
LIPID TUMOUR PROFILE FIELD The present invention
relates to the fields of medicine, cell biology,
molecular biology and genetics. BACKGROUND Ovarian
tumor is the fifth leading cause of cancer-related
death and is difficult to diagnose and monitor.
Although ovarian cancer accounts for about 4 percent
of all cancers in women, it has the highest mortality
of all gynecologic cancers, being a silent killer
because it is often diagnosed at an advanced stage.
Ovarian cancer may be diagnosed, in part, by
collecting a routine medical history from a patient
and by performing physical examination, x-ray
examination, and chemical and hematological studies on
the patient. Hematological tests which may be
indicative of ovarian cancer in a patient include
analyses of serum levels of proteins designated CA125
and DF3 and plasma levels of lysophosphatidic acid
(LPA). Palpation of the ovaries and ultrasound
techniques (particularly including endovaginal
ultrasound and color Doppler flow ultrasound
techniques) can aid detection of ovarian tumors and
differentiation of ovarian cancer from benign ovarian
cysts. However, a definitive diagnosis of ovarian
cancer typically requires performing exploratory
laparotomy of the patient. Thus, while abnormal growth
corresponding to ovaries can be monitored by
ultrasonography or by the serum marker, CA125,
determining whether the growth is benign or malignant
is not possible without biopsies. Biopsies are
typically done after surgery and the tissue growth is
taken for various pathological examinations. This is a
tedious and time consuming procedure. The patient is
usually out of the surgery room by the time the
information is acquired. Detection and proper measures
for the control of the disease by surgery at the early
stages can prevent the patient from undergoing
agonizing radio and chemotherapy. Such procedures also
often, in the most advanced cases, have no substantial
curative effects. Current diagnostic methods include
serological diagnostics, which determine the level of
CA- 125, a protein produced by ovarian cancer cells.
While CA- 125 is an important test, itunfortunately is
not always accurate. For example, some ovarian cancers
may not produce enough CA-1 25 levels to cause a
positive test result. Although the level of this
antigen is elevated in nearly 80% of the patients with
advanced stages of the cancer, expression may be low
in early stages of ovarian cancer. Serum CA 125 levels
may also be falsely elevated in patients having other
gynecological conditions like serosa of the peritoneum
or pericardium, uterine fibroids, renal disorders or
even pregnancy and normal menses. Other current
diagnostic methods include trans-vaginal ultrasound
(TVU), which may be conducted alone or in combination
with CA- 125 testing. These methods can detect ovarian
cancer but can also produce many false-positive test
results. Use of ultrasound in conjunction with the CA
125 has a positive predictive value of only 20%. It is
estimated that three out of 



every four surgeries carried out are for non-malignant
conditions, and these could possibly have been avoided
saving the patients from the surgical trauma. The
diagnostic and prognostic tools presently available
are therefore not adequate to predict the onset of the
disease. Genomic and proteomic techniques for the
discovery of novel biomarkers for ovarian cancer from
body fluids are known. The blueprints derived from
these methods have recently shown assurance for early
ovarian cancer detection, but further studies
regarding their reproducibility and reliability for
early detection and screening are needed. Some of
these proteins which are predicted to have a role as
biomarker for ovarian cancer include M-CSF,
mesothelin, a-folate receptor, OVXl, CA72-4,
Prostasin, Osteopontin, Inhibin and Kallikrien.
Recently there has been an interest in using
lysophosphatidic acid (LPA) as a biomarker for ovarian
cancer. LPA has been shown to stimulate the
proliferation of ovarian cancer cells and has been
found in blood of ovarian cancer patients. LPA as a
biomarker has been shown to have a sensitivity of 100%
in advanced stage and almost 90% in the early stages.
However, the use of LPA as a biomarker for ovarian
cancer has been highly controversial. In some studies
no significant change in LPA levels in the ovarian
cancer patients have been observed, raising questions
about the utility of LPA as a biomarker. Someof the
discrepancies were attributed to differences in the
isolation protocol of plasma as activated platelets
could also generate LPA. This lipid is also elevated
in patients with other gynecological manifestations.
There is therefore a need for a method of detecting
and diagnosing cancers such as ovarian cancers.
SUMMARY According to a 1st aspect of the present
invention, we provide a method of generating a
classification model capable of distinguishing between
two biological states, the method comprising the steps
of: (a) providing a training dataset, X , comprising
concentrations of a plurality of lipids in a
biological sample in a first state and a biological
sample in a second state; (b) subjecting the training
dataset X Xo Principal Components Analysis (PCA), in
which the PCA analysis generates a transformation
matrix, C, and a transformed dataset, Yf, (c)
subjecting the transformed dataset Yi to Support
Vector Machines (SVM) analysis, in which the SVM
analysis generates a SVM model, S; (d) forming a
classification model comprising (i) the transformation
matrix C, and (ii) the corresponding SVM model S. The
plurality of lipids may include a plurality of choline
lipids, such as phosphatidylcholine (GPCho) or
sphingomyelin (SM) or both. It may further optionally
comprise one or more of phosphatidic acid (GPA),
phosphatidylglycerol (GPGro), phosphatidylserine acid
(GPSer), sulfatides, cardiolipin,
phosphatidylethanolamine (GPEtn), phosphatidylinositol
(GPIns), phosphatidylinositol phosphates (GPInsPs),
ceramide (Cer), 



mono hexosyl ceramide (MonoHexCer) and di hexosyl
ceramide (DiHexCer). It may comprise all the
aforementioned lipids. The plurality of lipids may
comprise the lipids set out in Table D l . It may
comprise the lipids set out in Table D2. It may
comprise the lipids set out in Table D3. It may
comprise the lipids set out in Table E4. It may
comprise the lipids set out in Table E6. The two
biological states may comprise a normal state and a
diseased state. The diseased state may comprise a
cancerous or tumour state, for example ovarian cancer.
The classification model may be capable of achieving a
sensitivity of 98.99% or more. It may be capable of
achieving specificity of 92.31% or more. It may be
capable of achievinga PPV of 97.03% or more. It may be
capable of achieving a NPV of 97.30%. It may be
capable of achieving more or an accuracy of 97.10% or
more. It may be capable of achieving one or more, such
as all, of the above. The two biological states may
comprise a benign state and a malignant state, such as
of ovarian cancer. The classification model may be
capable of achieving a sensitivity of 94.92% or more.
It may be capable of achieving a specificity of 82.50%
or more. It may be capable of achieving a PPV of
88.89% or more. It may be capable of achieving a NPV
of 9 1.67% or more. It may be capable of achieving an
accuracy of 89.90% or more. It may be capable of
achieving one or more, such as all, of the above. The
two biological states may comprise an early tumour
stage and a late tumour stage, such as of ovarian
cancer. The classification model may be capable of
achieving a sensitivity of 100%. It may be capable of
achieving a specificity of 81.82% or more. It may be
capable of achieving a PPV of 90.24% or more. It may
be capable of achieving a NPV of 100%. It may be
capable of achieving an accuracy of 93.22% or more. It
may be capable of achieving one or more, such as all,
of the above. The method may further comprise a step
(cl) between step (c) and step (d). The additional
step may comprise repeating steps (b) and (c) and
selecting principal components which enable optimal
classification in step (c). The method may be such
that optimal classification in step (cl) is determined
by assessing the output of the SVM for sensitivity,
specificity and accuracy at each iteration The
classification model may further comprise (iii) the
number of selected principal components enabling
optimal classification in step (c). Step (cl) may
comprise retaining principal components that perform
at least 55%, 65%, 75%, 85%, 90%, 95%, 96%, 97%, 98%,
99%, 99.5%, 99.6%, 99.7%, 99.8%, 99.9% or 100% as well
as the full dataset, after step (e), as assessed by
any combination of sensitivity, specificity, PPV, NPV,
accuracy, true negatives (TN), false negatives (FN),
false positives(FP) and true positives (TP). It may
comprise removing factors which do not significantly
affect the performance of the SVM model. It may
comprise retaining principal components whose
eigenvalues are greater than or equal to 1. It may
comprise retaining principal 



components that explain at least 55%, 65%, 75%, 85%,
90%, 95%, 96%, 97%, 98%, 99%, 99.5%, 99.6%, 99.7%,
99.8% or 99.9% of the variance in the dataset. It may
comprise retaining principal components that in a
scree plot of eigenvalues show a smooth decrease of
eigenvalues or which are to the left of a levelling
off or significant decrease in gradient or elbow in
the plot (scree test). Step (cl) may comprise one or
more of the above. It may comprise all of the above.
The method may comprise implementing SVM using a
default linear kernel. SVMi,ght may be used. The
biological sample may comprise a serum sample of or
from an individual. The lipids may be identified by
mass spectroscopy. The mass spectroscopy may comprise
electrospray ionization mass spectrometry (ESI-MS).
The lipids may be quantified by multiple reaction
monitoring (MRM). The lipids may be identified and
quantified as set out above. The concentration of each
lipid may be normalized by obtaining Lipid where x, is
the intensity of a lipidi and Std is the ratio of the
intensity to the amount in pmoles of a lipid standard.
There is provided, according to a 2n aspect of the
present invention, a classification model obtained by
a method according to the 1st aspect of the invention.
We provide, according to a 3rd aspect of the present
invention, a classification model capable of
distinguishing between a normal sample and an ovarian
cancer sample. The classification model may comprise:
(a) a 340 x 340 transformation matrix as shown in
Appendix B 1 and an SVM model as shown in Appendix C1;
(b) a 340 x 85 transformation matrix comprising the
first 85 columns of the matrix as shown in Appendix B
l and an SVM model as shown in Appendix C4; (c) a 340
x 10 transformation matrix comprising the first 10
columns of the matrix as shown in Appendix B l and an
SVM model as shown in AppendixC7; (d) a 82 x 82
transformation matrix as shown in Appendix B4 and an
SVM model as shown in Appendix ClO; or (e) a 77 x 77
transformation matrix as shown in Appendix B7 and an
SVM model as shown in Appendix C13. A s a 4th aspect
of the present invention, there is provided a
classification model capable of distinguishing between
a benign cancer sample and an malignant cancer sample.
The classification model may comprise: (a) a 340 x 340
transformation matrix as shown in Appendix B2 and an
SVM model as shown in Appendix C2; (b) a 340 x 87
transformation matrix comprising the first 87 columns
of the matrix as shown in Appendix B2 and an SVM model
as shown in Appendix C5; (c) a 340 x 29 transformation
matrix comprising the first 29 columns of the matrix
as shown in Appendix B2 and an SVM model as shown in
Appendix C8; (d) a 82 x 82 transformation matrix as
shown in Appendix B5 and an SVM model as shown in
Appendix Cl 1; or (e) a 77 x 77 transformation matrix
as shown in Appendix B8 and an SVM model as shown in
Appendix C14. We provide, according to a 5th aspect of
the present invention, a classification model 



capable of distinguishing between an early stage
cancer sample and a late stage cancer sample. The
classification model comprise (a) a 340 x 340
transformation matrix as shown in Appendix B3 and an
SVM model as shown in Appendix C3; (b) a 340 x 44
transformation matrix comprising the first 44 columns
of the matrix as shown in Appendix B3 and an SVM model
as shown in Appendix C6; (c) a 340 x 82 transformation
matrix comprising the first 82 columns of the matrix
as shown in Appendix B3 and an SVM model as shown in
Appendix C9; (d) a 82 x 82 transformation matrix as
shown in Appendix B6 and an SVM model as shown in
Appendix C12; or (e) a 77 x 77 transformation matrix
as shown in Appendix B9 and an SVM model as shown in
Appendix C15. The present invention, in a 6th aspect,
provides a computer readable medium comprising a
classification model as set out above. In a 7th aspect
of the present invention, there is provided a method
of determining the status of a sample, the method
comprising (i) providing a dataset comprising
concentrations of a plurality of lipids in the sample
and (ii) applying a classification model as set out
above. The plurality of lipids may include a plurality
of choline lipids, such as phosphatidylcholine (GPCho)
or sphingomyelin (SM) or both. It may further
optionallycomprises phosphatidic acid (GPA),
phosphatidylglycerol (GPGro), phosphatidylserine acid
(GPSer), sulfatides, cardiolipin,
phosphatidylethanolamine (GPEtn), phosphatidylinositol
(GPIns), phosphatidylinositol phosphates (GPInsPs),
ceramide (Cer), mono hexosyl ceramide (MonoHexCer) and
di hexosyl ceramide (DiHexCer). The plurality of
lipids may comprise the lipids set out in Table D l .
It may comprise the lipids set out in Table D2. It may
comprise the lipids set out in Table D3. It may
comprise the lipids set out in Table E4. It may
comprise the lipids set out in Table E6. The method
may be used for determining whether a sample is a
normal sample or an ovarian cancer sample. Such a
method may comprise (i) transforming the dataset with
a transformation matrix of a classification model
according to the 3rd aspect of the invention to
generate a transformed dataset, and (ii) subjecting
the transformed dataset to Support Vector Machines
(SVM) analysis with an SVM model of the classification
model, in which an output of > 0 indicates a normal
sample and an output of < 0 indicates an ovarian
cancer sample. According to an 8th aspect of the
present invention, we provide a method of obtaining an
indication useful in the diagnosis of ovarian cancer
in an individual, the method comprising conducting
such a method on a sample of or from a patient, in
which an output of < 0 indicates that the individual
is suffering from ovarian cancer. The method may be
used for determining whether a sample is a benign or
malignant ovarian cancer sample, the method comprising
(i) transforming the dataset with a transformation
matrix of a classification model according to the 4th
aspect of the invention to generate a transformed
dataset, and (ii) subjecting the transformed dataset
to Support Vector Machines (SVM) analysis with an SVM
model of the classification model, in which an output
of > 0 indicates a benign sample and an output of < 0
indicates a malignant sample. 



We provide, according to a 9th aspect of the
invention, a method of obtaining an indication useful
in the diagnosis of an individual suffering from a
malignant ovarian cancer, the method comprising
conducting such a method on a sample of or from a
patient, in which an output of > 0 indicates that the
individual is suffering from a benign ovarian cancer
and an output of < 0 indicates that the individual is
suffering from a malignant ovarian cancer.The method
may be used for determining whether a sample is an
early stage cancer or a late stage ovarian cancer
sample, the method comprising (i) transforming the
dataset with a transformation matrix of a
classification model according to the 5th aspect of
the invention to generate a transformed dataset, and
(ii) subjecting the transformed dataset to Support
Vector Machines (SVM) analysis with an SVM model of
the classification model, in which an output of > 0
indicates an early stage cancer sample and an output
of < 0 indicates a late stage cancer sample. There is
provided, in accordance with a 10th aspect of the
present invention, a method of obtaining an indication
useful in the diagnosis of an individual suffering
from a late stage ovarian cancer, the method
comprising conducting such a method on a sample of or
from a patient, in which an output of > 0 indicates
that the individual is suffering from an early stage
ovarian cancer and an output of < 0 indicates that the
individual is suffering from a late stage ovarian
cancer. A s an 11th aspect of the invention, we
provide a method of detecting, and optionally
classing, ovarian cancer in an individual, the method
comprising: (a) providing a dataset comprising
concentrations of the lipids set out in Table Dl,
Table D2, Table D3, Table E4 or Table E6 in a sample
from or of the individual; (b) transforming the
dataset with a transformation matrix of a
classification model according to the 3rd aspect of
the invention to generate a transformed dataset, and
subjecting the transformed dataset to Support Vector
Machines (SVM) analysis with an SVM model of the
classification model, in which an output of > 0
indicates a normal sample and an output of < 0
indicates an ovarian cancer sample; and (c) in the
case of the latter, further transforming the dataset
with a transformation matrix of a classification model
according to the 4th aspect of the invention to
generate a transformed dataset and subjecting the
transformed dataset to Support Vector Machines (SVM)
analysis with an SVM model of the classification
model; in which an output of < 0 indicates a benign
sample and an output of < 0 indicates a malignant
sample; (d) in the case of the latter, further
transforming the dataset with a transformation matrix
of a classification model according to the 5th aspect
of the invention to generate a transformed dataset and
subjecting the transformed dataset to Support Vector
Machines (SVM) analysis with an SVM model of the
classification model; in which an output of > 0
indicates an early stage sample and an output of < 0
indicates a late stage sample.The methods described
above may be implemented as computer implemented
methods. We provide, according to a 12th aspect of the
invention, there is provided a method of treatment or
prevention of cancer, such as ovarian cancer, in an
individual, the method 



comprising any one or more of detecting or diagnosing
the cancer and optionally classing the cancer, in an
individual by a method as set out above, and
administering a suitable treatment or prophylactic,
such as a drug known or suspected to be useful for
treating cancer, to the individual. According to a
13th aspect of the present invention, we provide a
method of generating a classification model capable of
distinguishing between two biological states, the
method comprising the steps of: (a) providing a
training dataset, X, comprising concentrations of a
plurality of lipids in a biological sample in a first
state and a biological sample in a second state; (b)
subjecting the training dataset X o Principal
Components Analysis (PCA) to generate a transformation
matrix, C, comprising principal component
coefficients; and a representation, Y, of the dataset
X in the principal component space; (c) forming an
input vector, Yi, comprising the / most significant
row vectors of Y; (d) subjecting the input vector Yi
to Support Vector Machines (SVM) analysis; (e)
repeating steps (c) and (d) with varying / to
determine a minimum dimension, lmin, of the principal
component space sufficient to obtain optimal
classification; (f) forming a classification model
comprising (i) the transformation matrix C, (ii) the
minimum dimension lmn, and (ii) the SVM model
comprising SVM weights corresponding to the minimum
dimension lmin. There is provided, according to a 14th
aspect of the present invention, a combination of
lipids selected from the group consisting of: (a)
lipids shown in Table Dl; (b) lipids shown in Table
D2; (c) lipids shown in Table D3; (d) lipids shown in
Table E4; and (e) lipids shown in Table E6. We
provide, according to a 15th aspect of the present
invention, a combination of lipids comprising two or
more, such as at least 5, lipids selected from Table
Dl, Table D2, Table D3, Table E4 or Table E6. We
provide, according to a 16th aspect of the present
invention, a classification model selected from the
group consisting of: (a) a classification model
capable of distinguishingbetween a normal sample and a
diseased (ovarian cancer) sample comprising: (i) an n
x m transformation matrix, where n < 340 and 1  m  n,
comprising the first m columns of the matrix shown in
Appendix Bl; and (ii) an SVM model generated from
applying SVM analysis on a transformed dataset, the
transformed dataset being generated by transforming a
dataset comprising concentrations of the first n
lipids shown in Table D3 in a normal sample and a
diseased (ovarian cancer) sample with an nx/n
transformation of (a)(i); (b) a classification model
capable of distinguishing between a benign sample and
a malignant sample comprising: (i) an xffl
transformation matrix, where n < 340 and 1  m  n,
comprising the first m columns of the matrix shown in
Appendix B2; and (ii) an SVM model generated from
applying SVM analysis on a transformed dataset, the
transformed dataset being generated by transforming a
dataset comprising concentrations of the first n
lipids shown in Table D3 in a benign sample and a
malignant sample with an n x m transformation matrix
of (b)(i); (c) a classification model capable of
distinguishing between an early stage sample and a
late stage 



sample comprising: (i) an n x transformation matrix,
where n < 340 and 1  m  n, comprising the first m
columns of the matrix shown in Appendix B3; and (ii)
an SVM model generated from applying SVM analysis on a
transformed dataset, the transformed dataset being
generated by transforming a dataset comprising
concentrations of the first n lipids shown in Table D3
in an early stage sample and a late stage sample with
an n x m transformation matrix of (c)(i). The practice
of the present invention will employ, unless otherwise
indicated, conventional techniques of chemistry,
molecular biology, microbiology, recombinant DNA and
immunology, which are within the capabilities of a
person of ordinary skill in the art. Such techniques
are explained in the literature. See, for example, J.
Sambrook, E. F. Fri^sch, and T. Maniatis, 1989,
Molecular Cloning: A Laboratory Manual, Second
Edition, Books 1-3, Cold Spring Harbor Laboratory
Press; Ausubel, F. M . et al. ( 1995 and periodic
supplements; Current Protocols in Molecular Biology,
ch. 9, 13, and 16, John Wiley & Sons, New York, N
.Y.); B. Roe, J. Crabtree, and A . Kahn, 1996, DNA
Isolation and Sequencing: Essential Techniques, John
Wiley & Sons; J. M . Polak and James O'D. McGee, 1990,
In Situ Hybridization: Principles and Practice; Oxford
University Press; M . J. Gait (Editor), 1984,
Oligonucleotide Synthesis: A Practical Approach, IrI
Press; D. M . J. Lilley and J. E. Dahlberg, 1992,
Methods of Enzymology: DNA Structure Part A: Synthesis
and Physical Analysis of DNA Methods in Enzymology,
Academic Press; Using Antibodies : A Laboratory Manual
:Portable Protocol NO. I by Edward Harlow, David Lane,
Ed Harlow (1999, Cold Spring Harbor Laboratory Press,
ISBN 0-87969-544-7); Antibodies : A Laboratory Manual
by Ed Harlow (Editor), David Lane (Editor) (1988, Cold
Spring Harbor Laboratory Press, ISBN 0- 87969-314-2),
1855. Handbook of Drug Screening, edited by
Ramakrishna Seethala, Prabhavathi B. Fernandes (2001,
New York, NY, Marcel Dekker, ISBN 0-8247-0562-9); and
Lab Ref: A Handbook of Recipes, Reagents, and Other
Reference Tools for Use at the Bench, Edited Jane
Roskams and Linda Rodgers, 2002, Cold Spring Harbor
Laboratory, ISBN 0- 87969-630-3. Each of these general
texts is herein incorporated by reference. BRIEF
DESCRIPTION OF THE DRAWINGS Figure 1 is a chart
illustrating the work flow for development of binary
classifiers for ovarian cancers based on
multiparameter analysis of plasma lipids and
supervised learning. The flow diagram summarises the
methodology for building the prediction model and
diagnosis of unknown samples. Figure 2 is a flowchart
showing the training process. Figure 3 illustrates the
ESI profile of a representative plasma sample. Figure
4 illustrates the flow diagram of the samples.
Case-control study setup. A total of 2 11 samples are
randomly separated into a training set and a test set.
The training set comprises 39 controls and 99 patients
with 40 benign and 59 malignant forms of cancers,
respectively. The model is built based on this
training set and evaluated on the remaining 73 test
samples. 



Figure 5 shows comparative sample lipid levels. Raw
data of multiparameter lipid analysis. The levels of
individual lipids in plasma samples are quantified by
electrospray ionization mass spectrometry and the
intensity of each pixel indicates the concentration
(from 0-85 mmoles/L and 0-3 15 mmoles/L for lipids
measured in negative and positive ionization mode,
respectively). Lipid species from eleven different
classes are included in this study. Phosphatidic acid
(GPA), phosphatidylglycerol (GPGro),
phosphatidylserine (GPSer), sulfatides (SuIf),
cardiolipins (CL), phosphatidylethanolamine (GPEtn),
phosphatidylinositol (Ptdlns) and its singly and
doubly phosphorylated derivatives (GPInsPs),
phosphatidylcholine (GPCho), ceramides and their
glycosyl derivatives (Cer) and sphingomyelins
(SM).Figure 6 shows principal component analysis
between different sample sets. Multivariate
statistical analysis and diagnostic performance in
patients with different stages of ovarian cancer.
Principal components analysis between (A) and (B)
control and patients, (C) and (D) benign and malignant
cases, (E) and (F) early and late cases and (G) and
(H) control and benign and malignant cases. Figure 7
shows diagnostic utility plot between different sets
of sample of conditions. SVM output is represented as
diagnostic utility matrixes for comparison between (A)
control and patient, (B) benign and malignant forms of
tumor differentiation, (C) early and late forms of
tumour differentiation, (D) control / benign and
malignant and (E) benign and early. The numbers
represent true positive (TP), true negative (TN),
false positive (FP) and false negative (FN) events in
each category. r Figure 8 shows a receiver operating
characteristics (ROC) curve comparison for differences
between the different diagnostic utilities. Figure 9
shows a receiver operating characteristics (ROC) curve
comparison between the lipidomic based biomarker and
the clinical biomarker CA 125 for differentiation of
benign samples from malignant. The dashed line and
dotted lines are the individual diagnostic
performances of CA- 125 and lysoGPA, respectively.
Note the dramatic increase in predictive performance
by multiparameter lipid markers. Figure 10 shows a
layout of the predictor model with extent of changes
in the concentration of some lipids between cases and
controls. Representative panel illustrating the extent
of changes in the concentration of individual lipids
between cases and controls. Data is represented as
mean  s.e.m. and p-values obtained using the
Kruskal-Wallis test. Figure 11 shows the contribution
of individual plasma lipids in diagnosis of patients
with different stages of ovarian cancer. The lipid
species covered in this study are represented as a pie
chart. Percentages indicate the relative distribution
among the 11 classes of lipids. The outer boundary of
the chart depicts lyso (open) and non-lyso forms of
lipids (filled). Only lipids with a difference and
pO.OOl are shown. A blue circle indicates a increase
in a particular lipid in malignant over benign forms
of tumor while a red diamond reflects a decrease in
the respective lipid in patient over control. Note the
dramatic alterations of cholinelipids (GPCho and SM)
in plasma from patients with ovarian cancer. Some of
the lipid species 



are represented as chemical structures. Figure 12
shows a receiver operating characteristics (ROC) curve
comparison between a classification model derived from
analysis of the 77 choline lipids (GPCho and SM) in
Table D l (dashed line) and a classification model
derived from analysis of the 340 lipids in Table D3
(solid line). Figure 13 is a flowchart showing the
prediction process. Figure 14 shows the layout of the
predictor model. Arrangement of individual SVMs for
classification of blinded samples. SVM-I is based on
the 138 training set (patient/control). SVM-2 is based
on 99 patient samples (malignant/benign). SVM-3 is
based on 59 samples (early/late malignancy).
APPENDICES Appendix A : MRM Conditions for Lipids
Appendix B 1: PCA Transformation Matrix (340 x 340;
Normal/Diseased); Appendix B2: PCA Transformation
Matrix (340 x 340; Benign/Malignant); Appendix B3: PCA
Transformation Matrix (340 x 340; Early/Late);
Appendix B4: PCA Transformation Matrix (82 x 82;
Normal/Diseased); Appendix B5: PCA Transformation
Matrix (82 x 82; Benign/Malignant); Appendix B6: PCA
Transformation Matrix (82 x 82; Early/Late); Appendix
B7: PCA Transformation Matrix (77 x 77;
Normal/Diseased); Appendix B8: PCA Transformation
Matrix (77 x 77; Benign/Malignant); Appendix B9: PCA
Transformation Matrix (77 x 77; Early/Late). Appendix
Cl : SVM Model Weights (340; Normal/Diseased);
Appendix C2: SVM Model Weights (340;
Benign/Malignant); Appendix C3: SVM Model Weights
(340; Early/Late); Appendix C4: SVM Model Weights (85;
Normal/Diseased); Appendix C5: SVM Model Weights (87;
Benign/Malignant); Appendix C6: SVM Model Weights (44;
Early/Late); Appendix C7: SVM Model Weights (10;
Normal/Diseased); Appendix C8: SVM Model Weights (29;
Benign/Malignant); Appendix C9: SVM Model Weights (9;
Early/Late); Appendix ClO: SVM Model Weights (82;
Normal/Diseased); Appendix CI l : SVM Model Weights
(82; Benign/Malignant); Appendix C12: SVM Model
Weights (82; Early/Late);Appendix C13: SVM Model
Weights (77; Normal/Diseased); Appendix C14: SVM Model
Weights (77; Benign/Malignant); Appendix Cl 5: SVM
Model Weights (77; Early/Late). Appendix D: Ovarian
Cancer Training Dataset. Appendix El: Cumulative
Performance of Model versus Number of Principal
Components Selected (Normal vs Diseased; 340 Lipids).
Appendix E2: Cumulative Performance of Model versus
Number of Principal Components Selected (Benign vs
Malignant; 340 Lipids). Appendix E3: Cumulative
Performance of Model versus Number of Principal
Components Selected (Early vs Late; 340 Lipids)
DETAILED DESCRIPTION We disclose combinations of
lipids which are predictive of a biological state of a
sample. We describe various methods of determining the
status of a sample, by determining 



the concentration of one or more, such as a plurality,
of lipids in the sample. We disclose the use of such
combinations to predict the biological state of a
sample. The methods include both biochemical and
bioinformatic methods. We disclose methods comprising
assaying the concentration of particular lipids and
combinations of lipids in biological samples as well
as rules for determining from such lipid
concentrations a biological state of the sample. The
lipid concentrations of the combinations of the lipids
may therefore be used in a "biochemical" method, as
described below, to provide an indication of the
state, condition or status of sample, such as a
biological state. The combinations of lipids, and
concentrations thereof, may also be used in a
"bioinformatics" method. The bioinformatics methods
involve applying classification models disclosed in
this document to lipid concentration data obtained
from unknown samples. The classification models may be
generated using lipid concentration data from
biological samples in known states, as described in
detail below. The bioinformatics predictive methods
may involve biochemical steps, and vice versa. The
bioinformatics methods may comprise simply applying
already generated classification models onto obtained
data, or they may actually include model generation
steps.We therefore disclose classification models,
methods of generating such classification models and
methods of applying such classification models, which
may be used bioinformatically for such predictions.
The biological state may comprise a cancerous state.
It may comprise a neoplasmic state or a tumour state.
The cancer may comprise ovarian cancer. The biological
state may comprise a malignancy state of a cancer. The
malignancy state may comprise a benign state or it may
comprise a malignant state. The biological state may
comprise a stage of a cancer. The stage may comprise
an early stage or a late stage. The term "ovarian
cancer" as used in this document may comprise ovarian
tumors, carcinomas, (e.g., carcinoma in situ, invasive
carcinoma, metastatic carcinoma) and premalignant
conditions. It further includes both benign and
malignant tumors, such as ovarian germ cell tumors,
e.g. teratomas, dysgerminoma, endodermal sinus tumor
and embryonal carcinoma, and ovarian stromal tumors,
e.g. granulosa, theca, Sertoli, Leydig, and
collagenproducing stromal cells. Ovarian cancers also
include recognized histological tumor types, such as,
for example, serous, mucinous, endometrioid, and clear
cell tumors. The ovarian cancer stage may be
established using for example the FIGO staging system,
as described in L . Sobin and Ch Wittekind (eds.), TNM
Classification of malignant tumours. UICC Internation
Union against Cancer, Geneva, Switzerland, pl55-157;
6th ed. 2002. "Early" stage may correspond to Stage I
and Stage II. "Late" stage may correspond to Stage III
and Stage IV. The biological state may comprise one of
at least two binary states. It may comprise one two
biological states. The biological states may comprise
or example, a diseased state 



(such as a cancer state) and a normal state, a benign
state and a malignant state and an early stage state
and a late stage state. The biological states may
comprise a normal / benign state and a malignant
state. The biological states may comprise a benign
state and an early state. Thus, the Examples below
show that a combination of 340 lipids, as shown in
Table D3, may be analysed in a sample in order to
determine the status of a sample. The Examples show
that the is capable of revealing whether the sample is
normal or diseased (ovarian cancer). These lipids may
also be used to further determine whether such a
sample is a benignsample or a malignant sample.
Further analysis with these lipids may be done to
determine whether such a sample is an early stage
sample or a late stage sample. The methods and
compositions described here involve determining lipid
concentrations in a sample. The concentrations may be
those of the lipids in a lipid combination disclosed
herein and means of obtaining the concentrations are
described in detail below. LIPID COMBINATIONS Our
methods may involve determining lipid concentrations
of a number of lipids. The combination of lipids may
comprise any two or more choline lipids, such as
phosphatidylcholine (GPCho) or sphingomyelin (SM) or
both. The combinations may comprise any two or more
lipids selected from the group consisting of:
phosphatidic acid (GPA). They may comprise
phosphatidylglycerol (GPGro), phosphatidylserine acid
(GPSer), sulfatides, cardiolipin,
phosphatidylethanolamine (GPEtn), phosphatidylinositol
(GPIns), phosphatidylinositol phosphates (GPInsPs),
ceramide (Cer), mono hexosyl ceramide (MonoHexCer) and
di hexosyl ceramide (DiHexCer). The combinations may
comprise lipids from more than one class. We therefore
disclose combinations of lipids comprising, such as
consisting of, all or substantially all of the (a)
lipids shown in Table Dl; (b) lipids shown in Table
D2; (c) lipids shown in Table D3; (d) lipids shown in
Table E4; and (e) lipids shown in Table E6. We further
disclose combinations of such combinations. We further
disclose combinations of any two or more lipids from
each of these tables. The two or more lipids may be
contiguous or non-contiguous. For example, we disclose
a combination of 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30,
40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150,
160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 260,
270, 280, 290, 300, 310, 320, 330, 33 1, 332, 333,
334, 335, 336, 337, 338, 339 or 440 lipids from any of
these tables, for example, Table D3. Any number of
lipids within the 340 lipids shown in Table D3 may be
employed for the purposes described in this document.
For example, all or substantially all of these lipids
may be used. A s another example, combinations
comprising subsets from the 340 lipids mayalso be
employed. Thus, a combination of any n lipids of the
list of 340 lipids, where n < 340, may be used for
such analysis. Such combinations may comprise
contiguous subsets or non-contiguous subsets. For
example, combinations may be formed primarily from the
top half of the list of Table D3. 



They may be formed primarily from the top third of the
list, the top quarter, the top fifth, the top sixth,
the top seventh, the top eighth, the top ninth or the
top tenth of the list. Thus, subsets may be formed
from the first 170, the first 114, the first 85, the
first 68, the first 57, the first 49, the first 43 or
the first 38 members of the list. In general terms,
subsets of the list of Table D3 lipids may, for
example, include a certain number of lipids from top
of the list of lipids shown in Table D3. Such lipid
combinations may comprise the first n lipids from the
list of lipids shown in Table D3. For example, n could
be 82. Such a combination of lipids is shown in Table
D2. A further combination of lipids could comprise the
first n lipids from the list of lipids shown in Table
D3, where n = 44. Such a combination of lipids is
shown in Table E6. Yet another combination of lipids
may comprise the first 30 lipids from the list of
lipids shown in Table D3 (i.e., n = 30). Such a
combination of lipids is shown in Table E4. Other
combinations comprising subsets of the list of 340
lipids may comprise a selection of lipids from Table
D3, based on any suitable criteria, such as lipid
class, molecular weight, side group, etc. For example,
subsets may be formed comprising all lipids in
particular lipid class from the lipids set out in
Table D3. A subset may comprise choline lipids, for
example. Such an example subset is shown in Table D l
(below), and comprises a list of 77 choline lipids.
Lipid nomenclature is as described in Fahy, et al
(2005). A comprehensive classification system for
lipids. Journal of Lipid Research, Vol. 46, 839-862.
List of 77 Choline LipidsSURFACE COATING FOR HARD DISK
DRIVE CAVITY Technical Field This invention relates to
the application of functional coatings to components
with exposed surfaces within the clean cavity of the
hard disk drive (HDD) such as head disk assembly (HDA)
for increased reliability by lowering rhe number and
size of free, third body particles . Background The
HDA clean cavi tzy contains various components
including one or more components with a magnetic
coating for storage of data, referred to as media, and
one or more recording heads, referred to as head, for
the writing and retrieval of the data onto and from
the media. Coatings of diamond like carbon (DLC) are
being applied to the head and the media to improve tne
wear characteristic by reducing the friction between
these components with are moving relative to each
other. In 



particular, the spacing between tne media and the head
is only a few angstroms. The head and tne media move
relative to each other. Any free particle on the
surface of the media has a finite probability to cause
damage to either the head or the media. This damage
may result in the loss of data. The source of these
free particles is the other components with exposed
surfaces witnin the HDA. The development of the
technology of HDD supporting increases in aerial
density over the past sixty years require that the
head and media soacin s be reduced. Thereduction in
the head and media spacing results in small particles
of sub-micron dimensions having a higher likelihood of
causing damage. Additionally, the introduction of
perpendicular recording technology into the HDD has
required changes to the media, resulting in the
magnetic coatings on the media being susceptible to
damage from any free particles within the HDA.
Previously any hard particle from a metallic componenr
had a much higher likelihood of resulting in damage io
the media or head. In HDD using perpendicular
recording technology, any free particle, including
organic materials from bothinorganic and organic
materials, have the likelihood of causing damage to
the media similar to a metallic particle on the older
longitudinal recording media. Current HDDs suffer from
particle contamination during the operation and lead
to short life span of HDD. Particles are generated
from surfaces that expose to the air that circulate in
high speed within the HDD enclosure. The turbulent air
causes the particles to scatter on the media surfaces
and lead to early failure of the head and media
interface which the flight height is just in terms of
few nanometers in height. Hard particles are one of
the main causes for such failure. One of the
possibilities is the hard particle generated from the
inner surface of HDD enclosure and the components that
within the HDD that form the HDA. Most of the
surfaces, even though are highly polished or smooth,
may be sources for the generation of particles through



the external static attraction of dust or loose
particles generated from the surfaces. An additional
cause for particles to loosen from the exoosed
internal surfaceswithin the HDD is moisture or
humidity within the ambient air. The largest areas
exposed and able to generate particles are the base
plate and the top cover. Both are typically either
electroless nickel plated (EN plated) or
electro-coating (e-coating) . For current 1.8" HDD,
the top cover and base plate are usually EN plated.
FIG. IA-B show the SEM morphology 2,4 of EN coated
stainless steel base plated. FIG. IA and IB shows SEM
micrographs 2,4 of electroless nickel plating (EN) . A
s shown in FIG. IA, some areas of the coated surfaces
consist of loosely adhered particles 8 , in this
sample shown in FIG. IA Ni(P) particles. The loose
particles might fall off during the HDD operation. The
particles remain in the HDD and likelihood that
particle drop on the media surfaces and cause damages
between the head and media during the spinning in high
speed. FIG. 2A-2C shows schematic diagrams 40,50,52 of
particle generation form a surface such as an XN
layer. The EN grow mechanism is originated from
islands that form in the EN layer, where the islands
form grains 44 and grain boundaries 44, as shown in
the diagram 40 of FTG. 2A. FTG. 2B shows in diagram 50
the weak point 46 of the EN failure contributed for
degradation over time due to humidity or a weak link.
FIG. 2C shows in diagram 52 loose and hard free
particles 48 created that potentially could cause
damage. Attempts have been made to reduce risk of
damage to the head or media. One attempt is to
position a high efficiency filter within the HDA
cavity to remove the free particles during operation.
However, the filter is only effective on a small
percentage of the air flowingbetween the head and
media. Thus, the source of these free particles has to
be treated so as to slow down the release of the
particles before the reliability is improved. As of
now, there are two coatings for the motor base and the
top cover components. One of the coatings uses is 



electrocoating of paint (e-coating) with a thickness
between 4,000 and 10,000 nanometers (4 to 10 microns).
The advantage of e-coating is the cost. The
disadvantages of e-coating are control of Sn
outgassing, scratch resistance, non-conducting,
cleanliness and ability to remove particles from the
surface during cleaning. The other coating is
electroless nickel plating (EN) coating with a minimum
thickness of 5,000 nanometers (5 microns) and maximum
thickness up to 60,000 nanometers (60 microns). The
disadvantages of EN coatings are cost, quality control
for adhesion, cleanliness, and ability to remove
particles form the surface during cleaning. The voice
coil magnet with associated pole and the disk clamp
are typically coated with EN. The voice coil wire is
insulated with uncoated. PVC (polyvinylchloride) . Tne
other aluminum and steel parts are only chemically
passivated and the plastic parts are typically
uncoated. Previously, contamination within the HDA is
managed y cleaning of the components of the HDA and
subsequently handing these components in clean rooms.
Components with common coatings sucn as electroless
nickel plating and electrical paint deposition
(e-coatings) are subjected to multiple cleaning cycles
including detergents, ultrasonic washes, and rinses
with Dl water. Improvements to the cleanliness of the
HDA components is by increasing tnenumber of cleanings
and rinse cycles, using sprays, and improving
detergents. The clean rooms assembly's requirements
have been improved. Hence, now the HDA components are
handled in clean bags, moved in clean containers, and
are assembled in environment near to Class 1 . Class 1
is the clean room classification where the particle
counts do not exceed a total of 3000 particles/m 3 of
a size of 0.5mm (micron) or greater. The greatest
particle present in any sample Typically does not
exceed mm (micron) . These attempts to improve are
unable to meet tne required HDA cleanliness of the
current HDD technology. Particle contamination within
the HDA is resulting in consumer data loss. The
technology being used to manage 



data loss such as RAID systems and/or data back-up and
recovery systems are both expensive and difficult to
manage. Within the HDA, a ramp is incorporated to
remove the head from contact with the media during non
use. Removing the head from the media provides the
capability for the HDD to experience high shock levels
with a lower likelihood of data loss or decrease in
reliability. Tne ramp generates fine particles during
the process of lifting the head off the media and
again when loading the head onto the media. Existing
methodology that is used to prepare, and to clean the
components with surfaces exposed interior to the HDA
is no longer capable to meet current new product
requirements. There is thus a need to minimize such
problem and incident and thus to increase the mean
time between failure (MTBF) of the HDD. There is a
need for anew methodology to reduce the number of
small particles, for example, 0.05 micron size and
smaller. Summary According to a first aspect, there is
provided a hard disk drive (HDD) case having a caviry
configured to locate a HDD assembly therein, the
cavity being coated with a coating characterized in
that the center line average roughness (R s) of the
coated surface is lOOnm or less. Advantageously, the
coated surface having a Ra of lOOnm or less is a very
smooth surface and hence the coating surface reduces
the number of free particles that adhere to said
cavity. Advantageously, the roughness of the surface
of the coating is less than the roughness of a coating
tnat has been formed in an Electrocoating ("E-coat")
step. Hence, the smoothness of the coating in the
disclosed first aspect is greater than the smoothness
of a coating that has been formed in an E-coat steo.
Advantageously, the rougnness of the surface of the
coating is less than the roughness of a coating that
has been formed in electroless nickel ("EN") coating
step. 



Hence, the smoothness of the coating in the disclosed
first aspect is greater than the smoothness of a
coating that has been formed in an EN coat step. In
one embodiment, there is provided a hard disk drive
(HDD) case having a cavity configured to locate a HDD
assembly therein, the cavity being coated witn a
coating characterized in that the center line average
roughness (R a) of the coated surface is less than
about80nm , preferably less than about 50nm , more
preferably less than 25 nm. In one embodiment, there
is provided a hard disk drive (HDD) case having a
cavity configured to locate a HDD assembly therein,
the cavity being coated with a coating that has been
formed by a method selected from the group consisting
of an aerosol deposition method, a sputtering method,
a chemical vapor deposition method, and a sol-gel
method, and wherein the center line average roughness
(R ) of the surface of the coating is 100 nm or less .
According to a second aspect, there is provided a
method of coating a hard disk drive (HDD) case having
a cavity configured to locate a HDD assembly therein,
the method comprising the step of forming coating on
the surface of the cavity such that the center line
average roughness (R a) of the surface of the coating
is lOOnm or less. In one embodiment, the forming srep
is selected from the group consisting of an aerosol
deposition method, a sputtering method, a chemical
vapor deposition method, and a sol-gel method.
According to a third aspect, there is provided a
coated hard disk drive case, the coating of the case
having been formed from a sol-gel, wherein said
sol-gel comprises at least one of a metal alkoxide or
a metal halide; and wherein said coating is capable of
reducing the number of free particles that adhere to
thereon. In one embodiment, there is provided a coated
hard disk drive case, the coating of the case having
been formed from a sol-gel containing at least one of
a metal alkoxide and a metal halide disposed in a
polymerizablemedia, and wherein upon polyermisation of
the sol-gel, 



the center line average roughness (R 3) of the surface
of the coating is lOOnm or less to thereby reduce the
number of free particles thar adhere to the surface of
the case. In one embodiment, there is provided an
organicinorganic coating for coating a hard disk
drive, the coating comprising: at least one of a meral
alkoxide or a metal halide, wherein said coating is
capable of decreasing the number of free particles and
limiting the size of the free particles that
contaminate the hard disk drive. In one embodiment,
the coating further comprises inorganic nano-particles
or micro-particles. In another embodiment, the coating
further comprises at least one of cabon nanoparticles
or carbon nanotubes. In one embodiment, there is
provided a method of reducing contamination in a hard
disk drive comprising the step of applying a coating
as disclosed herein to the hard disk drive. In one
embodiment, there is provided a hard dls k drive (HDD)
having a ioase, a cover, and a head disk assembly
having hard disk drive components, the base, cover and
components having surfaces defining a disk drive
cavity, the surfaces being coated with a coating to
decrease the number of free particles and limit the
size of the free particles that contaminate the head
disk assembly. In another embodiment, there is
provided a method of reducing contamination in a hard
disk drive (HDD) , the hard disk drive having a base,
a cover, and a head disk assembly having hard disk
drive components, the base,cover and components having
surfaces defining a disk drive cavity, coating a
surface in the disk drive cavity with a coating to
decrease the number of free particles and l im it the
size of the free particles that contaminate the head
disk assembly. In one embodiment, the coating
comprises a single layer. The coating may comprise
multiple layers. The coating may be applied with wet
chemical deposition or physical vapor deposition. The
coating may comprise 



hybrid layers, wherein the coating is applied with a
wet chemical deposition and physical vapor deposition.
In an embodiment, the coating may comprise
nanoparticles . The coating may be nonconductive with,
for example, at least 109 Ohm-cm resistivity. The
coating may be antistatic with, for example, 103
Ohm-cm to 109 Onm-cm resistivity. The coating may be
conductive with, for example, 10~ Ohm-cm to 10 Ohm-cm
resistivity. In an embodiment, the coating may be
applied to any metallic component for the purpose of
protecting the component from corrosion. The coating
may be applied to any component to improve the
component's anti-static characteristics. The coating
may e applied to any component to increase the
component 's electrical conductivity. The coating may
be applied to any component to increase the head disk
assembly overall electro magnetic shielding
characteristic. The coating may be applied in a
process that integrates ultrasonic cleaning process
immediately before coating deposition and in the same
controlled environment. The coating may be applied in
a process that integrates an in-line
interlockingsystem of clean environments including an
environment for the deposition of the coating. In an
embodiment, the head disk assembly comprises a ramp
and a mating assembly, the coating applied to the ramp
for the reduction of particles generated during
sliding of the mating part on the ramp. The coating
may be applied to the mating part. The coating may be
applied to the hard disk drive motor base component
with exposed surfaces within the hard disk assembly
that reduces the number of potential particles on the
surface of the component, and provides for the removal
of particles with higher efficiency during cleaning.
The coating may be applied to the hard disk drive
motor components with exposed surfaces within the hard
disk assembly that reduces the number of potential
particles on the surface of the component, and
provides for the removal of particles with higher
efficiency during cleaning. The coating may be applied
to the hard disk drive top cover 



with exposed surfaces within the hard disk assembly
that reduces the number of potential particles on the
surface of the component, and provides for the removal
of particles with higher efficiency during cleaning.
The coating may be applied to the hard disk drive
latch and latch assembly with exposed surfaces within
the hard disk assembly that reduces the number of
potential particles on the surface of the component,
and provides for the removal of particles with higher
efficiency during cleaning. The coating may be applied
to the hard disk drive ramp assembly with exposed
surfaces within the hard disk assembly that reduces
the number of potential particles on the surface of
the component, and providesfor the removal of
particles with higher efficiency during cleaning. The
coaring may be applied to the hard disk drive voice
coil assembly with exposed surfaces within the hard
disk assembly that reduces the number of potential
particles on the surface of the component, and
provides for the removal of particles with higher
efficiency during cleaning. In an embodiment the
coating is a thin layer film of nanometer thickness or
micrometer thickness. The coating may be applied on an
electroless nickel (EN) plating layer. Definitions The
following words and terms used herein shall have the
meaning indicated: The term "surface roughness" means
unevenness or ruggedness present of the surface of an
object at narrow spacing. Standard measurement and
evaluation of these surfaces nave been accepted in the
United States as defined in American Standards
Association Document B .46. 1-1962, entitled "Surface
Texture." Tne terminology used in discussing surface
texture uses sucn terms as "roughness," "waviness, "
"roughness-width cutoff," "lay," and "flaws." Document
B46. 1-1962 also describes a measurement technique for
evaluating the surface wave form to arrive at the
arithmetic-average (AA) , which is also referred to as
"center line average" (CLA) . 



The term "liquid particle count" or LPC in the context
of this specification refers to a numerical
measurement of the quantity and size of particles in
insizu or flowing liquids. Such measurements can
beobtained using a commercially available Liquid
Particle Counter. The term "-free particle" in the
context o f this specification means a particle that
is capable of being physically adhered or stuck t o
the surface of a hard disk drive case but which may b
e detached upon application of a force (ie such as b y
wiping the particles away from the case) . The term
"chalcogen" is t o b e interpreted broadly to refer to
atoms of Group VIA of the Periodic Table of Elements.
More particularly, the term "chalcogen" includes
elements selected from the group consisting of oxygen
(O) , sulfur (S) , selenium (Se) , and tellurium (Te)
. The term "chalcogenide" is to b e interpreted
broadly to refer to a binary or multinary compound
containing at least one chalcogen and at least one
electropositive element o r radical. Tne term metal
chalcogenide" is to b e interpreted broadly t o refer
to a chalcogenide in which the at least one
electropositive element is a metal cation. The term
"nano-sized" a s used nerein relates t o an average
particle size of less than aoout lOOOnm, particularly
less than about 200 ran, more particularly between
about 1 nm to about 100 nm. The term "micro-sized" a s
used herein, unless specified, relates to an average
particle size o f between about lum t o about lOO mm .
unless specified otherwise, the terms "comprising" and
"comprise", and grammatical variants thereof, are
intended to represent "open" or "inclusive" language
suchthat they include recited elements but also permit
inclusion of additional, unrecited elements. A s used
herein, the term "about", in the context of
concentrations of components of the formulations,
typically means +/- 5% of the stated value, more 



typically +/- 4% of the stated value, more typically
/- 3% of tne stated value, more typically, --/- 2% of
the stated value, even more typically +/- 1% of the
stated value, and even more typically +/- 0.5% of the
stated value. Throughout this disclosure, certain
emoodiments may be disclosed in a range format. It
should be understood that the description in range
format is merely for convenience and brevity and
snould not be construed as an inflexible limitation on
the scope of the disclosed ranges. Accordingly, the
description of a range should be considered to have
specifically disclosed all the possible suD-ranges as
well as individual numerical values within that range.
For example, description of a range sucn as from 1 to
6 should be considered to nave specifically disclosed
sub-ranges such as from 1 to 3 , from 1 to 4 , from 1
to 5 , from 2 to 4 , from 2 to 6 , from 3 to 6 etc.,
as well as individual numoers within that range, for
example, 1 , 2 , 3 , 4 , 5 , and 6 . This applies
regardless of the breadth of the range. Detailed
Description of Embodiments Exemplary, non-limiting
embodiments of hard-disk drive case having a cavity
configured to locate a HDD assembly tnerein, the
cavity being coated with a coating characterized in
that the center line average roughness(R a) of the
coated surface is lOOnm or less, will now be
disclosed. In one embodiment, the hard-disk drive case
is an aluminum case. The coating may be formed by a
method selected from the group consisting of an
aerosol deposition method, a sputtering method, a
chemical vapor deposition method, and a sol-gel
method. In one embodiment, the sol gel method is used
to coat the cavity of the HDD assembly.
Advantageously, the sol-gel method when carried out
with the coating described herein, produces a coating
which is smoother than a conventional coating that has
been formed in an E-coat step or a EN plating step
(wnicn are generally adopted in hard disk industries)
. While not being bound by theory, it is believed that
because the 



coated surface formed using the sol gel method has a
center line average roughness (R a) of lOOnm or less,
free particles having a size of 0.1 microns or larger
would be less likely to be trapped on the surface
irregularities of the coated surface. In one
embodiment, free particles having a size from of from
about 0.3 micron to about 1 micron is not able to
adhere to the coated surface. In one embodiment, the
center line al^erage roughness (R a) of the coated
surface is less than aoout 80nm, preferably less than
about 50nm, more preferably less than 25 nm. In one
embodiment, the Ra of the coating is in the range of 1
nm to 100 nm or from 1 nm to 50 nm or from 1 nm to 25
nm or from 1 nm to 10 nm or from 10 nm to 100 nm or
from 25 nm to 100 nm or from 50 nm to 100 nm. When the
sol-gel method is used, it is also preferably that the
coating comprises at least one of a metal alkoxide,
metal oxide, a metal halide, a polycarbon compound
containing a metal and/or silicon, or mixtures
thereof. Preferably, the precursors used in the
sol-gel method disclosed herein are metal alkoxides
and metal halides such as metal chloride. The
precursors usually undergo hydrolysis to form a
gel-like substance that can be used to coat the HDD
cavity upon coating, the gel-like substance is then
dried to produce a densified coating material on the
HDD cavity surface. In one embodiment, the coating
disclosed herein is formed as a continuous layer of
film over the surface to be coated and is not porous.
Advantageously, the continuity of the coating layer
significantly reduces the likelihood of free particles
being trapped on the coated surface . The coating for
coating a hard disk drive cavity may comprise
nano-particles or micro-particles. The nanoparticles
may be organic, inorganic or a mixture of botn organic
and inorganic nanoparticles . Advantageously, tne
nano-particles or micro-particles may be added to
increase the hardness and/or conductivity of the
coating. In one embodiment, the sol-gel from wnich the
coating is formed has nano-particles and/or
microparticles 



contained therein. In one embodiment, the coating is
an organicinorganic coating and may comprise at least
one of a metal alkoxide, metal oxide or a metal
halide, wherein said coating is capable of decreasing
the number of free particles and limiting the size of
the free particles that contaminate the hard disk
drive. In another embodiment, the coating further
comprises at least one inorganic nano-particle . In
yet another i Oembodiment, the coating further
comprises at least one of carbon nano-particles or
carbon nanorubes, The metal alkoxide disclosed herein
may be selected from the group consisting of silicon
alkoxide, titanium alkoxide, germanium alkoxide and
aluminum alkoxide. In one embodiment, the metal
alkoxide is selected from a group consisting of
tetraethoxysilane, tetramethoxysilane,
methyl-triethoxysilane, 1,2- Bis (trimethoxysilyl)
ethane, silicon tetraisomyloxide, aluminum butoxide,
aluminum isopropoxide, tetraethyl orthosilicates and
combinations thereof. The metal alkoxide of the
coating may be from about 10 weight percent to about
90 weight percent of the coating, from about 20 weight
percent to about 80 weight percent of the coating,
from about 30 weight percent to about 70 weight
percent of the coating, from about 40 weight percent
to about 60 weight percent of tne coating, or from
about 50 weight percent to about 90 weight percent of
tne coating. The metal halides disclosed herein may
include metal fluoride, metal bromide, metal cnloride
and metal iodide and mixtures thereof. The metal
halides of the disclosed coating may be from about 10
weight percent to about 90 weight percent of the
coating, from about 20 weight percent to about 80
weight percent of the coating, from about 30 weight
percent to about 70 weight percent of the coating,
from about 40 weignt percent to about 60 weight
percent of the coating, or from about 50 weight
percent to about 90 weight percent of the coating.
Exemplary metals of the metal alkoxide, metal halide 



or inorganic nanoparticies may include, but are
notlimited to, Mg, Ca, Sr, Ba, Ag, Zn, Fe, Cu, Co, Al,
Ce, Sn, Zr, Nb, Ti and Cr. The inorganic
nanoaparticles disclosed herein may b e metal, metal
chalcogenides, charcoal, carbon, silicon, mixtures
thereof or any other semiconductor component known to
those skilled in the art. The metal chalcogenides may
b e selected from the group consisting o f ZnS, ZnSe,
ZnTe, PbS PbSe, PbTe, CuS, CuSe, CuTe, CdS, CdSe,
CdTe, MnS, MnSe, MnTe, A g2S , A g2Se, A g2Te, ZnO,
TiO 2 , CeO 2 , SnO 2 , Fe3O4 , Fe 2O3, ZrO 2, CuO,
MnO 2 , Cu2O , A l2O3, V 2O3, Nb2O5, NiO, InO 3 , HfO
2 , C r2O3 , T a2O5, G a2O3, Y2O3, MoO 3, MgO, CaO,
BaO, TiO 2 , SrO, ZnO, Mn2O3 , Fe2O 3, FeO, ZrO 2 , V
2O3, V2O5, CuO, NiO, A l2O 3, SiO 2 , ZnO, A g2O ,
mixed metal oxides such as MgO/Al 2O 3 and C o O4 . In
one embodiment, the disclosed metal oxide particles
are selected from the group consisting o f MgO, CaO,
BaO, TiO 2 , SrO, ZnO, M n2O3, Fe2O3, FeO, ZrO 2 ,
V2O3, V 2O5 , CuO, NiO, A l2O3 , SiO 2 , ZnO, A g2O ,
mixed metal oxides such as MgO/Al 2O3 and their
mixtures thereof. The metal oxide particles may b e
coated or uncoated. In anotner embodiment, the
inorganic nano-particles are selected from the group
consisting o f Zn nano-particles, T i nanoparticles,
Cr nano-particles, Cu nano-particles, A u
nanoparticles, Pt nano-particles, TiO 2 nano-particles
and A l2O3 nano-particles. The inorganic
nano-particles or carbon nanoparticles may have an
average particle size o f about 10 nm to about 200
rim; about 10 nm to about 2 0 nm; about 10 nm to about
50 nm; about 10 nm to about 100 nm and about 50 nm to
about 10 nm. The inorganic nano-particles o f the
disclosed coating may be from about 0 weight percent
toabout 5 weight percent of the coating, from about
0.5 weight percent to about 4 weight percent of the
coating, from about 1 weight percent o about 3 weight
percenr of the coating, or from about 1.5 weight
percent to about 2 weight percent of the coating. In
one embodiment, the carbon nano-particles and/or
carbon nanotubes is from about 0 weight percent to
about 20 weight percent of the coating, from about 5
weight 



percent to about 15 weight percent of the coating,
from about 5 weight percent to about 10 weight percent
of the coating, or from about 10 weight percent to
about 15 weight percent of the coating. The coating
may be applied to the hard disk drive by wet chemical
deposition or by physical vapor deposition. In one
embodiment, the coating is conductive with 10~D Ohm-cm
to 10 Ohm-cm resistivity. Advantageously, when applied
to the hard disk drive, the coating mav increase the
hard disk drive overall electro-magnetic shielding
characteristics. More advantageously, when applied to
the hard disk drive, the coating can also desirably
increase the head disk assembly electrical
conductivity. In one embodiment, the coating is
applied in a process mat integrates ultrasonic
cleaning process immediately before coating deposition
in a same controlled environment. Advantageously, only
one single environment is required in the production
of the hard disk drive. In another embodiment, the
coating is applied in a process that integrates an
in-line interlocking system of clean environments
comprising an environmentfor the deposition of the
coating. Advantageously, this allows an in-line
production of the hard disk drive. The hard disk drive
disclosed herein may comprise a base, a cover and a
head disk assembly. Accordingly, the coating may b e
applied to ar least one of the base, the cover and the
head disk assembly. The head disk assembly of the hard
disk drive may also comprise a ramp and a mat: ing
assembly. In this case, the coating may also be
applied to at least one of the ramp and the mating
part to reduce the particles generated during sliding
o f the mating part on the ramp. Advantageously, this
increases the head disk assembly overall
electro-magnetic shielding characteristics. The hard
disk drive disclosed herein may further comprise a
hard disk drive motor base component with exposed
surfaces within the hard disk drive. In another
embodiment, the hard disk drive further comprises a
hard 



disk drive latch and latch assembly witn exposed
surfaces within the hard disk drive. In yet another
embodiment, the hard disk drive further comprises a
hard disk drive voice coil with exposed surfaces
witnin the hard disk drive Application of the coating
to the exposed surfaces of components described above
allows reduction of the number of potential particles
on the exposed surface of the component and allows the
removal of particles from the component during
cleaning to proceed with higher efficiency relative to
an exposed surface which has not been coated with said
coating. In one embodiment, tne coating is applied on
an electroless nickel (EN) plating layer.The coating
disclosed herein may be a single layer coating or a
multiple layer coating. In one embodiment, at least
one layer of the coating is a thin layer film in
nanometer thickness. Accordingly, when the thin layer
film is in nanometer thickness, the thickness of the
thinlayer film ranges from about 10 nm to about 100
nm, from about 2 0 nm to about 90 nm, from about 30 nm
to about 80 nm, from about 40 nm to about 70 nm, or
from about 50 nm to about 60 nm. In another embodiment
at least one layer of the coating is a thin layer film
in micrometer thickness. Accordingly, when the thin
layer film is in micrometer thickness, the thickness
of the thin layer film ranges from about 1 microns to
about 50 microns, from about 10 microns to about 40
microns, or from about 20 microns to about 30 microns.
The coating may also b e used in a method of reducing
contamination in a hard disk drive, comprising the
step of applying the coating to the hard disk drive or
its individual components. Brief Description Of
Drawings In order that embodiments of the invention
may be fully and more clearly understood by way of
nonlimitative example from the following description
taken in conjunction with the accompanying drawings in
that like reference numerals designate similar or 



corresponding elements, regions and portions, and in
which : FIG. 1A-1B show SXM morphology of EN coated
surfaces;FIG. 2A-2C show schematic diagrams of
particle generation form a surface; FIG. 3 shows
expanded perspective views of components and
assemblies with exposed surfaces within a head disk
assembly (HDA) in accordance with an embodiment of the
invention; FIG. 4 shows a flow chart diagram of an
embodiment of the invention; FIG. 5 shows an 01
surface coating in accordance with an embodiment of
the invention; FIG. 6A-6B show SEM morphology of EN
coated surfaces applied in accordance with an
embodiment of the invention; and FIG. 7 shows a table
showing the comparison of results achieved with a
surface coating in accordance with an embodiment of
the invention compared with a conventional process of
cleaning without the surface coating in accordance
with an embodiment of the invention. FIG. 8A-8C show
SEM morphology comparison between conventional EN
coated surfaces (FIG. 8A), conventional E coated
surface (FIG. 8B) and the coated surface m accordance
with an embodiment of the invention; and FIG. 9A- 9B
show SEM morphology comparison between an uncoated
aluminum surface (FIG 9A) and the coated surface of
the aluminum surface in accordance with an embodiment
of the invention (FIG 9B) . Detailed Description FIG.
3 shows expanded perspective views of components and
assemblies with exposed surfaces within a ? iHDD 10 in
accordance with an embodiment of the invention. The
HDD 10 comprises a first cover 12 and a second cover
32. The HDA comprises components such as spindle 1 4
for disk 2 4 and read/write heads 20 and actuator 22.
The printed circuit cable 16 and base casting connects
to the 



printed circuit board 30 via connector 26 and I/O
connector 28. The internal components include spindle
motor components, all of the HDA enclosures, recording
head and recording media as well as the HDA. The HDA
clean cavity contains various components including one
or more components with a magnetic coating for storage
of data, referred to as media, and one or more
recording heads, referred to as head, for the writing
and retrieval of the data onto and from the media.
Application of coatings having nano-particles forming
nano or micron films in accordance witn an embodiment
of the invention to the head and the media to improve
the wear characteristic by reducing the friction
between these components with are moving relative to
each other. The surface to be coated may be defined as
any surfaces (metal, plastic, ceramic, conductor,
insulator, and the like) tnat expose to the
environment (the surface interface with the air
circulation) that housed the platter and read/write
head inside the HDD. For example, base plate, top
cover, spindle motor and spindle components to
assemble the platter, latch and latch assemble, ramp
assembly, voice coil, flexible printed circuit
connectors and the like. The application of the
coating reduces the number of particles that are
generated from the surfaces during the operation of
the HDD. The coating functionalities may further
includeadhesion, mechanical strength, corrosion
resistant, antistatic discharged (ASD), and the like.
HDA may be defined as all the components housed within
the HDD enclosure to form the essential parts for HDD
excluded the PCBA. HDA may be defined as components to
be the components that with any of the surfaces expose
to the air that circulate within the enclosure during
the operation. For example, components include base
plate, top cover, spindle motor and spindle components
to assemble the platter, latch and latch assemble,
ramp assembly, voice coil, flexible printed circuit,
connectors, and the like. In general, all mechanical
parts with metal or nonmetal 



surface can be sources for loose particle generation.
Examples of the application of the coating in
accordance with embodiments of the invention are
discussed. An application in accordance witn an
embodiment of the invention is an Organic-Inorganic
(01) coating that may comprise, for example, the
following mixture : a . Metal alkoxides or metal
chlorides where tne Metal group may be Si, Ti and the
like; b . Inorganic nano-particles, for example, metal
nano-particles, Zn, Ti, Cr, Cu, Au, Pt and etc and
metal oxides, Tiq2 , A l2O and others; c . Carbon
nano-particles or nanotubes; d . Other additives and
stabilizers known to those skilled in the art. The
coating may be deposited by dipping, spraying,
spinning and any method that suitable for wet
chemicaldeposition. The solution may be formulated
with different viscosity to suit for various
deposition methods. An application in accordance with
an embodiment of the invention is a physical vapor
deposition (PVD) or chemical vapor deposition coating
that could be from any of deposition technology that
about to offer continuous thin film with thicknesses
of no more than lOmm , preferable less than 5mm and
typically less than 2mm . The coating shall be
continuous, homogenous and dense (nonporous) . The
coating may b e deposited, for example, by: a .
Magnetron sputtering or high power immersion
sputtering with either linear or round snape that
energized by either RF, mid frequency, DC pulsed, DC
or otner energy sources. b . Evaporation that may be
e-beam evaporation or thermal evaporation for both
ceramic and metal coating . c . Plasma ennanced, ECR
or thermal CVD that able to deposit various metal and
ceramic coating on metal and non-metal surfaces. d .
Arc or filtered arc that able to provide very 



dense and hard coating wnicn possibly to aeposit with
as long particle as possible. Materials that may be
deposited on tne metal, semi -metal or insulator
surface may be, for example Ti, Cr, Au, Pt, Ag, SiO2,
TiO 2, A l2O3, CrN, TiN, TiAlN, C , or the like. It
will be understood that C could be in the form of
graphite, amorphous diamond like carbon or
nano-crystal diamond like carbon structure, metal
containing carbon network, or the like. Basically, may
be any hard coating that able to offer dense and
continuous coating.In an embodiment o f the invention,
a layer may comprise electrolytic or electroless
plating with conductive metal or conductive metal with
inclusion of polymer or polymer with inclusion of
conductive nanosize metal particles. Organic-Inorganic
(01) coatings having nanoparticles in accordance with
an embodiment of the invention provide clean surfaces
within hard disk drive (HDD) components. An
application of functional coarings having
nanoparticles that deposited ro the Hard Disk Drive
(HDD) enclosure inner surface and components that
assemble the Head Disk Assembly (HDA) is disclosed. An
application for the coating of HDD components, for
example, within the head disk assembly (HDA) in
general and to the use of coatings being a thin film
of nanometer or micrometer thickness that may comprise
nanoparticles on the individual components with
surfaces exposed within the clean cavity of the HDD.
The use of coatings in accordance with an embodiment
of the invention increases the reliability of the HDD
against data loss since tne coatings have the
properties of reducing the numoer and size of
particles on the coated components and of improving
the efficiency of removing particles deposited on the
surfaces of the coated component using the industry's
existing aqueous cleaning systems. Tne properties of
the coatings are adjusted to improve the other surface
properties of wear resistance, corrosion resistance,
electrostatic efficiency, and conductivity. Multiple
coatings may be used, one or more of which use 



nano-particles, to meet all of the HDD
requirements,including an exterior coating for
reduction in the number and size of particles within
the HDA. In an embodiment, the coating is the surface
and structure of the thin film and may comprise
amorphous or nano-size grains. The surface has little
ro no loose particles. The coating has sufficient
adhesion and strength that is able to deposit to
metals, ceramics and insulators. The coating may be
conductive or with resistant qualities that provide
anti-static discharged properties (10 5 to 108 Ohm-cm)
. The organic-inorganic (01) process for coatings in
accordance with an embodiment of the invention may
include for example, an initial OI coating is a
nanoceramics with organo-polysiloxane applied with a
solvent base solution and in a dip coater. The initial
coating may be a material such as with 2 4 wt% Silicon
Oxide, 5 wt% resin, 32 wt% isopropyl alconol (IPA),
and 39 wt% Butyl Cellosolve (3CS) . The part coated is
a carbon steel base plate washed in a commercial
aqueous based cleaning system using ultrasonic
cleaning and Dl water. After rinsing and drying the
component is further processed through a standard acid
oatn to etcn the surface and remove all oxidation and
loosely adhered particles. Further cleaning could use
e-beam or other nigher energy surface cleaning
systems. The component is processed through a standard
dip coater and oven cured at 400C for 20 minutes.
After curing, the part is handled in a class 1,000
clean room and place sealed in clean bags. The coating
thickness may be 1,000 and 2,000 nano-meters (1 to 2
microns) .This coating is cleaner than the existing
industrycoatings, showing LPC measurements of counts
per sq inch of surface as shown in the table of FIG. 7
. FIG. 7 shows a table 90 showing the comparison of
results achieved with a surface coating in accordance
with an embodiment of the invention 94,96 compared
with a conventional process 92 o f cleaning without
the surface coating in accordance with an embodiment
of the invention. The typical steel base plate with
electroless 



nickel (EN) coating is measured as a control. The
number of particles counted at 0.3 microns and below
is 4,813 particles per sq inch of surface. The number
of particles counted at 0.3 microns for the coated
part is 1,732 particles, a 60% reduction in the number
of particles shedding from the surface. The particle
count uses a commercial liquid particle counter, DI
water, and ultrasonic to remove particles that are
counted with a laser detector. The component is passed
through the liquid particle counting process a number
of times, until the counter detects a nearlyconstant
reading from test to test. This reported number is a
measure of the cleanliness of the surface. ore
importantly, the probability of media damage and data
loss with tne HDA is directly proportional to the
number of particles released from the surface. A 60%
reduction in the number of particles counter reflects
a 60% decrease in the probability of data loss or a
60% increase in the reliability of the HDD for data
loss due to a 3 body collision between the head,
media, and a free particle.An OI coating is used for
the deposition of a coating meeting the stringent
specification for cleanliness for parrs within the HDA
at a favorably low temperature which minimized the
mechanical distortion and internal stress induced
within the component; material. The 01 materials are
used to make the coatings for the mechanical
components within the HDA. Low cost dip coating
equipment is used to deposit coatings on both metal
and plastic parts for all components internal to the
HDA. FIG. 5 shows the application 70 of a coating 74
using OI nano-particles 72. The surface coatings
deposited with OI nano-particles on a surface 76
within the HDA have characteristics of no loose or
imbedded particles and easy cleaning in existing HDD
aqueous ultrasonic equipment. Due to the nature of the
coating, fine particles cannot be trapped temporarily
and then released from small voids in the coatings.
The OI process 



deposits closely packed small nano-particles onto the
component surface 76. The nanostructure of the coating
is controlled by the choice of coating material and
the process parameters of solvents, time, and baking
temperatures . An example of tne methodology in
applying the coating in accordance with an embodiment
of the invention is a combination of above coating
methods to form a single or hybrid system coating on
different surfaces and different parts to achieve
better cleanliness. Cleanliness may be defined witn
readings and measures taken by the Liquid Particle
Counter (LPC) . The part to be measured is dipped into
the Dl water with ultrasonicagination. The part is
washed several times until the particle value obtained
is stable. A reading for example of a conventional EN
plated 1.8" base plate shows a final reading for the
EN coated base plate is around 3000-6000 particle, for
example 4768 (>0 .3mm )/cm2 . The quality of the
coating could be fluctuating depending on the batches
and subsequent HPA analysis revealed that there is
presence of NiP particles corresponding to the EN
coating. Such SEM micrographs are shown in FlG. 1A-1B
of EN coated substrate as discussed. An example of an
embodiment of the invention includes application of
coating on base plates and top covers by aluminum or
steel. The base plates and top covers typically
manufactured by stamping and forming the dimension and
shape. Some areas are machined to the specification.
The part is treated with de-burring process to remove
some shape edges. FlG. 6A and 63 illustrate the SE
micrographs 80,82 of an organicinorganic (01) coated
substrate at 3,500 magnification shown in FIG 6A and
at 5,000 magnification shown in FIG. 6B . In
embodiments, single, multiple or hybrid layers may be
deposited. In a single layer embodiment, the single
layer may comprise a single OI layer coating. In a
multi layer embodiment, the multi layer may comprise
multiple OI layer coating, in a hybrid layer
embodiment, the hybrid layer may comprise electroless
or electroplating 



of metal, metal with polymer network or polymer with
metal inclusion as base layer, such as electroless N i
or electroplating of Zn and follow by single or
multiple layer of 01. One of the possible formulations
60 with EN as base layer and followed by single layer
OI is shown inFIG. 4 . Where layer 1 is a layer of
electroless nickel plating (EN) where the process flow
comprises pretreatment and EN plating 62, followed by
electroless nickel plating 63, solution preparatin 64,
dip coating 66, curing of substrate (s) 68, and
cleaning process 69. Before performing electroless
nickel plating, the material to be plated musi be
cleaned by a series of cleaning chemicals such as
bases and acids, this process is called the
pre-treatment process of parrs for EN plating. Failure
to remove unwanted "soils" from the part's surface
would result in poor plating. Each pretreatment
chemical must be followed by water rinsing (normally
two to three times) to remove the chemical that
adheres to the surface. Degreasing removes oils from
surface; acid cleaning removes scaling. Activation is
done with a weak acid etch, or nickel strike, or, m
the case of non-metallic substrate, a proprietary
solution. After the plating process, plated materials
must be finished with an anti-oxidation or
anti-tarnish chemical (trisodium phosphate, cnromate
etc) and pure water rinsing to prevent unwanted
stains. The rinsing materials must then be completely
dried off or sometimes bak:ed off to obtain the full
hardness of the plating film. Electroless nickel
plating is an auto-catalytic reaction used to deposit
a coating of nickel on a substrate. The alloys with
different percentage of phosphorus, ranging form 2-5
(low phosphorus) to up to 11-14 (high phosphorus) are
possible. The metallurgical properties of alloys
depend on the percentage of phosphorus.In this
embodiment layer 2 , the OI layer, may comprise for
example 20 ml of Methyi-trimethoxysilane, 0.6 ml of
Sulphuric acid, 50 m l of De-ionized (Dl) water, 150
ml of Methanol, 0.05 grams of Polyvinyl pyrrolidone
(PVP K30). Alternately metal/ceramic nanoparticles may
be 



added. In the solution preparation in accordance with
an embodimenr of the invention the process flow may
comprise metal/ceramic nanoparticles and PVP-300K are
added into Dl water followed by ultrasonic stirring
for 5 minutes. With stirring, concentrated sulphuric
acid is added dropwise into the mixture, followed by
addition of methyltrimethoxysilane and allowed to
ultrasonic for 30 minutes. Finally, methanol solvent
is added and the mixture is allowed to mechanical
stirred (~600rpm) for 20 minutes to achieve a
homogeneous suspension. Dip coating may comprise the
following steps where the substrate is submerged into
the above prepared mixture and held in the mixture for
2 to 5 seconds. Next, the substrate is withdrawn from
the mixture and is rotated at room temperature for 1
minute. With the substrate rotating, hot air is
applied to dry the substrate at aoout 100 0C for 5
minutes. Tne dried substrate is then cured in vacuum
oven at 130CC for 4 hours. Lastly, the substrate is
then cleaned, dried and inspected. Properties of the
coating in an embodiment of the invention may comprise
a thickness of preferably 50nm-5 mm . The particle
density with LPC method is preferably 200 - 2000
particles (>0 .3um) /cm2 . under hard particles
analysis (HPA) , no trace of NiP particles is
detected.In another embodiment, base plates and top
covers may be coated by aluminum or steel where the
base plates and top covers typically manufactured by
stamping and forming the dimension and shape. Some
areas are machined to the specification. The part may
be treated with de-burring process to remove some
shape edges. In embodiments, single, multiple or
hybrid layers may be deposited. In a single layer
embodiment, tne layer may comprise a single PVD layer
coating. In a multi layer embodiment, the multi layer
may comprise multiple PVD layer coatings with a
mixture of materials or properties, such as Cr-Cu-
Cr-Cu. or any metal, metal nitride or metal oxide
combinations with eacti layer of 5 to 500nm and final
thickness of 50nm to 5mm . The layer may comprise a
carbon 



network with different diamond (sp3) to graphite (sp2)
ratio, such as high sp3, low sp3 multiple layer to
form the final coating of dOnm to 2mm thickness.
Hyorid layers consist of electroless or electroplating
of metal, metal witn polymer network; or polymer witn
metal inclusion as case layer, sucn as electroless Ni
or electroplating of Zn and followed by a single or
multiple layer of PVD coating. One embodiment of the
possible formulations with EN as case layer and
followed by single layer PVD is, for example tne
recipe comprises layer 1 being a electroless nickel
plating (EN) base layer with a process flow including
pretreatment ana EN plating. A s discussed, performing
electroless nickel plating, the material to b e plated
must be cleaned by a series of cleaning chemicals such
as bases and acids, this process is called the
pre-treatment process. Failure to remove unwanted
"soils" from the part's surface wouldresult in poor
plating. Each pre-treatment chemical must b e followed
b y water rinsing (normally two to three times) to
remove the chemical that adheres to the surface.
Degreasing removes oils from surface; acid cleaning
removes scaling. Activation is done with a weak acid
etch, or nickel strike, or, in the case of nonmetallic
substrate, a proprietary solution. After the plating
process, plated materials must b e finished with an
anti-oxidation or anti-tarnish chemical (trisodium
phosphate, chromate etc) and pure water rinsing to
prevent unwanted stains. The rinsing materials must
then b e completely dried off o r sometimes baked off
to obtain the full hardness o f the plating film.
Electroless nickel plating is an auto-catalytic
reaction used to deposit a coating o f nickel on a
substrate. The alloys with different percentage o f
phosphorus, ranging form 2-5 (low phosphorus) t o up
to 11-14 (high phosphorus) are possible. The
metallurgical properties o f alloys depend on the
percentage o f phosphorus. Layer 2 in this embodiment
is a PVD coating where the PVD process comprises high
immersion power sputtering may b e used to deposit tne
seed layer t o promote the 



adhesion between EN and PVD coating. Magnetron
sputtering process is used to create the multilayer of
Cr and Cu with each thickness of lOnm eacn and final
thickness of 1 urn. The properties of the layer may
for example have a range o f conductivity such a s 10
to 10 4 Ohm-cm, with a thickness of 200 to 5mm and a
particle count o f 200 t o 2000 particles/cm 2 . In
another embodiment o f the invention, the application
o f the coating may b e applied to polymersurfaces,
for example base for arm assembly and voice coil and
flexible circuitry. Coating may be applied for example
using one of the following layers of hybrids of all: 1
. OI coating with dipping, spraying or spinning method
to offer a layer of coating on the plastic surfaces.
The layer is able to offer the properties such as
reducing the particle generation as well as to be
anti-static to reduce the attraction of particle
during the assembly. In additional, the additional
layer of such coating may further prevent the static
damage to the circuitry and head during the assembly
and test. The resistivity of the coating may be
adjusted from 109 to 10D Ohm- cm. 2 . PVD coating to
offer a layer of hard coating on the plastic surfaces.
The layer is able to offer the properties such as
reducing the particle generation as well as to be
anti-static to reduce the attraction of particle
during the assembly. In additional, the additional
layer of such coating may further prevent the static
damage to the circuitry and head during the assembly
and test. The resistiveiy of the coating may be
adjusted from 108 to 10~6 Ohm-cm In another embodiment
of the invention, the application of the coating may
be applied to metal surfaces, for example, all
aluminum, stainless steel surfaces, and the like. PVD
coating could be applied to the surface to enhance the
cleanliness and smoothness. The materials may comprise
such materials as Cu, Cr, Ni, Ti, DLC (diamond like
carbon) , metal nitride, metaloxide. Embodiments may
comprise multilayer structures or 



mixtures of the materials. The OI process may deposit
films with the required characteristic of cleanliness,
hardness, durability, corrosion resistance, EMI
shielding, no outgassing, scratch resistance,
excellent adhesion, and conductivity as required by
the HDD industry. These film coatings may be deposited
on metal stampings and castings, and on plastics. In
addition to pure elemental coatings, other compound
coatings and coatings with doping may be developed to
address current and future HDD requirements. One
additional advantage of the process is that the raw
components may be ultrasonically cleaned and dried
within a controlled environment prior to coatings,
keeping the entire process and coating materials free
from contaminations . The invention is susceptible of
a variety of modifications. For example, other systems
than the O I nano materials and dip coating equipment
may be used to generate the coatings. Other components
introduced into the HDA with exposed surfaces may be
coated with tnis or similar coatings. Different or
additional coating materials may be used to enhance or
improve tne Drooerties of the coatings. While the
invention has been illustrated and described as
embodied in a disk storage drive, it is not intended
to be limited to the details shown, since various
modifications and changes may be made without
departing in any way from the spirit of the present
invention. For example, the extension of the patent
extends to all magnetic recording systems with
relativemovement between the recording Head and the
recording Media . A coating of the HDD voice coil
assembly components with exposed surfaces within the
HDA that reduces the number of potential particles on
its internal surface, and provides for the removal of
particles with higher efficiency during cleaning. The
voice coil assembly components are the coil, the arm,
the coil-arm assembly, the flex circuit assembly, the
coil-arm-flex assembly, 



the flextures, the magnets, the pole, the magnet pole
assembly, and all of the remaining components
providing the for Head positioning function in the
HDD. Referring to FIG. 8A-8C it can be seen that the
coated surface in accordance to one embodiment
disclosed herein (FIG. 8C) is smoother than the
conventional EN coating (FIG. 8A) or E-ccating (FIG.
83) typically used in the hard disk industry.
Advantageously, this translates to a lower likelihood
of free particles adhering to the coated surface
disclosed herein. Referring now to FIG. 9A-9B, it can
be seen that Py coating the surface of aluminum by the
coating disclosed herein, the coated surface of tne
aluminum (FIG. 93) appears smoother than the case
before it is coated (FIG. 9A) . Again this indicates
that the coating disclosed herein, improves the
aluminum surface's ability to detach free-particles
during cleaning, resulting in a much cleaner surface.
Without further analysis, the foregoing so fully
reveal the gist of the present invention that others
may, by applying current knowledge, readily adapt it
for various applications without omitting features
that, fromthe standpoint of prior art, fairly
constitute essential characteristics of the generic or
specific aspects of this invention. While embodiments
of the invention have been described and illustrated,
it is to be understood by those skilled in the
technology concerned that many variations or
modifications in details of design or construction may
be made without departing from the present
invention.Claims 1 . A hard disk drive (HDD) case
having a cavity configured to locate a HDD assembly
therein, the cavity being coated with a coating
characterized in that the center line average
roughness (R a) of the coated surface is 100 nm or
less. 2 . The case as claimed in claim 1 , wherein the
center line average roughness (R a) of the 



coated surface is 50nm or less. 3 . The case as
claimed in claim 2 , wherein the center line average
roughness (R a) of the coated surface is 25nm or less.
4 . The case as claimed in any one of The preceding
claims, wherein the coating is formed by a method
selected from the group consisting of an aerosol
deposition method, a sputtering method, a chemical
vapor deposition method, and a solgel method. 5 . The
case as claimed in any one of the preceding claims,
wherein the coating is comprised of a material
selected from the group consisting of metal alkoxides,
metal halide, metal oxides, metals, and carbon.6 . The
case as claimed in any one of preceding claims,
wherein the coating comprises a single layer . 7 . The
case as claimed in any one of claims 1 to 5 , wherein
the coating comprises multiple layers . 8 . The case
as claimed in claim 7 , wherein coaring comprises
hybrid layers, wherein the coating is applied with a
wet chemical deposition and physical vapor deposition.
9 . The case as claimed in any one of the preceding
claims, wherein the coating is nonconductive with at
least 109 Ohm-cm resistivity. 10. The case as claimed
in any one of the preceding claims, wherein the
coating is antistatic with 103 Ohm-cm to 109 Ohm-cm
resistivity. 11. The case as claimed in any one of the
preceding claims, wherein the coating is conductive
with 10~ Ohm-cm to 10 Ohm-cm resistivity. 12 . The
case as claimed in any one of the preceding claims,
wherein the coating is applied in a process that
integrates ultrasonic cleaning process immediately
before coating deposition and in the same controlled
environment.13. The case as claimed in any one of the
preceding 



claims, wherein the coating is applied in a process
that integrates an in-line interlocking system of
clean environments including an environment for the
deposition of the coating. 14. The case as claimed in
any one of the preceding claims, wherein the HDD
assembly contains a head disk assembly, the head disk
assembly comprises a ramp and a mating assembly, and
wherein the coating applied to the ramp for the
reduction of particles generated during sliding of the
mating part on the ramp. 15. The case as claimed in
claim 14, wherein the coating is applied to the mating
part. 16. The case as claimed in any one of the
preceding claims, wherein the coating is a thin layer
film in nanometer thickness. 17. The case as claimed
in any one of claims 1-16, wherein the coating is a
thin film in micrometer thickness. 18. The case as
claimed in any one of the preceding claims, wherein
the coating is applied on an electroless nickel (EN)
plating layer. 19. A method of coating a hard disk
drive (HDD) case having a cavity configured to locate
a HDD assembly therein, the method comprising thestep
of forming coating on the surface of the cavity such
that the center line average roughness (Ra) of the
surface of the coating is 100 nanometer or less. 20.
The method as claimed in claim 19, wherein the forming
step is selected from the group consisting of an
aerosol deposition method, a sputtering method, a
chemical vapor deposition method, and a sol-gel
method. 21. The method as claimed in any one of claims
19- 20, wherein the coating comprises a single layer.
22. The method as claimed in any one of claims 19- 20,
wherein the coating comprises multiple 



layers . 23. The method as claimed in claim 22,
wherein the coating comprises hybrid layers, and
wherein the coating is applied with a wet chemical
deposition and physical vapor deposition. 24. The
method as claimed in any one of claims 19- 23, wherein
the coating is nonconductive with at least 109 Ohm-cm
resistivity. 25. The method as claimed in any one of
claims 19- 24, wherein the coating is antistatic with
103 Ohm-cm to 109 Ohm-cm resistivity. /p26. The method
as claimed in any one of claims 19- 25, wherein the
coating is conductive with 10 6 Ohm-cm to 10 Ohm-cm
resistivity. 27. The method as claimed in any one of
claims 19- 26, wherein the coating is applied in a
process that integrates ultrasonic cleaning process
immediately before coating deposition and in the same
controlled environment. 28. The method as claimed in
any one of claims 19- 27, wherein the coating is
applied in a process that integrates an in-line
interlocking system of clean environments including a
environment for the deposition of the coating. 29. The
method as claimed in any one of claims 19- 28, wherein
the HDD assembly contains a head disk assembly, the
head disk assembly comprises a ramp and a mating
assembly, and wnerein the coating applied to tne ramp
for the reduction of particles generated during
sliding of the mating part on tne ramp. 30. The method
as claimed in claim 29, wnerein the coating is applied
to the mating part. 31. The method as claimed in any
one of claims 19- 30, wherein the coating is applied
to a hard disk drive motor base component with
exoosedsurfaces within the hard disk assembly that
reduces the number of potential particles on the
surface of the component, and provides for 



the removal of particles with higher efficiency during
cleaning. 32. The method as claimed in any one of
claims 19- 31, wherein the case has a hard disk drive
top cover with exposed surfaces within a hard disk
assembly that reduces the number of potential
particles on the surface of the component, and
provides for the removal of particles with higher
efficiency during cleaning. 33. The method as claimed
in any one of claims 19- 32, wherein the coating is a
rhin layer film in nanometer thickness. 34. The method
as claimed in any one of claims 19- 32, wherein the
coating is a thin film in micrometer thickness. 35.
The method as claimed in any one of claims 19- 34,
wherein the coating is applied on an electroless
nickel (EN) plating layer.36. A coated hard disk
drive, the coating having been formed from a sol-gel,
wherein said solgel comprises at least one of a metal
alkoxide and a metal halide disposed in a
polymerizable media; and wherein said coating is
capable of reducing the number of free particles that
adhere to thereon. 37. The coated hard disk drive as
claimed in claim 36, wherein the sol-gel further
comprises inorganic nano-particles . 38. The coated
hard disk drive as claimed in any one of claims 36-37,
wherein the sol-gel comprises at least one of carbon
nano-particles or carbon nanotubes. 39. The coated
hard disk drive as claimed in any one of the claims 36
to 38, wherein the metal alkoxide is selected from the
group consisting of silicon alkoxide, titanium
alkoxide, germanium alkoxide and aluminum alkoxide. 



40. The coated hard disk drive as claimed in claim 39,
wherein the metal alkoxide is selected from the group
consisting of tetraethoxysilane, tetramethoxysilane,
methyl-triethoxysilane, 1 ,2-Bis (trimethoxysilyl)
ethane, silicon tetraisomyloxide, aluminum butoxide,
aluminumisopropoxide, tetraethyl orthosilicates and
combinations thereof. 41. The coated hard disk drive
as claimed in any one of the claims 36-40, wherein the
metal halide is selected from tne group consisting of
metal fluoride, metal bromide, metal chloride and
metal iodide and mixtures thereof. 42. The coated hard
disk drive as claimed in any one of claims 37-42,
wherein the inorganic nano-particles are selected from
the group consisting of Zn nano-particles, Ti
nanoparticles, Cr nano-particles, Cu nanoparticles, A
u nano-particles, Pt nanoparticles, T i C 2
nano-particles and AI2O3 nanoparticles . 43. The
coated hard disk drive as claimed in any one claims
36-42, wherein the metal alkoxide is from 10 weight
percent to about 90 weight percent . 44. The coated
hard disk drive as claimed in any one of claims 36-43,
wherein the metal halide is from 10 weight percent to
90 weight percent. 45. The coated hard disk drive as
claimed in any one of claims 37-44, wherein the
inorganic nano-particles is from 0 weight percent to 5
weight percent.46. The coated hard disk drive as
claimed in any one of claims 38-45, wherein the carbon
nanoparticles is from 0 weight percent to 20 weight
percent. 47. The coated hard disk drive as claimed in
any one of claims 38-45, wherein the carbon nanotubes
is from 0 weight percent to abour 20 weight percent. 


