
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 LipidsMETHOD OF MAKING A MULTILAYER
SUBSTRATE WITH EMBEDDED METALLIZATION Sum Huan Ng
Zhenfeng Wang Cross-Reference to Related Applications
This application claims priority from U.S. Provisional
Application Serial No. 61/064,179 filed February 20,
2008. Field of the Invention The present invention
generally relates to substrate manufacture, and more
particularly to a method of making a multilayer
substrate with embedded metallization. Background of
the Invention Multilayer substrates with embedded
metallization are used in a wide variety of
applications such as microfluidic devices and
electrical interconnects. Microfluidic devices are
small compact devices that perform chemical and
physical 



operations such as capillary electrophoresis with
microscale sample volumes, fast reactions, rapid
detection, ease of automation and simple transfer
between reaction vessels. Microfluidic devices are
also referred to as "lab-on-a-chip". Electrophoretic
separation of bio-molecules is critically important in
modern biology and biotechnology techniques such as
DNA sequencing, protein molecular weight
determination, genetic mapping and the like.
Electrophoresis separates individual molecular species
in a solution by applying an electric field. The
charged molecules migrate through the solution in the
electric field and separate into distinct bands due to
their different rates of movement through the
solution. The rates are influenced by the pH of the
solution, the mass and charge of the molecules, and
the strength and duration of the electric field.
Electrical interconnects provide high-density
electrical connections between semiconductor chips
that must communicate with one another economically
and reliably. For instance, copper/polyimide
substrates contain buried wiring patterns to conduct
electricalsignals between the chips. These
interconnects usually contain multiple layers of
interconnect metallization separated by alternating
layers of an isolating dielectric to provide
electrical isolation between the metallization.
Electrical interconnects are also referred to as
interconnect substrates, printed circuit boards and
multi-chip modules. Semiconductor chips continue to
evolve at a phenomenal rate. As a result, electrical
interconnects often provide not only signal routing,
but also circuit signal matching, thermal management,
mechanical support, and electrical functionality.
Conventional multilayer substrate manufacture
typically provides metallization on a lower insulative
layer, then laminates an upper insulative layer to the
lower insulative layer and metallization. Thereafter,
additional metallization is provided on the upper
insulative layer and in vias between the insulative
layers to connect the multi-level metallization. For
example, conductive traces are deposited on a polymer
layer by sputtering, screen printing, microjetting,
hot stamping or electroplating. Photolithography is
often used to pattern the traces. Thereafter, the
process is repeated for another layer, and so on.
Plated through-holes are subsequently formed by
drilling through the substrate and plating metal in
the holes to connect the multi-level traces. As
another example, thin metal foils are attached to
opposite sides of a polymer layer, the metal foils are
patterned using photolithography, and then the plated
through-holes are formed. Conventional substrate
manufacturing has numerous drawbacks. As the number of
layers increase, so does the number of metallization
and lamination steps. The metallization is difficult
to form with a high aspect ratio and differing
thickness, and is especially difficult to form in
embedded cavities. Lamination is difficult due to the
metallization topography. Plated through-holes with
small diameters are prohibitively expensive. Plated
through-holes also interfere with routing and the
situation gets worse as layer counts increase. Blind
and buried vias address through-hole limitations but
require many more process steps. Photolithography
leads to non-uniformity of electrolytically deposited
metal, photoresist reliability problems at high aspect
ratios, etching undercut, inconsistent etch rates, and
numerous process steps for resist lift-off. Therefore,
there is a need for a method of making a multilayer
substrate with embedded metallization that is
convenient, cost-effective and versatile.Summary The
present invention provides a method of making a
substrate that includes providing an upper insulative
layer and a lower insulative layer, wherein the upper
insulative layer includes an inlet opening, the lower
insulative layer includes a channel, and the inlet
opening is in fluid communication with the channel,
flowing a non-solidified material through the inlet
opening into the channel, and then solidifying the
non-solidified material by applying energy to the
non-solidified material, thereby forming embedded
metallization in the channel. The present invention
also provides a method of making a substrate that
includes 



providing an insulative layer that includes an upper
insulative layer and a lower insulative layer, wherein
the upper insulative layer includes an inlet opening,
the lower insulative layer includes a channel, and the
inlet opening and the channel are in fluid
communication with one another but not with an outlet
opening, disposing the insulative layer in a vacuum
chamber, evacuating the vacuum chamber, thereby
creating a vacuum in the inlet opening and the
channel, then flowing a non-solidified material into
the inlet opening while the vacuum chamber contains
the vacuum and then through the inlet opening into the
channel while the insulative layer remains in the
vacuum chamber, thereby flowing the non-solidified
material into but not out of the insulative layer, and
then solidifying the non-solidified material by
applying energy to the non-solidified material,
thereby forming a dead-end electrode in the channel.
The present invention also provides a method of making
a microfluidic device that includes providing an upper
insulative layer, a middle insulative layer and a
lower insulative layer, wherein the upper insulative
layer includes an inlet opening, the middle insulative
layer includes a via, the lower insulative layer
includes a channel, and the inlet opening, the via and
the channel are in fluid communication with one
another, then flowing a non-solidified material
sequentially through the inlet opening, the via and
the channel, and then solidifying the non-solidified
material by applying energy to the non-solidified
material, thereby forming embedded metallization that
provides an electrode in the inlet opening, the via
and the channel. The present invention also provides a
method of making an electrical interconnect that
includes providing an upper insulative layer, a middle
insulative layer and a lower insulative layer, wherein
the upper insulative layer includes an inlet opening
and an outlet opening, the middle insulative layer
includes an inlet via and an outlet via, the lower
insulative layerincludes a channel, and the inlet and
outlet openings, the inlet and outlet vias and the
channel are in fluid communication with one another,
then flowing a non-solidified material sequentially
through the inlet opening, the inlet via, the channel,
the outlet via and the outlet opening, and then
solidifying the non-solidified material by applying
energy to the nonsolidified material, thereby forming
embedded metallization that provides an electrical
trace in the inlet and outlet openings, the inlet and
outlet vias and the channel. The method can include
bonding the upper insulative layer to the middle
insulative layer, and bonding the middle insulative
layer to the lower insulative layer. For instance, the
method can include bonding the upper insulative layer
to the middle insulative layer using thermal
diffusion, and bonding the middle insulative layer to
the lower insulative layer using thermal diffusion. In
this instance, the middle insulative layer contacts
and is sandwiched between the upper and lower
insulative layers. Alternatively, the method can
include bonding the upper insulative layer to the
middle insulative layer using an upper adhesive layer,
and bonding the middle insulative layer to the lower
insulative layer using a lower adhesive layer. In this
instance, the upper adhesive layer contacts and is
sandwiched between the upper and middle insulative
layers, the middle insulative layer contacts and is
sandwiched between the upper and lower adhesive
layers, and the lower adhesive layer contacts and is
sandwiched between the middle and lower insulative
layers. The method can include flowing the
non-solidified material using pressure injection,
vacuum suction, capillary motion, or combinations
thereof. For instance, the method can include flowing
the non-solidified material using pressure injection
at the inlet opening and/or vacuum suction at the
outlet opening. The method can also include flowing
the nonsolidified material while the insulative layer
is disposed in a vacuum chamber. For instance, the
method can include flowing the non-solidified material
while pressure in the vacuum chamber remains a vacuum,
or as pressure in the vacuum chamber increases from a
vacuum to a predetermined pressure such as atmospheric
pressure. 



The method can include solidifying the non-solidified
material using heat or ultraviolet radiation. The top,
middle and lower insulative layers can be plastic,
ceramic or composite. The non-solidified material can
be a liquid or semi-solid material such as conductive
epoxy paste or conductive ink. The conductive epoxy
paste can include silver particles, gold particles,
copper particles, silver coated copper particles,
graphite particles, or combinationsthereof. The
conductive ink can be water-based or oil-based and
include silver particles gold particles, copper
particles, silver coated copper particles, or
combinations thereof. The embedded metallization can
be an electrical trace or an electrode. Furthermore,
the embedded metallization can fill the channel or
form a tube in the channel. Advantageously, the
present invention can form a multi-layer substrate
with embedded metallization that has fine width, a
high aspect ratio, varying thickness and varying
cross-sectional shape in channels, cavities, vias and
openings in the insulative layers. The present
invention can be performed with a single metallization
step regardless of the number of insulative and
metallization layers. In addition, the present
invention is well-suited for a wide variety of
applications such as microfluidic devices, electrical
interconnects, display panels, EMI shields, antennas
and other electronic devices that contain
three-dimensional embedded metallization. These and
other features and advantages of the present invention
will become more apparent in view of the detailed
description that follows. Brief Description of the
Drawings Embodiments of the present invention will now
be more fully described, with reference to the
drawings in which: Fig. 1 is a cross-sectional view of
an electrical interconnect in accordance with a first
embodiment of the present invention; Figs. 2A-2D are
cross-sectional views of a method of making the
electrical interconnect in the first embodiment; Fig.
3 is a cross-sectional view of an electrical
interconnect in accordance with a second embodiment in
the present invention; Figs. 4A-4D are cross-sectional
views of a method of making the electrical
interconnect in the second embodiment; Fig. 5 is a
cross-sectional view of a microfluidic device in
accordance with a third embodiment of the present
invention; Figs. 6A-6D are cross-sectional views of a
method of making the microfluidic device in the third
embodiment; Fig. 7 is a cross-sectional view of a
microfluidic device in accordance with a fourth
embodiment in the present invention;Figs. 8A-8D are
cross-sectional views of a method of making the
microfluidic device in the fourth embodiment; Figs. 9A
and 9B are cross-sectional and top plan views,
respectively, of an electrical interconnect in
accordance with a fifth embodiment in the present
invention; Fig. 10 is a top plan view of an electrical
interconnect in accordance with a sixth embodiment in
the present invention; Fig. 11 is a top plan view of
an electrical interconnect in accordance with a
seventh embodiment in the present invention; Fig. 12
is a top plan view of a microfluidic device in
accordance with an eighth embodiment in the present
invention; Fig. 13 is a top plan view of a
microfluidic device in accordance with a ninth
embodiment in the present invention; Fig. 14 is a top
plan view of a microfluidic device in accordance with
a tenth embodiment in the present invention; and 



Figs. 15A-15D are perspective views of techniques for
flowing a non-solidified material into an insulative
layer to subsequently provide embedded metallization
in the insulative layer in accordance with the present
invention. Detailed Description of the Invention hi
the following description, preferred embodiments of
the present invention are described. It shall be
apparent to those skilled in the art, however, that
the present invention may be practiced without such
details. Some of the details are not be described at
length or are omitted so as not to obscure the present
invention. Such details are well-known to those
skilled in the art. Fig. 1 is a cross-sectional view
of electrical interconnect 100 in accordance with a
first embodiment of the present invention. Electrical
interconnect 100 includes insulative layer 102 and
electrical trace 104. Insulative layer 102 is a
dielectric layer, and electrical trace 104 is a
routing line. Insulative layer 102 includes upper
surface 106 and lower surface 108. Electrical trace
104 includes terminals 110 and 112 at upper surface
106. Thus, electrical trace 104 extends into but not
through insulative layer 102. Electrical trace 104
electrically connects chips that are subsequently
mounted on upper surface 106 and electrically
connected to terminals 110 and 112.Figs. 2A-2D are
cross-sectional views of a method of making electrical
interconnect 100. In Fig. 2A, upper insulative layer
114 and lower insulative layer 116 are provided. Upper
insulative layer 114 includes inlet opening 120 and
outlet opening 122. Inlet and outlet openings 120 and
122 extend through upper insulative layer 114 and are
spaced and fluidically separated from one another.
Lower insulative layer 116 includes channel 124. Upper
insulative layer 114 and lower insulative layer 116
are plastic such as PMMA or polycarbonate. In Fig. 2B,
upper insulative layer 114 and lower insulative layer
116 are bonded to one another using thermal diffusion.
Furthermore, inlet and outlet openings 120 and 122 are
aligned with opposite ends of channel 124. Thus, inlet
and outlet openings 120 and 122 and channel 124 are in
fluid communication with one another.
Furthermore,"insulative layers 114 and 116 form
insulative layer 102. Thus, upper insulative layer 114
provides upper surface 106, and lower insulative layer
116 provides lower surface 108. In Fig. 2C, conductive
epoxy paste 126 is provided in inlet and outlet
openings 120 and 122 and channel 124. Conductive epoxy
paste 126 includes silver particles and is dispensed
into inlet opening 120 while vacuum suction is applied
to outlet opening 122. As a result, conductive epoxy
paste 126 flows sequentially through inlet opening
120, channel 124 and outlet opening 122. In other
words, conductive epoxy paste 126 enters insulative
layer 102 through inlet opening 120 and exits
insulative layer 102 through outlet opening 122,
thereby filling inlet and outlet openings 120 and 122
and channel 124. hi Fig. 2D, conductive epoxy paste
126 is cured by applying heat, thereby forming
electrical trace 104 in inlet and outlet openings 120
and 122 and channel 124. Fig. 3 is a cross-sectional
view of electrical interconnect 200 in accordance with
a second embodiment of the present invention.
Electrical interconnect 200 includes insulative layer
202 and electrical trace 204. Insulative layer 202 is
a dielectric layer, and electrical trace 204 is a
routing line. Insulative layer 202 includes upper
surface 206 and lower surface 208. Electrical trace
204 includes terminals 210 and 212 at upper surface
206. Thus, electrical trace 204 extends into but not
through insulative layer 202. Electrical trace 204
electrically connects chips that are subsequently
mounted on upper surface 206 and electrically
connected to terminals 210 and 212.Figs. 4A-4D are
cross-sectional views of a method of making electrical
interconnect 200. In Fig. 4A, upper insulative layer
214, middle insulative layer 216 and lower 



insulative layer 2 18 are provided. Upper insulative
layer 214 includes inlet opening 220 and outlet
opening 222. Inlet and outlet openings 220 and 222
extend through upper insulative layer 214 and are
spaced and fluidically separated from one another.
Middle insulative layer 216 includes inlet channel
224, inlet via 226, outlet channel 230 and outlet via
232. Inlet and outlet vias 226 and 232 extend through
middle insulative layer 216 and are adjacent to and in
fluid communication with inlet and outlet channels 224
and 230, respectively. Furthermore, inlet channel and
via 224 and 226 are spaced and fluidically separated
from outlet channel and via 230 and 232. Lower
insulative layer 218 includes channel 234. Insulative
layers 214, 216 and 218 are plastic such as PMMA or
polycarbonate. In Fig. 4B, upper insulative layer 214,
middle insulative layer 216 and lower insulative layer
218 are bonded to one another using thermal diffusion.
Insulative layers 214 and 216 can be bonded together
during a first thermal diffusion step and then
insulative layers 216 and 218 can be bonded together
during a second thermal diffusion step. Alternatively
insulative layers 216 and 218 can be bonded together
during a first thermal diffusion step and then
insulative layers 214 and 216 can be bonded together
during a second thermal diffusion step. As another
alternative, insulative layers 214 and 216 and
insulative layers 216 and 218 can be simultaneously
bonded together during a single thermal diffusion
step. In every case, middle insulative layer 216
contacts and is sandwiched between upper and lower
insulative layers 214 and 218. Furthermore, inlet and
outlet openings 220 and 222 are aligned with inlet and
outlet channels 224 and 230, respectively, and inlet
and outlet vias 226 and 232 are aligned with opposite
ends of channel 234. Thus, inlet and outlet openings
220 and 222, inlet and outlet channels 224 and 230,
inlet and outlet vias 226 and 232 and channel 234 are
in fluid communication with one another. Furthermore,
insulative layers 214, 216 and 218 form insulative
layer 202. Thus, upper insulative layer 214 provides
upper surface 206, and lower insulative layer 218
provides lower surface 208. hi Fig. 4C, conductive
epoxy paste 236 is provided in inlet and outlet
openings 220 and 222, inlet and outlet channels 224
and 230, inlet and outlet vias 226 and 232 and channel
234. Conductive epoxy paste 236 includes silver
particles and is dispensed into inlet opening220 while
vacuum suction is applied to outlet opening 222. As a
result, conductive epoxy paste 236 flows sequentially
through inlet opening 220, inlet channel 224, inlet
via 226, channel 234, outlet via 232, outlet channel
230 and outlet opening 222. In other words, conductive
epoxy paste 236 enters insulative layer 202 through
inlet opening 220 and exits insulative layer 202
through outlet opening 222, thereby filling inlet and
outlet openings 220 and 222, inlet and outlet channels
224 and 230, inlet and outlet vias 226 and 232 and
channel 234. In Fig. 4D, conductive epoxy paste 236 is
cured by applying heat, thereby forming electrical
trace 204 in inlet and outlet openings 220 and 222,
inlet and outlet channels 224 and 230, inlet and
outlet vias 226 and 232 and channel 234. Fig. 5 is a
cross-sectional view of microfluidic device 300 in
accordance with a third embodiment of the present
invention. Microfluidic device 300 includes insulative
layer 302 and electrode 304. Insulative layer 302 is a
dielectric layer, and electrode 304 is an electric
field plate. Insulative layer 302 includes upper
surface 306 and lower surface 308. Electrode 304
includes terminal 310 at upper surface 306 and
terminal 312 at lower surface 308. Thus, electrode 304
extends through insulative layer 302. Electrode 304
provides an electric field for capacitance measurement
during electrophoresis of fluid samples in a capillary
(not shown). Figs. 6A-6D are cross-sectional views of
a method of making microfluidic device 300. In Fig.
6A, upper insulative layer 314, middle insulative
layer 316 and lower 



insulative layer 318 are provided. Upper insulative
layer 314 includes inlet opening 320 that extends
through upper insulative layer 314. Middle insulative
layer 316 includes channel 322 and via 324. Via 324
extends through middle insulative layer 316 and is
adjacent to and in fluid communication with channel
322. Lower insulative layer 318 includes channel 326
and outlet opening 328. Outlet opening 328 extends
through lower insulative layer 318 and is adjacent to
and in fluid communication with channel 326.
Insulative layers 314, 316 and 318 are plastic such as
PMMA or polycarbonate. hi Fig. 6B, upper insulative
layer 314, middle insulative layer 316 and lower
insulative layer 318 are bonded to one another using
thermal diffusion. Insulative layers 314 and 316 can
be bonded together during a first thermal diffusion
step and then insulative layers 316 and 318 can be
bonded together during a second thermal diffusion
step. Alternativelyinsulative layers 316 and 318 can
be bonded together during a first thermal diffusion
step and then insulative layers 314 and 316 can be
bonded together during a second thermal diffusion
step. As another alternative, insulative layers 314
and 316 and insulative layers 316 and 318 can be
simultaneously bonded together during a single thermal
diffusion step. In every case, middle insulative layer
316 contacts and is sandwiched between upper and lower
insulative layers 314 and 318. Furthermore, inlet
opening 320 is aligned with channel 322, and outlet
opening 328 is aligned with channel 326. Thus, inlet
and outlet openings 320 and 328, channels 322 and 326
and via 324 are in fluid communication with one
another. Furthermore, insulative layers 314, 316 and
318 form insulative layer 302. Thus, upper insulative
layer 314 provides upper surface 306, and lower
insulative layer 318 provides lower surface 308. In
Fig. 6C, conductive ink 330 is provided in inlet and
outlet openings 320 and 328, channels 322 and 326 and
via 324. Conductive ink 330 is water-based and
includes silver particles and is dispensed into inlet
opening 320 while vacuum suction is applied to outlet
opening 328. As a result, conductive ink 330 flows
sequentially through inlet opening 320, channel 322,
via 324, channel 326 and outlet opening 328. In other
words, conductive ink 330 enters insulative layer 302
through inlet opening 320 and exits insulative layer
302 through outlet opening 328, thereby filling inlet
and outlet openings 320 and 328, channels 322 and 326
and via 324. In Fig. 6D, conductive ink 330 is
converted from a liquid to a solid by applying heat,
thereby forming electrode 304 in inlet and outlet
openings 320 and 328, channels 322 and 326 and via
324. Fig. 7 is a cross-sectional view of microfluidic
device 400 in accordance with a fourth embodiment of
the present invention. Microfluidic device 400
includes insulative layer 402 and electrode 404.
Insulative layer 402 is a dielectric layer, and
electrode 404 is an electric field plate. Insulative
layer 402 includes upper surface 406 and lower surface
408. Electrode 404 includes terminal 410 at upper
surface 406. Thus, electrode 404 extends into but not
out of insulative layer 402 and is a dead-end
electrode. Electrode 404 provides an electric field
for capacitance measurement during electrophoresis of
fluid samples in a capillary (not shown). Figs. 8A-8D
are cross-sectional views of a method of making
microfluidic device 400.In Fig. 8A, upper insulative
layer 414, middle insulative layer 416 and lower
insulative layer 418 are provided. Upper insulative
layer 414 includes inlet opening 420 that extends
through upper insulative layer 414. Middle insulative
layer 416 includes channel 422 and via 424. Via 424
extends through middle insulative layer 416 and is
adjacent to and in fluid communication with channel
422. Insulative layers 414, 416 and 418 are plastic
such as PMMA or polycarbonate. In Fig. 8B, upper
insulative layer 414, middle insulative layer 416 and
lower insulative layer 418 are bonded to one another
using thermal diffusion. Insulative layers 414 



and 416 can be bonded together during a first thermal
diffusion step and then insulative layers 416 and 418
can be bonded together during a second thermal
diffusion step. Alternatively insulative layers 416
and 418 can be bonded together during a first thermal
diffusion step and then insulative layers 414 and 416
can be bonded together during a second thermal
diffusion step. As another alternative, insulative
layers 414 and 416 and insulative layers 416 and 418
can be simultaneously bonded together during a single
thermal diffusion step. In every case, middle
insulative layer 416 contacts and is sandwiched
between upper and lower insulative layers 414 and 418.
Furthermore, inlet opening 420 is aligned with channel
422. Thus, inlet opening 420, channel 422 and via 424
are in fluid communication with one another. However,
via 424 is sealed by lower insulative layer 418.
Furthermore, insulative layers 414, 416 and 418 form
insulative layer 402. Thus, upper insulative layer 414
provides upper surface 406, and lower insulative layer
418 provides lower surface 408. In Fig. 8C, conductive
ink 426 is provided in inlet opening 420, channel 422
and via 424. Conductive ink 426 is a water-based
liquid that includes silver particles and is dispensed
into inlet opening 420 while insulative layer 402 is
disposed in a vacuum chamber as the pressure in the
vacuum chamber increases from a vacuum to atmospheric
pressure. As a result, conductive ink 426 flows
sequentially through inlet opening 420, channel 422
and via 424. In other words, conductive ink 426 enters
insulative layer 402 through inlet opening 420 but
does not exit insulative layer 402, thereby filling
inlet opening 420, channel 422 and via 424. hi Fig.
8D, conductive ink 426 is converted from a liquid to a
solid by applying heat, thereby forming electrode 404
in inlet opening 420, channel 422 and via 424.Figs. 9A
and 9B are cross-sectional and top plan views,
respectively, of electrical interconnect 500 in
accordance with a fifth embodiment in the present
invention. Electrical interconnect 500 includes
insulative layer 502 and electrical trace 504.
Insulative layer 502 is a dielectric layer, and
electrical trace 504 is a routing line. Insulative
layer 502 includes upper surface 506 and lower surface
508. Electrical trace 504 includes terminals 510 and
512 at upper surface 506. Thus, electrical trace 504
extends into but not through insulative layer 502.
Electrical trace 504 between terminals 510 and 512 is
buried in insulative layer 502 beneath upper surface
506 and thus is not visible in Fig. 9B, but is shown
in Fig. 9B for convenience of illustration. Electrical
interconnect 500 can be manufactured in a manner
similar to electrical interconnect 200. Fig. 10 is a
top plan view of electrical interconnect 600 in
accordance with a sixth embodiment in the present
invention. Electrical interconnect 600 includes
insulative layer 602 and electrical traces 604 and
606. Insulative layer 602 is a dielectric layer, and
electrical traces 604 and 606 are routing lines.
Insulative layer 602 includes upper surface 608 and a
lower surface (not shown). Electrical trace 604
includes terminals 610 and 612 at upper surface 608,
and electrical trace 606 includes terminals 614 and
616 at upper surface 608. Electrical traces 604 and
606 extend into but not through insulative layer 602.
Electrical trace 604 between terminals 610 and 612 is
buried in insulative layer 602 beneath upper surface
608 and thus is not visible, but is shown for
convenience of illustration. Likewise, electrical
trace 606 between terminals 614 and 616 is buried in
insulative layer 602 beneath upper surface 608 and
thus is not visible, but is shown for convenience of
illustration. Electrical interconnect 600 can be
manufactured in a manner similar to electrical
interconnect 200. Fig. 11 is a top plan view of
electrical interconnect 700 in accordance with a
seventh embodiment in the present invention.
Electrical interconnect 700 includes insulative layer
702 and electrical trace 704. Insulative layer 702 is
a dielectric layer, and electrical trace 704 is a
routing line. Insulative layer 702 includes upper
surface 706 and a lower surface (not shown).
Electrical trace 704 includes terminals 710, 712, 714,
716 and 718 at upper surface 



706. Electrical trace 704 extends into but not through
insulative layer 702. Electrical trace 704 between
terminals 710, 712, 714, 716 and 718 is buried in
insulative layer 702 beneath upper surface 706 and is
thus not visible, but is shown for convenience of
illustration. Electrical interconnect 700 can be
manufactured in a manner similar to electrical
interconnect 200.Fig. 12 is a top plan view of
microfluidic device 800 in accordance with an eighth
embodiment of the present invention. Microfluidic
device 800 includes insulative layer 802, electrodes
804 and 806 and capillary 808. Insulative layer 802 is
a dielectric layer, and electrodes 804 and 806 are
electric field plates. Insulative layer 802 includes
upper surface 810 and a lower surface (not shown).
Electrodes 804 and 806 include terminals 812 and 814,
respectively, at upper surface 810. Electrodes 804 and
806 extend into but not through insulative layer 802
and are dead-end electrodes that each contain a single
exposed terminal. Electrodes 804 and 806 are
electrically connected to circuitry that is
subsequently bonded to terminals 812 and 814,
respectively, at upper surface 810. Capillary 808
includes inlet openings 816 and 818, outlet openings
820 and 822 and channel 824 which are in fluid
communication with one another. Samples enter inlet
openings 816 and 818 and flow into channel 824, flow
through channel 824 to outlet openings 820 and 822,
and then exit through outlet openings 820 and 822.
Electrodes 806 and 808 provide capacitance measurement
for the fluid samples in channel 824 flowing to outlet
opening 822. Electrode 806 from terminal 812 to its
T-shaped end near channel 824 is buried in insulative
layer 802 beneath upper surface 810 and thus is not
visible, but is shown for convenience of illustration.
Likewise, electrode 808 from terminal 814 to its
T-shaped end near channel 824 is buried in insulative
layer 802 beneath upper surface 810 and thus is not
visible, but is shown for convenience of illustration.
Similarly, capillary 808 between openings 816, 8 18,
820 and 822 is buried in insulative layer 802 beneath
upper surface 810 and thus is not visible, but is
shown for convenience of illustration. Microfluidic
device 800 can be manufactured in a manner similar to
microfluidic device 400. Fig. 13 is a top plan view of
microfluidic device 900 in accordance with a ninth
embodiment in the present invention. Microfluidic
device 900 includes insulative layer 902 and electrode
904. Insulative layer 902 is a dielectric layer, and
electrode 904 is an electric field plate. Insulative
layer 902 includes upper surface 906 and a lower
surface (not shown). Electrode 904 includes terminals
910 and 912 at upper surface 906. Electrode 904
extends into but not through insulative layer 902.
Electrode 904 between terminals 910 and 912 is buried
in insulative layer 902 beneath upper surface 906 and
thus is not visible, but is shown for convenience of
illustration. Microfluidic device 900 can be
manufactured in a manner similar to microfluidic
device 300.Fig. 14 is a top plan view of microfluidic
device 1000 in accordance with a tenth embodiment in
the present invention. Microfluidic device 1000
includes insulative layer 1002 and electrode 1004.
Insulative layer 1002 is a dielectric layer, and
electrode 1004 is an electric field plate. Insulative
layer 1002 includes upper surface 1006 and a lower
surface (not shown). Electrode 1004 includes terminal
1008 at upper surface 1006. Electrode 1004 extends
into but not through insulative layer 1002 and is a
dead-end electrode that contains a single exposed
terminal. Electrode 1004 from terminal 1008 is buried
in insulative layer 1002 beneath upper surface 1006
and thus is not visible, but is shown for convenience
of illustration. Microfluidic device 1000 can be
manufactured in a manner similar to microfluidic
device 400. Figs. 15A-15D are perspective views of
techniques for flowing a non-solidified material into
an insulative layer to subsequently provide embedded
metallization in the insulative layer in accordance
with the present invention. In Fig. 15A,
non-solidified material 1100 is dispensed into
insulative layer 1102 at inlet opening 1104 by
dispense nozzle 1106, flows through channel 1108 and
exits insulative 



layer 1102 at outlet opening 1110 into vacuum suction
device 1112. Thus, non-solidified material 1100 flows
into and out of insulative layer 1102 in response to
vacuum suction. Dispense nozzle 1106 is spaced from
insulative layer 1102 and aligned with inlet opening
1104, and vacuum suction device 1112 contacts
insulative layer 1102 and covers and applies vacuum
suction to outlet opening 1110. In Fig. 15B,
non-solidified material 1200 is dispensed into
insulative layer 1202 at inlet opening 1204 by
injection nozzle 1206, flows through channel 1208 and
exits insulative layer 1202 at outlet opening 1210.
Thus, non-solidified material 1200 flows into and out
of insulative layer 1202 in response to pressurized
injection. Injection nozzle 1206 contacts insulative
layer 1202 and covers and applies pressurized
injection at inlet opening 1204. In Fig. 15C,
non-solidified material 1300 is dispensed into
insulative layer 1302 at inlet opening 1304 by
dispense nozzle 1306, flows into channel 1308 and
eventually fills inlet opening 1304 and channel 1308.
Thus, non-solidified material 1300 flows into but not
out of insulative layer 1302. Furthermore, insulative
layer 1302 is disposed in a vacuum chamber as
non-solidified material 1300 flows into insulative
layer 1302. Initially, the vacuum chamber is
evacuated, thereby creating a vacuum in inlet opening
1304 and channel 1308. Thereafter, non-solidified
material 1300 is continually dispensed into inlet
opening 1304 as the vacuumchamber pressure is elevated
from the vacuum to atmospheric pressure. As a result,
there is little or no pressure front between the
leading edge of non-solidified material 1300 and the
dead-end in channel 1308 as non-solidified material
1300 flows towards and eventually contacts the
dead-end. Furthermore, the pressure increase at inlet
opening 1304 ensures that non-solidified material 1300
flows into and fills inlet opening 1304 and channel
1308. This technique is particularly well-suited for
filling dead-end channels and vias with non-solidified
material that is subsequently converted to a dead-end
electrode. hi Fig. 15D, non-solidified material 1400
is dispensed into insulative layer 1402 at inlet
opening 1404 by injection nozzle 1406, flows into
channel 1408 and eventually fills inlet opening 1404
and channel 1408. Thus, non-solidified material 1400
flows into but not out of insulative layer 1402.
Furthermore, insulative layer 1402 is disposed in a
vacuum chamber as non-solidified material 1400 flows
into insulative layer 1402. Initially, the vacuum
chamber is evacuated, thereby creating a vacuum in
inlet opening 1404 and channel 1408. Thereafter,
injection nozzle 1406 contacts insulative layer 1402
and covers inlet opening 1404. Next, non-solidified
material 1400 is continually pressure injected into
inlet opening 1404 as the vacuum chamber retains the
vacuum. Alternatively, non-solidified material 1400 is
continually pressure injected into inlet opening 1404
as the vacuum chamber pressure is elevated from the
vacuum to atmospheric pressure. Furthermore, a syringe
that contains injection nozzle 1406 and a piston (not
shown) is disposed in the vacuum chamber, and the
pressure increase at the piston (but not in channel
1408) facilitates flowing non-solidified material 1400
through inlet opening 1404 into channel 1408. hi
either case, since channel 1408 contains the vacuum as
non-solidified material 1400 flows into channel 1408,
there is little or no pressure front between the
leading edge of non-solidified material 1400 and the
dead-end in channel 1408 as non-solidified material
1400 flows towards and eventually contacts the
dead-end. This technique is particularly well-suited
for filling dead-end channels and vias with
non-solidified material that is subsequently converted
to a dead-end electrode. The present invention is
well-suited for manufacturing multilayer substrates
with embedded metallization such as electrical traces
and electrodes for microfluidic devices, electrical
interconnects, display panels, EMI shields, antennas
and other electronic devices that contain
three-dimensional embedded metallization. The
insulative layer can be the upper and lower insulative
layers, or include the upper and lower insulative
layers and one or more middle insulative layers
therebetween. The upperand lower insulative layers and
the middle insulative layer(s) (if any) can each
include various channels and/or vias in fluid
communication with one another, hi addition, the upper
and 



lower insulative layers and the middle insulative
layer(s) (if any) can be a wide variety of
electrically insulative materials such as plastic,
ceramic and composites and can be bonded together in
numerous ways including thermal diffusion and thin
intervening patterned adhesive layers. Likewise, the
channels and vias can have numerous shapes and sizes.
For instance, a dead-end via for a dead-end electrode
can be formed by a through via that extends through
the middle insulative layer and is sealed by the lower
insulative layer, or a blind via that extends into but
not through the lower insulative layer. The above
description and examples illustrate embodiments of the
present invention, and it will be appreciated that
various modifications and improvements can be made
without departing from the scope of the present
invention.Claims 1. A method of making a substrate,
comprising: providing an upper insulative layer and a
lower insulative layer, wherein the upper insulative
layer includes an inlet opening, the lower insulative
layer includes a channel, and the inlet opening is in
fluid communication with the channel; flowing a
non-solidified material through the inlet opening into
the channel; and then solidifying the non-solidified
material by applying energy to the non-solidified
material, thereby forming embedded metallization in
the channel. 2. The method of claim 1, including
providing a middle insulative layer that is sandwiched
between the upper and lower insulative layers, wherein
the middle insulative layer includes a via between and
in fluid communication with the inlet opening and the
channel. 3. The method of claim 2, including bonding
the upper insulative layer to the middle insulative
layer using thermal diffusion, and bonding the middle
insulative layer to the lower insulative layer using
thermal diffusion. 4. The method of claim 2, including
bonding the upper insulative layer to the middle
insulative layer using an upper adhesive layer that
contacts and is sandwiched between the upper and
middle insulative layers, and bonding the middle
insulative layer to the lower insulative layer using a
lower adhesive layer that contacts and is sandwiched
between the middle and lower insulative layers. 5. The
method of claim 1, including flowing the
non-solidified material using pressure injection. 6.
The method of claim 1, including flowing the
non-solidified material using vacuum suction.7. The
method of claim 1, including flowing the
non-solidified material through the channel into an
outlet opening in the upper insulative layer. 8. The
method of claim 1, wherein the upper and lower
insulative layers are plastic. 9. The method of claim
1, wherein the upper and lower insulative layers are
ceramic. 10. The method of claim 1, wherein the
non-solidified material is paste. 11. The method of
claim 10, wherein the paste is conductive epoxy paste.
12. The method of claim 10, wherein the conductive
epoxy paste includes silver particles, gold particles,
copper particles, silver coated copper particles,
graphite particles, or combinations thereof. 13. The
method of claim 1, wherein the non-solidified material
is conductive ink. 14. The method of claim 13, wherein
the conductive ink is water-based. 15. The method of
claim 13, wherein the conductive ink includes silver
particles, gold particles, copper particles, silver
coated copper particles, or combinations thereof. 16.
The method of claim 1, wherein the embedded
metallization fills the channel. 17. The method of
claim 1, wherein the embedded metallization forms a
tube in 



the channel. 18. The method of claim 1, wherein the
substrate is a microfluidic device. 19. The method of
claim 1, wherein the substrate is an electrical
interconnect.20. The method of claim 1, wherein the
substrate is an EMI shield. 21. A method of making a
substrate, comprising: providing an insulative layer
that includes an upper insulative layer and a lower
insulative layer, wherein the upper insulative layer
includes an inlet opening, the lower insulative layer
includes a channel, and the inlet opening and the
channel are in fluid communication with one another
but not with an outlet opening; disposing the
insulative layer in a vacuum chamber; evacuating the
vacuum chamber, thereby creating a vacuum in the inlet
opening and the channel; then flowing a non-solidified
material into the inlet opening while the vacuum
chamber contains the vacuum and then through the inlet
opening into the channel while the insulative layer
remains in the vacuum chamber, thereby flowing the
non-solidified material into but not out of the
insulative layer; and then solidifying the
non-solidified material by applying energy to the
non-solidified material, thereby forming a dead-end
electrode in the channel. 22. The method of claim 21,
including flowing the non-solidified material through
the inlet opening into the channel while pressure in
the vacuum chamber remains the vacuum. 23. The method
of claim 21, including flowing the non-solidified
material through the inlet opening into the channel
while pressure in the vacuum chamber increases from
the vacuum to a predetermined pressure. 24. The method
of claim 21, wherein the insulative layer is the upper
and lower insulative layers. 25. The method of claim
21, wherein the insulative layer includes the upper
and lower insulative layers and a middle insulative
layer that is sandwiched between the upper and lower
insulative layers, and the middle insulative layer
includes a via between and in fluid communication with
the inlet opening and the channel.26. The method of
claim 21, wherein the non-solidified material is
conductive epoxy paste. 27. The method of claim 21,
wherein the non-solidified material is conductive ink.
28. The method of claim 21, wherein the dead-end
electrode fills the channel. 29. The method of claim
21, wherein the dead-end electrode fills the inlet
opening and the channel. 30. The method of claim 21,
wherein the substrate is a microfluidic device. 31. A
method of making a microfluidic device, comprising:
providing an upper insulative layer, a middle
insulative layer and a lower insulative layer, wherein
the upper insulative layer includes an inlet opening,
the middle insulative layer includes a via, the lower
insulative layer includes a channel, and the inlet
opening, the via and the channel are in fluid
communication with one another; then flowing a
non-solidified material sequentially through the inlet
opening, the via and the channel; and then solidifying
the non-solidified material by applying energy to the
non-solidified material, thereby forming embedded
metallization that provides an electrode in the inlet
opening, the via and the channel. 32. The method of
claim 31, including providing the top, middle and
lower insulative layers with the inlet opening, the
via and the channel; then bonding the upper insulative
layer to the middle insulative layer; and bonding the
middle insulative layer to the lower insulative layer.



33. The method of claim 31, including flowing the
non-solidified material using pressure injection at
the inlet opening.34. The method of claim 31,
including flowing the non-solidified material using
vacuum suction at an outlet opening in the insulative
layer. 35. The method of claim 31, including
solidifying the non-solidified material using heat.
36. The method of claim 31, including solidifying the
non-solidified material using ultraviolet radiation.
37. The method of claim 31, wherein the non-solidified
material is conductive epoxy paste. 38. The method of
claim 31, wherein the non-solidified material is
conductive ink. 39. The method of claim 31, wherein
the electrode fills the channel. 40. The method of
claim 31, wherein the electrode fills the inlet
opening, the via and the channel. 4 1. A method of
making an electrical interconnect, comprising:
providing an upper insulative layer, a middle
insulative layer and a lower insulative layer, wherein
the upper insulative layer includes an inlet opening
and an outlet opening, the middle insulative layer
includes an inlet via and an outlet via, the lower
insulative layer includes a channel, and the inlet and
outlet openings, the inlet and outlet vias and the
channel are in fluid communication with one another;
then flowing a non-solidified material sequentially
through the inlet opening, the inlet via, the channel,
the outlet via and the outlet opening; and then
solidifying the non-solidified material by applying
energy to the non-solidified material, thereby forming
embedded metallization that provides an electrical
trace in the inlet and outlet openings, the inlet and
outlet vias and the channel.42. The method of claim
41, including providing the top, middle and lower
insulative layers with the inlet and outlet openings,
the inlet and outlet vias and the channel; then
bonding the upper insulative layer to the middle
insulative layer; and bonding the middle insulative
layer to the lower insulative layer. 43. The method of
claim 41, including flowing the non-solidified
material using pressure injection at the inlet
opening. 44. The method of claim 4 1, including
flowing the non-solidified material using vacuum
suction at the outlet opening. 45. The method of claim
41, including solidifying the non-solidified material
using heat. 46. The method of claim 41, including
solidifying the non-solidified material using
ultraviolet radiation. 47. The method of claim 41,
wherein the non-solidified material is conductive
epoxy paste. 48. The method of claim 41, wherein the
non-solidified material is conductive ink. 49. The
method of claim 41, wherein the electrical trace fills
the channel. 50. The method of claim 4 1, wherein the
electrical trace fills the inlet and outlet openings,
the inlet and outlet vias and the channel. 


