larger covalent radius. The covalent radii of 

Sm and Gd are 0.162nm and 0.161nm, respectively compared with those of Tb at 

0.159nm, Fe at 0.117nm, and Co at 0.116nm. Similarly, since the diffusion of Tb, 

Fe, or Co was not observed, the possible influences of the elements involved will 

not be discussed. 

In conclusion, reactively formed Sm and Gd oxides were studied as TbFeCo 

diffusion barriers. The results of these heat enhanced diffusion studies indicate 

that the reactively formed Sm and Gd oxides may be suitable materials for such 

barriers. 

Zirconium Diffusion Barriers 

A preliminary and one other Zr* experiment were performed in accordance 

with the procedures outlined in the respective sections in this chapter. In both 

experiments there was no indication from the XPS analysis of diffusion of TbFeCo 

through the thin Zr* barriers after the heating periods at T*=250°C. 

In both experiments, when the Zr*/TbFeCo/Si samples were first analyzed with 

XPS, the Zr3d lineshape was complex, indicating the presence of oxides along with 

elemental Zr. 

Upon heating the second Zr*/TbFeCo/Si sample to T*-250°C, the oxide 

contribution to the Zr3d peak increased steadily at the expense of the metallic 

contribution. Contradictory to this trend during the heating, the Zr3d peak was 
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primarily metallic in appearance for both samples after the prolonged heating 

periods at T*-250°C. Figure 5.9 is a plot of the superposition of XPS Zr3d spectra 

taken before and after the heating period for the second experiment. The higher 

binding energy contribution to the Zr3d lineshape before heating corresponds to the 

oxide and the lower binding energy one (179.0eV) to the metal. It is probable the 

oxide was being reduced by the Tb at the buried interface. 

A control experiment for Zr* was also performed. A thin Zr* film (about 6nm 

as determined by the crystal monitor) was deposited on Si and heated for 20 hours 

at T*-250°C. The lineshape of the Zr3d peak, which suggested a mixture of 

metallic and oxidized Zr, did not change after the heating period. 

Figure 5.10 is a plot of the atomic concentrations (A.C.%) of the major 

constituents of the surface of the film versus the calibrated stub temperature for the 

second Zr*/TbFeCo/Si experiment. There was not much change in the A.C%'s 

during heating. 

The Ols signal decreased considerably after the second sample had been held at 

T*»250°C for 20 hours. Table 5.2 is a list of A.C.%'s calculated from XPS data 

taken at four different times during the procedure. The A.C.%'s for oxygen reflect 

the decrease in the Ols signal after heating at the expense of the Cls and Zr3d 

signals suggesting either diffusion or desorption of 02. The increase in the Cls 

signal suggests a fair amount of carbon contamination had adsorbed to the film 

surface while heating under UHV. 

Figure 5.11 is a depth profile of the second Zr*/TbFeCo/Si sample. There was 

less oxygen on the overlayer than in the Sm* and Gd* samples but about the same 

amount at the interface. Similarly, the Cls A.C% values are not reliable once Tb 

was detected. 
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Figure 5.10. A.C.% versus calibrated temperature for the Zr*/TbFeCo/Si sample. 
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Figure 5.11. Depth profile of the Zr*/TbFeCo/Si sample. 
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Table 5.2. Atomic concentrations for the Zr*/TbFeCo/Si sample. 

A.C.% of: Ols Cls Zr3d Tb4d Fe2p Co2p 

Before sputtering 52.5 12.8 34.7 00.0 00.0 00.0 

After sputtering 50.5 5.1 44.4 00.0 00.0 00.0 

At T*=250°C 58.1 6.9 35.0 00.0 00.0 00.0 

At T*-250°C for 20h 28.8 19.3 51.9 00.0 00.0 00.0 

The Zr3d XPS spectra suggest Zr* is an unfavorable candidate for a TbFeCo 

diffusion barrier because most of the Zr02 in the overlayer was reduced after 

heating indicating that oxygen, via an exchange reaction, may be transported 

through to the magnetooptical layer beneath. 

Nickel and Platinum Diffusion Barriers 

Diffusion of Fe and Co through the overlayers was observed in the 

Ni/TbFeCo/C and Pt/TbFeCo/C experiments during heating. No Tb was detected 

at the front interface during the Pt experiment and only trace amounts during the 

Ni experiment. The atomic concentration (A.C.%) data presented in Tables 5.3 and 

5.4 support these conclusions. Figures 5.12 and 5.13 depict the A.C.%'s versus the 

calibrated stub temperature. Differences between these plots and similar ones 

presented for Sm*, Gd*. and Zr* are that Fe and Co diffusion was observed during 

heating, oxygen contamination was much less than observed for the other metals, 

and the Cls behavior was altered. 

In the Ni/TbFeCo/C experiment, trace amounts of Fe were first observed at 



Table 5.3. Atomic concentrations for the Ni/TbFeCo/C sample. 

A.C.% of: Ols Cls Ni2p Tb4d Fe2p Co2p 

Before sputtering 14.1 26.8 58.9 00.3 00.0 00.0 

After sputtering 3.1 6.1 90.6 00.2 00.0 00.0 

At T*=250°C 3.9 3.4 41.3 00.5 48.6 2.3 

Table 5.4. Atomic concentrations for the Pt/TbFeCo/C sample. 

A.C.% of: Ols Cls Pt4f Tb4d Fe2p Co2p 

Before sputtering 4.8 37.3 57.9 00.0 00.0 00.0 

After sputtering 1.5 19.9 78.6 00.0 00.0 00.0 

At T*-250°C 0.5 39.4 40.4 00.0 18.8 0.9 

At T*«250°C for 20h 6.9 8.9 20.6 00.0 62.4 1.2 

T*-150°C and T*-175°C. In light of the heater calibration, these figures correspond 

to a temperature range between about 163°C and 200°C. At T*-194°C, a substantial 

Fe signal was detected as well as a small Co signal. With the calibration, this 

would correspond to about 217°C (refer back to Figure 3.3). As heating continued, 

the Fe2p signals grew rapidly in intensity and the Co2p signal remained almost 

constant. 

A similar Ni/TbFeCo/C experiment had been performed prior to this one. 

Initially, the sample was heated gradually up to T*-50°C. No detectable diffusion 

of Fe or Co and trace amounts (~0.3 A.C.%) of Tb (even before the heating began) 



92 

90-

80-

Pt4f 

60-
_Q -

o 50-

Fe2p 
O 30-

0 
Q.20-

<£ 10-

C1s 

100 150 200 

Stub Temperature (°C) 
300 

Figure 5.12. A.C.% versus calibrated temperature for the Ni/TbFeCo/C sample. 
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Figure 5.13. A.C.% versus calibrated temperature for the Pt/TbFeCo/C sample. 
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were observed. The sample was then cooled overnight in UHV. Approximately 12 

hours after the first heating, the sample was heated directly to T*«250°C. Tb, Fe, 

and Co diffusion (with A.C.%'s of 1.1%, 64.8%, and 6.6%, respectively) after the 

second heating was detected. In contrast to the gradual heating experiment, more 

Tb diffusion was detected. Possibly this was due to the heating method, because 

by heating directly to T*«250°C, much more thermal energy was supplied over a 

shorter time period, causing Tb to diffuse through the overlayer more rapidly. It is 

also possible this sample may have had a pinhole defect in the overlayer. 

For the second Ni/TbFeCo/C experiment. Figure 5.12 exhibits the Cls A.C.% 

behavior as the sample was heated. The decrease in A.C.% indicates that carbon 

may have either migrated into the sample or desorbed from the front surface. 

Typically carbon contamination is in the form of hydrocarbons. These molecules 

may have desorbed during heating or recombined with oxygen from the vacuum to 

form COz or CO, which then may have desorbed. CO has a higher vapor pressure 

than C02 and thus would desorb more readily than C02. This behavior can be 

explained since it has been observed that CO desorbs most prominently from a Ni 

surface at 142°C (Zhao, 1987), a temperature close to where the Cls signal began to 

decrease in Figure 5.12. Carbon may also have gone into the sample, but since a 

depth profile was not performed, this information is not available. 

Fe and Co diffusion was first detected in the Pt/TbFeCo/C experiment at 

217°C. The Fe2p signal increased rapidly as the sample was heated to T*-250°C, 

but not as rapidly as in the Ni/TbFeCo/C experiment. In agreement with the 

Ni/TbFeCo/C experiment, the Co2p signal remained small and nearly constant as 

the heating continued. 

After 20 hours at T*-250°C, the Fe2p A.C.% increased from 18.8% to 62.4%, 
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whereas the Co2p A.C.% did not change appreciably as indicated in Table 5.5. 

The Cls A.C.% signal settled at a final value of 39.4% just after heating to 

T*-250°C and 20 hours later, while still being heated, decreased to 8.9%. It appears 

carbon had migrated to the surface, most likely from the graphite substrate, during 

the heating process and then most of it was desorbed over the 20 hour heating 

period. This behavior can be explained since Pt acts as a catalyst for the formation 

of C02 from CO plus O (Haefele,1988), which then could desorb into the vacuum. 

Figure 5.14 is a plot of the atomic concentrations versus sputtering time for the 

Pt/TbFeCo/C sample. The Ols A.C.% decreases at first and then increases as 

sputtering continues. The final Ols A.C.% after 27 minutes sputtering is about 

10%, comparable with the Ols A.C.%'s in the depth profiles of the other samples 

examined. It is difficult to interpret the Cls A.C% data due to the Tb4p3/2 overlap 

problem. The Cls A.C.% calculations early in the depth profile is more reliable 

than later on because there was no detectable Tb signal at this time. It is unknown 

if the Cls A.C.% actually increased as depicted. 

Similarity between the Ni and Pt diffusion barrier experiments may be 

attributed to their comparable and large electronegativities (of 1.91 and 2.28, 

respectively). Neither Ni nor Pt would be a good material for a TbFeCo diffusion 

barrier since extensive Fe diffusion took place during the heating process. Little Tb 

diffusion was detected at the top surface of the Ni overlayer and none for the Pt. 

But, from the Pt/TbFeCo/C depth profile, all traces of an interface separating the Pt 

from the TbFeCo are gone, and a Tb signal was detected after a few minutes 

sputtering. According to this data the Tb had diffused into the overlayer. It is 

also possible that pinholes may have formed in the Ni and Pt overlayers during 

heating, increasing the rate of diffusion. 
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Figure 5.14. Depth profile of the Pt/TbFeCo/C sample. 
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Pt and Ni both have f.c.c. crystalline structures which also may account for 

the similarly poor performance as TbFeCo diffusion barriers. Fe has a b.c.c. 

crystalline structure whereas Co and Tb have hexagonal structures. It is well 

known that Ni and Pt diffuse readily with Fe as indicated by their mutual solid 

solubilities at temperatures comparable with those achieved in the experiments 

(Hansen, 1958). 

Summary 

The five metals Sm, Gd, Zr, Ni, and Pt were investigated as possible candidates 

for TbFeCo diffusion barriers. They were chosen primarily according to their 

electronegativities and other factors such as crystalline structure or covalent radius 

were also considered. The purpose of the experiments was to determine the 

feasbility of these metals, ranked according to electronegativities over a wide range, 

to act as TbFeCo diffusion barriers. 

Thin films of the metals approximately 5nm thick (as determined by the crystal 

monitor) were deposited onto films of TbFeCo approximately lOOnm thick (as 

determined by RBS) on Si substrates. The films were then analyzed with XPS 

before and after heating them. The heating accelerated the diffusion process. 

Due to residual oxygen in the deposition chamber, the Sm, Gd, and Zr diffusion 

barriers studied were somewhat oxidized during fabrication. The high base 

pressures (about 3.0xl0"6torr) and low deposition rates (about 0.3nm/sec) during the 

depositions contributed to this effect. 

The trend in the results of the TbFeCo diffusion barrier studies of the five 

materials Sm*, Gd*, Zr*, Ni, and Pt, suggest that those metals with 

electronegativities lower than or equal to that of Tb, at 1.20, are the best candidates 
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for such barriers. For both Sm* and Gd*,(with electronegativities of 1.17 and 1.20) 

no detectable diffusion of TbFeCo was observed nor was oxygen detected to 

increase in concentration near the barrier/TbFeCo interface ( as determined from 

the depth profiles). For Zr* with a mid-range electronegativity of 1.33, higher than 

that of Tb, no diffusion of TbFeCo was detected. However, Zr02 present in the 

overlayer was reduced during the heating due to the presence of TbFeCo 

underneath at a buried interface, as confirmed by a Zr*/Si control experiment. 

Finally, for Ni and Pt, with higher electronegativities (1.91 and 2.28, respectively), 

diffusion of Tb, Fe, and Co through the Ni barrier and substantial diffusion of Fe 

and Co through the Pt barrier were observed during the heating process. For both 

Ni and Pt, the amount of Co diffusion was small in comparison with that of Fe. 

Also, the temperatures at which substantial diffusion was detected were comparable 

at about 200°C and 220°C for Ni and Pt, respectively. 

In conclusion, the Sm-oxide/Sm and Gd-oxide/Gd appear to be the most 

favorable candidates for TbFeCo diffusion barriers. If pure oxides were used, their 

indices of refraction (approximately 1.85 for Gd203 and 1.54 for Sm203) would be 

less than ideal as antireflection layers, since indices of refraction of about 2.0 are 

desired. Possible magnetic effects also need to be addressed. 
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CHAPTER 6 

SUGGESTIONS FOR FURTHER STUDIES 

The results of the TbFeCo diffusion barrier studies indicate that Gd and Sm 

or, rather, some combination of Gd with Gd oxide and Sm with Sm oxide are the 

most favorable candidates for TbFeCo diffusion barriers. Further studies on these 

materials, Gd, Sm, and their oxides, are suggested. 

Gd oxide and Sm oxide could be formed reactively by backfilling the chamber 

with 02 during deposition or by performing ion assisted deposition (IAD) with 02 

ions. For both methods, it may be favorable to deposit 1 to 2 nm of the metal/oxide 

(as deposited in the Sm* and Gd* experiments) before backfilling with 02 or using 

IAD with 02 ions, for the purpose of reducing the exposure of the TbFeCo surface 

to oxygen. 

Ion assisted deposition of Gd oxide and Sm oxide films could result in 

densification and thus improved performance as TbFeCo diffusion barriers. 

Various ion energies and current densities could be examined to determine the best 

IAD parameters. 

Humidity chamber studies and XPS depth profiles with and without heating 

the samples could be performed on the prospective candidates. The first suggestion 

would be for the purpose of examining possible degradation due to exposure to a 

humid environment. The second would be to compare the barrier/MO interface 

before and after heating. 

It is almost certain that Sm and Gd metals used as protective overlayer will 
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affect the magnetic properties of the MO media. It would be advantageous to 

determine how Sm oxide and Gd oxide affect the magnetic properties when used as 

protective layers. This could be determined by taking magnetic measurements 

before and after deposition of thin overlayers. Later testing (after exposure to heat 

and humidity) could be used to determine whether magnetic degradation occurred. 
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