
STABLE DIGESTIVE ENZYME COMPOSITIONS CROSS-REFERENCE
TO RELATED APPLICATIONS The present application claims
priority to U.S. Provisional Application No.
60/902,091 filed February 20, 2007, U.S. Provisional
Application No. 60/902,093 filed February 20, 2007,
and U.S. Provisional Application No. 60/902,092 filed
February 20, 2007, the disclosures of which are each
herein incorporated by reference in their entirety for
all purposes. BACKGROUND OF THE INVENTION In cases of
pancreatic insufficiency, pancrelipase and other
pancreatic enzymes products (PEPs) can be administered
to at least partially remedy the enzyme deficiency
caused by various diseases affecting the pancreas,
such as pancreatitis, pancreatectomy, cystic fibrosis,
etc. The use of pancreatic enzymes in the treatment of
pancreatic insufficiency is an essential part of the
therapy of patients afflicted with cystic fibrosis.
Without these supplements, patients become severely
nutritionally impaired. This nutritional impairment
can be life threatening if left untreated,
particularly in the case of infants. The drug
substance pancrelipase is mainly a combination of
three enzyme classes: lipase, protease and amylase,
together with their various co-factors and coenzymes.
These enzymes are produced naturally in the pancreas
and are important in the digestion of fats, proteins
and carbohydrates. Pancrelipase is typically prepared
from porcine pancreatic glands, although other sources
can also be used, for example those described in U.S.
6,051,220, U.S. 2004/0057944, 2001/0046493, and WO
2006044529, each of which is herein incorporated by
reference. The enzymes catalyze the hydrolysis of fats
into glycerol and fatty acids, starch into dextrin and
sugars, and protein into amino acids and derived
substances. Pancreatic enzymes show optimal activity
under near neutral and slightly alkaline conditions.
Under gastric conditions, pancreatic enzymes may be
inactivated with a resulting loss in biological
activity. Therefore, exogenously administered enzymes
are generally protected against gastric inactivation
and remain intact during their transit through the
stomach and into the duodenum. Although it is
desirable to coat pancreatic enzymes, uncoated
preparations are also found in commerce.Pancreatic
lipases are the most sensitive to gastric inactivation
and are the most important single enzymes in the
treatment of malabsorption. Lipase activity is
typically monitored to determine the stability of an
enzyme composition containing lipase. After passage
through the stomach, the enzymes should be released in
the duodenum within 5-30 minutes, since digestion by
pancreatic enzymes and absorption of the metabolites
takes place primarily in the upper segment of the
intestine, although digestion and absorption can take
place throughout GI transit. Pancreatic enzymes have
typically been coated with an enteric coating polymer,
which protects the enzyme composition against the
acidic environment of the stomach and then provides
release of the enzyme in the intestine. The
conventional pancreatic enzyme preparations are
intrinsically unstable and do not possess the
shelf-life typically associated with approved
pharmaceutical products for oral use. The activity of
pancreatic enzyme preparations is typically determined
based on the activity of lipase, which is one of the
enzymes most sensitive to losing enzymatic activity
during storage. Commercially available digestive
enzyme compositions show a loss of lipase activity
over time of up to about 35% or more. In order to
compensate for the losses of enzymatic activity during
storage and to ensure that the product provides the
label-claimed potency at the end of the shelf life,
manufacturers typically overfill the dosage forms from
5% to 60% and current USP specifications for
Pancrelipase Delayed-Release Capsules allow for
Pancrelipase equivalent to not less than 90% and not
more than 165% of the labeled lipase activity. In
practice this means that patients and prescribers are
unable to judge the dosage strength with accuracy,
with the practical result that the appropriate dosage
needs to be determined empirically for each new
prescription. Patients with exocrine pancreatic
insufficiency disorders rely on these drugs to provide
the enzymes they need to digest food properly. If the
label contains an inaccurate statement about a
particular product's potency, then the patient is at
risk for receiving too much or too little of the
medicine. Accordingly, it would be desirable to
provide a stable digestive enzyme composition capable
of maintaining the necessary activity for the expected
shelf life of the enzyme preparation, without
depending on overfilling the dosage form.0770 SUMMARY
OF THE INVENTION The present invention relates to
stable digestive enzyme compositions and dosage forms
and methods for producing stable enzyme compositions
and dosage forms. More particularly, the present
invention relates to enteric coated enzyme
compositions and dosage forms that exhibit minimal
loss of activity under typical storage conditions. In
one embodiment, the present invention provides a
composition comprising at least one digestive enzyme,
wherein the composition has a moisture content of
about 3% or less. In another embodiment, a composition
of the present invention comprises at least one
digestive enzyme, wherein the composition has a water
activity of about 0.6 or less. In another embodiment,
a composition of the present invention comprises at
least one stabilized digestive enzyme, wherein the at
least one stabilized digestive enzyme exhibits a loss
of activity of no more than about 15% after six months
of accelerated stability testing. In yet another
embodiment, the present invention provides a dosage
form such as a tablet or a capsule filled with the
composition of the present invention. In yet another
embodiment, a composition of the present invention
further comprises the at least one digestive enzyme
coated with a coating, wherein the coating comprises
an enteric polymer and optionally at least one
inorganic material. In yet another embodiment, the
present invention provides a package comprising a
sealed container made of moisture resistant material,
a desiccant, and at least one dosage form of the
present invention, wherein the desiccant and at least
one dosage form are inside the sealed container. In
yet another embodiment, the present invention provides
a method of 



treating or preventing a disorder associated with
digestive enzyme deficiency comprising administering a
composition of the present invention to a mammal in
need thereof.In yet another embodiment, the present
invention provides a method of preparing a composition
of the present invention. In one embodiment, the
method comprises coating particles of the at least one
digestive enzyme in an atmosphere having a moisture
content of about 3.6 g water per m3 or less, with a
coating comprising an enteric polymer and at least one
inorganic material, thereby forming a plurality of
delayed release particles. DETAILED DESCRIPTION OF THE
INVENTION One aspect of the present invention is
directed to a stabilized digestive enzyme composition.
The term "stabilized digestive enzyme" means a
digestive enzyme which maintains substantial enzymatic
activity after long-term storage. The term "digestive
enzyme" denotes an enzyme in the alimentary tract
which breaks down the components of food so that they
can be taken or absorbed by the organism. Non-limiting
classes of digestive enzymes suitable for use in the
present invention include Upases, amylases and
proteases. Non-limiting examples of digestive enzymes
include pancrelipase (also referred to as pancreatin),
lipase, colipase, trypsin, chymotrypsin, chymotrypsin
B, pancreatopeptidase, carboxypeptidase A,
carboxypeptidase B, glycerol ester hydrolase,
phospholipase, sterol ester hydrolase, elastase,
kininogenase, ribonuclease, deoxyribonuclease,
a-amylase, papain, chymopapain, glutenase, bromelain,
ficin, b-amylase, cellulase, b- Galactosidase,
lactase, sucrase, isomaltase, and mixtures thereof. In
one embodiment of the present invention, the
stabilized digestive enzyme is a pancreatic enzyme.
The term "pancreatic enzyme" as used herein refers to
any one of the enzyme types present in the pancreatic
secretion, such as amylase, lipase, protease, or
mixtures thereof, or any extractive of pancreatic
origin having enzymatic activity, such as pancreatin.
The pancreatic enzyme can be obtained through
extraction from the pancreas, produced artificially,
or obtained from sources other than the pancreas, such
as from microbes, plants or other animal tissues. In
another embodiment of the present invention, the
stabilized digestive enzyme is pancrelipase. The terms
"pancrelipase" or "pancreatin" denote a mixture of
several types of enzymes, including amylase, lipase,
and protease enzymes.Pancrelipase is commercially
available, for example from Nordmark Arzneimittel
GmbH, or Scientific Protein Laboratories LLC. In one
embodiment of the compositions of the present
invention, the stabilized digestive enzyme comprises a
lipase. The term "lipase" refers to an enzyme that
catalyzes the hydrolysis of lipids to glycerol and
simple fatty acids. Examples of Upases suitable for
the present invention include, but are not limited to
animal lipase (e.g., porcine lipase), bacterial lipase
(e.g., Pseudomonas lipase and/or Burkholderia lipase),
fungal lipase, plant lipase, recombinant lipase (e.g.,
produced via recombinant DNA technology by a suitable
host cell, selected from any one of bacteria, yeast,
fungi, plant, insect or mammalian host cells in
culture, or recombinant lipases which include an amino
acid sequence that is homologous or substantially
identical to a naturally occurring sequence, lipases
encoded by a nucleic acid that is homologous or
substantially identical to a naturally occurring
lipase-encoding nucleic acid, etc.),
chemically-modified lipase, or mixtures thereof. In
another embodiment of the compositions of the present
invention, the stabilized digestive enzyme comprises
an amylase. The term "amylase" refers to glycoside
hydrolase enzymes that break down starch, for example
a-amylases, b- amylases, g-amylases, acid
a-glucosidases, salivary amylases such as ptyalin,
etc. The amylases suitable for use in the compositions
of the present invention include, but are not limited
to animal amylases, bacterial amylases, fungal
amylases (e.g., Aspergillus amylase and, preferably,
is Aspergillus oryzae amylase), plant amylases,
recombinant amylases (e.g., produced via recombinant
DNA technology by a suitable host cell, selected from
any one of bacteria, yeast, fungi, plant, insect or
mammalian host cells in culture, or recombinant
amylases which include an amino acid sequence that is
homologous or substantially identical to a naturally
occurring sequence, amylases encoded by a nucleic acid
that is homologous or substantially identical to a
naturally occurring amylase-encoding nucleic acid,
etc.), chemically modified amylases, or mixtures
thereof. In another embodiment of the compositions of
the present invention, the stabilized digestive enzyme
comprises a protease. The term "protease" refers
generally to enzymes (e.g., proteinases, peptidases,
or proteolytic enzymes) that breakpeptide bonds
between amino acids of proteins. Proteases are
generally identified by their catalytic type, e.g.,
aspartic acid peptidases, cysteine (thiol) peptidases,
metallopeptidases, serine peptidases, threonine
peptidases, alkaline or semi-alkaline proteases,
neutral and peptidases of unknown catalytic mechanism.
Non-limiting examples of proteases suitable for use in
the compositions or oral dosage forms of the present
invention include serine proteases, threonine
proteases, cysteine proteases, aspartic acid proteases
(e.g., plasmepsin) metalloproteases, glutamic acid
proteases, etc. in addition, proteases suitable for
use in the compositions or oral dosage forms of the
present invention include, but are not limited to
animal proteases, bacterial proteases, fungal
proteases (e.g., an Aspergillus melleus protease),
plant proteases, recombinant proteases (e.g., produced
via recombinant DNA technology by a suitable host
cell, selected from any one of bacteria, yeast, fungi,
plant, insect or mammalian host cells in culture, or
recombinant proteases which include an amino acid
sequence that is homologous or substantially identical
to a naturally occuiting sequence, proteases encoded
by a nucleic acid that is homologous or substantially
identical to a naturally occurring protease-encoding
nucleic acid, etc.), chemically modified proteases, or
mixtures thereof. The compositions or oral dosage
forms of the present invention can comprise one or
more lipases (i.e., one lipase, or two or more
lipases), one or more amylases (i.e., one amylase, or
two or more amylases), one or more proteases (i.e.,
one protease, or two or more proteases), mixtures of
one or more lipases with one or more amylases,
mixtures of one or more lipases with one or more
proteases, mixtures of one or more amylases with one
or more proteases, or mixtures of one or more lipases
with one or more amylases and one or more proteases.
In one embodiment, the digestive enzyme is a porcine
pancreatic extract comprising various lipases (e.g.,
lipase, colipase, phospholipase A2, cholesterol 



esterase), proteases (e.g., trypsin, chymotrypsin,
carboxypeptidase A and B, elastase, kininogenase,
trypsin inhibitor), amylases, and optionally nucleases
(ribonuclease, deoxyribonuclease). In another
embodiment, the digestive enzyme is substantially
similar to human pancreatic fluid. In yet another
embodiment, the digestive enzyme is pancrelipase USP.
In still another embodiment, the digestive enzyme is
pancrelipase ESP having a lipase activity of 69-120 U
USP/mg, amylase activity ofgreater than or equal to
216 U USP/mg, protease activity of greater than or
equal to 264 U USP/mg, and total protease activity of
greater than or equal to 264 U USP/mg. Lipase
activities in the compositions or oral dosage forms of
the present invention can be about 4500-25,000 IU, for
example about 4500-5500 IU, about 9000-1 1,000 IU,
about 13,500-16,500 IU, and about 18,000-22,000 IU.
Amylase activities in the compositions or oral dosage
forms of the present invention can be about
8100-180,000 IU, for example about 8000-45,000 IU,
about 17,000-90,000 IU, about 26,000-135,000 IU, about
35,000-180,000 IU. Protease activities in the
compositions or oral dosage forms of the present
invention can be about 8000- 134,000 IU, for example
about 8000-34,000 IU, 17,000-67,000 IU, 26,000-100,000
IU, 35,000-134,000 IU. In one embodiment, the lipase
activity ranges from about 4500-5500 IU, the amylase
activity ranges from about 8000-45,000 IU, and the
protease activity ranges from about 8000-34,000 IU. In
another embodiment, the lipase activity ranges from
about 9000-1 1,000 IU, the amylase activity ranges
from about 17,000-90,000 IU, and the protease activity
ranges from about 17,000-67,000 IU. In yet another
embodiment, the lipase activity ranges from about
13,500-16,500 IU, the amylase activity ranges from
about 26,000-135,000 IU, and the protease activity
ranges from about 26,000-100,000 IU. In still another
embodiment, the lipase activity ranges from about
18,000-22,000 IU, the amylase activity ranges from
about 35,000-180,000 IU, and the protease activity
ranges from about 35,000-134,000 IU. The ratios of
lipase:protease:amylase in the compositions or oral
dosage forms of the present invention can be in the
range of about 1:10: 10 to about 10: 1:1, or about
1.0: 1.0:0. 15 (based on enzyme activities). The ratio
of amylase/lipase in the compositions or oral dosage
forms of the present invention can range from about
1.8- 8.2, for example about 1.9-8.2, and about
2.0-8.2. The ratio of protease/lipase in the
compositions or oral dosage forms of the present
invention can range from about 1.8- 6.2, for example
about 1.9-6.1, and about 2.0-6.1. In another
embodiment, the activities of lipase, protease, and
amylase can be those described in Table A, below:
Table AThe total amount of digestive enzymes (by
weight) in the compositions or oral dosage forms of
the present invention can be about 20-100%, 20-90%,
20-80%, 20- 70%, 20-60%, 20-50%, 20-40%, 20-30%, or
about 20%, about 30%, about 40%, about 50%, about 60%,
about 70%, about 80%, about 90%, or about 100%. In one
embodiment, the total amount of digestive enzymes is
60-90%. In another embodiment, the total amount of
digestive enzymes (e.g., pancrelipase) is about 68-
72%. In one embodiment, the compositions or oral
dosage forms of the present invention, comprising at
least one digestive enzyme, have a moisture content of
about 3% or less, about 2.5% or less, about 2% or
less, about 1.5% or less, or about 1% or less,
inclusive of all ranges and subranges therebetween
(i.e., any of about 2.5% to 3%, 2% to 3%, 1.5% to 3%,
1% to 3%, 2% to 2.5%, 1.5% to 2.5%, 1% to 2.5%, 1.5%
to 2%, 1% to 2%, 1% to 1.5%, etc.). Compositions or
oral dosage forms of the present invention, maintained
at low moisture content, have been found to be
substantially more stable compared to conventional
compositions maintained at higher moisture contents,
e.g. above about 3% or higher. The term "moisture
content", also referred to as "water content", means
the amount of water that a composition contains. For
compositions which do not change volume with changing
moisture content, the moisture content can be
expressed volumetrically (i.e., by volume) as the
ratio of the mass of moisture to the dry volume of the
material. For compositions that change volume with
changing moisture content, the moisture content can be
expressed gravimetrically (i.e., by weight) as the
mass of water removed upon drying per unit dry mass of
the specimen. Determination of moisture content can be
achieved by any of the conventional methods known in
the art. For example, the moisture content can be
determined by chemical titration, such as Karl Fischer
titration, in which a sample is dissolved in an
electrochemical titration cell. Water from the sample
is consumed in anelectrochemical reaction whose
endpoint is measured potentiometrically, thereby
providing a direct measure of the amount of water in
the sample. Alternatively, relatively simple
thermogravimetric methods may be used such as "Loss on
Drying" (LoD), in which the mass of a sample is
measured prior to, and after controlled drying. The
loss of mass after drying is attributed to loss of
moisture. Commercially available moisture analyzers
(e.g., available from Mettler Toledo, Sartorius AG,
etc.) can also be used to determine moisture content.
The moisture content of the compositions or oral
dosage forms of the present invention can be measured
by any suitable method known in the art, for example
LoD. In another embodiment, the compositions or oral
dosage forms of the present invention, comprising at
least one digestive enzyme, have a water activity of
about 0.6 or less, about 0.5 or less, about 0.4 or
less, about 0.3 or less, about 0.2 or less, or about
0.1 or less, inclusive of all ranges and subranges
therebetween (i.e., any of about 0.5 to 0.6, 0.4 to
0.6, 0.3 to 0.6, 0.2 to 0.6, 0.1 to 0.6, 0.4 to 0.5,
0.3 to 0.5, 0.2 to 0.5, 0.1 to 0.5, 0.3 to 0.4, 0.2 to
0.4, 0.1 to 0.4, 0.2 to 0.3, 0.1 to 0.3, 0.1 to 0.2,
etc.). Compositions or oral dosage forms of the
present invention, maintained at a low water activity,
have been found to be substantially more stable
compared to conventional digestive enzyme compositions
maintained at higher water activity levels. Water
activity, also referred to as "aw", is the relative
availability of water in a substance. As used herein,
the term "water activity" is defined as the vapor
pressure of water in a sample divided by the vapor
pressure of pure water at the same temperature. Pure
distilled water has a water activity of exactly one.
Water activity is temperature dependent. That is,
water activity changes as the temperature changes. In
the present invention, water activity is measured at a
temperature ranging from about O0C to about 500C,
preferably from about 100C to about 400C. The water
activity of a product can be determined by measuring
the relative humidity of the air surrounding the
sample at equilibrium. Accordingly, measurement of
water activity in a sample is typically carried out in
an enclosed (usually insulated) 



space where this equilibrium can take place. At
equilibrium, the water activity of the sample and the
relative humidity of the air are equal, and therefore
a measurement of the equilibrium relative humidity
(ERH) of the air in the chamber provides a measure of
the water activity of the sample. At least two
different types of water activity instruments are
commercially available. One type of water activity
instruments useschilled-mirror dewpoint technology
(e.g., AquaLab(tm) water activity meters available
from Decagon Devices, Inc.) while others measure
relative humidity with sensors that change electrical
resistance or capacitance (e.g., water activity meters
available from Rotronic). The water activity of the
compositions or oral dosage forms of the present
invention can be measured by any suitable method known
in the art. In another embodiment, the compositions or
oral dosage forms of the present invention, comprising
at least one stabilized digestive enzyme, exhibit a
loss of enzyme activity of no more than about 25%, no
more than about 20%, no more than about 15%, no more
than about 12%, no more than about 10%, no more than
about 8%, or no more than about 5%, after six months
of accelerated stability testing. The term
"accelerated stability testing" or "accelerated
storage testing" refers to test methods used to
simulate the effects of relatively long-term storage
conditions o enzyme activity, which can be carried out
in a relatively short time. Accelerated stability
testing methods are known in the art to be a reliable
alternative to real-time stability testing, and can
accurately predict the shelf life of biological
products. Such "accelerated stability testing"
conditions are known in the art and are in accordance
with the International Conference for Harmonization of
Technical Requirements for Registration of
Pharmaceuticals for Human Use: Stability Testing of
New Drug Substances and Products QlA, herein
incorporated by reference in its entirety. One method
of accelerated stability testing comprises storing
samples of digestive enzyme composition in a sealed
Nialene (nylon, aluminium, polyethylene laminate;
GOGLIO SpA, Milan) bag at 40C/75% relative humidity
for 6 months. After storage (or periodically during
storage) the enzyme activity of the samples can be
tested using conventional methods for assaying
digestive enzyme activity (e.g., United States
Pharmacopoeia, Pancrelipase: Assay for lipase
activity; herein incorporated by reference in its
entirety). The compositions or oral dosage forms of
the present invention can also further comprise one or
more stabilizers which enhance or improve the
stability of the compositions or oral dosage forms of
the present invention. Non-limiting examples of
suitable stabilizers include proline, trehalose,
dextran, maltose, sucrose, mannitol, polyols, silica
gel, aminoguanidine, pyridoxamine, anhydrous metal
salts, such as sodium hydrogen carbonate magnesium
oxide, calcium oxide, aluminium oxide andmixtures
thereof. The one or more stabilizers can have a
moisture content of about 3% or less and/or a water
activity of 0.6 or less. Non-limiting examples of
suitable forms of trehalose which can be used in the
compositions or oral dosage forms of the present
invention include trehalose dihydrate (TD), amorphous
trehalose (AT), anhydrous trehalose (e.g. anhydrous
amorphous trehalose (AAT), anhydrous crystalline
trehalose (ACT)). Powdered anhydrous trehalose may
contain any AAT and/or ACT. As used herein, the term
"trehalose" refers to any physical form of trehalose,
including anhydrous, partially hydrated, fully
hydrated and mixtures and solutions thereof. The term
"anhydrous trehalose" refers to any physical form of
trehalose containing less than 2% water. The anhydrous
forms of trehalose may contain from 0-2% water.
Amorphous trehalose contains about 2-9% water and
trehalose dihydrate contains about 9-10% water.
Anhydrous trehalose can be prepared as described in
PCT/GB97/00367, herein incorporated by reference in
its entirety. In one embodiment, the compositions or
oral dosage forms of the present invention comprise
one or more stabilized digestive enzymes and anhydrous
trehalose. The amount of anhydrous trehalose (AAT or
ACT) in the composition of the present invention can
be in the range of about 5-50%, 5-40%, 5-30%, 5-20%,
5-15%, 5-10%, 7-15%, or about 5%, about 7%, about 10%,
about 15%, or about 20%. The anhydrous trehalose can
be incorporated into the compositions or oral dosage
fopns of the present invention as a powder. The
particle size of the anhydrous trehalose powder can be
in the range of about 2-2000 mm. Compositions or oral
dosage forms of the present invention comprising one
or more stabilized digestive enzymes and anhydrous
trehalose confer improved enzyme stability. It is
believed that the anhydrous trehalose stabilizes the
compositions or oral dosage forms of the present
invention by absorbing or sequestering moisture from
ambient humidity, or residual moisture from
manufacturing or within the formulation itself.
Depending on the intended use and requirement of the
compositions, the weight ratio of the stabilized
digestive enzyme to the stabilizer ranges from about
99:1 to 80:20. The stabilizer can be incorporated into
the compositions or oral dosage forms of the present
invention by wet or dry blending at least one
stabilized digestiveenzyme with at least one
stabilizer. In one embodiment, one or more stabilized
digestive enzyme is dry blended with one or more
stabilizer. In another embodiment, one or more
stabilized digestive enzyme is wet blended with one or
more stabilizer. In addition to the stabilized
digestive enzyme and/or stabilizer(s), the
compositions or oral dosage forms of the present
invention can further comprise one or more
pharmaceutically acceptable excipients. The term
"excipients" includes other pharmaceutically
acceptable ingredients added to the active
component(s) of a composition (e.g., the stabilized
digestive enzymes) in order to improve processing,
stability, palatability, etc. Non-limiting examples of
suitable excipients include pharmaceutically
acceptable binders, stabilizers, disintegrants,
lubricants, glidants, diluents, and mixtures thereof
etc. It will be appreciated by those skilled in the
art of pharmaceutical formulations that a particular
excipient may carry out multiple functions in the
composition. So, for example a binder may also
function as a diluent, etc. The excipients can have a
moisture content of about 3% or less and/or a water
activity of about 0.6 or less. Non-limiting examples
of suitable binders include starches, sugars (e.g.
lactose), sugar alcohols (e.g. xylitol, sorbitol,
maltitol), cellulose (e.g. microcrystalline
cellulose), modified celluloses (e.g.,
hydroxypropylcellulose, carboxymethylcellulose
sodium), alginic acid, polyvinyl pyrrolidone
(povidone), and mixtures thereof. Nonlimiting examples
of suitable disintegrants include dibasic calcium
phosphate, dibasic calcium phosphate dihydrate,
tribasic calcium phosphate, alginic acid,
hydroxypropylcellulose, carboxymethylcellulose
calcium, carboxymethylcellulose 



sodium, cross-linked carboxymethylcellulose sodium,
swellable ion exchange resins, alginates,
formaldehyde-casein, cellulose, croscarmellose sodium,
crospovidone (e.g., cross-linked polyvinyl
pyrrolidone), microcrystalline cellulose, sodium
carboxymethyl starch, sodium starch glycolate,
starches (corn starch, rice starch), and mixtures
thereof. Non-limiting examples of suitable lubricants
include calcium stearate, magnesium stearate, sodium
stearyl fumarate, stearic acid, zinc stearate, talc,
waxes, Sterotex(r), Stearowet(r), and mixtures
thereof. Non-limiting examples of suitable glidants
include colloidal silicon dioxide, talc, and mixtures
thereof. Nonlimiting examples of suitable diluents
include mannitol, sucrose, anhydrous dibasic calcium
phosphate, anhydrous dibasic calcium phosphate
dihydrate, tribasic calcium phosphate, cellulose,
lactose, magnesium carbonate, microcrystalline
cellulose, andmixtures thereof. Non-limiting examples
of suitable stabilizers include trehalose, proline,
dextran, maltose, sucrose, mannitol, polyols, silica
gel, aminoguanidine, pyridoxamine, and mixtures
thereof. In one embodiment, the disintegrant is
crospovidone (e.g., POLYPLASDONE XL, POLYPLASDONE
XL-IO). In another embodiment, the disintegrant is
croscarmellose sodium (e.g., AC-DI-SOL). In another
embodiment, the disintegrant is sodium starch
glycolate (e.g., EXPLOTAB, EXPLOTAB CV). In another
embodiment, the compositions or oral dosage forms of
the present invention can comprise a combination of
disintegrants such as microcrystalline cellulose and
sodium starch glycolate or croscarmellose sodium and
crospovidone. The amount of disintegrant can be in the
range of about any of about 0.1-30%, l%-30%, l%-25%,
l%-20%, 1%-15%, l%-10%, l%-5%, 5%-10%, 5%-15%, 5%-
20%, 5%-25%, or 5%-30%. In one embodiment, the amount
of disintegrant is about 2%-4%, or about 2%-3%, or
about 2.5%. Non-limiting examples of suitable diluents
include microcrystalline cellulose, starch, calcium
phosphate, lactose, sucrose, mannitol, sorbitol, and
combinations thereof. In one embodiment, the diluent
is microcrystalline cellulose (e.g. Avicel). In
another embodiment, the diluent is starch. In another
embodiment, the diluent is lactose (e.g., Pharmatol).
In another embodiment, the compositions or oral dosage
forms of the present invention can comprise a
combination of diluents such as microcrystalline
cellulose, starch and lactose. The amount of diluent
can be in the range of about any of about 0.1-99%, 1%-
30%, l%-25%, l%-20%, 1%-15%, l%-10%, l%-5%, 5%-10%,
5%-15%, 5%-20%, 5%-25%, or 5%-30%. In one embodiment,
the amount of diluent is about 2%-5%, 3%-5%, or about
4%. One or more of the excipients of the compositions
or oral dosage forms of the present invention can
function as a dessicant to further stabilized the
composition. Suitable excipients useful as desiccants
include any pharmaceutically acceptable excipient that
binds water tightly, or reduces the water activity of
a composition. For example, the composition of the
present invention can include about 1-4% silica gel,
or about 2.5% silica gel.The compositions of the
present invention can be prepared in any suitable oral
dosage form. Non-limiting examples of suitable dosage
forms include tablets, capsules or sachets. Since
certain digestive enzymes, such as pancreatic lipases
may need to be protected against gastric inactivation
prior to release in the duodenum, it is may be
desirable that the stabilized digestive enzyme
compositions or oral dosage forms of the present
invention be provided as a controlled or delayed
release formulation. Such controlled or delayed
release formulations can include tablets or particles
coated with an enteric coating which serves to protect
pH-sensitive digestive enzymes from gastric
inactivation, yet which releases the digestive enzymes
in the duodenum. Alternatively, the controlled release
formulations can include capsules filled with the
stabilized digestive enzyme compositions or oral
dosage forms of the present invention, whereby the
capsule protects the contents against gastric
inactivation, yet releases the digestive enzymes in
the duodenum. However, the stabilized digestive enzyme
compositions or oral dosage forms of the present
invention are not limited to digestive enzymes
susceptible to gastric inactivation, for example
certain digestive enzymes that are naturally stable in
the gastric environment such as gastric lipases, a
range or proteases, including those of pancreatic
origin and amylases. Certain digestive enzymes derived
or extracted from microorganisms that have an
intrinsic stability, or that have been chemically
modified by cross-linking. When the compositions of
the present invention are formulated as tablets, the
stabilized digestive enzyme(s) can be "tabletted"
(i.e., formed into tablets) using methods known in the
art, and subsequently coated with an enteric coating,
again using methods known in the art. When the
compositions of the present invention are formulated
as capsules, the contents of the capsule can be
formulated using methods known in the art. For
example, the stabilized digestive enzyme composition
can be provided in the form of particles or tablets
suited to incorporation in a capsule. The term
"particles" as used herein includes fine powders
(having particle diameters in the range of about 1 mm)
up to pellets having a diameter of about 5 mm. The
stabilized digestive enzyme composition can also be
formed into particles coated with a coating, wherein
the coating comprises an enteric polymer. The term
"enteric polymer" means a polymer that protects the
digestive enzymes from gastriccontents, for example a
polymer that is stable at acidic pH, but can break
down rapidly at higher pH or a polymer whose rate of
hydration or erosion is slow enough to ensure that
contact of gastric contents with the digestive enzymes
is relatively minor while it is in the stomach, as
opposed to the remainder of the gastro-intestinal
tract. Non-limiting examples of enteric polymers
include those known in the art, such as modified or
unmodified natural polymers such as cellulose acetate
phthalate, hydroxypropylmethylcellulose phthalate,
hydroxypropylmethylcellulose acetate succinate, and
shellac; or synthetic polymers such as acrylic
polymers or copolymers methacrylic acid polymers and
copolymers, methylmethacrylate copolymers, and
methacrylic acid/methylmethacrylate copolymers. The
enteric polymer coating can be a synthetic polymer,
optionally including an inorganic material, such as an
alkalinizing agent. The resulting coated particles
provide delayed release beads comprising a core which
comprises the stabilized digestive enzyme(s) and an
enteric coating encapsulating the core. The coated
stabilized digestive enzyme particles can then be
formulated into tablets or capsules. The enteric
polymer and the at least one inorganic material impart
enteric properties to the coating of the present
invention. That is, when used as a medication, 



the coating will act as a barrier protecting the
medication from the acidic environment of the stomach
and substantially prevent the release of the
medication before it reaches the small intestine
(i.e., the release of enzyme in the stomach is less
than about 10-20% of the total amount of enzyme in the
composition). The inorganic material can include, for
example, an alkalinizing agent. Nonlimiting examples
of alkalinizing agents include silicon dioxide, sodium
salts, calcium salts, magnesium salts, aluminum salts,
aluminum hydroxides, calcium hydroxides magnesium
hydroxides, talc, and combinations thereof. In one
embodiment, the alkalinizing agent is talc. Depending
on the intended use of the composition, the ratio of
the enteric polymer and the at least one inorganic
material may be in a range of from about 10:1 to about
1:60 by weight. In another embodiment, the ratio of
the enteric polymer and the at least one inorganic
material ranges from about 8:1 to about 1: 50 by
weight. In another embodiment, the ratio of the
enteric polymer and the at least one inorganic
material ranges from about 6:1 to about 1:40 by
weight. In another embodiment, theratio of the enteric
polymer and the at least one inorganic material ranges
from about 5:1 to about 1:30 by weight. In another
embodiment, the ratio of the enteric polymer and the
at least one inorganic material ranges from about 4 :1
to about 1:25 by weight. In another embodiment, the
ratio of the enteric polymer and the at least one
inorganic material ranges from about 4 :1 to about 1:9
by weight. In another embodiment, the ratio of the
enteric polymer and the at least one inorganic
material ranges from about 10:4 to about 10:7 by
weight. In one embodiment, the compositions or oral
dosage forms of the present invention comprise
stabilized digestive enzyme particles coated with an
enteric coating comprising an enteric polymer and an
inorganic material such as talc. In a particular
embodiment, the inorganic material of the enteric
coating comprises about 1-10% by weight of the weight
of the total weight of the particles. In another
embodiment the inorganic material comprises about 3,
about 5, about 7, or about 10% by weight of the
particles. In still other embodiments, the inorganic
material is an alkalinizing agent and comprises about
20-60% of the dry coating weight. In still other
embodiments, the alkalinizing agent is about 25%,
about 30%, about 35%, about 40%, about 45%, about 50%,
or about 55% of the dry coating weight (inclusive of
all ranges, subranges, and values therebetween). In a
particular embodiment, the alkalinizing agent is talc.
In still another particular embodiment, the dry
coating of the particles comprises about 35% talc. In
another embodiment of the present invention, the
coating further comprises a plasticizer. Examples of
suitable plasticizers include, but are not limited to
triacetin, tributyl citrate, tri-ethyl citrate, acetyl
tri-n-butyl citrate, diethyl phthalate, dibutyl
sebacate, polyethylene glycol, polypropylene glycol,
castor oil, acetylated monoglyceride, acetylated
di-glyceride, and mixtures thereof. The dosage forms
of the present invention can be capsules containing
the composition of the present invention (e.g.,
controlled-release particles of the stabilized
digestive enzyme composition, coated with an enteric
polymer and an alkalinizing agent). The capsules
themselves can be comprised of any conventional
biodegradable material known in the art, for example,
gelatin, polysaccharides such as pullulan, or modified
cellulosic materials such as
hydroxypropylmethylcellulose. In order to improve the
stability of the stabilized digestive enzymes, the
capsule can be dried prior to filling, or a capsule
comprised of a low moisture content material can
beselected. In one embodiment of the dosage form of
the present invention, the capsule is comprised of
hydroxypropylmethylcellulose. In another embodiment of
the dosage form of the present invention, the capsule
is comprised of hydroxypropylmethylcellulose having a
water content of about 6% or less, for example about
any of 4% or less, 2% or less, or 2-6%, or 4-6%. In
another embodiment, the capsule is comprised of
hydroxypropylmethylcellulose having a water content of
less than about 2%. The dosage forms of the present
invention can comprise a single digestive enzyme, or
mixtures of digestive enzymes. If the stabilized
digestive enzyme composition is formed into particles
coated with an enteric coating, the coated particles
can each contain a core comprising a single digestive
enzyme or mixtures of digestive enzymes. The dosage
form can also comprise coated particles, each of which
has nominally the same composition, or it can comprise
mixtures of different kinds of coated particles. For
example the dosage form can be a capsule filled with
coated particles, wherein each of the coated particles
has a core comprising pancrelipase. Alternatively, the
dosage form can be a capsule filled with coated
particles, wherein some of the coated particles have a
core comprising pancrelipase, whereas other coated
particles have cores comprising a different lipase, or
proteases or amylases. Any suitable combination of
coated particles of different compositions can be used
to provide the desired therapeutic effect. In
addition, when the dosage forms of the present
invention are comprised of coated particles of
stabilized digestive enzymes, the individual particles
can each have the same coating composition, or can
include mixtures of particles, some of which have a
different coating composition. Any suitable
combination of coating compositions can be used to
provide the desired type of controlled release or
therapeutic effect. The core of the coated particles
can have any suitable particle size or shape. For
example, the coated particles can be in the form of a
coated powder having a particle size range of about
50-5000 microns, or can be in the form of "minitabs"
which have a nominal particle diameter in the range of
about 2-5 mm. For other applications, the core of the
coated particles can be "microtabs" which have nominal
particle diameters of less than about 2 mm, for
example about 1-2 mm.In one embodiment, the
compositions or oral dosage forms of the present
invention can comprise a plurality of coated digestive
enzyme particles (e.g., pancrelipase). The digestive
enzyme particles can comprise a digestive enzyme, at
least one disintegrant, at least one polymeric binder
or diluent, and optionally at least one plasticizer,
optionally at least one glidant, and optionally at
least one lubricant. In one embodiment, the digestive
enzyme particles can comprise about 60-90% of
digestive enzyme, about 1-4% of at least one
disintegrant, about 2-6% of at least one polymeric
binder or diluent, and optionally about 0.5-1.0% of at
least one plasticizer, optionally about 0.2-0.6% of at
least one glidant, and optionally about 0.2-0.6% of at
least one lubricant. For example, the digestive enzyme
particles can comprise about 60-90% pancrelipase,
about 1-4% of croscarmellose sodium, about 0.5-1.0% of



hydrogenated castor oil, about 0.2-0.6% of colloidal
silicon dioxide, about 2-6% of microcrystalline
cellulose, and about 0.2-0.6% of magnesium stearate.
The coating can comprise at least one enteric polymer,
about 4-10% of at least one alkalinizing agent (based
on the total weight of the particles), and optionally
at least one plasticizer. In one embodiment, the
coating can comprise about 10-20% of a least one
enteric polymer, about 4-10% of a least one
alkalinizing agent, and about 1-2% of a least one
plasticizer (based on the total weight of the
particles). For example, the coating can comprise
about 10-20% of hydroxypropylmethylcellulose
phthalate, about 4-10% of talc, and about 1-2% of
triethyl citrate (based on the total weight of the
particles). The plurality of coated digestive enzyme
particles can then be formed into a tablet, or filled
into a capsule. In one embodiment, the capsule
comprises hydroxypropylmethylcellulose. The
compositions of the present invention, and dosage
forms comprising the compositions of the present
invention, have improved stability compared to
conventional digestive enzyme (e.g., pancrelipase)
compositions and dosage forms. Consequently, the
dosage forms of the present invention do not require
"overfilling" (i.e., zero-overfill), as do
conventional digestive enzyme dosage forms, to deliver
a clinically useful amount of digestive enzyme to a
patient in need thereof. Conventional digestive enzyme
compositions and dosage forms require overfilling
levels of as much as 65% (i.e., 165% of the required
dose of digestive enzyme) to compensate for the poor
enzyme stability. As a result, there is uncertainty as
to the dose delivered by conventional digestive enzyme
compositions. Thus, conventional"overfilled" dosage
forms can deliver higher than the intended dose of
digestive enzymes shortly after manufacture, but over
time, the enzyme activity can fall below the intended
dose. In one embodiment, the dosage forms comprising
the compositions of the present invention are
substantially zero-overfill. The term "substantially
zerooverfill" means compositions of the present
invention in which the amount of additional digestive
enzyme activity (i.e., the amount of additional enzyme
activity above the intended dose) is less than or
equal to about 10%, i.e., about 10%, less than about
10%, less than or equal to about 9%, less than or
equal to about 8%, less than or equal to about 7%,
less than or equal to about 6%, less than or equal to
about 5%, less than or equal to about 4%, less than or
equal to about 3%, less than or equal to about 2%,
less than or equal to about 1%, or about 0%. So, for
example, if the intended dose is about 4500 IU lipase,
the substantially zero-overfill dosage forms of the
present invention may contain less than or equal to
about 4950 IU lipase (i.e., less than or equal to 110%
of 4500 IU lipase). In another embodiment, the
zero-overfill dosage form contains 4500 IU lipase. The
compositions or dosage forms (e.g., tablets or
capsules) of the present invention can be stored in
any suitable package. For example, the package can be
a glass or plastic jar with a threaded or press-fit
closure. Alternatively; the compositions or dosage
forms of the present invention can be packaged as a
unit dosage form in "blister packs". Applicants have
found that improved stability of the digestive enzyme
compositions or dosage forms can be provided by
providing a moisture-proof seal, and/or a
moisture-proof package. Non-limiting examples of
suitable moisture-proof packages include glass jars,
plastic jars incorporating moisture barrier resins or
coatings, aluminized plastic (e.g., Mylar) packaging,
etc. The term "moisture-proof refers to a package
which has a permeability to water of less than about
0.5 mg water per cm3 of container volume per year.
Containers (e.g., bottles) can be closed with any
suitable closure, especially closures which minimize
the ingress of moisture during storage. For example,
the compositions or dosage forms of the present
invention can be closed with a closure such as Saf-Cap
III-A (Van Blarcom Closures, Inc.), containing HS 035
Heat Seal/20F (SANCAP Liner Technology, Inc.) printed
as a sealing liner.In order to ensure package
integrity and minimize moisture ingress during
storage, sealed packages containing the compositions
or dosage forms of the present invention can be
leak-tested after dispensing the composition or dosage
form of the present invention and sealing the package.
For example, the sealed packages can be tested by
applying a controlled vacuum to the closure, and
detecting the decrease in vacuum over time. Suitable
leak-testing equipment includes those manufactured by
Bonfiglioli (e.g., model LF-Ol-PKV or model PKV 516).
Packages containing the compositions or dosage forms
of the present invention can also contain a desiccant
(i.e., a substance which absorbs, reacts with, or
adsorbs water) capable of reducing the humidity inside
the package, for example a desiccant capsule, capable
of "scavenging" moisture from the atmosphere sealed
inside the package. Non-limiting examples of suitable
dessicants which can be placed inside such packages
include zeolites (e.g., molecular sieves such as 4A
molecular sieves), clay (e.g., montmorillonite clay),
silica gel, activated carbon, or combinations thereof.
In one embodiment, the desiccant comprises molecular
sieves. In addition, it is common practice when
packaging oral pharmaceutical unit doses to add a
"plug" of a cellulosic material, such as cotton, into
the top of the container to fill the empty space at
the top of the container, thereby minimizing movement
of the contents. Cellulosic materials are somewhat
hygroscopic, and can act as a "reservoir" of moisture
inside the package. Accordingly, in one embodiment of
the packages of the present invention, no cellulosic
or cotton "plug" is present in the package. In another
embodiment of the packages of the present invention,
the packages lack a cellulosic or cotton plug, and
contain a desiccant. The compositions of the present
invention can be prepared using conventional
techniques, but modified as indicated herein to
provide moisture contents of about 3% or less, water
activities of about 0.6 or less, or provide stabilized
digestive enzyme compositions which exhibit a loss of
activity of no more than about 15% after three months
accelerated stability testing. For example, particles
of digestive enzymes (e.g., pancrelipase) can be
coated in a fluidized bed coating apparatus equipped
with a dehumidifier. In one embodiment, the coating
apparatus is operated in an atmosphere having a water
content of about 4 g/m3 or less, about 3.5 g/m3 or
less, about 3 g/m3 or less, about 2.5 g/m3 or less,
about 2.0 g/m3 or less, about 1.5 g/m3 or less, about
1.0 g/m3 or less, or about 0.5 g/m3 or less, including
all ranges and subrangestherebetween. The atmosphere
in which the coating is carried out can comprise
dehumidified air, dehumidified nitrogen, or another
dehumidified inert gas. The coating can be applied as
a solution of the enteric polymer (and optionally a
suspended inorganic material) in an organic solvent
such as an alcohol (e.g. 



ethanol), a ketone (e.g. acetone), methylene chloride,
or mixtures thereof (e.g. mixtures of acetone
ethanol). The compositions of the present invention
provide improved absorption of fats, proteins, and
carbohydrates in patients suffering from conditions or
disorders associated with a digestive enzyme
deficiency. In one embodiment, compositions of the
invention, in particular pancrelipase or pancreatin
compositions, may be used to treat exocrine pancreatic
insufficiency (EPI) associated with various diseases.
Such diseases include, but are not limited to cystic
fibrosis (CF). In some embodiments, such compositions
may substantially alleviate malabsorption (e.g. of
fats) associated with EPI in cystic fibrosis patients
and other patients, including pediatric patients. In
some embodiments, such compositions may increase the
coefficient of fat absorption (CFA) to at least about
85% or more in cystic fibrosis patients. Such results
may be achieved when co-administered with other agents
or compositions, or may be achieved without
co-administration with other agents. In one
embodiment, such CFA results are achieved without
co-administration of proton pump inhibitors such as
Prilosec(r), Nexium(r), and the like. For patients
identified as having low GI pH levels (e.g., GI pH
levels < about 4), improved results may be obtained by
administering the compositions or dosage forms of the
present invention together with proton pump
inhibitors, antacids, and other drugs which increase
the pH of the GI tract. For example, the compositions
or dosage forms of the present invention can be
administered separately from the proton pump
inhibitors, antacid, or other drugs (either prior to,
concurrently with, or after administration of the
proton pump inhibitor, antacid, etc.). Alternatively,
the proton pump inhibitor, antacid, or other drug can
be combined with the pancreatin composition of the
present invention as a single dosage form. In yet
another embodiment, the present invention provides a
method of treating or preventing a disorder associated
with a digestive enzyme deficiencycomprising
administering a composition of the present invention
to a mammal in need thereof. In one embodiment, the
mammal is a human. In yet another embodiment, the
present invention provides a method of treating or
preventing a disorder associated with a digestive
enzyme deficiency comprising administering a
composition or dosage form of the present invention to
a mammal in need thereof, wherein the composition or
dosage form of the present invention comprises, in
addition to at least one digestive enzyme, a proton
pump inhibitor, antacid, or other medicament which
increases GI pH. In still another embodiment, the
present invention provides a method of treating or
preventing a disorder associated with a digestive
enzyme deficiency, comprising administering a
composition or dosage form of the present invention,
in combination with a dosage form comprising a proton
pump inhibitor, antacid, or other medicament which
increases GI pH. Disorders which can be treated with
the composition or dosage form of the present
invention include conditions in which the patient has
no or low levels of digestive enzymes or in which
patients require digestive enzyme supplementation. For
example, such conditions can include cystic Fibrosis,
chronic pancreatitis, other pancreatic diseases (e.g.,
hereditary, post-traumatic and allograft pancreatitis,
hemochromatosis, Shwachman syndrome, lipomatosis, or
hyperparathyroidism), sideeffects of cancer or cancer
treatment, side-effects of surgery (e.g.,
gastrointestinal bypass surgery, Whipple procedure,
total pancreatectomy, etc.) or other conditions in
which pancreatic enzymes cannot reach the intestine,
poor mixing (e.g., Billroth II gastrectomy, other
types of gastric by pass surgery, gastrinoma, etc.)
side effects of drug treatments such as treatment with
metformin or those drugs used to treat the symptoms of
HIV and autoimmune diseases such as diabetes in which
the pancreas may be compromised, obstruction (e.g.,
pancreatic and biliary duct lithiasis, pancreatic and
duodenal neoplasms, ductal stenosis), malabsorption
associated with celiac disease, food allergies and
aging. The amount of the composition or dosage form of
the present invention administered daily to mammals
(e.g., humans) depends upon the intended result. The
skilled physician will be capable of prescribing the
required dose based on his diagnosis of the condition
to be treated.For example, for the treatment of
digestive enzyme insufficiency in humans (e.g.,
related to cystic fibrosis) the starting dose should
be 500 to 1000 lipase units/kg/meal, with the total
dose not exceeding 2500 lipase units/lcg/meal or 4000
lipase units/g fat/meal in accordance with the
recommendations of the US FDA. Typically, a patient
should receive at least 4 dosage forms per day,
preferably administered with food. Examples Example 1
Pancrelipase MT (minitablets) is a blend of
pancrelipase raw material (e.g., obtained from
Nordmark) and excipients tabletted using round 2 mm
diameter beveled punches. The physical characteristics
of the Pancrelipase MT before coating are shown below
in Table 1. *USP method Pancrelipase MT was coated
with a coating formulation (Table 2) using a fluidized
bed Glatt-GPCGl apparatus equipped with a Munters ML
1350 dehumidifier in the process airflow. The coating
process was carried out with process air at three
different moisture contents (Table 3). For each batch,
the coating weight was approximately 15% of the total
weight of the coated particles. The composition of the
coated particles for each set a process conditions is
approximately the same (Table 4), and appeared
uniform, smooth and homogeneous after microscopic
examination.Ethanol 96% 79.78 Acetone 7.99 100.00 The
three sets of samples (i.e., P9A165, P9A167, and
P9A170) showed residual moisture contents
corresponding to the moisture content of the
processing air flow (Table 4). The influence of
residual moisture on the loss of activity over time
was evaluated under accelerated stability conditions
as follows: Hard gelatin capsules (dosage 20,000 IU
Lipase) were filled with the three lots of coated
Pancrelipase MT minitablets described above and stored
at 400C at 75% relative humidity in sealed Nialene
bags.Lipase activity was evaluated after 15 days and 4
months of storage. The 



results are shown in Table 6. Table 6 Time zero 15
days 4 months Batch LoD Lipase (IU/mg) P9A165 (2.8%)
62.5 46 (-26% activity) 33.6 (-46% activity) P9A167
(1.1%) 64.5 53 (-18% activity) 46.2 (-28% activity)
P9A170 (1.7%) 63.8 53 (-17% activity) 44.8 (-30%
activity) The results of Table 6 show that improved
stability is provided by compositions having a
moisture content of less than about 2%. Alternatively,
improved stability is provided by coating under an
atmosphere with a moisture content of less than 3.6
g/m3 to 0.4 g/m3. Example 2 Pancrelipase MT particles
were coated with two coating compositions containing
different amounts of talc (Table 7). Coating trials
were carried out using a fiuidized bed Glatt-GPCGl
apparatus equipped with a Munters ML 1350 dehumidifier
in order to assure process air flow at a low moisture
content (i.e., lower than 1 g/m3). Coating weights
were approximately 15%. The theoretical composition of
the two batches is reported in Table 8. Microscopic
examination indicated that the coatings on all samples
were smooth andhomogeneous. Residual moisture contents
were measured by loss on drying (Table 9). The effects
of the different coating compositions on the loss of
activity over time were evaluated under accelerated
stability conditions as follows: Hard gelatin capsules
(dosage 20,000 IU Lipase) were filled with the two
lots of coated Pancrelipase MT described above, and
stored at 400C and 75% relative humidity in sealed
Nialene bags. Lipase activity was checked after 1, 2
and 3 months of storage as shown in Table 9. The
results showed that the loss of activity after three
months of storage under accelerated stability
conditions is significantly lower for samples coated
with a high talc content coating (Lot P9A240).
Accordingly, increasing the talc concentrationfrom
approximately 1% to approximately 7% results in
significant improvements in enzyme stability. Example
3 The effects of coating composition solvent was
evaluated by preparing "high talc" and "low talc"
coating compositions similar to those described in
table 6, except that the ethanol (96% ethanol, 4%
water)/acetone solvent was replaced with 100% acetone
(Table 11). The coating trials were carried out using
a fluidized bed Glatt-GPCGl apparatus equipped with a
Munters ML 1350 dehumidifier in order to assure
process air flow at a low moisture content (lower than
1 g/m3). Coating weights were approximately 15%. The
theoretical composition of the two batches is reported
in Table 12. Lot P9A3 18 complied with commercial
product specifications, but Lot P9A352 did not pass a
gastro-resistance test. Microscopic examination showed
that the film coating of Lot P9A352 was not as smooth
and homogeneous as other coatedsamples, probably
because of the higher evaporation rate of acetone
compared with the ethanol/acetone mixture used in
previous samples, and the high talc concentration in
the coating. Lot P9A3 18 was then evaluated under
accelerated stability conditions as follows: Hard
gelatin capsules (dosage 20,000 IU Lipase) were
prepared and stored at 400C and 75% relative humidity
in sealed Nialene bags. Lipase activity was measured
after 1, 2 and 3 months of storage as shown in Table
13. 10 The stability of Lot P9A3 18 is significantly
improved compared to the stability of Lot P9A230,
which was prepared with a similar coating under
similar coating conditions (Table 14). It therefore
appears that replacement of 96% ethanol with acetone
in the coating formulation provides a significantly
lower loss of enzyme 15 activity over time. Example 4
CPS gelatin and HPMC (hydroxypropylmethylcellulose)
capsules were filled 0 with identical coated lipase
compositions. The water content of gelatin capsules
isapproximately 14%, and the water content of HPMC
capsules is approximately 4%. In addition one set of
HPMC capsules was dried to a moisture level of less
than 2%. All samples were subjected to accelerated
stability conditions (400C and 75% relative humidity;
samples heat-sealed in Nialene bags, and lipase
activity was tested after 15, 30 and 90 days. The
results are shown below in Tables 15-17. 1) HPMC CPS
vs GELATIN CPS As shown in Tables 15-17, lipase
compositions in HPMC capsules show significantly
higher lipase activity after storage for 15, 30, and
90 days under accelerated stability conditions and
dried HPMC capsules offer better stability than those
which contain equilibrium moisture levels. Example
5Gelatin and hydroxypropylmethylcellulose capsules
were filled with coated lipase compositions Minitablet
form. The coating for the compositions of the gelatin
capsules (P200050) contained approximately 10% talc,
whereas the coating for the compositions of the
hydroxypropylmethylcellulose capsules (P200550)
contained approximately 33% talc. The coating
compositions were otherwise identical. The following
Table 18 compares the levels of degradation observed
after storage under accelerated stability conditions
with the moisture content of the compositions. As
shown in Table 18, higher levels of lipase activity
correlate with lower levels of moisture in the
composition. In addition, compositions filled in HPMC
capsules are more stable than compositions filled in
to gelatin capsules. Table 18 Example 6 The effects of
storing capsules containing lipase compositions in
packages containing a desiccant were evaluated by
measuring lipase activity in the samples after 30 and
90 days of storage under accelerated stability
conditions (40C and 75% relative humidity; samples
heat-sealed in Nialene bags). As shown in Tables 19
and20, lipase activity is significantly higher in
packages containing a desiccant and in 



capsules that are dried below their equilibrium
moisture content. 2) DESICCANTS Desiccant 1: silica
gel in Tyvek(r) bags Desiccant 2 : molecular sieves in
Tyvek(r) bags Example 7 Pancrelipase MT particles were
coated with two coating compositions having a level of
talc intermediate between the "low" and "high" levels
employed above (HP55:TEC:Talc=10:l:5), using either
acetone or a mixture of ethanol/acetone as the coating
solvent. The theoretical composition of the two
coating suspensions shown in Table 21, below.The
coating trials were carried out using a fluidized bed
Glatt-GPCGl apparatus equipped with a Munters ML 1350
dehumidifier in order to assure process air flow at a
low moisture content (lower than 1 g/m3). The batches
were prepared by coating the Pancrelipase MT at a
coating weight of approximately 15%. Three batches
were prepared with an ethanol/acetone coating solvent
and three batches were prepared with an acetone
coating solvent. The theoretical composition, which
was the same for all six batches, is shown below in
Table 22. Microscopic examination of the coating for
all six samples appeared smooth and homogeneous. The
coated Pancrelipase MT particles were then filled into
HPMC capsules and packaged in glass bottles containing
desiccants (molecular sieves). The bottles were then
sealed, stored under accelerated stability conditions
and lipase activity was evaluated at various time
periods as indicated below in Table 23. The packaging
conditions for each sample was as follows. Twelve HPMC
capsules (dosage 20,000 IU Lipase) and Ig of molecular
sieves (Minipax sorbent- Multisorb) as desiccant were
put in a 30 mL capacity glass bottle. The bottles were
closed with Saf-Cap III-A, containing HS 035 Heat
Seal/20F printed as a sealing liner and stored at
40C/75% RH.As shown in Table 23, the three samples
prepared with the ethanol/acetone coating solvent
showed similar losses in lipase activity. After 2
months of storage, two of the samples prepared with
the acetone coating solvent did not exhibit any loss
of activity, and the third showed a 4% of reduction of
activity. This suggests thatsamples prepared with the
acetone coating solvent are more stable than samples
prepared with the ethanol/acetone coating solvent.
Example 8 Microtablets To provide further choices for
dosage formulations were made in which the dimensions
of the tablets was significantly reduced. The
pancrelipase blend was tabletted with round 1.5 mm
diameter, 1.2 mm radius of curvature punches. The
compression parameters were set to obtain microtablets
("mT") with friability lower than 2.5% (USP method).
The characteristics of Lot 9A402 are shown in Table
24. Lot P9A402 was coated in a fluid bed Glatt-GPCGl
apparatus equipped with a Munters ML 1350 dehumidifier
in order to assure process air flow at low moisture
content (lower than 1 g/m3 ) with a suspension having
the composition shown in Table 2. A coating weight of
22% was obtained. Microscopic examination of the film
coatings indicated that all of the samples appeared
smooth and homogeneous. The theoretical composition of
the batch Lot P9A422 is shown in Table 25. Two other
batches of microtablets were prepared as described
above, and their properties are shown below in Table
26.Pancrelipase microtablets were coated with one of
two suspensions having levels of talc intermediate
between the "high" and "low" levels described above
(HP55:TEC:Talc=10:l:5), using either acetone or a
mixture of ethanol in acetone as a coating solvent
(Table 27). The six trials were carried out using a
fluidized bed Glatt-GPCGl apparatus equipped with a
Munters ML 1350 dehumidifier in order to assure
process air flow at low moisture content (lower than 1
g/m3). Coating weights were approximately 22%, and
microscopic examination indicated that the coatings
were smooth and homogeneous. The theoretical
"compositions of the batches are summarized in Table
28.HPMC cps capsules were filled with the coated
microtablets described above, and packed in glass
bottles containing desiccants (molecular sieves). The
bottles were then closed with Saf-Cap HI-A, containing
HS 035 Heat Seal/20F printed as a sealing liner and
stored under accelerated stability conditions (400C
and 75% relative humidity). Twelve MPMC capsules
(dosage 5,000 IU Lipase) and Ig of molecular sieves
(Minipax sorbent-Multisorb) as desiccant were placed
in a 30 mL capacity glass bottle. Lipase activity was
measured at 20, 30, 40, and 60 days of storage as
shown in Tables 29 and 30.Method for transferring an
epitaxial layer. Background of the invention The
present invention relates to a method for producing an
epitaxial layer able to be implemented in fabrication
of semiconductor structures and in particular in
fabrication of SOI (Silicon On Insulator) or more
generally SeOI (Semiconductor On Insulator) structures
for electronics, microelectronics or optoelectronics
applications. In well-known manner, during fabrication
of SeOI structures, the epitaxial layer can first of
all be formed on a donor substrate and then be
transferred onto a receiver substrate or support
substrate. This method of fabrication can in
particular be implemented using the SmartCut(tm)
technology. An example of implementation of the
SmartCut(tm) technology is described in the document
US 5,374,564 or in the article by AJ. Aubreton-Herve
et al. entitled "Why can Smart- Cut change the future
of microelectronics?", Int. Journal of High Speed
Electronics and Systems, Vol. 10, NoI, 2000,
p.131-146. The SmartCut(tm) technology is a technology
widely used in numerous applications. However, in
certain particular cases, it may be interesting to be
able to use another transfer technology, in particular
to limit the risks of damaging certain circuits when
transfer is performed by implantation. Summary of the
invention The object of the invention is to propose a
method for producing an epitaxial layer whereby the
epitaxial layer can be detached from the donor
substrate after formation thereof. For this purpose,
the invention relates to a method for producing an
epitaxial layer comprising: - a fabrication step of a
structure comprising: 



- formation of an intermediate layer on a donor
substrate; and - formation of the epitaxial layer on
the intermediate layer by epitaxy; the melting
temperature of the intermediate layer being lower than
the melting temperature of the epitaxial layer; and -
a detachment step of the epitaxial layer from the
donor substrate by applying at least one thermal
treatment, this thermal treatment being performed at
atemperature comprised between the melting temperature
of the intermediate layer and the melting temperature
of the epitaxial layer. Formation between the donor
substrate and the epitaxial layer of an intermediate
layer having a lower melting temperature than the
melting temperature of the epitaxial layer thus
enables the epitaxial layer to be detached from the
substrate by melting of the intermediate layer. For
this purpose, thermal treatment is applied at a
temperature comprised between the melting temperature
of the intermediate layer and the melting temperature
of the epitaxial layer. This thermal treatment leads
to the intermediate layer melting without damaging the
epitaxial layer. Furthermore, following the detachment
step, after the remainder of the intermediate layer
located at its surface has been removed, the donor
substrate can advantageously be reused for producing a
new epitaxial layer, for example according to the
production method according to the invention. In a
particular embodiment, after the fabrication step and
before the detachment step, the method according to
the invention further comprises a bonding step of the
epitaxial layer to a support substrate. The method
according to the invention thus enables a structure to
be produced by transfer of an epitaxial layer from a
donor substrate onto a receiver substrate or support
substrate. Such a method can advantageously be used
for producing heterostructures (for example of SeOI
type) for electronics, microelectronics or
optoelectronics applications. In a particular
embodiment, the method according to the invention is
characterized in that the support substrate to which
the epitaxial layer is bonded comprises an oxide layer
at its surface. The method according to the invention
thereby advantageously enables SeOI structures to be
fabricated. In a particular embodiment, the bonding
step of the method according to the invention is
performed by molecular bonding. As an alternative,
other types of bonding can be implemented during the
bonding step of the method according to the invention,
such as for example anodic or eutectic bonding, or
adhesive bonding. During the detachment step of the
method according to the invention, mechanical
separating forces can further be applied at the same
time as the thermal treatment.Such separating forces
enable the epitaxial layer to be detached more easily
and more quickly from the donor substrate. The bonding
step according to the invention can be followed by a
thermal treatment step of strengthening the bonding
interface. In a particular embodiment, the method
according to the invention further comprises a removal
step of the remainder of intermediate layer remaining
on the detached epitaxial layer. In another particular
embodiment, during the fabrication step of the method
according to the invention, the intermediate layer is
formed by epitaxy on the donor substrate. According to
one feature of the invention, during the fabrication
step of the method according to the invention, the
intermediate layer and the donor substrate are formed
from a SeOI structure. According to another feature of
the invention, during the fabrication step of the
method according to the invention, the intermediate
layer and the epitaxial layer are formed from
silicon-germanium, the intermediate layer being formed
with a higher germanium concentration than that of the
epitaxial layer so that the melting temperature of the
intermediate layer is lower than the melting
temperature of the epitaxial layer. Thus, in simple
manner, the epitaxial layer and intermediate layer can
advantageously be formed by alloys of the same
elements (for example in this embodiment from
silicon-germanium) taken in different concentrations
to enable melting of the intermediate layer. The
melting temperature of silicon-germanium being a
decreasing function of the germanium concentration
according to Stohr and Klemm's calculations, the
germanium concentration in the intermediate layer must
be greater than the germanium concentration in the
epitaxial layer. In a particular embodiment, during
the fabrication step of the production method
according to the invention: - the donor substrate and
intermediate layer are formed from silicon-germanium,
the germanium concentration in the intermediate layer
being greater than the germanium concentration in the
donor substrate; and - the epitaxial layer is formed
by growth of a strained silicon (sSI) layer on said
intermediate layer. According to one feature of the
invention, during the fabrication step of the
production method according to the invention, at least
one spacer layer isformed between the donor substrate
and the intermediate layer and/or between the
intermediate layer and the epitaxial layer. In another
particular embodiment, during the fabrication step of
the production method according to the invention: -
the donor substrate is formed from silicon covered
with a silicon dioxide layer; - the intermediate layer
is formed from germanium; and - the epitaxial layer is
formed from gallium arsenide. In yet another
particular embodiment, during the fabrication step of
the production method according to the invention: -
the donor substrate is formed from sapphire; - the
intermediate layer is formed from indium nitride
(InN); and - the epitaxial layer is formed from
gallium nitride (GaN). ' Brief description of the
figures The features and advantages of the present
invention will become more clearly apparent from the
following description, given for non-restrictive 



example purposes only with regard to the accompanying
drawings in which: - figures IA to IE are schematic
cross-sectional views showing production of an
epitaxial layer according to an embodiment of the
invention; - figure 2 is a flowchart of the steps
implemented in figures IA to IE according to an
embodiment of the invention; - figure 3 represents
facing one another: - a schematic cross-sectional view
(b) of a structure obtained during the fabrication
step of the production method according to the
invention according to a. particular embodiment in
which the different layers are formed from
silicon-germanium, and - a graph (a) representing the
germanium concentration in each of the layers of the
structure; - figure 4 represents facing one another: -
a schematic cross-sectional view (b) of a structure
obtained during the fabrication step of the production
method according to the invention according to a
particular embodiment in which the substrate and
intermediate layer are formed from silicon-germanium,
and the epitaxial layer is formed by growth of
strained silicon on the intermediate layer; and- a
graph (a) representing the germanium concentration in
each of the layers of the structure; - figure 5
represents a schematic cross-sectional view of a
structure fabricated during the fabrication step of
the production method according to the invention
leading after the detachment step to a gallium
arsenide on insulator (AsGaOI) structure, in a
particular embodiment of the invention; - figures 6A
and 6B show application of shearing forces
(translational movements) applied in the plane of the
intermediate layer at the same time as thermal
treatment during detachment of the epitaxial layer, in
a particular embodiment of the invention. Detailed
description of embodiments of the invention The object
of the present invention is to produce an epitaxial
layer and applies in this respect to fabrication of
numerous semiconducting matepal structures. The
epitaxial layer produced during the production method
of the invention can be detached on its own (for
example self-supported layer) or after transfer onto a
support substrate depending on the applications
involved. Thus, the invention has a privileged but
non-exhaustive application in fabrication of
heterostructures such as SeOI (Semiconductor On
Insulator) structures, such as for example gallium
arsenide on insulator (AsGaOI) structures, gallium
nitride on insulator (GaNOI) structures, strained
silicon on insulator (sSOI) structures, and so on. The
principle of the invention consists in forming an
intermediate layer between a donor substrate and an
epitaxial layer the melting temperature of which
intermediate layer is lower than the melting
temperature of the epitaxial layer. Applying a thermal
treatment to the structure obtained (structure
comprising the substrate, intermediate layer and
epitaxial layer) enables the intermediate layer to be
made to melt and the epitaxial layer to be detached
from the substrate at the level of the melted
intermediate layer. To enable the intermediate layer
to melt without damaging the epitaxial layer, the
thermal treatment is performed at a temperature
comprised between the melting temperature of the
epitaxial layer and the melting temperature of the
intermediate layer. A method for producing an
epitaxial layer according to the invention will now be
described in a particular embodiment with reference to
figures IA to IE and 2.A donor substrate 1 is first of
all considered (figure IA). This substrate can be of
any type, for example a monocrystalline silicon
substrate, a silicon-germanium substrate, etc. In the
example described here, it is assumed that donor
substrate 1 is a monocrystalline sapphire substrate.
Other examples of donor substrate will be described
further on with reference to figures 3, 4 and 5.
During a first step Sl (figure IA), an intermediate
layer 2 is formed by epitaxial growth on donor
substrate 1. The epitaxy technique implemented for
epitaxial growth of intermediate layer 2 can be of
various kinds. Thus, for example, it may involve
epitaxy by Chemical Vapor Deposition (CVD),
Metallo-Organic Chemical Vapor Deposition (MOCVD),
Hybrid Vapor Phase Epitaxy (HVPE) or Molecular Beam
Epitaxy (MBE). In the example described here,
intermediate layer 2 is a layer formed from indium
nitride (InN). Its melting temperature Tf(2) is equal
to Tf(2)=1373C. In a step S2 (figure IB), a gallium
nitride (GaN) layer is formed by epitaxial growth on
intermediate layer 2 of indium nitride. The GaN layer
thus obtained is an epitaxial layer 3 in the sense of
the invention. In the same way as for step Sl, the
epitaxy technique implemented can in particular be of
the CVD, MOCVD, HVPE or MBE type. The melting
temperature Tf(3) of epitaxial layer 3 is equal to
Tf(3)=2500C. Thus, the first two steps Sl and S2
enable a structure 10 to be fabricated (figure IB)
comprising a donor substrate 1, an intermediate layer
2 and an epitaxial layer 3. According to the
invention, intermediate layer 2 has a lower melting
temperature Tf(2) than melting temperature Tf(3)of
epitaxial layer 3. Intermediate layer 2 can be
obtained by other techniques than epitaxial growth.
Thus, in another embodiment of the invention,
intermediate layer 2 and donor substrate 1 of
structure 10 are formed from a SeOI structure.
Intermediate layer 2 is thus formed by the top layer
of the SeOI structure, whereas donor substrate 1 is
thus formed by the layer of silicon covered with
silicon dioxide. This SeOI structure was for example
obtained during a previous layer transfer process
implementing the SmartCut(tm) technology. It is chosen
such that melting temperature Tf(2) of intermediate
layer 2 is lower than melting temperature Tf(3) of
epitaxial layer 3. During a step S3 (figure 1C), a
support substrate 5 is bonded by molecular bonding to
structure 10. In the example described here, support
substrate 5 is a silicon substrate covered by an oxide
layer 4 (silicon dioxide in this case).In another
embodiment of the invention, an insulator layer is
formed on structure 10. This insulator layer in
particular ensures that good quality bonding is
achieved. As an alternative embodiment, an insulator
layer is formed both on 



support substrate 5 and on structure 10. The principle
of adhesion by molecular bonding is well known as such
and will not be described in greater detail here. As a
reminder, adhesion by molecular bonding is based on
bringing two surfaces into close contact, i.e. without
the use of a specific material (adhesive, glue, wax,
low melting temperature metal, etc.) the attractive
forces between the two surfaces being strong enough to
result in molecular bonding (bonding induced by the
set of attractive forces (Van der Waals forces)
involving electronic interaction between atoms and
molecules of the two surfaces to be bonded). Other
types of bonding can be implemented in the bonding
step S3. Let us mention for example anodic bonding,
eutectic bonding or adhesive bonding, provided that
the adhesive or eutectics, and in general manner the
bonding used, can withstand a temperature in the
region of the melting temperature of intermediate
layer 2. The one skilled in the art can refer to the
article by S. Farrens et al. entitled "Chip
manufacturers look to wafer-bonding technology",
Compound Semiconductor Magazine, vol.8, issue 8,
September 2002, for further details on these different
bonding techniques. Following bonding step S3,
detachment of epitaxial layer 3 from donor substrate 1
is performed by applying thermal treatment in a step
S4. This thermal treatment is performed at a
temperature T comprised between melting temperature
Tf(2) of intermediate layer 2 and melting temperature
T ) of epitaxial layer 3. In the example described
here, temperature T is taken around or slightly above
melting temperature Tf(2) of intermediate layer 2 so
as to bring about melting of intermediate layer 2
without however causing melting of epitaxial layer 3
or damage to epitaxial layer 3. This thermal treatment
advantageously further strengthens the bonding
interface of the two surfaces placed in close contact
during adhesion step S3 by molecular bonding (here
epitaxial layer 3 and insulator layer 4). This
strengthening step by application of thermal treatment
is in fact generally necessary when adhesion by
molecular bonding is performed and is compatible with
the production method according to the invention. As
an alternative embodiment, strengthening of the
bonding interface can be implemented following step S3
andbefore step S4 in an annealing step performed at a
lower temperature than the melting temperature of the
intermediate layer. Melting of intermediate layer 2
caused by application of thermal treatment in step S4
enables epitaxial layer 3 to be detached from donor
substrate 1 at the level of intermediate layer 2 in a
step S5 (figure ID). In the example described here,
detachment of epitaxial layer 3 is facilitated by
application of mechanical separating forces at the
same time as the thermal treatment is performed in
step S4. Such mechanical separating forces are
preferably shearing forces applied in the plane of
intermediate layer 2. Application of shearing forces
at the same time as the thermal treatment is performed
can be implemented by means of gripping tools or means
comprising electrostatic plates made from materials
such as silicon carbide (SiC) or aluminium nitride
(AlN) covered with suitable coatings enabling a good
gripping force to be exerted on both sides of
structure 11. The two electrostatic plates are then
animated with movements that oppose one another,
thereby creating a detachment stress at the level of
melted intermediate layer 2 leading to detachment of
epitaxial layer 3 from donor substrate 1. Such
movements are for example rotational movements along
an axis perpendicular to intermediate layer 2 or
translational movements as represented in figures 6A
and 6B. The electrostatic plates can further be
provided with heating means to heat structure 11 to a
higher temperature than the melting temperature of
intermediate layer 2 to perform detachment of
epitaxial layer 3. As an alternative, structure 11 on
each side whereof the electrostatic plates are
arranged can be placed in an enclosure heated to a
higher temperature than the melting temperature of
intermediate layer 2. Other types of mechanical
separating forces can be applied at the same time as
the thermal treatment. Thus, document US 2004/0166653
presents gripping means whereby mechanical separating
forces can be exerted in a plane perpendicular to
intermediate layer 2. In another embodiment of the
invention, steps S4 and S5 can be performed under high
pressure. The use of high pressure can enable phase
change (i.e. melting) of the intermediate layer by
applying thermal treatment at a lower temperature than
the melting temperature of the intermediate layer. For
example, these steps can be performed in an autoclave.
Step S5 of detachment of epitaxial layer 3 from donor
substrate 1 is then followed by a cleaning step S6 of
detached epitaxial layer 3 (figure IE). Thisstep
consists in removing remainder 6 of intermediate layer
remaining at the surface of detached epitaxial layer
3. In the example described here, a gallium nitride on
insulator (GaNOI) structure 12 is thereby obtained.
Furthermore, during detachment step S5, in addition to
structure 12 comprising detached epitaxial layer 3,
donor substrate 1 is also obtained. After its surface
has been cleaned, donor substrate 1 can be reused for
example in a new implementation of the production
method according to the invention. Bonding step S3 of
structure 10 onto a support substrate 5 is optional.
In another embodiment of the invention, a support
substrate 5 is in fact not bonded to epitaxial layer
3. The production method according to the invention
then continues directly, after step S2 of formation of
epitaxial layer 3, with detachment of epitaxial layer
3 only, implementing previously described steps S4, S5
and S6. A structure 310 fabricated according to the
previously described fabrication step of the
production method according to the invention (step
grouping previously described steps Sl and S2) is now
described with reference to figure 3. Structure 310
represented in figure 3 (b) comprises a substrate 31,
an epitaxial layer 33 and an intermediate layer 32
between substrate 3 1 and epitaxial layer 33. It
further comprises a spacer layer 31' between substrate
3 1 and intermediate layer 32. In this embodiment, the
different layers of structure 310 are formed from
alloys of identical elements (i.e. silicon germanium
alloys here) but in which the concentrations of the
constitutive elements are different. These
concentrations 



are chosen such that the melting temperature Tf(32) of
intermediate layer 32 is lower than the melting
temperature Tf(33) of epitaxial layer 33. Thus, as
represented in figure 3 (a): - substrate 31 is a SiGe
layer having a germanium concentration increasing from
0 to 20%; - intermediate layer 32 is a SiGe layer
having a germanium concentration equal to 60%; -
epitaxial layer 32 is a SiGe layer having a germanium
concentration equal to 20%. The thickness of
intermediate layer 32 is about 150 A. According to H.
Stohr and W. Klemm's calculations (Z. Anorg. Allgem.
Chem. 241, 1954, 305), the melting temperature of
silicon germanium is given in degrees Celsius (C) by:
Tf(x) = 1412-80JC-395JC2 (Eq.l) where x designates the
germanium concentration in the silicon germanium.The
melting temperature of silicon germanium is therefore
a decreasing function of the germanium concentration:
it can therefore be observed that by increasing the
germanium concentration in silicon germanium layer,
the melting temperature of the layer is reduced.
Consequently, in structure 310 represented in figure
3, the melting temperature of intermediate layer 32
(Tf(32)=1222C) is lower than the melting temperature
of epitaxial layer 33 (Tf(33)=1380C). In this
structure 310, to keep the lattice parameter, a
silicon germanium spacer layer 31' with a germanium
concentration equal to 20% is inserted between donor
substrate 3 1 and intermediate layer 32. This spacer
layer 31' moreover enables donor substrate 3 1 to be
moved away from intermediate layer 32 and to be
preserved during melting to be able to reuse it for
example for a new implementation of the method
according to the invention. In this way, according to
the equation (Eq. 1), a structure 310 can be
fabricated comprising an intermediate layer 32 and an
epitaxial layer 33 having different germanium
concentrations from those considered in figure 3 (a).
The germanium concentration in intermediate layer 32
must be greater than the germanium concentration in
epitaxial layer 33 to guarantee the constraint on the
melting temperatures of these two layers according to
the invention. However, in order not to damage
epitaxial layer 33 when thermal treatment is applied
at temperature T, it is preferable for melting
temperatures Tf(32) and Tf(33) of the intermediate and
epitaxial layers respectively not to be too similar.
The germanium concentration of intermediate layer 32
is therefore preferably chosen such that the
corresponding liquidus temperature is lower than the
solidus temperature of the neighbouring layers, and in
particular of epitaxial layer 33. This enables
intermediate layer 32 to be completely melted without
damaging the adjacent layers which will therefore not
have started melting. A difference of germanium
concentration of about 40% enables this condition to
be fulfilled. Thus for example in figure 3 (a), the
germanium concentration in intermediate layer 32 is
60% whereas the germanium concentration in epitaxial
layer 33 is 20% thereby guaranteeing a difference of
158C between the two melting temperatures for melting
temperatures of more than 1000C. As an alternative,
other alloys can be considered for fabrication of
structure 310. The concentrations of elements in the
alloys forming the different layers of structure 310
have to be chosen such that melting temperature Tf(32)
of intermediate layer 32 is lower than melting
temperature Tf(33) of epitaxial layer 33.Figure 4 (b)
represents a schematic cross-sectional view of a
structure 410 in another particular embodiment of the
invention. In figure 4 (b), structure 410 fabricated
in the fabrication step of the production method
according to the invention comprises a donor substrate
41, an intermediate layer 42, an epitaxial layer 43
and two spacer layers 41' and 42' respectively between
donor substrate 4 1 and intermediate layer 42 and
between intermediate layer 42 and epitaxial layer 43.
As represented in figure 4 (a): - donor substrate 4 1
is formed by silicon germanium with a concentration
increasing from Oto 20%; - intermediate layer ' 42 is
a silicon germanium layer with a germanium
concentration equal to 60%; - spacer layers 41' and
42' are silicon germanium layers with a germanium
concentration equal to 20%. These spacer layers have
the role of stabilizing the lattice parameters of the
different layers of structure 410. The thickness of
intermediate layer 42 is about 150 A. Epitaxial layer
43 is a strained silicon (sSI) layer formed by
epitaxial growth on intermediate layer 42' of silicon
germanium. Its melting temperature is equal to
Tf(43)=1412C. As seen before, the melting temperature
of intermediate layer 42 is equal to Tf(42)=1222C and
is therefore lower than the melting temperature Tf(43)
of epitaxial layer 43. By means of the production
method according to the invention, this structure 410
for example enables a strained silicon on insulator
(sSOI) structure to be obtained. In the example
described with reference to figure 5, structure 510
comprises: - a silicon donor substrate 51 covered by a
silicon dioxide layer; - a germanium intermediate
layer 52 whose melting temperature Tf(52)=937C.
Germanium intermediate layer 52 is the top layer of a
GeOI structure; - a gallium arsenide epitaxial layer
53 formed by pseudomorphic epitaxy on intermediate
layer 52 and having a melting temperature Tf(53)=l
2400C. Structure 510 fabricated in this way is then
bonded onto a silicon support substrate 55 covered
with a layer 54 of silicon dioxide SiO2. After
detachment, a gallium arsenide on insulator (AsGaOI)
structure is obtained. As an alternative, it is now
assumed that, in the above-mentioned structure 510,
gallium arsenide epitaxial layer 53 is a layer with a
thickness of a fewhundred microns (e.g. 400 microns)
formed by epitaxy on intermediate layer 52. This layer
is sufficiently thick for a self-supported substrate
to be produced. For this, detachment of epitaxial
layer 53 is performed directly (without a preliminary
step of bonding on a support substrate) by melting of
intermediate layer 52. The method according to the
invention thus advantageously enables a self-supported



AsGa substrate to be produced. As described above, the
production method according to the invention enables a
self-supported epitaxial layer to be produced on a
support substrate. In the latter embodiment, the
production method according to the invention
constitutes a method for transferring an epitaxial
layer onto a support substrate. Thus, the production
method according to the invention can be associated
with other complementary treatments, not described
here but known to persons skilled in the art, usually
associated with a method for transferring an epitaxial
layer onto a support substrate (for example with the
SmartCut(tm) method). It can therefore, in this
respect, enable transfer of certain pattern layers,
transfer of quantum well layers or of quantum wires,
or transfer of printed circuits.CLAIMS 1. A method for
producing an epitaxial layer (3;33;43;53) comprising:
- a fabrication step of a structure ( 10;3 10;41 0;5
10) comprising: - formation (Sl) of an intermediate
layer (2;32;42;52) on a donor substrate (1;31;41;51);
and - formation (S2) of the epitaxial layer (3;33;43;
53) on the intermediate layer (2;32;42;52) by epitaxy;
the melting temperature (Tf(32);Tf(42)) of the
intermediate layer (2;32;42;52) being lower than the
melting temperature (Tf(33);Tf(43)) of the epitaxial
layer (3;33;43;53); and - a detachment step (S5) of
the epitaxial layer (3;33;43;53) from the donor
substrate (1;31;41;51) by applying (S4) at least one
thermal treatment to the structure obtained (10; 310;
410; 510), this thermal treatment being performed at a
temperature comprised between the melting temperature
(Tf(32);Tf(42)) of the intermediate layer (2;32;42;52)
and the melting temperature (Tf(33);Tf(43)) of the
epitaxial layer (3;33;43;53). 2. The production method
according to claim 1, characterized in that, after the
fabrication step and before the detachment step (S5),
it further comprises a bonding step (S3) of the
epitaxial layer (3;33;43;53) to a support substrate
(5;55). 3. The production method according to claim 2,
characterized in that the support substrate (5;55) to
which the epitaxial layer (3;53) is bonded comprises
an oxide layer (4;54) at its surface. 4. The
production method according to claim 2 or 3,
characterized in that the bonding step (S3) is
performed by molecular bonding. 5. The production
method according to any one of claims 1 to 4,
characterized in that, in the detachment step (S4),
mechanical separating forces are applied at the same
time as the thermal treatment.6. The production method
according to any one of claims 2 to 5, characterized
in that the bonding step (S3) is followed by a thermal
treatment step of strengthening the bonding interface.
7. The production method according to any one of
claims 1 to 6, characterized in that it further
comprises a removal step (S6) of the remainder (6) of
intermediate layer (2) remaining on the detached
epitaxial layer (3). 8. The production method
according to any one of claims 1 to 7, characterized
in that, during the fabrication step (S2), the
intermediate layer (2) is formed by epitaxy on the
donor substrate (1). 9. The production method
according to any one of claims 1 to 7, characterized
in that, during the fabrication step, the intermediate
layer (52) and donor substrate (5 1) are formed from a
SeOI structure. 10. The production method according to
any one of claims 1 to 7, characterized in that,
during the fabrication step, the intermediate layer
(42) and epitaxial layer (43) are formed from
silicon-germanium, the intermediate layer (42) being
formed with a higher germanium concentration than that
of the epitaxial layer (43) so that the melting
temperature (Tf(42)) of the intermediate layer (42) is
lower than the melting temperature (Tf(43)) of the
epitaxial layer (43). 11. The production method
according to any one of claims 1 to 7, characterized
in that, during the fabrication step: - the donor
substrate (31) and intermediate layer (32) are formed
from silicongermanium, the germanium concentration in
the intermediate layer being greater than the
germanium concentration in the donor substrate; and
that - the epitaxial layer (33) is formed by growth of
a strained silicon (sSI) layer on said intermediate
layer (32). 12. The production method according to one
of claims 10 or 11, characterized in that, during the
fabrication step, at least one spacer layer (3r;41';
42') is formed between the donor substrate (31';41')
and the intermediatelayer (42') and/or between the
intermediate layer (32;42) and,the epitaxial layer
(33;43). 13. The production method according to any
one of claims 1 to 7, characterized in that, during
the fabrication step: - the donor substrate (51) is
formed from silicon covered with a silicon dioxide
layer; - the intermediate layer (52) is formed from
germanium; and - the epitaxial layer (53) is formed
from gallium arsenide. 14. The production method
according to any one of claims 1 to 7, characterized
in that, during the fabrication step: - the donor
substrate (1) is formed from sapphire; - the
intermediate layer (2) is formed from indium nitride
(InN); and - the epitaxial layer (3) is formed from
gallium nitride (GaN). 


