
OPHTHALMIC QIL-IN-WATER TYPE EMULSION WITH STABLE
POSITIVE ZETA POTENTIAL The present invention concerns
ophthalmic cationic oilin water type emulsions having
a zeta potential remaining positive overtime. By
"ophthalmic emulsion", it is meant an emulsion which
is suitable for an ocular application and which may
have a pharmaceutical effect or a cosmetic effect.
Emulsions according to the invention have a zeta
potential remaining positive overtime that is, they
are stable overtime. Stability is defined as the
extent to which a product retains, within specified
limits and throughout its period of storage and use
(i.e., its shelf life), the same properties and
characteristics that it possessed at the time of
manufacture. The purpose of stability testing is to
provide evidence on how the quality of a drug
substance or drug product varies overtime under the
influence of a variety of environmental factors such
as temperature, humidity and light, and enables
recommended storage conditions, re-test periods and
shelf lives to be established. Although real-time
stability studies include an evaluation of those
factors that ultimately affect the expiration date of
the drugs, they are time and costconsuming.
Conventionally, accelerated stability studies are used
for predicting the shelf life of pharmaceutical
products. Such accelerated studies subject the systems
to a temperature of 400C during at least 6 months. In
order to understand the intrinsic stabilitymechanism
of the system by establishing degradation pathways and
identifying the likely degradation products, and thus
to adjust the analytical procedures to be used, the
Applicant has developed stress stability testing
during which the emulsions are subjected to extreme
conditions that is a temperature of 80 0C during
specified period of time. Mathematical extrapolations,
such as the Arrhenius equation, are then used to
calculate the product' s predicted shelf life.
Application of Arrhenius equation in pharmaceutical
stability testing is straightforward. In the
isothermal method, the system to be investigated is
stored under several high temperatures with all other
conditions fixed. Excess thermal exposure accelerates
the degradation and thus allows the rate constants to
be determined in a shorter time period. In recent
years, oil-in-water type emulsions, in particularly
emulsions having droplets of a submicron size
(hereinafter "submicron emulsions") gained increasing
importance, in particular as vehicles for delivery of
hydrophobic drugs . However, stabilizing emulsions,
including submicron emulsions, may be a concern for
one skilled in the art. One known approach to
stabilize an emulsion is to confer an electrostatic
charge to the droplets surface which will result in
droplet repulsion and less droplet coalescence.
Colloidal particles dispersed in a solution are
electrically charged due to their ionic
characteristics and dipole attributes. This charge,
which can be negative resulting in anionic emulsions
or positive producing cationic emulsions (Klang et
al., Pharm. Dev. Technology 2000, 5 , 521-532) is
known in the art as the "zeta potential". The zeta
potentialis a measure of the magnitude of the
repulsion or attraction between particles (Washington,
Adv. Drug Deliv. Reviews 1996, 20:131-145) .
Formulations of submicron emulsions reported in the
literature are usually based on a combination of
lecithins which are mixtures of phospholipids of
various compositions obtained from natural sources,
non-ionic or ionic surfactants and of oil such as
vegetable oil. Lecithins generally comprise as major
components phosphatidylcholine, which is neutral over
a wide pH range, negatively charged phospholipids such
as phosphatidylserine and phosphatidic acid and
positively charged phospholipids such as
phosphatidylethanolamine . As a consequence of their
composition, the colloid particles in most available
phospholipid-based emulsions are negatively charged.
Addition of enough amounts of cationic agents such as
stearylamine, oleylamine, chitosan, {N-[i-(2,3-
dioleoyloxy) propyl] -N, N,N-trimethyiammonium (DOTAP)
or others can reverse this surface charge and produce
a positively-charged colloid, as reflected by their
zeta potential (Rabinovich-Guilatt et al., Chem Phys
Lipids 2004, 131:1-13; Liu et al ., Pharm. Res. 1996,
13:1856- 1860, Klang et al., Int. J . Pharm. 1996,
132:33-44). In all phospholipid-containing colloids
(e.g. liposomes or emulsions) , a significant decrease
in zeta potential is observed overtime, due to the
hydrolysis of phospholipids into free fatty acids
(Zuidam and Crommelin, J Pharm Sci 1995, 84:1113-1119)
which can be a source of toxic side effects following
administration (Varveri et al., J . Photochem.
Photobiol. A 1995, 91:121-124). In cationic
phospholipids colloids, the decrease in zeta
potentialevidences that the system is not completely
chemicallystable (Tamilvanan et al ., STP Pharma
Sciences 2001, 11:421- 426) and in some cases could
result in the physical destabilization of the
formulation as reflected by the droplet size. For
example, in chitosan cationic formulations containing
0.25-1.5% chitosan, 0-1.5% phospholipids, 0-2.5%
poloxamer in a castor: soybean oil phase, only the
formulation containing poloxamer with chitosan
displayed good stability during autoclaving, while the
coexistence of chitosan and phospholipids resulted in
a destabilization of the emulsion during
sterilization. According to the authors, the
interaction between the positively charged chitosan
with negatively-charged phospholipids which resulted
in a damaged emulsifier film around the oil droplets
provoked the coalescence of the droplets (Int. J
Pharm. 1999, 183:175- 84). These emulsions were
evaluated further for their antimicrobial activity for
mucosal or parenteral administration (Eur. J . Pharm.
Biopharm. 2002, 53:115- 23) . O f particular interest
are the following patents dealing with cationic
emulsions for topical ocular administration : US
Patent 6,007,826 discloses a cationic oil-in-water
emulsion which comprises colloid particles with a
positively charged interfacial film. The interfacial
film is formed by 



cationic lipids (0.05-3% by weight) such as C i0-Ci4
primary alkylamines (disclosed are stearylamine or
oleylamine) , Cio~ C24 primary alkanolamine or a
cholesterol betainate; phospholipids (0.5-3%) and
non-ionic surfactants from the group consisting of
poloxamers, tyloxapol, polysorbate, and
polyoxyethylene fatty acid esters (0.05-3%).
Theconcentration of the oil is maintained within the
3-20% range. US Patent 6,007,826 emulsions zeta
potential are not stable to thermal stress (see
Tamilvanan et al., STP Pharma Sciences 2001,
11:421-426 and Example 12 as given hereafter) . US
Patent 6,656,460 to Benita and Lambert describes a
method of treating a dry eye condition by topical
application of a positive submicronic emulsion
containing 0.1-0.5% phospholipids, 0.5-2% emulsifying
agent such as poloxamer and benzalkonium chloride as a
preservative. Since these preparations contain 0.1 to
0.5% by weight of phospholipids, their zeta potential
is expected to decrease at 80 0C (see Example 12) .
Although some of the prior art emulsions may show a
good physical stability regarding droplet size, there
is still a need for cationic ophthalmic emulsions
which are physically stable, and which do not contain
a sufficient amount of any substances susceptible of
affecting the zeta potential overtime, while
presenting a good tolerability for ocular
administration. Substances susceptible of affecting
the zeta potential may be phospholipids, and any
substances which become negatively charged upon
storage. The amount of substances affecting the zeta
potential overtime must be such that at any time, the
amount of positive charges in the emulsion is above
the amount of negative charges . By overtime in the
meaning of this invention, it is meant a duration
exceeding 1 year, preferably exceeding 2 years, more
preferably exceeding 3 years. In this invention, if an
emulsion meets any of tests A to D requirements, it
isbelieved that said emulsion has a potential zeta
that is not affected overtime. By "good tolerability"
in the present the invention, it is understood that
the ratio therapeutic benefit to ocular discomfort is
acceptable by the patient, and preferably similar to a
placebo or NaCl 0.9% solution. It is generally
accepted that in order to show good ocular
tolerability the cation content within the formulation
should not exceed 0.1%, preferably not exceed 0.05%
and even more preferably should not exceed 0.03%.
Primary amines such as stearylamine or oleylamine were
shown to be safe for ocular administration at 0.1% or
0.3% w/v (Klang et al., J . Pharm. Pharmacol. 1994,
46:986-993) Quaternary amines such as benzalkonium
chloride, benzododecinium bromide and benzethonium
chloride are allowed by health authorities for
ophthalmic administration up to concentration of
approximately 0.03% (Furrer et al., Eur. J . Pharm.
Biopharm. 2002, 53:263-280). Even though the presence
of an important amount of cationic agent in emulsions
may succeed in maintaining a stable positive zeta
potential over time by cancelling emerging negative
entities (see Example 13), such emulsions are not
compatible with common recommendation for ophthalmic
compositions. Attempts to reduce the cation
concentration would lead to destabilization of the
emulsions (see Example 14) . It is an object of this
invention to propose submicron ophthalmic emulsions
including minimal amounts of cationic agent and still
having and keeping a stable positive zeta potential
overtime. The present invention relates to an
ophthalmic oil-inwater type emulsion, which comprises
colloid particleshaving an oily core surrounded by an
interfacial film, said emulsion comprising at least
one cationic agent and at least one non ionic
surfactant, said emulsion having a positive zeta
potential and meeting the zeta potential stability
Test A , B , C and/or D requirements . The emulsions
according to the invention are physicallystable
overtime as defined hereabove and keep a positive zeta
potential in the specific measurement conditions as
described in Tests A , B , C and/or D . According to
the invention, the emulsions do not contain a
sufficient amount of any substances susceptible of
affecting the zeta potential overtime. Advantageously,
the emulsions of the invention do not contain
phospholipids. Zeta potential Zeta potential measures
a physical property which is exhibited by any particle
in suspension. Zeta potential can be used to predict
behaviour of the suspension in different environments,
to optimize the formulations of suspensions and
emulsions as well as to predict overtime stability. In
order to avoid the emulsion droplets to merge one with
the other and form aggregates of successively
increasing size, it is necessary to confer repulsive
forces to the particles. One of the means to confer
repulsive forces to a colloidal system is by
electrostatic or charge stabilization. Electrostatic
or charge stabilization has the benefits of
stabilizing a system by simply altering the
concentration of ions in the system. This is a
reversible and inexpensive process. There might by
many origins of this surface charge depending upon the
nature of the particle and itssurrounding medium but
the most important mechanisms are the ionisation of
surface groups or the adsorption of charged ions . The
interaction of particles in polar liquids is not
governed by the electrical potential at the surface of
the particle, but by the effective potential of the
particle and its associated ions. To utilize
electrostatic control of dispersions, it is the zeta
potential of the particle that must be measured rather
than its surface charge. Charged particles will
attract ions of opposite charge in the dispersant.
Ions close to the surface are strongly bound; those
further away form a more diffuse region. Within this
region is a notional boundary, known as the slipping
plane, within which the particle and ions act as a
single entity. The potential at the slipping plane is
known as the zeta potential. It has long been
recognised that the zeta potential is a very good
index of the magnitude of the interaction between
colloidal particles and measurements of zeta potential
are commonly used to assess the stability of colloidal
systems. The zeta potential measured in a 



particular system is dependent on the chemistry of the
surface, and also of the way it interacts with its
surrounding environment. Therefore zeta potential must
always be studied in a well defined environment
(specifically pH and ionic strength) . Electrophoretic
mobility An important consequence of the existence of
electrical charges on the surface of particles is that
they interact with an applied electric field. These
effects are collectively defined as electrokinetic
effects. If themotion is induced in a particle
suspended in a liquid under the influence of an
applied electric field, it is more specifically named
electrophoresis. When an electric field is applied
across an electrolyte, charged particles suspended in
the electrolyte are attracted towards the electrode of
opposite charge. Viscous forces acting on the
particles tend to oppose this movement. When
equilibrium is reached between these two opposing
forces, the particles move with constant velocity. The
velocity is dependent on the strength of electric
field or voltage gradient, the dielectric constant of
the medium, the viscosity of the medium and the zeta
potential. The velocity of a particle in a unit
electric field is referred to as its electrophoretic
mobility. Zeta potential is related to the
electrophoretic mobility by the Henry equation: E = 2
e z f (Ka) 3h where UE = electrophoretic mobility, z=
zeta potential, e = dielectric constant, h= viscosity
and f (Ka) =Henry' s function. Electrophoretic
determinations of zeta potential are most commonly
made in aqueous media and moderate electrolyte
concentration. f (ka ) in this case is 1.5, and this
is referred to as the Smoluchowski approximation.
Therefore calculation of zeta potential from the
mobility is straightforward for systems that fit the
Smoluchowski model, i.e. particles larger than about
0.2 microns dispersed in electrolytes containing more
that 10-3 molar salt. For small particles in low
dielectric constant media (eg non-aqueous media), f
(ka ) becomes 1.0 and allows an equally
simplecalculation. This is referred to as the Huckel
approximation . Tests A , B , C and D Test A consists
in measuring the stability of the emulsion zeta
potential under thermal stress conditions. Zeta
potential of the emulsion is measured at T=O, i.e. as
soon as the emulsion has been prepared, the obtained
value being named Zo. Glass vials (Type I ) of 10ml
effective capacity containing between 5-1OmI of
emulsion and sealed under nitrogen atmosphere (without
bubbling) are stored at 800C . Then at T=15 hours the
zeta potential Z15h is measured. The value dA = Z
i5h~Zo is then calculated. For each measurement of the
zeta potential, it is operated as follows: The zeta
potential of the emulsion droplet surface is
determined by electrophoretic mobility in an apparatus
such as a Malvern Zetasizer 2000 (Malvern Instruments,
UK) equipped with suitable software and calibrated
with the supplied standard. The emulsion is diluted in
double distilled water if needed in order to obtain
the scattering intensity allowing optimal particle
detection. The sample count rate should be between 100
to 1000 KCps, in homodyne detection (if heterodyne
detection is used, the contribution of the reference
beam should be deduced) . Three consecutive
measurements are performed at 25 0C using a constant
cell drive of 15OmV. The electrophoretic mobility is
converted into zeta potential values through the
Smoluchowsky equation, using the dielectric constants
and viscosity ofwater. The measured value corresponds
to the average of the 3 obtained values. It is
considered that the emulsion meets zeta potential
stability Test A if dA is less than the standard error
of measurements, preferably less than 1OmV, and even
more preferably less than 5mV. According to an
advantageous embodiment, the ophthalmic emulsion
according to the invention meets zeta potential
stability Test B . Test B is similar to Test A except
that the emulsion is stored during 48 hours at 800C ,
the zeta potential Z2 is measured on after 48 hours
and dB = Z2 -Zo is calculated. The emulsion is
considered as meeting the requirements of zeta
potential stability test B if dB is less than the
standard error of measurements, preferably less than
1OmV, and even more preferably less than 5mV.
According to a more advantageous embodiment of the
invention, the ophthalmic emulsion according to the
invention meets zeta potential stability Test C . Test
C is similar to Test A except that the emulsion is
stored during 7 days at 8O 0C , the zeta potential Z7
is measured on day 7 and dC = Z7 -Z0 is calculated.
The emulsion is considered as meeting the requirements
of zeta potential stability test C if dC is less than
the standard error of measurements, preferably less
than 1OmV, and even more preferably less than 5mV.
According to a still more advantageous embodiment of
the invention, the ophthalmic emulsion according to
the invention meets zeta potential stability Test D
.Test D is similar to Test A except that the emulsion
is stored during 14 days at 80 0C , the zeta potential
Zu is measured on day 14 and dD = z -zo is calculated.
The emulsion is considered as meeting the requirements
of zeta potential stability test D if dD is less than
the standard error of measurements, preferably less
than 1OmV, and even more preferably less than 5mV.
According to an embodiment of the invention, the
concentration of the cationic agent is comprised
between 0.001 and 0.1%, preferably between 0.002 and
0.05%, and still more preferably between 0.003 and
0.03% by weight of the total weight of the emulsion
(w/w) . Advantageously, the concentration of the oil
is not higher than 7%, preferably about 0.5 to 5%, and
still more preferably about 1 to 3% by weight of the
total weight of the emulsion (w/w) . In another
embodiment of the invention, the weight ratio cationic
agent/oil is comprised between 0.0025 and 0.06,
preferably between 0.005 and 0.04, preferably from 



0.01 to 0.02. In the emulsion according to the
invention, the concentration of non-ionic agent is
less than 1%, preferably comprised between 0.01 to
0.6% by weight of the total weight of the emulsion
(w/w) . In the ophthalmic oil-in-water emulsion
according to the invention, the cationic agent is
selected in the group consisting of C i0-C24 primary
alkylamines, tertiary aliphatic amines, quaternary
ammonium compounds, cationic lipids, amino alcohols,
biguanide salts, cationic polymers and the mixture of
two or more thereof.The primary amine is preferably
selected from the group consisting of oleylamine and
stearylamine; the tertiary aliphatic salt can be
dimethyl lauramine or diethanolamine, the amino
alcohol can be tris (hydroxymethyl) aminomethane. In a
preferred embodiment, the cationic agent is a
quaternary ammonium compound preferably selected from
the group consisting of benzalkonium halide,
lauralkonium halide, cetrimide,
hexadecyltrimethylammonium halide,
tetradecyltrimethylammonium halide,
dodecyltrimethylammonium halide, cetrimonium halide,
benzethonium halide, behenalkonium halide, cetalkonium
halide, cetethyldimonium halide, cetylpyridinium
halide, benzododecinium halide, chlorallyl methenamine
halide, myristalkonium halide, stearalkonium halide or
a mixture of two or more thereof, halide being
preferably chloride or bromide. Advantageously, said
cationic agent can be selected from the group
comprising benzalkonium chloride, lauralkonium
chloride, benzododecinium bromide, benzethenium
chloride, hexadecyltrimethylammonium bromide,
tetradecyltrimethylammonium bromide,
dodecyltrimethylammonium bromide or a mixture of two
or more thereof. The cationic polymer can be chitosan,
the cationic lipid can be 1 ,2-dioleyl- 3-
trimethylammonium-propane, 1 , 2- dioleoyl-
sn-glycero- phosphatidylethanolamine, cationic
glycosphingo-lipids or cationic cholesterol
derivatives. Examples of biguanide salts may be
selected from the group comprising chlorhexidine and
salts thereof, polyaminopropyl biguanide, phenformin,
alkylbiguanide or a mixture of two or more therof.
Examples of non-ionic surfactants which may be
includedin the emulsion o f the invention are
tyloxapol, poloxamers such a s Pluronic F68LF(tm) or
Lutrol F68, Pluronic L-G2LF(tm) and Pluronic L62D(tm)
(BASF Wyandotte Corp., Parsippany, N.J., USA) ,
polysorbates such a s polysorbate 2 0 and polysorbate
80, polyoxyethylene castor oil derivatives, sorbitan
esters, polyoxyl stearates and a mixture o f two o r
more thereof. Advantageously, the oil-in-water
emulsion according to the instant invention comprises
benzalkonium chloride a s cationic agent and tyloxapol
a s one of the non-ionic surfactants. According t o
another advantageous mode, the emulsion comprises
benzalkonium chloride a s cationic agent and tyloxapol
and poloxamer a s non-ionic surfactants. According t o
the invention, the colloidal particles have a n
average particle size o f equal or less than 1 mm
advantageously equal o r less than 300 n ra, more
advantageously in the range o f 100 t o 250 n ia. The
oil phase o f the emulsion may comprise one o r more
components selected from the group consisting o f
vegetable oils (i.e. soybean oil, olive oil, sesame
oil, cotton seed oil, castor oil, sweet almond oil),
mineral oil (i.e. petrolatum and liquid paraffin) ,
medium chain triglycerides (MCT) (i.e. a triglyceride
oil in which the carbohydrate chain has about 8-12
carbon atoms), oily fatty acid, isopropyl myristate,
oily fatty alcohols, esters o f sorbitol and fatty
acids, oily sucrose esters, and in general any oily
substance which is physiologically tolerated. The
major component o f the oily phase will preferably b e
either vegetable oil and/or MCT. Fatty acids o r fatty
alcohols may b e included in cases where the
hydrophobic substance to b e carried b y the emulsion
is not sufficientlysoluble in the oily phase. Examples
of MCT oil which may be used in emulsions of the
present invention are TCM(tm) (Societe des Oleagineux,
France), Miglyol 812(tm) (Dynamit Novel, Sweden).
Other optional compounds which may be present in the
emulsion according to the invention are for example
anionic surfactants and various additives such as
osmotic pressure regulators, e.g. sucrose, glycerine
or mannitol; antioxidants, e.g. alpha-tocopherol,
sodium bisulfite, sodium metasulfite, sodium
thiosulfate anhydrous, citric acid monohydrate,
ascorbyl palmitate and ascorbic acid; or
preservatives, e.g. thiomersal, chlorobutanol, benzyl
alcohol, phenoxyethanol, phenylethyl alcohol, sorbic
acid, EDTA and methyl-, ethyl-, or butyl paraben; said
optional compounds may only be added in specific
concentrations that do not impair the zeta potential
stability. Examples of anionic surfactants are anionic
lipids intended for pharmaceutical such as
phospholipids. Examples of phospholipids, which may be
used in the emulsions of the invention, are lecithins;
Epikuren 120(tm) (Lucas Meyer, Germany) which is a
mixture of about 70% phosphatidylcholine and 12%
phosphatidylethanclamine and about 15% other
phospholipids; Ovothin 160(tm) or Ovethin 200(tm)
(Lucas Meyer, phosphatidylcholine, 18%
phosphatidylethanolamine and 12% other phospholipids;
a purified phospholipids mixture, e.g. such which is
obtained from egg yolk; Lipoid E80(tm) (Lipoid AC,
Ludwigshaf en, Germany) which is a phospholipid
mixture comprising about 80% phosphatidylcholine, 8%
phosphatidylethanolamine, 3.6% non-polar lipids and
about 2% sphingomyeline . A preferred pH in the
aqueous phase of the emulsion ofthe invention is
4.0-8.5, 6.0-8.0 being particularly preferred. This
invention also relates to a process for the
preparation of an ophthalmic oil-in-water type
emulsion according to the invention, which comprises
colloid particles having an oily core surrounded by an
interfacial film, said emulsion comprising at least
one cationic agent, at least one non ionic surfactant
said emulsion having a positive zeta potential and
meeting zeta potential stability Test A requirements,
said process comprising the steps of shear mixing and
then high pressure homogenization of the coarse
emulsions obtained through mixing of the aqueous and
the oily phases. Ophthalmic emulsions in accordance
with the present 



invention may be formulated into pharmaceutical
compositions with various hydrophobic active
ingredients for a large number of pharmaceutical
applications. Also hydrophilic agents can be
administered with these emulsions. According to the
invention, the emulsion may be formulated for ocular
administration of said active ingredients. In this
oil-in-water emulsion, the waterinsoluble drug is
solubilized in the internal oil phase, thereby
remaining in the preferred molecular state. In
addition, the blurred vision caused by oils is
minimised by the water in the external phase.
Furthermore, the concentration of the drug in the oil
phase can be adjusted to maximise thermodynamic
activity, thus enhancing drug penetration to deeper
tissues. Consequently, the instant invention provides
the use of an oil-in-water emulsion according to the
instant invention for the preparation of a medicament
useful for preventing ortreating ophthalmic disorders.
The invention also concerns ophthalmic formulations
comprising an oil-in-water emulsion according to the
instant invention and a pharmaceutically acceptable
carrier selected from the group comprising eye drop
composition, eye ointment, ophthalmic gel. Said
formulations may also comprise a pharmaceutically
effective amount of an active ingredient in or within
the pharmaceutically acceptable carrier. The instant
invention also provides a method of treatment of
ocular conditions comprising a pharmaceutical
composition comprising an oil-in-water type emulsion
as defined above. The invention also relates to the
use of an oil-inwater emulsion according to the
instant invention or of an ophthalmic composition as
defined above for the preparation of a medicament for
the treatment of ocular conditions. A wide variety of
ocular conditions such as glaucoma, ocular
inflammatory conditions such as keratitis, uveitis,
intra-ocular inflammation, allergy and dry-eye
syndrome ocular infections, ocular allergies, ocular
infections, cancerous growth, neo vessel growth
originating from the cornea, retinal oedema, macular
oedema, diabetic retinopathy, retinopathy of
prematurity, degenerative diseases of the retina
(macular degeneration, retinal dystrophies), retinal
diseases associated with glial proliferation may be
prevented or treated using the cationic emulsions
according to the present invention. Some substances
suitable for delivery to the eye may include, for
example, antibiotics (such as tetracycline,
chlortetracycline, bacitracin, neomycin,
polymyxin,gramicidin, cephalexin, oxytetracycline,
chloramphenicol, kanamycin, rifampicin, tobramycin,
gentamycin, ciprofloxacin, aminosides, erythromycin
and penicillin, quinolone, ceftazidime, vancomycine
imipeneme) ; antifungals such as amphotericin B and
miconazole; antibacterials such as sulfonamides,
sulfadiazine, sulfacetamide, sulfamethizole and sulf
isoxazole, nitrofurazone and sodium propionate;
antivirals, such as idoxuridine, trifluorotymidine,
acyclovir, ganciclovir, cidofovir and interferon;
antibacterial agents such as nitrofurazone and sodium
propionate; non-antibiotic, anti-infection,
anti-bacterial or anti-microbial drugs such as iodine
based preparation triclosan, chlorhexidine;
antiallergenics such as sodium cromoglycate,
antazoline, methapyriline, chlorpheniramine,
cetirizine, pyrilamine and prophenpyridamine;
antiproliferative agents such as thalidomide;
synthetic gluocorticoids and mineralocerticoids and
more generally hormones forms derivating from the
cholesterol metabolism (progesterone, estrogens,
androgenic hormones such as testosterone, DHEA and
their derivatives) anti inflammatories such as
hydrocortisone, hydrocortisone acetate, dexamethasone,
dexamethasone 21-phosphate, fluorocinolene, medrysone,
prednisolone acetate, luoromethalone, triamcinolone
and triamcinolene acetonide and their derivatives;
non-steroidal anti-inflammatories such as salicylate,
indomethacin, ibuprofen, diclofenac, flurbiprofen and
piroxicam and COX2 inhibitors such as rofecoxib,
diclofenac, nimesulide, nepafenac; antineoplastics
such as carmustine, cisplatin, mitomycin and
fluorouracil; immunological drugs such as vaccines and
immune stimulants; insulin, calcitonin, parathyroid
hormoneand peptide and vasepressin hypothalamus
releasing factor; beta adrenergic blockers such as
timolol maleate, levobunolol HCl and betaxolol HCl,
timolol -base, betaxolol, atenolol, epinephrine,
dipivalyl, oxonolol, acetazolamidebase and
methazolamide; cytokines, interleukins, and growth
factors (growth factors such as epidermal growth
factor, fibroblast growth factor, platelet derived
growth factor, transforming growth factor beta,
ciliary neurotrophic growth factor, glial derived
neurotrophic factor, NGF, EPO, PlGF) ; antibodies or
antibodies fragments, oligoaptamers, aptamers and gene
fragments (oligonucleotides, plasmids, ribozymes,
small interference RNA, nucleic acid fragments,
peptides, antisense sequences) ; immunosuppresants
such as cyclosporine, sirolimus and tacrolimus,
immunomodulators such as endoxan, , tamoxifene;
antithrombolytic and vasodilator agents such as rtPA,
urokinase, plasmin, nitric exide denors; antioxidants
such as lutein, vitamins and/or their derivatives;
and/or optically acceptable salts thereof. According
to an advantageous embodiment, the active substance is
at least one immunosuppressive agent, preferably
chosen in the group consisting of cyclosporine,
preferably cyclosporin A , tacrolimus and sirolimus.
Advantageously, in these emulsions the
immunosuppressive agents is in an amount of 0.01 to
0.4 % , preferably 0.05 to 0.2% (w/w) .
Advantageously, these emulsions do not contain
phospholipids. Advantageously, these emulsions of the
invention contain cyclosporine, sirolimus and/or
tacrolimus in a vehicle comprising or consisting of
MCT. Without being linked by a theory, the use of MCT,
a vegetal oil selected among all, may provide
stability and bioavailability to theophthalmic
emulsions of the invention containing at least one
immunosuppressive agent, preferably cyclosporine A .
MCT has been found to have good solubilizing
properties of cyclosporine, which may play a role in
the observed improved bioavailability of cyclosporine
in the emulsions of the invention. Advantageously, the
amount of MCT is from 0.5 to 4 % w/w of the emulsion.
Advantageously, the emulsion of the invention contains
an immunosuppressive agent, preferablychosen 



in the group consisting of cyclosporine, preferably
cyclosporin A , tacrolimus and sirolimus, and MCT and
tyloxapol . Advantageously, the amount of tyloxapol is
from 0.05 to 0.5 % w/w of the emulsion. Preferably,
the weight ratio of immunosuppressive agent to oil is
from 0.0125 to 0.1. In a particular embodiment of the
emulsion the weight ratio of immunosuppressive agent
to oil is from 0.083 to 0.1. In another particular
embodiment of the emulsion, the weight ratio of
immunosuppressive agent to oil is from 0.0125 to 0.05.
The emulsions of the invention containing at least one
immunosuppressive agent are particularly useful to
treat dry eye conditions, in particular
keratoconjunctivitis sicca (KCS) , atopic
keratoconunctivitis sicca (AKC) and vernal
keratoconjunctivitis (VKC) . The invention also
relates to the use of an oil-inwater emulsion
containing or not an active substance for the
preparation of an ophthalmic composition for treating
dryeye conditions. The emulsion according to the
invention may also b e included in a delivery device
selected from the group comprising lenses, ocular
patch, implant or insert. The drug or active substance
may be present in an amount of about 0.0001 to 5% by
weight of the emulsion.Depending upon whether the drug
is hydrophilic or hydrophobic, it will be physically
present in the oily phase or in the aqueous component.
The best mode of making and using the present
invention are described in the following examples.
These examples are given only to provide direction and
guidance in how to make and use the invention, and are
not intended to limit the scope of the invention in
any way. EXAMPLES In the following examples, the
following abbreviations are used: CTAB: mixture of
hexadecytrimethyl ammonium bromide,
tetradecyltrimethylammonium bromide and
dodecyltrimethylammonium bromide MCT; TCM(tm) (Societe
des Oleagineux, France) BAK: benzalkonium chloride
BEC: benzethonium chloride BCB:
benzyldimethyldodecylammonium bromide OA: Oleylamine
(Sigma (USA) SA : Stearylamine (Sigma, USA) CsA:
Cyclosporin A Cremophor: Cremophor EL (BASF, France)
Lutrol: Lutrol F68 (BASF, France) Oxypol (Gattefosse,
France) Montane 20 (SEPPIC, France) Oxypol: Gattefosse
(St Priest, France) Montane 20 (SEPPIC, France) Lipoid
E80 (LIPOID GmbH, Germany)Example 1: Preparation of
cationic emulsions wherein the cationic agent is CTAB
Methods : The oily phase components were successively
weighed in the same beaker and then magnetically
stirred under a slight heating (40 0C ) until a
yellow, limpid and slightly viscous phase is obtained.
Aqueous phase components were successively weighed in
the same beaker and then magnetically stirred under a
slight heating (40 0C ) until a transparent, limpid
and fluid phase is obtained. Both phases were heated
to 65 0C . The coarse emulsion was formed by rapid
addition of the aqueous phase in the oily phase and
was then rapidly heated to 75 0C . The aqueous phase
and coarse emulsion beakers were protected by a film
to avoid any water evaporation. The emulsion was white
and slightly transparent. The emulsion droplet size
was then decreased by a 5 minutes high shear mixing
with a POLYTRON PT 6100. The emulsion became milky.
The emulsion temperature was cooled down to 200C using
an ice bath. The final emulsion was obtained by
homogenization in a microf luidizer (C5, Avestin)
using continuous cycles for 5 min at a pressure of
10,000 psi. The emulsion was milky, very fluid and did
not adhere on the glass. The emulsion temperature was
decreased to 25 0C . Its pH was measured andthen
adjusted to 8.00 using a 0.1 M HCl or 0.1 M NaOH
solution. Emulsion was conditioned in tinted glass
vials with nitrogen bubbling and then sterilized in an
autoclave 20 minutes at 121C. The mean particle size
of the emulsions droplets was determined by
quasi-elastic light scattering after dilution in water
using a High Performance Particle Sizer (Malvern
Instruments, UK) . The electrophoretic mobility was
measured at 25C in a Malvern Zetasizer 2000 (Malvern
Instruments, UK) following a 1:200 dilution in double
distilled water as detailed above. Results : Example 2
: Stability of cationic emulsions described in example
1. Methods : The stability of the autoclaved emulsions
(droplet size, zeta potential) at 800C was monitored
for 14 days. Results : Z01EM042 and Z01EM043 meet zeta
potential stability test D requirements.Example 3:
Preparation of a cationic emulsion wherein the
cationic agent i s benzalkonium chloride Methods :
Preparation according to the process described in
Example 1 . Results: Example 4 : Stability of a
cationic emulsion described in example 3 Methods : The
stability o f the autoclaved emulsion (zeta potential)
at 80 0 C was monitored for 15 days. Results : The
zeta potential o f the emulsion presented in this
example was more stable than previously known
formulations(data not shown) . Z01EM093 meets zeta
potential stability test D requirements. Example 5 :
Cationic emulsions wherein the cationic agent is
oleylamine Methods : Preparation according to the
process described in Example 1 . Results : Z01EM165
meets zeta potential stability test D requirements . 



Example 6: Methods :Preparation according t o the
process described i n Example 1. Results : Emulsion
Z01EM092 T (days) 0 2 5 7 9 12 14 Zeta potential (mV)
19.8 21. 9 22. 4 18.5 20. 3 18.5 20.5 Z01EM092 meets
zeta potential stability test D requirements . Example
7: Cationic emulsions with BAK Methods : The stability
of the autoclaved emulsions (droplet size, zeta
potential) at 80 0C was monitored T=O, 7 and 14 days
.Results : nd: not determined Z01EM105, Z01EM162 and
Z01EM163 meet zeta potential stability test D
requirements. Z01EM115 meets zeta potential stability
test C requirements. Example 8 : Cationic emulsions
wherein the cationic agent: is BXC or BCB Methods :
Preparation according to the process described in
Example 1 .Results : Z01EM170 and Z01EM171 meet zeta
potential stability test D requirements. Example 9:
Cationic emulsion with BAK and mineral oil Methods :
The stability of the autoclaved emulsions (droplet
size, zeta potential) at 800C was monitored for 14
days.Results : All emulsions meet zeta potential
stability test D requirements . Example 10 : Cationic
emulsions containing Cyclosporin A (CsA) as active
substance in the oil phase. Methods and results:
Preparation according to the process described in
Example 1 , with the cyclosporin added to the oil
phase. The stability of the autoclaved emulsions
(droplet size, zeta potential) at 80 C was monitored
T=O, 7 and 15 days .QUINUCLIDINE DERIVATIVES AND THEIR
USE AS MUSCARINIC M3 RECEPTOR ANTAGONISTS This
invention relates to organic compounds, their
preparation and use as pharmaceuticals. In one aspect
the invention provides compounds of formula I in salt
or zwitterionic form wherein R1 and R2 are each
independently phenyl, one or both of R1 and R2 being
substituted at one, two or three positions by halo,
Ci-Cs-alkyl or Ci-Cg-alkoxy, and R3 is hydrogen,
hydroxy, Ci- Cs-alkyl, Ci-Cs-alkoxy or
Ci-Cs-alkylthio; or R1 and R2 are each unsubstituted
phenyl, and R3 is hydrogen, Ci-Cs-alkyl, Ci-Cs-alkoxy
or Ci-Cs-alkylthio; or R1 is C3-C8-cycloalkyl or a 4-
to 6-membered heterocyclic group containing at least
one ring heteroatom selected from nitrogen, oxygen and
sulphur, R2 is phenyl optionally substituted at one,
two or three positions by halo, Ci-Cs-alkyl or
Ci-Cs-alkoxy, or R2 is a 4- to 6-membered heterocyclic
group containing at least one ring heteroatom selected
from nitrogen, oxygen and sulphur, and R3 is hydrogen,
hydroxy, Ci-Cs-alkyl, Ci-Cs-alkoxy or Ci-Cs-alkylthio;
or -CR1R2R3 denotes 9H-fluoren-9-yl,
9,10,-dihydroanthracenyl-9-yl, 9-hydroxy-9,10-
dihydroanthracenyl-9-yl, 9-hydroxy-9H-fluoren-9-yl,
9H-xanthen-9-yl, 9-hydroxy-9Hxanthen- 9-yl,
5H-dibenzo[a,d]cyclohepten-5-yl or
5-hydroxy-5H-dibenzo[a,d]cyclohepten-5-yl; and R4 is
Ci-Cs-alkyl substituted at one, two or three positions
by -CO-N(R 5)R where R5 is hydrogen or Ci-Cs-alkyl and
R6 is a 4- to 6-membered heterocyclic group containing
at least one ring heteroatom selected from nitrogen,
oxygen and sulphur; or R1 and R2 are each
unsubstituted phenyl, R3 is hydroxy,and R4 is
Ci-Cs-alkyl substituted at one, two or three positions
by -CO-N(R 5)R where R5 is hydrogen or Ci-C4-alkyl and
R6 is 5-methyl-3-isoxazolyl; or R1 and R2 are each
unsubstituted phenyl, R3 is hydroxy, and R4 is 1-ethyl
substituted at one, two or three positions by -CO-N(R
5)R where Rs is hydrogen or Ci-C4-alkyl and R6 is a 4-
to 6-membered heterocyclif group containing at least
one ring heteroatom selected from nitrogen, oxygen and
sulphur; with the proviso that the compound of formula
I is not
(R)-3-(2-Hydroxy-2,2-di-thiophen-2-ylacetoxy)-
l-(pyrazin-2-ylcarbamoyl-methyl)-l-azonia-bicyclo[2.2.
2]octane, (R)-3-(2-Hydroxy-
2,2-di-thiophen-2-yl-acetoxy)-l-(isoxazol-3-ylcarbamoy
lmethyl)-l-azonia-bicyclo[2.2.2]octane bromide or
(R)-3-(2-Hydroxy-2,2-di-thiophen-2-yl-acetoxy)-l-(pyri
midin-4-ylcarbamoylmethyl)- 1-azonia-bicyclo [2
.2.2]octane bromide. Terms used in the specification
have the following meanings: "Optionally substituted
at one, two or three positions " means the group
referred to can be substituted at one, two or three
positions by any one or any combination of the
radicals described. "Ci-C -alkyl" as used herein
denotes straight chain or branched alkyl having 1 to 8
carbon atoms. Preferably, Ci-Cs-alkyl is Ci-C4-alkyl,
especially methyl or ethyl. "C3-C8-cycloalkyl" as used
herein denotes cycloalkyl having 3 to 8 carbon atoms.
Preferably "Cs-Cs-cycloalkyl" is "C3-Cg-cycloalkyl" ,
especially cyclopentyl or cyclohexyl.
"Ci-Cs-alkylthio" as used herein denotes Ci-Cs-alkyl
as hereinbefore defined linked to -S-. Preferably
"Q-Cs-alkylthio" is "Ci-C 4-alkylthio". "Ci-C8-alkoxy"
as used herein denotes straight chain or branched
alkoxy having 1 to 8 carbon atoms Preferably,
Ci-Cs-alkoxy is Ci-C4-alkoxy, especially methoxy.
"Halo" or "halogen" as used herein denotes a element
belonging to group 17 (formerly group VII) of the
Periodic Table of Elements, which may be, for example,
fluorine, chlorine, bromine or iodine. Preferably halo
or halogen is fluoro, chloro or bromo."4- to
6-membered heterocyclic group containing at least one
ring heteroatom selected from nitrogen, oxygen and
sulphur" as used herein denotes a heterocyclic group,
which may be saturated or unsaturated, that has 4 to 6
ring atoms. Suitable groups include azetidinyl,
tetrahydrofuranyl, furyl/furanyl, pyrrolyl,
pyrrolidinyl, pyrazolyl, imidazolyl, triazolyl,
tetrazolyl, thienyl, thiazolyl, thiadiazolyl,
isothiazolyl, oxadiazolyl, pyridinyl, oxazolyl,
isoxazolyl, piperidinyl, pyridinyl, pyrazinyl,
pyridazinyl, pyrimidinyl, piperazinyl, morpholinyl,
triazinyl, oxazinyl, thiazolyl or tetrahydropyranyl.
Preferred 4- to 6-membered heterocyclic groups include
unsaturated groups such as furyl, pyrrolyl,
thienyl/thiophenyl, thiazolyl, oxazolyl, isoxazolyl,
pyridinyl, pyrazinyl, pyridazinyl, pyrimidinyl and
triazinyl. The 4-to 6- membered heterocyclic group can
be unsubstituted or substituted at one or more
positions, e.g. 1, 2 or 3 positions, by any one or any
combination of substituents. Preferred substituents
include halo (e.g. fluoro, chloro or bromo), cyano,
oxo, hydroxy, carboxy, nitro, phenyl, Ci- Cs-alkyl
(e.g. methyl or ethyl), halo-Ci-Cs-alkyl (e.g.
trifluoromethyl), Ci-Cs-alkylcarbonyl,
di(Ci-Cs~alkyl)sulfamoyl and Ci-Cs-alkoxy optionally
substituted by aminocarbonyl. When R2 is a 4- to
6-membered heterocyclic group containing at least one
ring heteroatom selected from nitrogen, oxygen and
sulphur it is preferably a 5-membered heterocyclic
group containing at least one ring heteroatom selected
from oxygen and sulphur, for example furanyl and
thiophenyl, especially 2-furanyl or 2-thiophenyl. When
R6 is a 4- to 6-membered heterocyclic group containing
at least one ring heteroatom selected from nitrogen,
oxygen and sulphur it is preferably a 5- or 6-membered
heterocyclic group containing at least one ring
heteroatom selected from oxygen and nitrogen, for
example unsubstituted pyrazinyl, unsubstituted
pyridazinyl or unsubstituted triazinyl, or oxazolyl
optionally substituted at one, two or three postions
by Ci-C4-alkyl or phenyl, especially unsubstituted
pyrazinyl, unsubstituted pyridazinyl, unsubstituted
triazinyl, or oxazolyl optionally substituted at one
position by methyl, ethyl or phenyl. Throughout this
specification and in the claims that follow, unless
the context requires otherwise, the word "comprise",
or variations such as "comprises" or "comprising",
will be understood to imply the inclusion of a stated
integer or step or group of integers or steps but not
the exclusion of any other integer or step or group of
integers or steps. Preferred compounds of formula I in
salt or zwitterionic form include those where R1 and
R2 are each independently phenyl, one or both of R1
and R2 being substituted by one 



halo, Ci-C4-alkyl or Ci-C4-alkoxy, and R3 is hydroxy;
or R1 and R2 are each unsubstituted phenyl, and R3 is
hydrogen, Ci-C4-alkyl, Ci-C4-alkoxy or
Ci-C4-alkylthio;or R1 is C3-C6-cycloalkyl, R2 is
thiophenyl, furanyl or phenyl, and R3 is hydroxy; or
-CR1R2R3 is 9-hydroxy-9H-fluoren-9-yl; and R4 is
Ci-C4-alkyl substituted at one, two or three positions
by -CO-NHR 6 where R6 is isoxazolyl optionally
substituted by phenyl, or R6 is pyrazinyl or
pyrimidinyl; or R1 and R2 are each unsubstituted
phenyl, R3 is hydroxy, and R4 is Ci-C- -alkyl
substituted at one, two or three positions by -CO-NHR
6 where R6 is 5- methyl-3-isoxazolyl; or R1 and R2 are
each unsubstituted phenyl, R3 is hydroxy, and R4 is
1-ethyl substituted at one, two or three positions by
-CO-NHR 6 where R6 is isoxazolyl. Especially preferred
compounds of formula I in salt or zwitterionic form
include those where R1 and R2 are each independently
phenyl, one or both of R1 and R2 being o-halophenyl,
o- or p-Ci-C4-alkylphenyl or o-, m- or
p-Ci-Gt-alkoxyphenyl, and R3 is hydroxy; or R1 and R2
are each unsubstituted phenyl, and R3 is hydrogen,
Ci-C4-alkyl, Ci-C4-alkoxy or Ci-C4-alkylthio; or R1 is
C5-Cg-cycloalkyl, R2 is thiophenyl, furanyl or phenyl,
and R3 is hydroxy; or -CR1R2R3 is
9-hydroxy-9H-fluoren-9-yl; and R4 is methyl or 1-ethyl
substituted at one position by -CO-NHR 6 where R6 is
isoxazol-3-yl optionally substituted at one position
by phenyl, or R6 is pyrazin-2-yl or pyrimidin-4-yl; or
R1 and R2 are each unsubstituted phenyl, R3 is
hydroxy, and R4 is methyl substituted at one position
by -CO-NHR 6 where R6 is 5-methyl-isoxazol-3-yl; or R1
and R2 are each unsubstituted phenyl, R3 is hydroxy,
and R4 is 1-ethyl substituted at one position by
-CO-NHR 6 where R6 is isoxazol-3-yl. The compounds of
formula I are quaternary ammonium salts. Suitable
counter ions are pharmaceutically acceptable counter
ions including, for example, fluoride, chloride,
bromide, iodide, nitrate, sulfate, phosphate, formate,
acetate, trifluoroacetate, propionate, butyrate,
lactate, citrate, tartrate, malate, maleate,
succinate, benzoate, p-chlorobenzoate, diphenylacetate
or triphenylacetate, o-hydroxybenzoate,
p-hydroxybenzoate, l-hydroxynaphthalene-2-
carboxylate, 3-hydroxynaphthalene-2-carboxylate,
methanesulfonate and benzenesulfonate.Compounds of
formula I that contain a basic centre are capable of
forming acid addition salts, particularly
pharmaceutically acceptable acid addition salts.
Pharmaceutically acceptable acid addition salts of the
compound of formula I include those of inorganic
acids, for example, hydrohalic acids such as
hydrofluoric acid, hydrochloric acid, hydrobromic acid
or hydroiodic acid, nitric acid, sulfuric acid,
phosphoric acid; and organic acids, for example
aliphatic monocarboxylic acids such as formic acid,
acetic acid, trifluoroacetic acid, propionic acid and
butyric acid, aliphatic hydroxy acids such as lactic
acid, citric acid, tartaric acid or malic acid,
dicarboxylic acids such as maleic acid or succinic
acid, aromatic carboxylic acids such as benzoic acid,
p-chlorobenzoic acid, diphenylacetic acid or
triphenylacetic acid, aromatic hydroxy acids such as
o-hydroxybenzoic acid, p-hydroxybenzoic acid,
1-hydroxynaphthalene- 2-carboxylic acid or
3-hydroxynaphthalene-2-carboxylic acid, and sulfonic
acids such as methanesulfonic acid or benzenesulfonic
acid. These salts may be prepared from compounds of
formula I by known salt-forming procedures. Compounds
of formula I which contain acidic, e.g. carboxyl,
groups, are also capable of forming salts with bases,
in particular pharmaceutically acceptable bases such
as those well known in the art; suitable such salts
include metal salts, particularly alkali metal or
alkaline earth metal salts such as sodium, potassium,
magnesium or calcium salts, or salts with ammonia or
pharmaceutically acceptable organic amines or
heterocyclic bases such as ethanolamines, benzylamines
or pyridine. These salts may be prepared from
compounds of formula I by known salt-forming
procedures. Compounds of formula I that contain
acidic, e.g. carboxyl, groups may also exist as
zwitterions with the quaternary ammonium centre. The
compounds of the invention contain at least one
asymmetric carbon atom and thus they exist in
individual optically active isomeric forms or as
mixtures thereof, e.g. as racemic mixtures. In cases
where additional asymmetric centres exist the present
invention also embraces both individual optically
active isomers as well as mixtures, e.g.
diastereomeric mixtures, thereof. These isomers may be
separated by conventional techniques, e.g. by
fractional crystallization or column chromatography.
Specific especially preferred compounds of the
invention are those described hereinafter in the
Examples. The invention also provides a process for
the preparation of compounds of formula I which
comprises(i) (A) reacting a compound of compound of
formula II or a protected form thereof where R1, R2
and R3 are as hereinbefore defined, with a compound of
formula HI R4- X III where R4 is as hereinbefore
defined and X is chloro, bromo or iodo; or (B)
reacting a compound of formula IV or a sodium salt
thereof, where R4 is as hereinbefore defined, with a
compound of formula V or an ester-forming derivative
thereof, where R1, R2 and R3 are as hereinbefore
defined; and (ii) recovering the product in salt or
zwitterionic form. Process variant (A) may be effected
using known procedures for reacting quinuclidinol
esters with halogenides or analogously as hereinafter
described in the Examples. The reaction is
conveniently carried out in water or an organic
solvent, for example acetonitrile, dimethylformamide
(DMF), dimethylsulphoxide (DMSO), ethyl acetate or
chloroform. The reaction is carried out at a
temperature between 20 C to 120 C, conveniently
between room temperature and 80 C.Process variant (B)
may be effected using known procedures for reacting
hydroxy compounds or sodium salts thereof with
carboxylic acids or ester-forming derivatives thereof
such as acid halides or analogously as hereinafter
described in the Examples. The reaction between an
hydroxyl-substituted quinuclidine derivative and a
carboxylic acid is conveniently carried out in an
organic solvent, for example dimethylformamide (DMF),
in the presence of a coupling agent, for example
l,l'-Carbonyldiimidazole (CDI), preferably in an inert
atmosphere, for example under argon. Suitable reaction
temperatures are from 0 C to 60 C, preferably from 30
C to 50 C, especially about 40 C. Compounds of formula
II are known or may be prepared by known procedures
such as those disclosed in W. J . Rzeszotarski et al,
/ . Med. Chem. 1988, 31, 1463, international patent
publication WO 01/04118 and United States patent
specification US 3,833,592, or analogously as
hereinafter described in the Examples. Compounds of
formula III, IV or V are known or may be prepared by
known procedures or analogously as hereinafter
described in the Examples. Where reference is made
herein to protected functional groups or to protecting
groups, the protecting groups may be chosen in
accordance with the nature of the functional group,
for example as described in Protective Groups in
Organic Synthesis, T.W. Greene and P.G.M. Wuts, John
Wiley &c Sons Inc, Third Edition, 1999, which
reference also describes procedures suitable for
replacement of the protecting groups by hydrogen.
Compounds of formula I are quaternary ammonium salts
and may be converted between different salt forms
using ion exchange chromatography. The compounds can
be obtained in the form of hydrates or solvates
containing a solvent used for crystallization.
Compounds of formula I can be recovered from reaction
mixtures and purified using known methods. Isomers,
such as enantiomers, may be obtained in a conventional
manner, e.g. by fractional crystallization, chiral
phase chromatography or asymmetric synthesis from
correspondingly asymmetrically substituted, e.g.
optically active, starting materials. Compounds of
formula I in pharmaceutically acceptable salt or
zwitterionic form, hereinafter referred to
alternatively as agents of the invention, are useful
as pharmaceuticals. Accordingly the invention also
provides a compound of formula I in pharmaceutically
acceptable salt or zwitterionic form for use as a
pharmaceutical. The agents of the invention act as
muscarinic antagonists, particularly muscarinic M3
receptor antagonists, thereby inhibiting
acetylcholineinduced contraction of smooth muscle in
e.g. respiratory tract, digestive tract and urinary
systems. The affinity (Ki) of agents of the invention
at the human muscarinic acetylcholine M 3 receptor can
be determined in a competitive filtration binding
assay with the radio-labelled antagonist [3H] n-methyl
scopolamine methyl chloride (NMS): Membranes prepared
from CHO cells stably transfected with human M3
receptor at 10 mg protein/ well are incubated with
serial dilutions of the agents of the invention,
[3H]NMS (0.25 nM) and assay buffer (20 mM HEPES, 1 mM
MgCl 2 at pH 7.4) for 17 hours at room 



temperature. The assay is carried out in a 250 mL
final volume, in the presence of a final dimethyl
sulfoxide concentration of 1%. Total binding of
[3H]NMS is determined in the absence of the agents of
the invention with a corresponding substituted volume
of assay buffer. Non-specific binding of [3H] NMS is
determined in the presence of 300 nM ipratropium
bromide. Following the incubation period, the
membranes are harvested onto a Unifilter(tm) GFVB
filter plate containing 0.05 % polyethyleneimine,
using a Brandel(tm) filtration harvester 9600. Filter
plates are dried for two hours at 35C before the
addition of Microscint(tm) 'O' cocktail, and read on a
Packard Topcount(tm) scintillator using a
3H-Scintillation protocol. All IC50s are calculated
with the aid of XL-Fit graph package and Ki values
derived using the Cheng-Prusoff correction (Cheng Y.,
Prusoff W. H . (1973) Biochem. Pharmacol 22 3099-
3109). The compounds of the Examples herein below
generally have Ki values below 1 mM in the above
assay. For instance, the compounds of Examples 1, 2,
4, 5 and 8 have M3 Ki values of 2.3, 1.4, 0.65, 0.63
and 0.75 nM respectively. The compounds of Examples 8,
10 and 11 have M3 pKi values of 10.9, 10.94 and 11.2
respectively. Having regard to their inhibition of
acetyl choline binding to M3 muscarinic receptors,
agents of the invention are useful in the treatment of
conditions mediated by the muscarinic M3 receptor,
particularly those associated with increased
parasympathetic tone leading to, for example,
excessive glandular secretion or smooth muscle
contraction. Treatment in accordance with the
invention may be symptomatic or prophylactic. Having
regard to their antimuscarinic activity, the agents of
the invention are useful in the relaxation of
bronchial smooth muscle and the relief of
bronchoconstriction. Relief of bronchoconstriction can
be measured in models such as the in vivo
plethysmography models of Chong et al,/. Pharmacol.
Toxicol. Methods 1998, 39, 163, Hammelmann et al, Am.
J.Respir. Crit. Care Med., 1997, 156, 766 and
analogous models. The agents of the invention are
therefore useful in the treatment of obstructive or
inflammatory airways diseases. In view of their long
duration of action, it is possible to administer the
agents of the invention once-aday in the treatment of
such diseases. In another aspect, agents of the
invention commonly exhibit characteristics indicating
a low incidence of side effects commonly encountered
with b agonists such as tachycardia, tremor and
restlessness, such agents accordingly being suitable
for use in on demand (rescue) treatment as well as
prophylactic treatment of obstructive or inflammatory
airways diseases. Inflammatory or obstructive airways
diseases to which the present invention is applicable
include asthma of whatever type or genesis including
both intrinsic (non-allergic) asthma and extrinsic
(allergic) asthma. Treatment of asthma is also to be
understood as embracing treatment of subjects, e.g. of
less than 4 or 5 years of age, exhibiting wheezing
symptoms and diagnosed or diagnosable as "wheezy
infants", an established patient category of major
medical concern and now often identified as incipient
or early-phase asthmatics. (For convenience this
particular asthmatic condition is referred to as
"wheezy-infant syndrome".) Prophylactic efficacy in
the treatment of asthma will be evidenced by reduced
frequency or severity of symptomatic attack, e.g. of
acute asthmatic or bronchoconstrictor attack,
improvement in lung function or improved airways
hyperreactivity. It may further be evidenced by
reduced requirement for other, symptomatic therapy,
i.e. therapy for or intended to restrict or abort
symptomatic attack when it occurs, for example
anti-inflammatory (e.g. corticosteroid) or
bronchodilatory. Prophylactic benefit in asthma may in
particular be apparent in subjects prone to "morning
dipping". "Morning dipping" is a recognised asthmatic
syndrome, common to a substantial percentage of
asthmatics and characterised by asthma attack, e.g.
between the hours of about 4 to 6 am, i.e. at a time
normally substantially distant from any previously
administered symptomatic asthma therapy. Other
inflammatory or obstructive airways diseases and
conditions to which the present invention is
applicable include adult/acute respiratory distress
syndrome (ARDS), chronic obstructive pulmonary or
airways disease (COPD or COAD), including chronic
bronchitis, or dyspnea associated therewith,
emphysema, as well as exacerbation of airways
hyperreactivity consequent to other drug therapy, in
particular other inhaled drug therapy. The invention
is also applicable to the treatment of bronchitis of
whatever type or genesis including, e.g., acute,
arachidic, catarrhal, croupus, chronic or phthinoid
bronchitis. Further inflammatory or obstructive
airways diseases to which the present invention is
applicable include_ 10 pneumoconiosis (an
inflammatory, commonly occupational, disease of the
lungs, frequently accompanied by airways obstruction,
whether chronic or acute, and occasioned by repeated
inhalation of dusts) of whatever type or genesis,
including, for example, aluminosis, anthracosis,
asbestosis, chalicosis, ptilosis, siderosis,
silicosis, tabacosis and byssinosis. Having regard to
their antimuscarinic activity, the agents of the
invention are also useful in the treatment of a
condition requiring relaxation of smooth muscle of the
uterus, bladder or vascular system. They are thus
useful for the prevention or alleviation of premature
labour pains in pregnancy. They are also useful in the
treatment of chronic and acute urticaria, psoriasis,
allergic conjunctivitis, actinitis, rhinitis including
allergic rhinitis, mastocytosis, urinary disorders
such as urinary incontinence (particularly that caused
by overactive bladder), pollakiuria, neurogenic or
unstable bladder, cytospasm and chronic cystitis;
gastrointestinal disorders such as irritable bowel
syndrome, spastic colitis, diverticulitis and peptic
ulceration; and cardiovascular disorders such as
vagally induced sinus bradycardia, as well as in
ophthalmic interventions. The agents of the invention
are also useful as co-therapeutic agents for use in
combination with other drug substances such as
anti-inflammatory, bronchodilatory, antihistamine,
decongestant or anti-tussive drug substances,
particularly in the treatment of obstructive or
inflammatory airways diseases such as those mentioned
hereinbefore, for example as potentiators of
therapeutic activity of such drugs or as a means of
reducing required dosaging or potential side effects
of such drugs. An agent of the invention may be mixed
with one or more other drug substances in a fixed
pharmaceutical composition or it may be administered
separately, before, simultaneously with or after the
other drug substance(s). Accordingly the invention
includes a combination of an agent of the invention as
hereinbefore described with an anti-inflammatory,
bronchodilatory, antihistamine, decongestant or
anti-tussive drug substance, said agent of the
invention and said drug substance being in the same or
different pharmaceutical composition. Suitable
anti-inflammatory drugs include steroids, in
particular glucocorticosteroids such as budesonide,
beclamethasone dipropionate, fluticasone propionate,
ciclesonide or mometasone furoate, or steroids
described in WO 02/88167, WO 02/12266, WO 02/100879,
WO 02/00679 (especially those of Examples 3, 11, 14,
17, 19, 26, 34, 37, 39, 51, 60, 67, 72, 73, 90, 99 and
101), WO 03/35668, WO 03/48181, WO 03/62259, WO
03/64445, WO 03/72592, WO 04/39827 and WO 04/66920;
non-steroidal glucocorticoid receptor agonists, such
as those described in DE 10261874, WO 00/00531, WO
02/10143, WO 03/82280, WO 03/82787, WO 03/86294, WO
03/104195, WO 03/101932, WO 04/05229, WO04/18429, WO
04/19935 and WO 04/26248; LTD4 antagonists such as
montelukast and zafirlukast; PDE4 inhibitors such
cilomilast (Ariflo(r) GlaxoSmithKline), Roflumilast
(Byk Gulden),V-11294A (Napp), BAY19-8004 (Bayer),
SCH-351591 (Schering-Plough), Arofylline (Almirall
Prodesfarma), PD189659 / PD168787 (Parke-Davis),
AWD-12-281 (Asta Medica), CDC-801 (Celgene),
SeICID(TM) CC-10004 (Celgene), VM554/UM565 (Vernalis),
T-440 (Tanabe), KW-4490 (Kyowa Hakko Kogyo), and those
disclosed in WO 92/19594, WO 93/19749, WO 93/19750, WO
93/19751, WO 98/18796, WO 99/16766, WO 01/13953, WO
03/104204, WO 03/104205, WO 03/39544, WO 04/000814, WO
04/000839, WO 04/005258, WO 04/018450, WO 04/018451,
WO 04/018457, WO 04/018465, WO 04/018431, WO
04/018449, WO 04/018450, WO 04/018451, WO 04/018457,
WO 04/018465, WO 04/019944, WO 04/019945, WO 04/045607
and WO 04/037805; A2A agonists such as those described
in EP 1052264, EP 1241176, EP 409595A2, WO 94/17090,
WO 96/02543, WO 96/02553, WO 98/28319, WO 99/24449, WO
99/24450, WO 99/24451, WO 99/38877, WO 99/41267, WO
99/67263, WO 99/67264, WO 99/67265, WO 99/67266, WO
00/23457, WO 00/77018, WO 00/78774, WO 01/23399, WO
01/27130, WO 01/27131, WO 01/60835, WO 01/94368, WO
02/00676, WO 02/22630, WO 02/96462, and WO 03/086408;
and A2Bantagonists such as those described in WO
02/42298. The agents of the invention are useful in
combination therapy with chemokine receptor
antagonists, calcium channel blockers,
alpha-adrenoceptor antagonists, dopamine agonists,
endothelin antagonists, substance-P antagonists, 5-LO
inhibitors, VLA-4 antagonists and theophylline. The
agents of the invention are also particularly useful
as co-therapeutic agents for use in combination with
beta-2 adrenoceptor agonists. Suitable beta-2
adrenoceptor agonists include albuterol (salbutamol),
metaproterenol, terbutaline, salmeterol fenoterol,
procaterol, and especially, formoterol, carmoterol and
pharmaceutically acceptable salts thereof, and 



compounds (in free or salt or solvate form) of formula
I ofWO 0075114, which document is incorporated herein
by reference, preferably compounds of the Examples
thereof, especially a compound of formulaand
pharmaceutically acceptable salts thereof, as well as
compounds (in free or salt or solvate form) of formula
I ofWO 04/16601, and also compounds of EP 1440966, JP
05025045, WO 93/18007, WO 99/64035, US 2002/0055651,
US 2005/0133417, US 2005/5159448, WO 01/42193, WO
01/83462, WO 02/66422, WO 02/ 70490, WO 02/76933, WO
03/24439, WO 03/42160, WO 03/42164, WO 03/72539, WO
03/91204, WO 03/99764, WO 04/16578, WO 04/22547, WO
04/32921, WO 04/33412, WO 04/37768, WO 04/37773, WO
04/37807, WO 04/39762, WO 04/39766, WO 04/45618 WO
04/46083 , WO 04/80964, EP1460064, WO 04/087142, WO
04/089892, EP 01477167, US 2004/0242622, US
2004/0229904, WO 04/108675, WO 04/108676, WO
05/033121, WO 05/040103, WO 05/044787, WO 05/058867,
WO 05/065650, WO 05/066140 and WO 05/07908.
Co-therapeutic antihistamine drug substances include
cetirizine hydrochloride, acetaminophen, clemastine
fumarate, promethazine, loratidine, desloratidine,
diphenhydramine and fexofenadine hydrochloride.
Combinations of agents of the invention and one or
more of beta-2 adrenoceptor agonists, steroids, PDE4
inhibitors, A2a agonists, A2b agonists and LTD4
antagonists may be used, for example, in the treatment
of asthma but particularly COPD. In accordance with
the foregoing, the present invention also provides a
method for the treatment of an obstructive or
inflammatory airways disease which comprises
administering to a subject, particularly a human
subject, in need thereof a compound of formula I, or a
pharmaceutically acceptable salt or solvate thereof,
as hereinbefore described. In another aspect, the
invention provides a compound of formula I, or a
pharmaceutically acceptable salt or solvate thereof,
as hereinbefore described for use in the preparation
of a medicament for the treatment of an obstructive or
inflammatory airways disease. The agents of the
invention may be administered by any appropriate
route, e.g. orally, for example in the form of a
tablet or capsule; parenterally, for example
intravenously; topically to the skin, for example in
the treatment of psoriasis; intranasally, for example
in the treatment of hay fever; or, preferably, by
inhalation, particularly in the treatment of
obstructive or inflammatory airways diseases. In
particular, the agents of the invention may be
delivered as an inhalable formulation for the
treatment of COPD and asthma. In a further aspect, the
invention also provides a pharmaceutical composition
comprising a compound of formula I in free form or in
the form of a pharmaceutically acceptable salt
orsolvate thereof, optionally together with a
pharmaceutically acceptable diluent or carrier
thereof. Such compositions may be prepared using
conventional diluents or excipients and techniques
known in the galenic art. Thus oral dosage forms may
include tablets and capsules. Formulations for topical
administration may take the form of creams, ointments,
gels or transdermal delivery systems, e.g. patches.
Compositions for inhalation may comprise aerosol or
other atomizable formulations or dry powder
formulations. When the composition comprises an
aerosol formulation, it preferably contains, for
example, a hydro-fluoro-alkane (HFA) propellant such
as HFA134a or HFA227 or a mixture of these, and may
contain one or more co-solvents known in the art such
as ethanol (up to 20% by weight), and/or one or more
surfactants such as oleic acid or sorbitan trioleate,
and/or one or more bulking agents such as lactose.
When the composition comprises a dry powder
formulation, it preferably contains, for example, the
compound of formula I having a particle diameter up to
10 microns, optionally together with a diluent or
carrier, such as lactose, of the desired particle size
distribution and a compound that helps to protect
against product performance deterioration due to
moisture, such as magnesium stearate, e.g. 0.01 to
1.5%. When the composition comprises a nebulised
formulation, it preferably contains, for example, the
compound of formula I either dissolved, or suspended,
in a vehicle containing water, a cosolvent such as
ethanol or propylene glycol and a stabiliser, which
may be a surfactant. The invention also includes (A) a
compound of formula I as hereinbefore described in
free form, or a pharmaceutically acceptable salt or
solvate thereof, in inhalable form; (B) an inhalable
medicament comprising such a compound in inhalable
form together with a pharmaceutically acceptable
carrier in inhalable form; (C) a pharmaceutical
product comprising such a compound in inhalable form
in association with an inhalation device; and (D) an
inhalation device containing such a compound in
inhalable form. Dosages of agents of the invention
employed in practising the present invention will of
course vary depending, for example, on the particular
condition to be treated, the effect desired and the
mode of administration. In general, suitable daily
dosages for administration by inhalation are of the
order of 0.0001 to 30 mg/kg, typically 0.01 to 10 mg
per patient, while for oral administration suitable
daily doses are of the order of 0.01 to 100 mg/kg. The
invention is illustrated by the following
Examples.EXAMPLES Especially preferred compounds of
formula I include compounds of formula VI where R1,
R2, R3 and R4 are as shown in Table 1 below, the
method of preparation being described hereinafter. All
compounds are quaternary ammonium salts. The table
also shows mass spectrometry data. The compounds of
Examples 8-11, 15-17 and 19-28 are a mixtures of
diastereomers at hydroxyl-position. The compounds of
Examples 29, 30 and 31 are phosphate salts of single
enantiomers .In the table R1, R2 and R3 together with
the carbon atom to which they are attached are
represented as a moiety having the formula -CR1R2R3.
TABLE lINCREASING DIE STRENGTH BY ETCHING DURING OR
AFTER DICING This invention relates to increasing die
strength by etching during or after dicing a
semiconductor wafer. Etching of semiconductors such as
silicon with spontaneous etchants is known with a high
etch selectivity to a majority of capping, or
encapsulation, layers used in the semiconductor
industry. By spontaneous etchants will be understood
etchants which etch without a need for an external
energy source such as electricity, kinetic energy or
thermal activation. Such etching is exothermic so that
more energy is released during the reaction than is
used to break and reform inter-atomic bonds of the
reactants. US 6,498,074 discloses a method of dicing a
semiconductor wafer part way through with a saw, laser
or masked etch from an upper side of the wafer to form
grooves at least as deep as an intended thickness of
die to be singulated from the wafer. A backside of the
wafer, opposed to the upper side, is dry etched, for
example with an atmospheric pressure plasma etch of
CF4, past a point at which the grooves are exposed to
remove damage and resultant stress from sidewalls and
bottom edges and corners of the die, resulting in
rounded edges and corners. Preferably a protective
layer, such as a polyimide, is used after grooving to
hold the die together after singulation and during
etching and to protect the circuitry on the top
surface of the wafer from etchant passing through the
grooves. However, in order to etch from the backside
of the wafer it is necessary to remount the wafer, in,
for example, a vortex non-contact chuck, after
grooving the upper surface, in order to etch the wafer
from an opposite side from that from which the wafer
is grooved. It is an object of the present invention
at least to ameliorate the aforesaid shortcoming in
the prior art. According to a first aspect of the
present invention there is provided a method of dicing
a semiconductor wafer having an active layer
comprising the steps of: mounting the semiconductor
wafer on a carrier with the active layer away from the
carrier; at least partially dicing the semiconductor
wafer on the carrier from a major surface of the
semiconductor wafer to form an at least partially
diced semiconductor wafer; and etching the at least
partially dicedsemiconductor wafer on the carrier from
the said major surface with a spontaneous etchant to
remove sufficient semiconductor material from a die
produced from the at least partially diced
semiconductor wafer to improve flexural bend strength
of the die. Conveniently, the step of at least
partially dicing the semiconductor wafer comprises
dicing the semiconductor wafer completely through the
semiconductor wafer; and the step of etching the
semiconductor wafer comprises etching sidewalls of the
die, remaining portions of the die being masked from
the spontaneous etchant by portions of the active
layer on the die. Alternatively, the step of at least
partially dicing the semiconductor wafer comprises
partially dicing the semiconductor wafer along dicing
lanes to leave portions of semiconductor material
bridging the dicing lanes; and the step of etching the
semiconductor wafer comprises etching sidewalls of the
dicing lanes 



and etching away the portions of semiconductor
material bridging the dicing lanes to singulate the
die. Advantageously, the semiconductor wafer is a
silicon wafer. Conveniently, the step of etching with
a spontaneous etchant comprises etching with xenon
difluoride. Preferably, the step of etching with a
spontaneous etchant comprises providing an etching
chamber and etching the semiconductor wafer within the
etching chamber. Advantageously, the step of etching
with a spontaneous etchant within the etching chamber
comprises cyclically supplying the chamber with
spontaneous etchant and purging the etching chamber of
spontaneous etchant for a plurality of cycles.
According to a second aspect of the invention, there
is provided a dicing apparatus for dicing a
semiconductor wafer having an active layer comprising:
carrier means on which the semiconductor wafer is
mountable with the active layer away from the carrier;
laser or mechanical sawing means arranged for at least
partially dicing the semiconductor wafer on the
carrier from a major surface of the semiconductor
wafer to form an at least partially diced
semiconductor wafer; and etching means arranged for
etching the at least partially diced semiconductor
wafer on the carrier from the said major surface with
a spontaneous etchant to remove sufficient
semiconductor material from a dieproduced from the at
least partially diced semiconductor wafer to improve
flexural bend strength of the die. Conveniently, the
dicing apparatus is arranged for dicing a silicon
wafer. Advantageously, the etching means is arranged
to etch with xenon difluoride. Preferably, the dicing
apparatus further comprises an etching chamber
arranged for etching the semiconductor wafer mounted
on the carrier means within the etching chamber.
Preferably, the etching chamber is arranged for
cyclically supplying the chamber with spontaneous
etchant and purging the etching chamber of spontaneous
etchant for a plurality of cycles. The invention will
now-.be described, by way of example, with reference
to the accompanying drawings in which: Figure 1 is a
schematic flow diagram of a first embodiment of the
invention comprising active side up dicing followed by
spontaneous etching; Figure 2 is a schematic flow
diagram of a second embodiment of the invention
comprising active face up partial dicing followed by
die release by spontaneous etching; Figure 3 is a
graph of survival probability as ordinates versus die
strength as abscissa of a laser-cut control wafer and
wafers etched to various extents according to the
invention as measured by a 3-point test; Figure 4 is a
graph of survival probability as ordinates versus die
strength as abscissa of a saw-cut control wafer and
wafers etched to various extents according to the
invention as measured by a 3-point test; Figure 5 is a
graph of survival probability as ordinates versus die
strength as abscissa of a laser-cut control wafer and
wafers etched to various extents according to the
invention as measured by a 4-point test; Figure 6 is a
graph of survival probability as ordinates versus die
strength as abscissa of a saw-cut control wafer and
wafers etched to various extents according to the
invention as measured by a 4-point test; Figure 7
shows micrographs of sidewalls of a laser-cut control
wafer and of laser-cut wafers etched to various
extents according to the invention; and Figure 8 is of
micrographs of sidewalls of a saw-cut control wafer
and of saw-cut wafers etched to various extents
according to the invention. In the Figures like
reference numerals denote like parts.Referring to
Figures 1 and 2, a silicon wafer 11 on a standard
dicing tape 12 and tape frame 13 is mounted on a
carrier, not shown. The wafer is diced using a laser
or a mechanical saw on the carrier to produce a diced
wafer 111. The laser may be a diode-pumped solid-state
laser, a mode-locked laser or any other laser suitable
for machining the semiconductor and other materials of
the wafer. Suitable laser wavelengths may be selected
from infrared to ultraviolet wavelengths. The diced
wafer 111 is placed on the carrier in a chamber 14,
the chamber having an inlet port 141 and an outlet
port 142. Cycles of xenon difluoride (XeF2), or any
other spontaneous etchant of silicon, are input
through the inlet port 141 and purged through the
outlet port 142 for a predetermined number of cycles
each of a predetermined duration. Alternatively, the
etching may be carried out as a continuous process,
but this has been found to be less efficient in terms
of etch rate and etchant usage. The dies are then
released from the tape 12 and mounted onto a die pad
15 or another die to form a mounted die 16. Referring
to Figure 1, in a first embodiment of the invention, a
wafer 11, with an active layer uppermost, is diced
followed by spontaneous etching. The wafer 11 is
mounted active face up on a wafer carrier on a tape 12
and a tape frame 13, that is, with the active layer
away from the carrier. The wafer is diced with a
mechanical dicing saw or a laser dicing saw on the
carrier to form an active side up, diced wafer 111.
The diced wafer 111 is placed face up in an etching
chamber 14 and a spontaneous etchant 140 of silicon is
input into the chamber 14 through the inlet port 141
to come in contact with the diced wafer 111 for a pre
defined period. The etchant can be, but is not limited
to, XeF2 and can be either a gas or liquid. The diced
wafer 111 is held in place in the chamber 14 by the
wafer carrier, not shown, which can be made of any
flexible or inflexible material that holds the wafer
in place either through the use of an adhesive layer
or by mechanical means such as physical, electrical or
vacuum clamping. The wafer carrier can be opaque or
optically transparent. After etching, singulated
etched dies 16 are removed from the carrier and
mounted onto a die pad 15 or another die. In this
embodiment, the active layer acts as a mask to the
spontaneous etchant and only the sidewalls of the dies
are etched to remove a layer of silicon. The etching
of the sidewall changes the physical nature of the
sidewall therebyincreasing the average die strength,
as measured to destruction with a three-point or
four-point test. Referring to Figure 2, in a second
embodiment of the invention, a wafer 11, with an
active layer uppermost is mounted active side up on a
tape 12 and tape frame 13 on a wafer carrier 17. The
wafer carrier 17 can be made of any optically
transparent flexible or inflexible material that is
suitable for holding the wafer in place either through
the use of an adhesive layer or by mechanical means
such as mechanical, electrical or vacuum clamping. The
wafer 11 is partially diced through along dice lanes.
18 with a mechanical dicing saw or a laser dicing saw
to form a partially diced wafer 112. The partially
diced wafer 112 is placed face up, on the carrier 17,
in an etching chamber 14 to come into contact with a
spontaneous etchant 140 of silicon until the etchant
140 has etched away a remaining portion of silicon in
the dice lanes. The etchant can be, but is not limited
to, XeF2 and can be either a gas or liquid. As well as
by a change in physical nature of the sidewall, die
strength is also enhanced because the dies are diced
substantially simultaneously, avoiding any stress
build up which may occur in conventionally diced
wafers. The process of the invention provides the
advantages over other etch processes, such as chemical
or plasma etching, of being a fully integrated, dry,
controllable, gas process, so that no specialist wet
chemical handling is required, and clean, safe and
user-friendly materials are used in a closed handling
system that lends itself well to automation. Moreover,
since spontaneous etching may be carried out in
parallel with dicing, cycle time is of the order of
dicing process time, so that throughput is not
restricted. Furthermore, the invention uses a
tapecompatible etch process which is also compatible
with future wafer mounts, such as glass. In addition,
no plasma is used, as in the prior art, which might
otherwise induce electrical damage on sensitive
electrical devices. Finally, the invention provides an
inexpensive process which, used with laser dicing,
provides a lower 



cost dicing process than conventional dicing
processes. EXAMPLE Ten 125mm diameter 180mm thick
silicon wafers were coated with standard photoresist.
The wafers were split into two groups as shown in
Table 1 with fivewafers undergoing laser dicing and
five wafers undergoing dicing by mechanical saw. Table
1. Wafer description After dicing the wafers were
placed in a chamber and etched with XeF2 for a
predetermined period of time. After this period the
chamber was evacuated and purged. This etch, evacuate
and purge cycle was repeated for a set number of times
to remove a predetermined thickness of silicon. The
numbers of cycles used are given in Table 2. Table 2.
Etching parameters After the wafers had been etched,
the die strength of each wafer was measured using
3-point and 4-point flexural bend strength testing.
The results for 3-point die strength testing are
listed in Table 3 for lasercut wafers and Table 4 for
saw-cut wafers. Corresponding graphs comparing the
survival probability for the control wafer with the
four different etch depths used are shown in Figure 3
for laser-cut wafers, in which line 31 relates to an
un-etched wafer, line 32 an etch depth of 2 mm, line
33 an etch depth of 3 mm, line 34 anetch depth of 4 mm
and line 35 an etch depth of 25 mra and in Figure 4
for saw-cut wafers in which line 4 1 relates to an
un-etched wafer, line 42 an etch depth of 2 mm, line
43 an etch depth of 3 mm, line 44 an etch depth of 4
mm and line 45 an etch depth of 25 mm. It can be seen
that for both laser-cut and saw-cut wafers the
flexural strength as measured by a 3-point test
generally increases with etch depth. Table3. Laser cut
wafers. 3-Point Die Strength Test The results for
4-point die strength testing are listed in Tables 5
and 6. Corresponding graphs comparing the survival
probability for the control wafer and the four
different etch tests are shown in Figures 5 for
laser-cut wafers, in which line 5 1 relates to an
un-etched wafer, line 52 an etch depth of 2 mm, line
53an etch depth of 3 mm, line 54 an etch depth of 4 mm
and line 55 an etch depth of 25 mm and in Figure 6 for
saw-cut wafers in which line 6 1 relates to an
un-etched wafer, line 62 an etch depth of 2 mm, line
63 an etch depth of 3 mm, and line 64 an etch depth of
4 mm. It can be seen that for both laser-cut and
saw-cut wafers the fiexural strength as measured by a
4-point test generally increases with etch depth.
Table 5. Laser cut wafers. 4-Point Die Strength Test
Table 6. Saw cut wafers. 4-Point Die Strength Test SEM
images of the laser-cut and saw-cut wafers are shown
in Figures 7 and 8 respectively. Figure 7(a) shows a
laser-cut un-etched die corner at x200 magnification,
Figure 7(b) shows a laser-cut un-etched sidewall at
x800magnification, Figure 7(c) shows a laser-cut die
corner etched 4 mm at x250 magnification, Figure 7(d)
shows a laser-cut sidewall etched 4 mm at x600
magnification, Figure 7(e) shows a laser-cut die
corner etched 25 mm at x250 magnification, Figure 7(f)
shows a laser-cut sidewall etched 25 mm at x700
magnification. Figure 8(a) shows a saw-cut un-etched
die corner at x400 magnification, Figure 8(b) shows a
saw-cut un-etched sidewall at x300 magnification,
Figure 8(c) shows a saw-cut die corner etched 4 mm at
x300 magnification, Figure 8(d) shows a saw-cut
sidewall with no resist etched 4 mm at x300
magnification, Figure 8(e) shows a saw-cut die corner
etched 25 mm at x500 magnification, Figure 8(f) shows
a saw-cut sidewall etched 25 mm at x300 magnification.
For both the 3-point and 4-point tests, it can be seen
that for both saw-cut and laser-cut die, on average
the etched dies had higher flexural strength than the
un-etched dies and the flexural strength increases
with depth of etch in the etch range 2 mm to 25 mm.
Although the invention has been described in relation
to silicon and xenon difluoride, it will be understood
that any suitable liquid or gaseous spontaneous
etchant such as a halide or hydrogen compound, for
example F2, Cl2, HCl or HBr may be used with silicon
or another semiconductor.CLAIMS 1. A method of dicing
a semiconductor wafer ( 1 1) having an active layer
comprising the steps of: a. mounting the semiconductor
wafer on a carrier (13) with the active layer away
from the carrier; b. at least partially dicing the
semiconductor wafer on the carrier from a major
surface of the semiconductor wafer to form an at least
partially diced semiconductor wafer ( 111); and c.
etching the at least partially diced semiconductor
wafer on the carrier from the said major surface with
a spontaneous etchant (140) to remove sufficient
semiconductor material from a die (16) produced from
the at least partially diced semiconductor wafer to
improve flexural bend strength of the die. 2. A method
as claimed in claim 1, wherein the step of at least
partially dicing the semiconductor wafer comprises
dicing the semiconductor wafer completely through the
semiconductor wafer; and the step of etching the
semiconductor wafer comprises etching sidewalls of the
die, remaining portions of the die being masked from
the spontaneous etchant by portions of the active
layer on the die. 3. A method as claimed in claim 1,
wherein the step of at least partially dicing the
semiconductor wafer comprises partially dicing the
semiconductor wafer along dicing lanes (18) to leave
portions of semiconductor material bridging the dicing
lanes; and the step of etching the semiconductor wafer
comprises etching sidewalls of the dicing lanes and
etching away the portions of semiconductor material
bridging the dicing lanes to singulate the die. 4. A
method as claimed in any of the preceding claims,
wherein the semiconductor wafer is a silicon wafer. 5.
A method as claimed in any of the preceding claims,
wherein the step of etching with a spontaneous etchant
comprises etching with xenon difluoride.6. A method as
claimed in any of the preceding claims, wherein the
step of etching with a spontaneous etchant comprises
providing an etching chamber (14) and etching the
semiconductor wafer within the etching chamber. 7. A
method as claimed in claim 6, wherein the step of
etching with a spontaneous etchant within the etching
chamber comprises cyclically supplying the chamber
with spontaneous etchant and purging the etching
chamber of spontaneous etchant for a plurality of
cycles. 8. A dicing apparatus for dicing a
semiconductor wafer ( 11) having an active layer
comprising: a. carrier means (13) on which the
semiconductor wafer is mountable with the active layer
away from the carrier; b. laser or mechanical sawing
means arranged for at least partially dicing the
semiconductor wafer on the carrier from a major
surface of the semiconductor wafer to form an at least
partially diced semiconductor wafer; and c. etching
means arranged to etch the at least partially diced
semiconductor wafer on the carrier from the said major
surface with a spontaneous etchant (140) to remove
sufficient semiconductor material from a die (16)
produced from the at least partially diced
semiconductor wafer to improve flexural bend strength
of the die. 9. A dicing apparatus as claimed in claim
8, wherein the dicing apparatus is arranged to dice a
silicon wafer. 10. A dicing apparatus as claimed in
claims 8 or 9, wherein the etching means is arranged
to etch with xenon difluoride. 11. A dicing apparatus
as claimed in any of claims 8 to 10, wherein the
dicing apparatus further comprises an etching chamber
(14) arranged for etching the semiconductor wafer
mounted on the carrier means within the etching
chamber.2. A dicing apparatus as claimed in any of
claims 8 to 10, wherein the etching chamber is
arranged cyclically to supply the chamber with
spontaneous etchant and to purge the etching chamber
of spontaneous etchant for a plurality of cycles. 


