
MCTOIUATORS OF MUSCARINIC RECEPTORS CLAIM OF PRIORITY
[001] This application claims the benefit of U.S.
provisional application no. 60/602,731, filed on
August 19, 2004, which is hereby incorporated by
reference. TECHNICAL FIELD OF THE INVENTION [002] The
present invention relates to modulators of muscarinic
receptors. The present invention also provides
compositions comprising such modulators, and methods
therewith for treating muscarinic receptor mediated
diseases. BACKGROUND OF THE INVENTION [003] The
neurotransmitter acetylcholine binds to two types of
cholinergic receptors: the ionotropic family of
nicotinic receptors and the metabotropic family of
muscarinic receptors. Muscarinic receptors belong to
the large superfamily of plasma membrane-bound G
protein coupled receptors (GPCRs). To date, five
subtypes of muscarinic receptors (M1-M5) have been
cloned and sequenced from a variety of species, and
show a remarkably high degree of homology across
species and receptor subtype. These M1-M5 muscarinic
receptors are predominantly expressed within the
parasympathetic nervous system which exerts excitatory
and inhibitory control over the central and peripheral
tissues and participate in a number of physiologic
functions, including heart rate, arousal, cognition,
sensory processing, and motor control. [004]
Muscarinic agonists such as muscarine and pilocarpine,
and antagonists, such as atropine have been known for
over a century, but little progress has been made in
the discovery of receptor subtype-selective compounds,
thereby making it difficult to assign specific
functions to the individual receptors. See, e.g.,
DeLapp, N. et al, "Therapeutic Opportunities for
Muscarinic Receptors in the Central Nervous System,"
J. Med. Chem., 43(23), pp. 4333-4353 (2000); Hulme, E.
C. et al, "Muscarinic Receptor Subtypes," Ann. Rev.
Pharmacol. Toxicol, 30, pp. 633-673 (1990); Caulfield,
M. P. et al., "Muscarinic Receptors-Characterization,
Coupling, and Function," Pharmacol. Ther., 58, pp.
319-379 (1993); Caulfield, M. P. et al, International
Union of Pharmacology. XVII. Classification of
Muscarinic Acetylcholine Receptors," Pharmacol. Rev.,
50, pp. 279-290 (1998), the disclosures of which are
incorporated herein by reference. [005] The Muscarinic
family of receptors is the target of a large number of
pharmacological agents used for various diseases,
including leading drugs for COPD, asthma, urinary
incontinence, glaucoma, Alzheimer's (AchE inhibitors).
Despite the large therapeutic value of this family,
cholinergic drugs are limited by the lack of
selectivity of these agents, with significant
activation of the parasympathetic autonomous system
and elevated incidence of adverse effects. The
molecular cloning of the muscarinic receptors and the
identification of the physiological role of
specificisoiorms using fcnocJfc-out mice, has recently
delineated novel opportunities for selective
muscarinic ligands, and has helped to define the
selectivity profile that is required for enhanced
efficacy and reduced side effects. [006] There is a
need for modulators of muscarinic receptors M1-Ms.
There is also a need for methods for treating
muscarinic receptor-mediated diseases. [007] There is
also a need for modulators of muscarinic receptors
that are selective as to subtypes M1-Ms. SUMMARY OF
THE INVENTION [008] The present invention provides
methods of modulating activity of a muscarinic
receptor using compounds of formula (I): (I) and
pharmaceutically acceptable salts thereof. [009] Each
of Ri, R2, R is independently Q1 or Q2, or R2 and R3
together form oxo. [010] Zi is -C(Qi) 2-, -C(H)(Q 1)-,
-C(H)(Q 5)-, -C(O)-, -CH2-, -N(Q 1)-, -N(Q 2)-, or O.
[011] Z2 is N. [012] L is a bond, an aliphatic group,
C3-C cycloaliphatic, -O-, -S(O) -, -S(O) z-(Ci-C
4)alkyl-, -C(O)N(Q 2)-, or -S(O) N(Q 2)-, in which the
aliphatic group is optionally substituted with 1-3 of
oxo, Q Or Q2. [013] G is a monocycloaliphatic group, a
monocycloheteroaliphatic group, adamantyl, or a
bicyclic or a tricyclic group of the formula (III) in
which the monocycloaliphatic group, the
monocycloheteroalipahtic group, the adamantyl, and 



the bicyclic or tricyclic group are connected to L via
any ring atom including those in Xi and ringB!) and'
't !'idndcyc dalpha c ' he monocycloheteroaliphatic,
the bicyclic, and the tricyclic groups are optionally
substituted with 1-3 of oxo, =N-OQ4, fluorine, Q ,
-C(O)-X2-aliphatic in which X2 is absent, -O-, -NH-,
-NQ2-, or -S(O)2- and the aliphatic group is
optionally substituted with 1-3 substituents
independently selected from Q ; bond r is a single or
double bond and when ring B is present, bond r is
fused with B; ring B, when present, is a 5-6 membered
cycloaliphatic or heterocyclic ring; and ring B is
optionally substituted with 1-3 of oxo, Q1, or Q2.
[014] Xi is -(CH2) -, -O-, -S-, -N(Q2)-,
-N(C(O)-X2-aliphatic)- in which X2 is absent, -O-,
-NH-, -NQ -, or -S(O) - and the aliphatic group is
optionally substituted with 1-3 substituents
independently selected from Q ; [015] Each Qi is
independently halo, -CN, -NO2, -OQ2, -S(O)2Q2,
-S(O)2N(Q2)2, -N(Q2)2 , -C(O)OQ2, -C(O)-Q2,
-C(O)N(Qz)2, -C(O)N(Q2)(OQ2), -N(Q2)C(O)-Q2,
-N(Q2)C(O)N(Q2) , -N(Q2)C(O)O-Q2, -N(Q2)S(O) -Q2 or
aliphatic optionally including 1-3 substituents
independently selected from Q2 or Q . [016] Each Q2 is
independently H, aliphatic, cycloaliphatic, aryl,
arylalkyl, heterocyclic, or heteroaryl ring, each
optionally substituted with 1-3 substituents
independently selected from Q3. [017] Each Q3 is halo,
, oxo, CN, NO2 , CF3 , OCF3 , OH, -S(O)2Q4, -N(Q4)2 ,
-COOQ4, -C(O)Q4, - OQ4,or Ci-C4 alkyl optionally
substituted with 1-3 halo, oxo, -CN, -NO , -CF3,
-OCF3, -OH, -SH, -S(O)2H, -NH2, or -COOH. [018] Each
Q4 is aliphatic, cycloaliphatic, aryl, aralkyl,
heterocycloaliphatic, heteroaralky, or heteroaryl,
each optionally including 1-3 substituents selected
from halo, oxo, CN, NO2 , CF3, OCF3 , OH, SH, -S(O)2H,
-NH2, or COOH. [019] Each Q5 is a heterocyclic ring
optionally substituted with 1-3 substituents selected
from halo, Ci-C4 alkyl, oxo, CN, NO2 , CF3 , OCF3 ,
OH, SH, -S(O)2H, -NH2, COOH; and each i is
independently 1, 2, or 3; each m and n is
independently 1, 2, 3, or 4 provided that m + n is at
least 4; each p is Oor 1; each y is independently Oor
1; t is 1 to 4; and each z is independently 0, 1, or
2. [020] Additional aspects of the present invention
provide compounds of formula (II), pharmaceutical
compositions that are useful modulators of muscarinic
receptors, and methods of treating muscarinic receptor
mediated diseases using compounds of formulae (I and
II). [021] Advantageously, the compounds of the
invention are generally selective forMi and M4
muscarinic receptors. Unexpectedly, the compounds of
the invention exhibit increased activity and/or
efficacy for Mi and/or M4 muscarinic receptors
relative to other muscarinic receptors. DETAILED
DESCRIPTION OF THE INVENTION [022] As used herein, the
following definitions shall apply unless otherwise
indicated. I . DEFINITIONS[023J As used herein, the
following definitions shall apply unless otherwise
indicated. <or purposes of this invention, the
chemical elements are identified in accordance with
the Periodic Table of the Elements, CAS version,
Handbook of Chemistry and Physics, 75th Ed.
Additionally, general principles of organic chemistry
are described in "Organic Chemistry", Thomas Sorrell,
University Science Books, Sausolito: 1999, and
"March's Advanced Organic Chemistry", 5th Ed., Ed.:
Smith, M.B. and March, J., John Wiley & Sons, New
York: 2001, the entire contents of which are hereby
incorporated by reference. [024] The term "muscarinic
receptor," without a prefix specifying the receptor
subtype, refers to one or more of the five receptor
subtypes M1-M . [025] The term "modulating" as used
herein means increasing or decreasing, e.g. activity,
by a measurable amount. Compounds that modulate
muscarinic activity by increasing the activity of the
muscarinic receptors are called agonists. Compounds
that modulate muscarinic activity by decreasing the
activity of the muscarinic receptors are called
antagonists. An agonist interacts with a muscarinic
receptor to increase the ability of the receptor to
transduce an intracellular signal in response to
endogenous ligand binding. An antagonist interacts
with a muscarinic receptor and competes with the
endogenous ligand(s) or substrate(s) for binding
site(s) on the receptor to decrease the ability of the
receptor to transduce an intracellular signal in
response to endogenous ligand binding. [026] The
phrase "treating or reducing the severity of a
muscarinic receptor mediated disease" refers both to
treatments for diseases that are directly caused by
muscarinic activities and alleviation of symptoms of
diseases not directly caused by muscarinic activities.
Examples of 



diseases whose symptoms may be affected by muscarinic
activity include, but are not limited to, CNS derived
pathologies including cognitive disorders, Attention
Deficit Hyperactivity Disorder (ADHD), obesity,
Alzheimer's disease, various dementias such as
vascular dementia, psychosis including schizophrenia,
mania, bipolar disorders, pain conditions including
acute and chronic syndromes, Huntington's Chorea,
Friederich's ataxia, Gilles de Ia Tourette's Syndrome,
Downs Syndrome, Pick disease, clinical depression,
Parkinson's disease, peripheral disorders such as
'reduction of intra ocular pressure in Glaucoma and
treatment of dry eyes and dry mouth including
Sjogren's Syndrome, bradhycardia, gastric acid
secretion, asthma, GI disturbances and wound healing.
[027] As used herein the term "aliphatic' encompasses
the terms alkyl, alkenyl, alkynyl. [028] As used
herein, an "alkyl" group refers to a saturated
aliphatic hydrocarbon group containing 1-8 (e.g., 1-6
or 1-4) carbon atoms. An alkyl group can be straight
or branched. Examples of alkyl groups include, but are
not limited to, methyl, ethyl, propyl, isopropyl,
butyl,"lsbtyX sec'-b'tyl, tert-Butyl7n-pentyl,
n-heptyl, or 2-ethylhexyl. An alkyl group can be
optionally substituted with one or more substituents
such as halo, cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, alkoxy, aroyl, heteroaroyl,
alkoxycarbonyl, alkylcarbonyloxy, nitro, cyano, amino,
acyl, sulfonyl, sulfinyl, sulfanyl, sulfoxy, urea,
thiourea, sulfamoyl, sulfamide, oxo, carbamoyl,
cycloalkyloxy, heterocycloalkyloxy, aryloxy,
heteroaryloxy, aralkyloxy, heteroarylalkoxy, or
hydroxyl. Without limitation, some examples of
substituted alkyls include alkylcarbonylalkyl,
carboxyalkyl, cyanoalkyl, hydroxyalkyl, alkoxyalkyl,
carbonylalkyl, carboxyalkyl, hydroxyalkyl, oxoalkyl,
aralkyl, alkoxyaralkyl, (alkylsulfonylamino)alkyl,
(sulfonylamino)alkyl, carbonylaminoalkyl,
aminocarbonylalkyl, cycloaliphaticalkyl, cyanoalkyl,
aminoalkyl, oxoalkyl, alkoxycarbonylalkyl,
(alkoxycarbonylheterocycloalky^alkyl,
(cycloalkyl)alklyl, (cycloalkenyl)alkyl,
(heterocycloalkyl)alkyl, or haloalkyl. [029] As used
herein, an "alkenyl" group refers to an aliphatic
carbon group that contains 2-8 (e.g., 2-6 or 2-4)
carbon atoms and at least one double bond. Like an
alkyl group, an alkenyl group can be straight or
branched. Examples of an alkenyl group include, but
are not limited to, allyl, isoprenyl, 2-butenyl, and
2-hexenyl. An alkenyl group may be optionally
substituted with one or more substituents such as
halo, cycloalkyl, heterocycloalkyl, aryl, heteroaryl,
alkoxy, aroyl, heteroaroyl, alkoxycarbonyl,
alkylcarbonyloxy, nitro, cyano, amino, acyl, sulfonyl,
sulfinyl, sulfanyl, sulfoxy, urea, thiourea,
sulfamoyl, sulfamide, oxo, carbamoyl, cycloalkyloxy,
heterocycloalkyloxy, aryloxy, heteroaryloxy,
aralkyloxy, heteroarylalkoxy, or hydroxyl. [030] As
used herein, an "alkynyl" group refers to an aliphatic
carbon group that contains 2-8 (e.g., 2-6 or 2-4)
carbon atoms and at least one triple bond. Like an
alkyl group, an alkynyl group can be straight or
branched. An alkynyl group may be optionally
substituted with one or more substituents such as
halo, cycloalkyl, heterocycloalkyl, aryl, heteroaryl,
alkoxy, aroyl, heteroaroyl, alkoxycarbonyl,
alkylcarbonyloxy, nitro, cyano, amino, acyl, sulfonyl,
sulfinyl, sulfanyl, sulfoxy, urea, thiourea,
sulfamoyl, sulfamide, oxo, carbamoyl, cycloalkyloxy,
heterocycloalkyloxy, aryloxy, heteroaryloxy,
aralkyloxy, heteroarylalkoxy, or hydroxyl. [031] As
used herein, an "amino" group refers to -NR XRY
wherein each of Rx and Rg is independently hydrogen,
alkyl, cycloalkyl, (cycloalkyl)alkyl, aryl, aralkyl,
heterocycloalkyl, (heterocycloalkyl)alkyl, heteroaryl,
or carbonyl each of which are defined herein and are
optionally substituted. Examples of amino groups
include alkylcarbonylamino, alkylsulfonylamino,
alkoxycarbonylamino, (azacycloalkylcarbonyl)amino,
heteroaralkylcarbonylamino, heteroarylcarbonylamino,
carbonylamino, (heterocycloalkyl)carbonylarnino,
(heterocycloalkyl)alkylcarbonylamino,
heteroarylcarbonylamino, arylcarbonylamino,
aralkylcarbonylamino, (cycloalkyl)alkylcarbonylamino,
cycloalkylcarbonylamino. When the term"aht!irio"' is
lbttMternl  nargr ' p (e.g., alkylcarbonylammo), it is
represented by -JNK - . K nas the same meaning as
defined above. A nonexhaustive list of possible Rx and
Rg includes sulfonylamino, alkylamino, carbonylamino,
carboxy, oxo, hydroxyl, sulfo, mercapto,
alkylsulfanyl, alkylsulfinyl, alkylsulfonyl,
aminocarbonyl, alkylcarbonyl, cycloalkylcarbonyl,
cycloalkylalkylcarbonyl, arylcarbonyl,
aralkylcarbonyl, heterocycloalkylcarbonyl,
heterocycloalkylalkylcarbonyl, heteroarylcarbonyl, or
heteroaralkylcarbonyl. [032] As used herein, a
"carbonyl" group, when used alone or as part of
another structure refers to -(CO)R X, where Rx is
defined above. When the term "carbonyl" is not the
terminal group (e.g., arylaminoalkylcarbonyl) it is
represented by -C(O)R . Without limitation, carbonyl
groups can 



include optionally substituted aminocarbonyl,
alkoxyalkoxycarbonyl, alkylaminocarbonyl, arylcarbonyl
(e.g., haloarylcarbonyl), heterocycloalkylcarbonyl,
heterocycloalkenylcarbonyl, arylaminocarbonyl (e.g.,
haloarylaminocarbonyl), cyanoalkylarylcarbonyl,
heterocycloalkoxycarbonyl, alkynyloxycarbonyl,
cycloalkoxycarbonyl, heterobicycloarylcarbonyl,
alkylheteroarylaminocarbonyl, alkoxyarylcarbonyl
(e.g., haloalkoxyarylcarbonyl),
(alkylheterocyclo)alkenylcarbonyl, heteroarylcarbonyl,
arylcarbonyl, heteroarylcarbonyl, alkoxycarbonyl
(e.g., haloalkoxycarbonyl), alkylarylcarbonyl,
cycloalkylcarbonyl, alkylheteroarylcarbonyl,
arylsulfonylcarbonyl, aminocarbonyl, sulfonylcarbonyl,
alkylcarbonyl, alkylsulfonylcarbonyl, alkylcarbonyl,
arylaminocarbonyl, or the like. A nonexhaustive list
of possible Rx and Rg includes sulfonylaminocarbonyl,
alkylcarbonyl, carbonylamino, carboxy, oxo, hydroxyl,
sulfo, mercapto, alkylsulfanyl, alkylsulfinyl,
alkylsulfonyl, aminocarbonyl, alkylcarbonyl,
cycloalkylcarbonyl, cycloalkylalkylcarbonyl,
arylcarbonyl, aralkylcarbonyl,
heterocycloalkylcarbonyl,
heterocycloalkylalkylcarbonyl, heteroarylcarbonyl, or
heteroaralkylcarbonyl . [033] As used herein, an
"aryl" group used alone or as part of a larger moiety
as in "aralkyl", "aralkoxy", or "aryloxyalkyl" refers
to monocyclic (e.g., phenyl); bicyclic (e.g., indenyl,
naphthalenyl, tetrahydronaphthyl, tetrahydroindenyl);
tricyclic (e.g., fluorenyl, tetrahydrofluorenyl,
anthracenyl, or tetrahydroanthracenyl); or a
benzofused group having 3 rings. For example, a
benzofused group includes phenyl fused with two or
more C4-8 carbocyclic moieties. An aryl is optionally
substituted with one or more substituents including
aliphatic (e.g., alkyl, alkenyl, or alkynyl);
cycloalkyl; (cycloalkyl)alkyl; heterocycloalkyl;
(heterocycloalkyl)alkyl; aryl; heteroaryl; alkoxy;
cycloalkyloxy; heterocycloalkyloxy; aryloxy;
heteroaryloxy; aralkyloxy; heteroaralkyloxy; aroyl;
heteroaroyl; amino; aminoalkyl; nitro; carboxy;
carbonyl (e.g., alkoxycarbonyl, alkylcarbonyl,
aminocarbonyl, (alkylamino)alkylaminocarbonyl,
arylaminocarbonyl, heteroarylaminocarbonyl, ; or
sulfonylcarbonyl); aryalkylcarbonyloxy; sulfonyl
(e.g., alkylsulfonyl6FamnosUTfb yl); 'sul myr(e.g.,
alJcylsulfmyl); sultanyl (e.g., aikylsullanyl); cyano;
halo; hydroxyl; acyl; mercapto; sulfoxy, urea,
thiourea, sulfamoyl, sulfamide, oxo, or carbamoyl.
Alternatively, an aryl may be unsubstituted. [034]
Examples of substituted aryls include haloaryl,
alkoxycarbonylaryl, alkylaminoalkylaminocarbonylaryl,
p,lw-dihaloaryl, /?-amino-/>-alkoxycarbonylaryl,
/w-amino-mcyanoaryl, aminoaryl,
alkylcarbonylaminoaryl, cyanoalkylaryl, alkoxyaryl,
aminosulfonylaryl, alkylsulfonylaryl, aminoaryl,
^-halo-m-aminoaryl, cyanoaryl, hydroxyalkylaryl,
alkoxyalkylaryl, hydroxyaryl, carboxyalkylaryl,
dialkylaminoalkylaryl,
/w-heterocycloaliphatic-o-alkylaryl,
heteroarylaminocarbonylaryl, nitroalkylaryl,
alkylsulfonylaminoalkylaryl,
heterocycloaliphaticcarbonylaryl,
alkylsulfonylalkylaryl, cyanoalkylaryl,
heterocycloaliphaticcarbonylaryl,
alkylcarbonylaminoaryl, hydroxyalkylaryl,
alkylcarbonylaryl, aminocarbonylaryl,
alkylsulfonylaminoaryl, dialkylaminoaryl, alkylaryl,
and trihaloalkylaryl. [035] As used herein, an
"aralkyl" group refers to an alkyl group (e.g., a Ci-
alkyl group) that is substituted with an aryl group.
Both "alkyl" and "aryl" are defined herein. An example
of an aralkyl group is benzyl. A "heteroaralkyl" group
refers to an alkyl group that is substituted with a
heteroaryl. Both "alkyl" and "heteroaryl" are defined
herein. [036] As used herein, a "bicyclic ring system"
includes 8-12 (e.g., 9, 10, or 11) membered structures
that form two rings, wherein the two rings have at
least one atom in common (e.g., 2 atoms in common).
Bicyclic ring structures include bicycloaliphatics
(e.g., bicycloalkyl or bicycloalkenyl),
bicycloheteroaliphatics (e.g., bicycloheteroalkyl or
bicycloheteroalkenyl), bicyclic aryls, and bicyclic
heteroaryls. [037] The term "cycloaliphatic" means a
saturated or partially unsaturated monocyclic,
bicyclic, or tricyclic hydrocarbon ring that has a
single point of attachment to the rest of the
molecule. Cycloaliphatic rings are 3-8 membered
monocyclic rings (e.g., 3-6 membered rings).
Cycloaliphatic rings also include 8-12 membered
bicyclic hydrocarbon rings, (e.g., 10 membered
bicyclic hydrocarbon rings). A cycloaliphatic group
encompasses a "cycloalkyl" group and a "cycloalkenyl"
group. [038] As used herein, a "cycloalkyl" group
refers to a saturated carbocyclic mono-, bi-, or tri-,
or multicyclic (fused or bridged) ring of 3-10 (e.g.,
5-10) carbon atoms. Without limitation, examples of
monocyclic cycloalkyl groups include cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, 



cycloheptyl, or the like. Without limitation, examples
of bicyclic cycloalkyl groups include
octahydro-indenyl, decahydro-naphthyl,
bicyclo[3.2.1]octyl, bicyclo[2.2.2]octyl,
bicyclo[3.3.1]nonyl, bicyclo[3.3.2.]decyl,
bicyclo[2.2.2]octyl, bicycle[2.2.1]heptanyl,
bicycle[3.1.1]heptanyl, or the like. Without
limitation, multicyclic groups include
adamantyl,cuby'l,"norb6rriylj "df tHe'lifce".
Cycloalkyl rings can be optionally substituted at any
chemically viable ring position. [039] A
"cycloalkenyl" group, as used herein, refers to a
non-aromatic carbocyclic ring of 3-10 (e.g., 4-8)
carbon atoms having one or more double bonds. Examples
of cycloalkenyl groups include cyclopentenyl,
1,4-cyclohexa-di-enyl, cycloheptenyl, cyclooctenyl,
hexahydro-indenyl, octahydro-naphthyl, cyclohexenyl,
cyclopentenyl, bicyclo[2.2.2]octenyl, and
bicyclo[3.3.1]nonenyl. Cycloalkenyl ring structures
can be optionally substituted at any chemically viable
position on the ring or rings. [040] A cycloalkyl or
cycloalkenyl group can be optionally substituted with
one or more substituents such as aliphatic (e.g.,
alkyl, alkenyl, or alkynyl), cycloalkyl,
(cycloalkyl)alkyl, heterocycloalkyl,
(heterocycloalkyl)alkyl, aryl, heteroaryl, alkoxy,
cycloalkyloxy, heterocycloalkyloxy, aryloxy,
heteroaryloxy, aralkyloxy, heteroaralkyloxy, aroyl,
heteroaroyl, amino, nitro, carboxy, alkoxycarbonyl,
alkylcarbonyloxy, aminocarbonyl, alkylcarbonylamino,
cycloalkylcarbonylamino,
(cycloalkyl)alkylcarbonylamino, arylcarbonylamino,
aralkylcarbonylamino, (heterocycloalkyl)carbonylamino,
(heterocycloalkyl)alkylcarbonylamino,
heteroarylcarbonylamino, heteroaralkylcarbonylamino,
cyano, halo, hydroxyl, acyl, mercapto, sulfonyl (e.g.,
alkylsulfonyl or arylsulfonyl), sulfinyl (e.g.,
alkylsulfinyl), sulfanyl (e.g., alkylsulfanyl),
sulfoxy, urea, thiourea, sulfamoyl, sulfamide, oxo,
carbamoyl, or the like. [041] Without limitation,
examples of substituted cycloaliphatics include
alkylcycloalkyl (e.g., propylcyclohexyl),
alkylbicyclo[3.1.1]heptyl, alkylcycloalkenyl, or the
like. [042] As used herein, the term
"heterocycloaliphatic" and "heterocyclic" encompasses
a heterocycloalkyl group and a heterocycloalkenyl
group. [043] As used herein, a "heterocycloalkyl"
group refers to a 3-10 membered mono or bicyclic
(fused or bridged) (e.g., 5 to 10 membered mono or
bicyclic) saturated ring structure, in which one or
more of the ring atoms is a heteroatom (e.g., N, O, S,
or combinations thereof). Examples of a
heterocycloalkyl group include optionally substituted
piperidyl, piperazyl, tetrahydropyranyl,
tetrahydrofuryl, 1,4-dioxolanyl, 1,4-dithianyl,
1,3-dioxolanyl, oxazolidyl, isoxazolidyl, morpholinyl,
thiomorpholyl, octahydro-benzofuryl,
octahydro-chromenyl, octahydrothiochromenyl,
octahydro-indolyl, octahydro-pyrindinyl,
decahydro-quinolinyl, octahydrobenzo[ ]thiopheneyl,
2-oxa-bicyclo[2.2.2]octyl, l-aza-bicyclo[2.2.2]octyl,
3-azabicyclo[ 3.2.1]octanyl,
2,6-dioxa-tricyclo[3.3.1.0 3'7]nonyl, tropane. A
monocyclic heterocycloalkyl group may be fused with a
phenyl moiety such as tetrahydroisoquinoline.
Heterocycloalkyl ring structures can be optionally
substituted at any chemically viable position on the
ring or rings.|044]" J i'"lie1:er 'cyc dallceny "
group, as used herein, refers to a mono- or bicylic
(e.g., :>- to l u- membered mono- or bicyclic)
non-aromatic ring structure having one or more double
bonds, and wherein one or more of the ring atoms is a
heteroatom (e.g., N, O, or S). Examples of
heterocycloalkenyls include 2-pyrrolyl, 3-pyrrolyl,
2-imidazolyl, or 2-pyrazolyl. Monocyclic
heteroaliphatics are numbered according to standard
chemical nomenclature. For instance: [045] A
heterocycloalkyl or heterocycloalkenyl group can be
optionally substituted with one or more substituents
such as alkyl (including carboxyalkyl, hydroxyalkyl,
and haloalkyl such as trifluoromethyl), alkenyl,
alkynyl, cycloalkyl, (cycloalkyl)alkyl,
heterocycloalkyl (such as a benzimidazolidinyl),
(heterocycloalkyl)alkyl, aryl, heteroaryl, alkoxy (two
alkoxy groups on the same atom or adjacent atoms may
form a ring together with the atom(s) to which they
are bound), cycloalkyloxy, heterocycloalkyloxy,
aryloxy, heteroaryloxy, aralkyloxy, heteroaralkyloxy,
aroyl, heteroaroyl, amino, nitro, carboxy,
alkoxycarbonyl, alkylcarbonyloxy, aminocarbonyl,
alkylcarbonylamino, cycloalkylcarbonylamino,
(cycloalkyl)alkylcarbonylamino, arylcarbonylamino,
aralkylcarbonylamino, (heterocycloalkyl)carbonylamino,
(heterocycloalkyl)alkylcarbonylamino,
heteroarylcarbonylamino, heteroaralkylcarbonylamino,
cyano, halo, hydroxyl, acyl, mercapto, sulfonyl (such
as alkylsulfonyl or arylsulfonyl), sulfinyl (such as
alkylsulfinyl), sulfanyl (such as alkylsulfanyl),
sulfoxy, urea, thiourea, sulfamoyl, sulfamide, oxo, or
carbamoyl. [046] Without limitation, examples of
substituted heterocycloaliphatics include 



alkoxycarbonylheterocycloalkyl (e.g.,
ethoxycarbonyltropane), alkoxycarbonylheterocycloalkyl
(e.g., ethoxycarbonylpiperidyl), or the like. [047] A
"heteroaryl" group, as used herein, refers to a
monocyclic, bicyclic, or tricyclic ring structure
having 4 to 15 ring atoms wherein one or more of the
ring atoms is a heteroatom (e.g., N, O, S, or
combinations thereof) and wherein one or more rings of
the bicyclic or tricyclic ring structure is aromatic.
A heteroaryl group includes a benzofused ring system
having 2 to 3 rings. For example, a benzofused group
includes benzo fused with one or two C4-8 heterocyclic
moieties (e.g., indolizyl, indolyl, isoindolyl,
3H-indolyl, indolinyl, benzo[ ]furyl, benzo[
]thiophenyl, quinolinyl, or isoquinolinyl). Some
examples of heteroaryl are azetidinyl, pyridyl,
lH-indazolyl, furyl, pyrrolyl, thienyl, thiazolyl,
oxazolyl, imidazolyl, tetrazolyl, benzofuryl,
isoquinolinyl, benzthiazolyl, xanthene, thioxanthene,
phenothiazine, dihydroindole, benzo[l,3]dioxole, benzo
[b]furyl, benzo[ ]thiophenyl, indazolyl,
benzimidazolyl, benzthiazolyl, puryl, cinnolyl,'<5mMy
;'qu ' dlyl,dlnn iyi,' rl tnala2yl, quinazolyl,
quinoxalyl, lsoqumolyl, 4i-qumonzyi,
benzo-l,2,5-thiadiazolyl, or 1,8-naphthyridyl. [048]
Without limitation, monocyclic heteroaryls include
furyl, thiophenyl, 2H-pyrrolyl, pyrrolyl, oxazolyl,
thazolyl, imidazolyl, pyrazolyl, isoxazolyl,
isothiazolyl, 1,3,4-thiadiazolyl, 2H-pyranyl, 4-
H-pranyl, pyridyl, pyridazyl, pyrimidyl, pyrazolyl,
pyrazyl, or 1,3,5-triazyl. Monocyclic heteroaryls are
numbered according to standard chemical nomenclature.
For instance: Furan Thiazole Pyrimidine [049] Without
limitation, bicyclic heteroaryls include indolizyl,
indolyl, isoindolyl, 3H-indolyl, indolinyl, benzo[
]furyl, benzo[ ]thiophenyl, quinolinyl, isoquinolinyl,
indolizyl, isoindolyl, indazolyl, benzimidazyl,
benzthiazolyl, purinyl, 4H-quinolizyl, quinolyl,
isoquinolyl, cinnolyl, phthalazyl, quinazolyl,
quinoxalyl, 1,8-naphthyridyl, or pteridyl. Bicyclic
heteroaryls are numbered according to standard
chemical nomenclature. For instance: 3,1-Benzoxazine
Indolizine Quinoxaline [050] A heteroaryl is
optionally substituted with one or more substituents
such as aliphatic including alkyls (e.g., alkoxyalkyl,
carboxyalkyl, hydroxyalkyl, oxoalkyl, aralkyl,
(alkylsulfonylamino)alkyl, (sulfonylamino)alkyl,
cyanoalkyl, aminoalkyl, oxoalkyl, alkoxycarbonylalkyl,
(cycloalkyl)alkyl heterocycloalkyl,
(heterocycloalkyl)alkyl aralkyl, and haloalkyl such as
trifluoromethyl), alkenyl, alkynyl; cycloaliphatic
including cycloalkyl (e.g., cyclopropyl, cyclobutyl,
cyclopentyl, and cyclohexyl); heterocycloaliphatic
including heterocylcoalkyl (e.g., thiomorpholyl,
piperazinyl, 1,3,5-trithianyl, morpholinyl, pyrrolyl,
1,3- dioxolanyl, pyrazolidyl, or piperidinyl); aryl,
heteroaryl (e.g., quinolyl, indolyl, 3H-indolyl,
isoindolyl, benzo[ ]-4H-pyranyl, cinnolyl, quinoxylyl,
benzimidazyl, benzo-l,2,5-thiadiazolyl,
benzo-l,2,5-oxadiazolyl, or benzthiophenyl); alkoxy;
cycloalkyloxy; heterocycloalkyloxy; aryloxy;
heteroaryloxy; aralkyloxy; heteroaralkyloxy; aroyl;
heteroaroyl; amino (e.g., carbonylamino,
alkylcarbonylamino, alkylsulfonylamino,
arylcarbonylamino, cycloalkylcarbonylamino,
arylcarbonylamino, heteroarylcarbonylamino,
(heterocycloalkyl)carbonylamino,
(cycloalkyl)alkylcarbonylamino, sulfanylamino, and
(heterocycloalkyl)alkylcarbonylamino); nitro;carb'oxy;
"carbohyT (e.g." alkylcarbbnyl, alkoxycarbonyl,
aminocarbonyl, arylaminocarbonyl,
thiazoleaminocarbonyl, thiomorpholinecarbonyl,
aminoalkylaminocarbonyl); alkylcarbonyloxy; cyano;
halo; hydroxyl; acyl; mercapto; sulfonyl (e.g.,
aminosulfonyl, alkylsulfonyl, morpholinesulfonyl, or
arylsulfonyl); sulfmyl (e.g., alkylsulfinyl); sulfanyl
(e.g., alkylsulfanyl); sulfoxy; urea; thiourea;
sulfamoyl; sulfamide; oxo; or carbamoyl. [OSl]
Examples of substituted heteroaryls include
haloheteroaryl, alkoxycarbonylheteroaryl,
alkylaminoalkylaminocarbonylheteroaryl,
dihaloheteroaryl, cyanoheteroaryl, aminoheteroaryl,
alkylcarbonylaminoheteroaryl, cyanoalkylheteroaryl,
alkoxyheteroaryl, aminosulfonylheteroaryl,
alkylsulfonylheteroaryl, aminoheteroaryl,
aminoheteroaryl, hydroxyalkylheteroaryl,
alkoxyalkylheteroaryl, hydroxyheteroaryl,
carboxyalkylheteroaryl, dialkylaminoalkylheteroaryl,
heterocycloaliphaticheteroaryl,
heteroarylaminocarbonylheteroaryl,
nitroalkylheteroaryl,
alkylsulfonylaminoalkylheteroaryl,
heterocycloaliphaticcarbonylheteroaryl,
alkylsulfonylalkylheteroaryl, cyanoalkylheteroaryl,
heterocycloaliphaticcarbonylheteroaryl,
alkylcarbonylaminoheteroaryl, hydroxyalkylheteroaryl,
alkylcarbonylheteroaryl, aminocarbonylheteroaryl,
alkylsulfonylaminoheteroaryl, dialkylaminoheteroaryl,
alkylheteroaryl, and trihaloalkylheteroaryl. [052] A
"heteroaralkyl" group, as used herein, refers to an
alkyl group (e.g., a Ci-4 alkyl group) 



that is substituted with a heteroaryl group. Both
"alkyl" and "heteroaryl" have been defined above.
[053] As used herein, "cyclic moiety" includes
cycloalkyl, heterocycloalkyl, cycloalkenyl,
heterocycloalkenyl, aryl, or heteroaryl, each of which
has been defined previously. [054] As used herein, an
"acyl" group refers to a formyl group or alkyl-C(=O)-
(also referred to as "alkylcarbonyl") where "alkyl"
has been defined previously. Acetyl and pivaloyl are
examples of acyl groups. [055] As used herein, a
"carbamoyl" group refers to a group having the
structure -O-CO-NRxRy or -NRX-CO-O-RZ wherein Rx and
Ry have been defined above and Rz can be alkyl, aryl,
aralkyl, heterocycloalkyl, heteroaryl, or
heteroaralkyl. [056] As used herein, a "carboxy" and a
"sulfo" group refer to -COOH or -COORX and -SO3H or
-SO R , respectively. [057] As used herein, an
"alkoxy" group refers to an alkyl-O- group where
"alkyl" has been defined previously. Moreover an
alkoxy group includes structures comprising two alkoxy
groups on the same atom or adjacent atoms that form a
ring together with the atom(s) to which they are
bound. [058] As used herein, a "sulfoxy" group refers
to -O-SO-RX or -SO-O-R X, where Rx has been defined
above.[u j L S use anerem, a mercapto group reiers to
-_>Jti. [060] As used herein, a "sulfonyl" group
refers to -S(O) 2-RX, wherein Rx has been defined
above. Examples of sulfonyls include optionally
substituted alkylsulfonyl, arylsulfonyl (e.g.,
haloarylsulfonyl), heteroarylsulfonyl (e.g.,
alkylheteroarylsulfonyl), or the like. [061] As used
herein a "sulfinyl" group refers to -S(O)-R X, wherein
Rx has been defined above. Examples of sulfinyls
include alkylsulfinyl. [062] As used herein a
"sulfanyl" group refers to -S-R x , wherein Rx has
been defined above. Examples of sulfanyls include
alkylsulfanyl. [063] As used herein, a "halogen" or
"halo" group refers to fluorine, chlorine, bromine or
iodine. [064] A s used herein, a "haloaliphatic" group
refers to an aliphatic group substituted with 1-3
halogen. For instance, the term haloalkyl includes the
group -CF 3 . [065] As used herein, a "sulfamoyl"
group refers to the structure -S(O) 2-NR xRy or -NR X
-S(O) 2-R wherein Rx, Ry, and Rz have been defined
above. [066] As used herein, a "sulfamide" group
refers to the structure -NR X -S(O) 2-NR YRZ wherein
Rx , Rg , and Rz have been defined above. [067] As
used herein, a "carbonylamino" group used alone or in
connection with another group refers to an amido group
such as Rx-C(O)-NR x -. For instance an
alkylcarbonylamino includes alkyl-C(O)-NR x -, wherein
Rx has been defined above. [068] As used herein, a
"aminocarbonyl" group used alone or in connection with
another group refers to an amido group such as N(Rx)
2-C(O)-. [069] As used herein, an "alkoxycarbonyl"
used alone or in connection with another group refers
to a carbonyl group such as alkyl-O-C(O)-. [070] As
used herein, an "alkoxyalkyl" refers to an alkyl group
such as alkyl-0-alkyl-, wherein alkyl has been defined
above. [071] As used herein, an "aminocarbonyl" refers
to an amido group such as -NR X-C(O)-, wherein Rx has
been defined above. [072] As used herein, an
"aminosulfonyl" refers to the structure -N(R X)2-S(O)
2-, wherein Rx has been defined above. [073] As used
herein, an "oxo" refers to =0. [074] As used herein,
an "aminoalkyl" refers to the structure N(R x
)2-alkyl-. [075] As used herein, a "cyanoalkyl" refers
to the structure (CN)-alkyl-. [076] As used herein, an
"alkylsulfonyl' group refers to the structure
alkyl-S(O) 2- . [077] As used herein, a
"sulfonylamino" group refers to the structure Rx-S(O)
2-N(R x )2-, wherein Rx has been defined above.[078] '
s"u d"n 6r e' , a "urel""group reters to the structure
-JNK. -L u -JNK k~ ana a imourea group refers to the
structure -NRX-CS-NR YRZ. Rx , Rg , and Rz have been
defined above. [079] In general, the term
"substituted," whether preceded by the term
"optionally" or not, refers to the replacement of
hydrogen radicals in a given structure with the
radical of a specified substituent. Specific
substituents are described above in the definitions
and below in the 



description of compounds and examples thereof. Unless
otherwise indicated, an optionally substituted group
may have a substituent at each substitutable position
of the group, and when more than one position in any
given structure may be substituted with more than one
substituent selected from a specified group, the
substituent may be either the same or different at
every position. A ring substituent, such as a
heterocycloalkyl, may be bound to another ring, such
as a cycloalkyl, to form a spiro-bicyclic ring system,
e.g., both rings share one common atom. As one of
ordinary skill in the art will recognize, combinations
of substituents envisioned by this invention are those
combinations that result in the formation of stable or
chemically feasible compounds. [080] The phrase
"stable or chemically feasible," as used herein,
refers to compounds that are not substantially altered
when subjected to conditions to allow for their
production, detection, and preferably their recovery,
purification, and use for one or more of the purposes
disclosed herein. In some embodiments, a stable
compound or chemically feasible compound is one that
is not substantially altered when kept at a
temperature of 40 0C or less, in the absence of
moisture or other chemically reactive conditions, for
at least a week. [081] As used herein, an effective
amount is defined as the amount required to confer a
therapeutic effect on the treated patient, and is
typically determined based on age, surface area,
weight, and condition of the patient. The
interrelationship of dosages for animals and humans
(based on milligrams per meter squared of body
surface) is described by Freireich et al., Cancer
Chemother. Rep., 50: 219 (1966). Body surface area may
be approximately determined from height and weight of
the patient. See, e.g., Scientific Tables, Geigy
Pharmaceuticals, Ardsley, New York, 537 (1970). As
used herein, "patient" refers to a mammal, including a
human. [082] Unless otherwise stated, structures
depicted herein are also meant to include all isomeric
(e.g., enantiomeric, diastereomeric, and geometric (or
conformational)) forms of the structure; for example,
the R and S configurations for each asymmetric center,
(Z) and (E) double bond isomers, and (Z) and (E)
conformational isomers. Therefore, single
stereochemical isomers as well as enantiomeric,
diastereomeric, and geometric (or conformational)
mixtures of the present compounds are within the scope
of the invention. Unless otherwise stated, all
tautomeric forms of the compounds of the invention are
within the scope of the invention. Additionally,
unless otherwise stated, structures depicted herein
are also meant to include compounds that differ only
inme presence ot one or more isotopically enncned
atoms tor example, compounas navmg the present
structures except for the replacement of hydrogen by
deuterium or tritium, or the replacement of a carbon
by a 13C- or 14C-enriched carbon are within the scope
of this invention. Such compounds are useful, for
example, as analytical tools or probes in biological
assays. II. COMPOUNDS [083] The present invention
provides methods of modulating muscarinic receptor
activity using compounds of formulae (I and II),
described above, that are useful in modulating
activity of a muscarinic receptor. [084] Methods of
modulating muscarinic receptors according to one
aspect of the present invention involve compounds of
formula (I): (I) or pharmaceutically acceptable salts
thereof. [085] Each of Ri, R2, R3 is independently Qi
or Q2, or R2 and R3 together form oxo. [086] Z1 is
-C(Qi) 2-, -C(H)(Qi)-, -C(H)(Q5)-, -C(O)-, -CH2-,
-N(Qi)-, -N(Q2)-, or O. [087] Z2 is N. [088] L is a
bond, an aliphatic group, C3-C6 cycloaliphatic, -O-,
-S(O) -, -S(O)z-(C]-C4)alkyl-, -C(O)N(Q )-, or -S(O)
N(Q2)-, in which the aliphatic group is optionally
substituted with 1-3 of [089] G is a
monocycloaliphatic group, a monocycloheteroaliphatic
group, adamantyl, or a bicyclic or a tricyclic group
of the formula (III) in which the monocycloaliphatic
group, the monocycloheteroalipahtic group, the
adamantyl, and the bicyclic or tricyclic group are
connected to L via any ring atom including those in Xi
and ringT and e mon yc oiai ipna c he
monocycloheteroaliphatic, the bicyclic, and the
tricyclic groups are optionally substituted with 1-3
of oxo, =N-OQ4, fluorine, Q2, -C(O)-X2-aliphatic in
which X2 is absent, -O-, -NH-, -NQ2-, or -S(O) - and
the aliphatic group is optionally substituted with 1-3
substituents independently selected from Q3; bond r is
a single or double bond and when ring B is present,
bond r is fused with B; ring B, when present, is a 5-6
membered cycloaliphatic or heterocyclic ring; and ring
B is optionally substituted with 1-3 of oxo, Q1, or
Q2. 



[090] Xi is -(CH2V , -O-, -S-, -N(Q2)-, -N(C(O)-X
2-aliphatic)- in which X2 is absent, -O-, -NH-, -NQ2-,
or -S(O) - and the aliphatic group is optionally
substituted with 1-3 substituents independently
selected from Q3. [091] Each Qi is independently halo,
-CN, -NO2, -OQ2, -S(O)2Q2, -S(O)ZN(Q2)2, -N(Q2)2 ,
-C(O)OQ2, -C(O)-Q2, -C(O)N(Q2)Z, -C(O)N(Q2)(OQ2),
-N(Q2)C(O)-Q2, -N(Q2)C(O)N(Qz)2, -N(Q2)C(O)O-Q 2,
-N(Q2)S(O) -Q2 or aliphatic optionally including 1-3
substituents independently selected from Q2 or Q .
[092] Each Q2 is independently H, aliphatic,
cycloaliphatic, aryl, arylalkyl, heterocyclic, or
heteroaryl ring, each optionally including 1-3
substituents independently selected from Q3. [093]
Each Q3 is halo, oxo, CN, NO2 , CF3 , OCF3 , OH,
-S(O)2Q4, -N(Q4)2 , -COOQ4, -C(O)Q4, -OQ4,or Ci-C4
alkyl optionally substituted with 1-3 of halo, oxo,
-CN, -NO , -CF3 , -OCF3 , -OH, -SH, -S(O)2H, -NH2, or
-COOH. [094] Each Q4 is aliphatic, cycloaliphatic,
aryl, aralkyl, heterocyclic, heteroaralyl, or
heteroaryl ring, each optionally substituted with 1-3
substituents selected from halo, oxo, CN, NO2 , CF3 ,
- OCF3 , -OH, -SH, -S(O)2H, -NH2, -COOH. [095] Each Q5
is a heterocyclic ring optionally substituted with 1-3
substituents selected from halo, Ci-C4 alkyl, oxo, CN,
NO2 , CF3 , OCF3 , OH, SH, -S(O)2H, -NH2, COOH; and
each i is independently 1, 2, or 3. [096] Each m and n
is independently 1, 2, 3, or 4 provided that m + n is
at least 4. [097] Each p is Oor 1. [098] Each y is
independently Oor 1; each t is 1 to 4; and each z is
independently O, 1, or 2. [099] Another aspect of the
invention provides compounds of formula (II)
including:(H) or pharmaceutically acceptable salts
thereof. [0100] Each OfR1, R2, R3 is independently Q1
or Q2, or R2 and R3 together form oxo. [0101] Z1 is
-C(QO2-, -C(H)(Q 1)-, -C(H)(Q5)-, -C(O)-, -CH2-,
-N(Q1)-, -N(Q2)-, or O. [0102] Z2 isN. [0103] L is a
bond, an aliphatic group, C3-C6 cycloaliphatic, -O-,
-S(O) -, -S(O)z-(C1-C4)alkyl-, -C(O)N(Q2)-, or -S(O)2
N(Q2)-, in which the aliphatic group is optionally
substituted with 1-3 of [0104] G is a
monocycloaliphatic group, a monocycloheteroaliphatic
group, adamantyl, or a bicyclic or a tricyclic group
of formula (III) (III) in which the monocycloaliphatic
group, the monocycloheteroaliphatic group, the
adamantyl, and the bicyclic or tricyclic group are
connected to L via any ring atom including those in Xi
and ring B, and the monocycloaliphatic, the
monocycloheteroaliphatic, the bicyclic, and the
tricyclic groups are optionally substituted with 1-3
of oxo, =N-OQ4, fluorine, Q2, -C(O)-X2-aliphatic in
which X2 is absent, -O-, -NH-, -NQ2-, or -S(O) - and
the aliphatic group is optionally substituted with 1-3
substituents independently selected from Q3; bond r is
a single or double bond and when ring B is present,
bond r is fused with B; ring B, when present, is a 5-6
membered cycloaliphatic or heterocyclic ring, and is
optionally substituted with 1-3 of oxo, Q1, or Q2.
[0105] X1 is -(CH2);-, -O-, -S-, -N(Q2)-,
-N(C(O)-X2-aliphatic)- in which X2 is absent, -O-,
-NH-, -NQ2-, or -S(O)2- and the aliphatic group is
optionally substituted with 1-3 substituents
independently selected from Q3. [0106] Each Qi is
independently halo, -CN, -NO2 , -OQ2, -S(O)2Q2, -S(O)
N(QU)2, -N(Q2 , -C(O)OQ2, -C(O)-Q2, -C(O)N(Qa)2,
-C(O)N(Q2)(OQ2), -N(Q2)C(O)-Q2, -N(Q2)C(O)N(Q2) ,
-N(Q2)C(O)O-Q2, -N(Q2)S(O) -Q2 or aliphatic optionally
including 1-3 substituents independently selected from
Q2 or Q3. [0107] Each Q2 is independently H,
aliphatic, cycloaliphatic, aryl, arylalkyl,
heterocyclic, or heteroaryl ring, each optionally
substituted with 1-3 substituents independently
selected from Q3.[OXO r 'E H 3 1Is-MK"; oio, -CN;"-NO
2 , -CF 3 , -OCF 3 , -OH, -S(O) Q4, -N(Q 4 2 , -CUUQ 4
, -C(O)Q 4, -OQ 4, or C C4 alkyl optionally
substituted with 1-3 halo, oxo, -CN, -NO , -CF 3 ,
-OCF3, -OH, -SH, -S(O) H, -NH 2, or -COOH. [0109] Each
Q4 is aliphatic, cycloaliphatic, aryl, aralkyl,
heterocycloaliphatic, heteroaralky, or heteroaryl,
each optionally including 1-3 substituents selected
from halo, oxo, CN, NO2 , CF3 , OCF 3 , OH, SH, -S(O)
H, -NH 2, or COOH. 



[0110] Each Q5 is a heterocyclic ring optionally
substituted with 1-3 substituents selected from halo,
oxo, Ci-C 4alkyl, -CN, -NO 2 , -CF 3 , -OCF 3 , -OH,
-SH, -S(O) H, -NH 2, and -COOH. [0111] Each i is
independently 1, 2, or 3 . [0112] Each p is Oor 1.
[0113] Each y is independently Oor 1. [0114] Each z is
independently O, 1, or 2 . III. SPECIFIC EMBODIMENTS a
. Substituent G [0115] G is a monocycloaliphatic
group, a monocycloheteroaliphatic group, adamantyl, or
a bicyclic or a tricyclic group of formula (III) (III)
in which the monocycloaliphatic group, the
monocycloheteroaliphatic group, the adamantyl, and the
bicyclic or tricyclic group are connected to L via any
ring atom including those in X1 and ring B, and the
monocycloaliphatic, the monocycloheteroaliphatic, the
bicyclic, and the tricyclic groups are optionally
substituted with 1-3 of oxo, =N-OQ 4, fluorine, Q2,
-C(O)-X 2-aliphatic in which X2 is absent, -0-, -NH-,
-NQ 2-, or -S(O) - and the aliphatic group is
optionally substituted with 1-3 substituents
independently selected from Q ; bond r is a single or
double bond and when ring B is present, bond r is
fused with B; ring B, when present, is a 5-6 membered
cycloaliphatic or heterocyclic ring, and is optionally
substituted with 1-3 of oxo, Qi, or Q2. [0116] In
certain embodiments, G is an optionally substituted
monocycloaliphatic group.[0117]
"Iri"S'eV6fai"ehlb'dMents; "U"is an optionally
substituted cycloalipnatic. m examples oi mis
embodiment, G is an optionally substituted
monocycloaliphatic. Specific examples of G include,
but are not limited to, 5 to 8 membered
monocycloalkyls or a 5 to 8 membered
monocycloalkenyls. In other examples, G can be an
optionally substituted cyclopentyl, cyclopentenyl,
cyclohexyl, cyclohexenyl, cycloheptyl, or cyclooctyl.
[0118] In several embodiments, G is optionally
substituted with Q2, or -C(O)-X 2-aliphatic, where X2
is absent, -O-, -NH-, or -NQ2-, and the aliphatic
group is optionally substituted with 1-3 substituents
independently selected from Q3. In examples of these
embodiments, G can be substituted with carbonyl,
sulfonyl, alkoxy, combinations thereof, or the like.
[0119] In several embodiments, G is optionally
substituted with 1 to 3 of carbonyl, sulfonyl, or
combinations thereof. Examples of G include, but are
not limited to, alkoxycarbonyl, aliphaticcarbonyl
(e.g., alkylcarbonyl, alkenylcarbonyl, or
alkynylcarbonyl), aliphatic, alkoxyalkoxycarbonyl,
cycloalkoxycarbonyl, heterocycloalkoxycarbonyl,
aminoaliphatic, aliphaticamino, arylcarbonyl, or
heteroarylcarbonyl, each of which is optionally
substituted. [0120] In several embodiments, G is
substituted with alkyl, aryl, haloalkyl,
alkoxycarbonyl, or alkoxyamino. [0121] In several
embodiments, G is selected from[0122] In several
embodiments, G is an optionally substituted
monoheterocycloaliphatic group. Examples of G include,
but are not limited to, optionally substituted 5 to 7
membered monoheterocycloaliphatic groups. [0123] In
several embodiments, G includes at least 1 nitrogen
atom. G can be substituted with 1 to 3 substituents
independently selected from Q2, and
-C(O)-X2-aliphatic, where X2 is absent, -O-, -NH-, or
-NQ2-, and the aliphatic group is optionally
substituted with 1-3 substituents independently
selected from Q . [0124] In several embodiments, G is
optionally substituted with 1 to 2 substituents
independently selected from alkoxycarbonyl,
alkynyloxycarbonyl, alkoxyalkoxycarbonyl,
haloalkoxycarbonyl, heterocycloalkoxycarbonyl, and
cycloalkoxycarbonyl. [0125] In other embodiments, G is
one selected fromSYSTEMS AND METHODS OF ACTUATINGMEMS
DISPLAY ELEMENTS BACKGROUND Microelectromechanical
systems (MEMS) include micro mechanical elements,
actuators, and electronics. Micromechanical elements
may be created using deposition, etching, and or other
micromachining processes that etch away parts of
substrates and/or deposited material layers or that
add layers to form electrical and electromechanical
devices. One type of MEMS device is called an
interferometric modulator. An interferometric
modulator may comprise a pair of conductive plates,
one or both of which may be transparent and/or
reflective in whole or part and capable of relative
motion upon application of an appropriate electrical
signal. One plate 



may comprise a stationary layer deposited on a
substrate, the other plate may comprise a metallic
membrane separated from the stationary layer by an air
gap. Such devices have a wide range of applications,
and it would be beneficial in the art to utilize
and/or modify the characteristics of these types of
devices so that their features can be exploited in
improving existing products and creating new products
that have not yet been developed. SUMMARY The system,
method, and devices of the invention each have several
aspects, no single one of which is solely responsible
for its desirable attributes. Without limiting the
scope of this invention, its more prominent features
will now be discussed briefly. After considering this
discussion, and particularly after reading the section
entitled "Detailed Description of Preferred
Embodiments" one will understand how the features of
this invention provide advantages over other display
devices. In one embodiment, the invention provides an
apparatus comprising a controller configured to
control a driver circtuit that actuates a MEMS display
element with a potential difference of a first
polarity during a first portion of a display write
process. The controller is configured to cause the
driver circuit to release the MEMS display element
after said actuation and then to actuate the MEMS
display element with a potential difference of a
polarity opposite to the first polarity during a
second portion of said display write process. The
apparatus further comprises at least one output port
configured to communicate at least in part the
potential difference to the MEMS display element
during the first portion of the display write process.
In another embodiment, the invention provides an
apparatus configured to drive a set of MEMS display
elements. The apparatus comprises means for
controlling actuation of the MEMS display elements
with a potential difference of a first polarity during
a first portion of a displaywrite process. The
apparatus further comprises means for causing release
of the MEMS display elements and means for controlling
actuation of the MEMS display elements with a
potential difference having a polarity opposite the
first polarity during a second portion of the display
write process. The apparatus futher comprises means
for communicating at least in part the potential
differences to the MEMS display element during the
first portion of the display write process. In still
another embodiment, the invention provides a method of
actuating a set of MEMS display elements, said MEMS
display elements comprising a portion of an array of
MEMS display elements. The method comprises actuating
said MEMS display elements with a potential difference
of a first polarity during a first portion of a
display write process, releasing said MEMS display
elements and then actuating said MEMS display elements
with a potential difference having a polarity opposite
said first polarity during a second portion of said
display write process. In yet another embodiment, the
invention provides an apparatus configured to operate
a MEMS display element in an array of MEMS display
elements. The apparatus comprises a controller
configured to control a driver circuit that
periodically applies a first and second potential
difference to the MEMS element. These first and second
potential differences have opposite polarities and
approximately equal magnitudes which are sufficient to
actuate the MEMS element. The controller is configured
to periodically apply theses first and second
potential differences to the MEMS elements in an
alternating fashion. The first and second potential
differences are applied to the MEMS elements at
defined times and for defined time durations that
depend on the rate at which image data is written to
the array of MEMS. The first and second potential
differences are each applied to the MEMS elements for
an approximately equal amount of time over a given
period of display use. The controller is further
configured to write the same frame of data using both
potential differences. The apparatus also comprises at
least one output port which is configured to
communicate, at least in part, the potential
difference to the MEMS display element during the
first portion of the display write process. Ih yet
another embodiment, the invention provides an
apparatus configured to update a display. The
apparatus comprises means for modulating light and
means for applying a potential difference to said
light modulating means. The means for applying a
potential difference to the light modulating means is
configured to periodically apply a first potential
difference and a second potential difference to the
modulating means. The first and second potential
differences have opposite polarities and approximately
equal magnitudes which are sufficient to actuate the 



light modulating means. The first potential difference
and said second potential difference are respectively
applied to the light modulating means at defined times
and for defined time durations that depend on the rate
at which image data is written to the modulating
means. The first and second potential differences are
each applied to the light modulating means for
anapproximately equal amount of time over a given
period of display use. The applying means are further
configured to write the same frame of data using both
potential both the first and second potential
differences. In yet another embodiment, the invention
provides a method of operating a MEMS element in an
array of MEMS elements forming a display. The method
comprises periodically applying a first potential
difference to the MEMS element where the first
potential difference has a polarity and a magnitude
sufficient to actuate the MEMS element. The method
further comprises periodically applying a second
potential difference to said MEMS element, said second
potential difference being of opposite polarity and
approximately equal magnitude to said first potential
difference. These first and second potential
differences are respectively applied to the MEMS
element at defined times and for defined time
durations that depend on the rate at which image data
is written to the array of MEMS elements. The first
and second potential differences are each applied to
the MEMS element for an approximately equal amount of
time over a given period of display use. The method
further comprises writing the same frame of data using
both potential differences of said first polarity and
potential differences of polarity opposite said first
polarity. In still another embodiment, the invention
provides an apparatus configured to display images.
The apparatus comprises a plurality of MEMS elements
in a display; and a controller configured to actuate
all of the MEMS elements in a portion of said display
and to write display data to said portion. In still
another embodiment, the invention provides an
apparatus for displaying images. The apparatus
comprising a plurality of means for modulating light,
and means for controlling actuation and writing of all
of said plurality of means for modulating light in a
portion of the display. In still another embodiment,
the invention provides a method of writing display
data to an array of MEMS display elements. The method
comprises actuating all MEMS elements in a portion of
the array and writing display data to said portion of
said array. In still another embodiment, the invention
provides a system configured to write data to an array
of MEMS display elements. The system comprises a
column driver and a row driver. The row driver and
column driver are configured to actuate at least some
elements of the array with first and second potential
differences, wherein the absolute value of the second
potential difference is greater than the absolute
value of the first potential difference. In still
another embodiment, the invention provides a system
configured to write data to an array of MEMS display
elements. The system comprises means for driving a
column of said MEMS display elements and means for
driving a row of said MEMS display elements. The row
and column driving means are configured to actuate at
least some elements of said array with firstand second
potential differences, wherein the absolute value of
the second potential difference is greater than the
absolute value of the first potential difference. In
still another embodiment, the invention provides a
method of writing display data to an array of MEMS
display elements comprising actuating at least some
elements of said array with first and second potential
differences, wherein the absolute value of the second
potential difference is greater than the absolute
value of the first potential difference. BRIEF
DESCRIPTION OF THE DRAWINGS Figure 1 is an isometric
view depicting a portion of one embodiment of an
interferometric modulator display in which a movable
reflective layer of a first interferometric modulator
is in a released position and a movable reflective
layer of a second interferometric modulator is in an
actuated position. Figure 2 is a system block diagram
illustrating one embodiment of an electronic device
incorporating a 3x3 interferometric modulator display.
Figure 3 is a diagram of movable mirror position
versus applied voltage for one exemplary embodiment of
an interferometric modulator of Figure 1. Figure 4 is
an illustration of a set of row and column voltages
that may be used to drive 



an interferometric modulator display. Figure 5A
illustrates one exemplary frame of display data in the
3x3 interferometric modulator display of Figure 2.
Figure 5B illustrates one exemplary timing diagram for
row and column signals that may be used to write the
frame of Figure 5A. Figure 6A is a cross section of
the device of Figure 1. Figure 6B is a cross section
of an alternative embodiment of an interferometric
modulator. Figure 6C is a cross section of another
alternative embodiment of an interferometric
modulator. Figure 7 is an exemplary timing diagram for
row and column signals that may be used in one
embodiment of the invention. Figures 8A and 8B
illustrate a sets of row and column voltages that may
be used to drive an interferometric modulator display
in one embodiment of the invention Figures 9A and 9B
are system block diagrams illustrating an embodiment
of a visual display device comprising a plurality of
interferometric modulators.DETAILED DESCRIPTION OF
PREFERRED EMBODIMENTS The following detailed
description is directed to certain specific
embodiments of the invention. However, the invention
can be embodied in a multitude of different ways. In
this description, reference is made to the drawings
wherein like parts are designated with like numerals
throughout. As will be apparent from the following
description, the invention may be implemented in any
device that is configured to display an image, whether
in motion (e.g., video) or stationary (e.g., still
image), and whether textual or pictorial. More
particularly, it is contemplated that the invention
may be implemented in or associated with a variety of
electronic devices such as, but not limited to, mobile
telephones, wireless devices, personal data assistants
(PDAs), hand-held or portable computers, GPS
receivers/navigators, cameras, MP3 players,
camcorders, game consoles, wrist watches, clocks,
calculators, television monitors, flat panel displays,
computer monitors, auto displays (e.g., odometer
display, etc.), cockpit controls and/or displays,
display of camera views (e.g., display of a rear view
camera in a vehicle), electronic photographs,
electronic billboards or signs, projectors,
architectural structures, packaging, and aesthetic
structures (e.g., display of images on a piece of
jewelry). MEMS devices of similar structure to those
described herein can also be used in non-display
applications such as in electronic switching devices.
One interferometric modulator display embodiment
comprising an interferometric MEMS display element is
illustrated in Figure 1. In these devices, the pixels
are in either a bright or dark state i the bright
("on" or "open") state, the display element reflects a
large portion of incident visible light to a user.
When in the dark ("off or "closed") state, the display
element reflects little incident visible light to the
user. Depending on the embodiment, the light
reflectance properties of the "on" and "off states may
be reversed. MEMS pixels can be configured to reflect
predominantly at selected colors, allowing for a color
display in addition to black and white. Figure 1 is an
isometric view depicting two adjacent pixels in a
series of pixels of a visual display, wherein each
pixel comprises a MEMS interferometric modulator. In
some embodiments, an interferometric modulator display
comprises a row/column array of these interferometric
modulators. Each interferometric modulator includes a
pair of reflective layers positioned at a variable and
controllable distance from each other to form a
resonant optical cavity with at least one variable
dimension. In one embodiment, one of the reflective
layers may be moved between two positions. In the
first position, referred to herein as the released
state, the movable layer is positioned at a relatively
large distance from a fixed partially reflective
layer. In the second position, the movable layer is
positioned more closely adjacent to the partially
reflective layer. Incident light that reflects from
the two layers interferes constructively
ordestructively depending on the position of the
movable reflective layer, producing either an overall
reflective or non-reflective state for each pixel. The
depicted portion of the pixel array in Figure 1
includes two adjacent interferometric modulators 12a
and 12b. In the interferometric modulator 12a on the
left, a movable and highly reflective layer 14a is
illustrated in a released position at a predetermined
distance from a fixed 



partially reflective layer 16a. In the interferometric
modulator 12b on the right, the movable highly
reflective layer 14b is illustrated in an actuated
position adjacent to the fixed partially reflective
layer 16b. The fixed layers 16a, 16b are electrically
conductive, partially transparent and partially
reflective, and may be fabricated, for example, by
depositing one or more layers each of chromium and
indium-tin-oxide onto a transparent substrate 20. The
layers are patterned into parallel strips, and may
form row electrodes in a display device as described
further below. The movable layers 14a, 14b may be
formed as a series of parallel strips of a deposited
metal layer or layers (orthogonal to the row
electrodes 16a, 16b) deposited on top of posts 18 and
an intervening sacrificial material deposited between
the posts 18. When the sacrificial material is etched
away, the deformable metal layers are separated from
the fixed metal layers by a defined air gap 19. A
highly conductive and reflective material such as
aluminum may be used for the deformable layers, and
these strips may form column electrodes in a display
device. With no applied voltage, the cavity 19 remains
between the layers 14a, 16a and the defopnable layer
is in a mechanically relaxed state as illustrated by
the pixel 12a in Figure 1. However, when a potential
difference is applied to a selected row and column,
the capacitor formed at the intersection of the row
and column electrodes at the corresponding pixel
becomes charged, and electrostatic forces pull the
electrodes together. If the voltage is high enough,
the movable layer is deformed and is forced against
the fixed layer (a dielectric material which is not
illustrated in this Figure may be deposited on the
fixed layer to prevent shorting and control the
separation distance) as illustrated by the pixel 12b
on the right in Figure 1. The behavior is the same
regardless of the polarity of the applied potential
difference. In this way, row/column actuation that can
control the reflective vs. non-reflective pixel states
is analogous in many ways to that used in conventional
LCD and other display technologies. Figures 2 through
5 illustrate one exemplary process and system for
using an array of interferometric modulators in a
display application. Figure 2 is a system block
diagram illustrating one embodiment of an electronic
device that may incorporate aspects of the invention.
In the exemplary embodiment, the electronic device
includes a processor 2 1 which may be any general
purpose single- or multi-chip microprocessor such as
an ARM, Pentium(r), Pentium H , Pentium HI(r), Pentium
IV(r), Pentium(r) Pro, an 805 1, a MIPS(r), a Power
PC(r), an ALPHA(r), or any special purpose
microprocessor such as a digital signal processor,
microcontroller, or aprogrammable gate array. As is
conventional in the art, the processor 2 1 may be
configured to execute one or more software modules. In
addition to executing an operating system, the
processor may be configured to execute one or more
software applications, including a web browser, a
telephone application, an email program, or any other
software application. In one embodiment, the processor
2 1 is also configured to communicate with an array
controller 22. In one embodiment, the array controller
22 includes a row driver circuit 24 and a column
driver circuit 26 that provide signals to a pixel
array 30. The cross section of the array illustrated
in Figure 1 is shown by the lines 1-1 in Figure 2. For
MEMS interferometric modulators, the row/column
actuation protocol may take advantage of a hysteresis
property of these devices illustrated in Figure 3. It
may require, for example, a 10 volt potential
difference to cause a movable layer to deform from the
released state to the actuated state. However, when
the voltage is reduced from that value, the movable
layer maintains its state as the voltage drops back
below 10 volts. In the exemplary embodiment of Figure
3, the movable layer does not release completely until
the voltage drops below 2 volts. There is thus a range
of voltage, about 3 to 7 V in the example illustrated
in Figure 3, where there exists a window of applied
voltage within which the device is stable in either
the released or actuated state. This is referred to
herein as the "hysteresis window" or "stability
window." For a display array having the hysteresis
characteristics of Figure 3, the row/column actuation
protocol can be designed such that during row
strobing, pixels in the strobed row that are to be
actuated are exposed to a voltage difference of about
10 volts, and pixels that are to be released are
exposed to a voltage difference of close to zero
volts. After the strobe, the pixels are exposed to a
steady state voltage difference of about 5 volts such
that they remain in whatever state the row strobe put
them in. After being written, each pixel sees a
potential difference within the "stability window" of
3-7 volts in this example. This feature makes the
pixel design illustrated in Figure 1 stable under the
same applied voltage 



conditions in either an actuated or released
pre-existing state. Since each pixel of the
interferometric modulator, whether in the actuated or
released state, is essentially a capacitor formed by
the fixed and moving reflective layers, this stable
state can be held at a voltage within the hysteresis
window with almost no power dissipation. Essentially
no current flows into the pixel if the applied
potential is fixed. In typical applications, a display
frame may be created by asserting the set of column
electrodes in accordance with the desired set of
actuated pixels in the first row. A row pulse is then
applied to the row 1 electrode, actuating the pixels
corresponding to the asserted column lines. The
asserted set of column electrodes is then changed to
correspond to the desired set of actuated pixels in
the second row. A pulse is then applied to the row 2
electrode, actuating the appropriate pixels in row 2
in accordance with the asserted column electrodes. The
row 1 pixels are unaffected by the row 2 pulse, and
remain in the state they were set to during the row
1pulse.This may be repeated for the entire series of
rows in a sequential fashion to produce the frame.
Generally, the frames are refreshed and/or updated
with new display data by continually repeating this
process at some desired number of frames per second. A
wide variety of protocols for driving row and column
electrodes of pixel arrays to produce display frames
are also well known and may be used in conjunction
with the present invention. Figures 4 and 5 illustrate
one possible actuation protocol for creating a display
frame on the 3x3 array of Figure 2. Figure 4
illustrates a possible set of column and row voltage
levels that may be used for pixels exhibiting the
hysteresis curves of Figure 3. In the Figure 4
embodiment, actuating a pixel involves setting the
appropriate column to - Vbias and the appropriate row
to +DV, which may correspond to -5 volts and +5 volts
respectively Releasing the pixel is accomplished by
setting the appropriate column to +Vb as, and the
appropriate row to the same +DV, producing a zero volt
potential difference across the pixel. In those rows
where the row voltage is held at zero volts, the
pixels are stable in whatever state they were
originally in, regardless of whether the column is at
+Vbias, or -Vbias- Figure 5B is a timing diagram
showing a series of row and column signals applied to
the 3x3 array of Figure 2 which will result in the
display arrangement illustrated in Figure 5A, where
actuated pixels are non-reflective. Prior to writing
the frame illustrated in Figure 5A, the pixels can be
in any state, and in this example, all the rows are at
0 volts, and all the columns are at +5 volts. With
these applied voltages, all pixels are stable in their
existing actuated or released states. In the Figure 5A
frame, pixels (1,1), (1,2), (2,2), (3,2) and (3,3) are
actuated. To accomplish this, during a "line time" for
row 1, columns 1 and 2 are set to -5 volts, and column
3 is set to +5 volts. This does not change the state
of any pixels, because all the pixels remain in the
3-7 volt stability window. Row 1 is then strobed with
a pulse that goes from 0, up to 5 volts, and back to
zero. This actuates the (1,1) and (1,2) pixels and
releases the (1,3) pixel. No other pixels in the array
are affected. To set row 2 as desired, column 2 is set
to -5 volts, and columns 1 and 3 are set to +5 volts.
The same strobe applied to row 2 will then actuate
pixel (2,2) and release pixels (2,1) and (2,3). Again,
no other pixels of the array are affected. Row 3 is
similarly set by setting columns 2 and 3 to -5 volts,
and column 1 to +5 volts. The row 3 strobe sets the
row 3 pixels as shown in Figure 5A. After writing the
frame, the row potentials are zero, and the column
potentials can remain at either +5 or -5 volts, and
the . display is then stable in the arrangement of
Figure 5A. It will be appreciated that the same
procedure can be employed for arrays of dozens or
hundreds of rows and columns. It will also be
appreciated that the timing, sequence, and levels of
voltages used to perform row and column actuation can
be varied widely within the general principles
outlined above, and the above example is exemplary
only, and any actuation voltage method can be used
with the present invention. For example, it will
beappreciated that the array elements may be driven
with voltages that are shifted from the circuit common
voltage of the array driving circuit such that the row
might go from 6.2 to 6.2V + V ;as and similarly the
column would switch from a low voltage e.g. IV to IV +
2*Vb as. In this embodiment, the release voltage may
be slightly different from zero volts. It can be as
large as a couple of volts but is typically less than
one volt. The details of the structure of
interferometric modulators that operate in accordance
with the principles set forth above may vary widely.
For example, Figures 6A-6C illustrate three different
embodiments of the moving mirror structure. Figure 6A
is a cross section of the 



embodiment of Figure 1, where a strip of metal
material 14 is deposited on orthogonally extending
supports 18. In Figure 6B, the moveable reflective
material 14 is attached to supports at the corners
only, on tethers 32. In Figure 6C, the moveable
reflective material 14 is suspended from a deformable
layer 34. This embodiment has benefits because the
structural design and materials used for the
reflective material 14 can be optimized with respect
to the optical properties, and the structural design
and materials used for the deformable layer 34 can be
optimized with respect to desired mechanical
properties. The production of various types of
interferometric devices is described in a variety of
published documents, including, for example, U.S.
Published Application 2004/0051929. A wide variety of
well known techniques may be used to produce the above
described structures involving a series of material
deposition, patterning, and etching steps. It is one
aspect of the above described devices that charge can
build on the dielectric between the layers of the
device, especially when the devices are actuated and
held in the actuated state by an electric field that
is always in the same direction. For example, if the
moving layer is always at a higher potential relative
to the fixed layer when the device is actuated by
potentials having a magnitude larger than the outer
threshold of stability, a slowly increasing charge
buildup on the dielectric between the layers can begin
to shift the hysteresis curve for the device. This is
undesirable as it causes display performance to change
over time, and in different ways for different pixels
that are actuated in different ways over time. As can
be seen in the example of Figure 5B, a given pixel
sees a 10 volt difference during actuation, and every
time in this example, the row electrode is at a 10 V
higher potential than the column electrode. During
actuation, the electric field between the plates
therefore always points in one direction, from the row
electrode toward the column electrode. This problem
can be reduced by actuating the MEMS display elements
with a potential difference of a first polarity during
a first portion of the display write process, and
actuating the MEMS display elements with a potential
difference having a polarity opposite the first
polarity during a second portion of the display write
process. This basic principle is illustrated in
Figures 7, 8A, and 8B.In Figure 7, two frames of
display data are written in sequence, frame N and
frame N+l. In this Figure, the data for the columns
goes valid for row 1 (i.e., either +5 or -5 depending
on the desired state of the pixels in row 1) during
the row 1 line time, valid for row 2 during the row 2
line time, and valid for row 3 during the row 3 line
time. Frame N is written as shown in Figure 5B, which
will be termed positive polarity herein, with the row
electrode 10 V above the column electrode during MEMS
device actuation. During actuation, the column
electrode may be at -5 V, and the scan voltage on the
row is +5 V in this example. The actuation and release
for Frame N is thus performed according to the table
in Figure 8A, which is the same as Figure 4. Frame N+l
is written in accordance with the table in Figure 8B.
For Frame N+l, the scan voltage is -5 V, and the
column voltage is set to +5 V to actuate, and -5 V to
release. Thus, in Frame N+l, the column voltage is 10
V above the row voltage, termed a negative polarity
herein. As the display is continually refreshed and/or
updated, the polarity can be alternated between
frames, with Frame N+2 being written in the same
manner as Frame N, Frame N+3 written in the same
manner as Frame N+l, and so on. In this way, actuation
of pixels takes place in both polarities. In
embodiments following this principle, potentials of
opposite polarities are respectively applied to a
given MEMS element at defined times and for defined
time durations that depend on the rate at which image
data is written to MEMS elements of the array, and the
opposite potential differences are each applied an
approximately equal amount of time over a given period
of display use. This helps reduce charge buildup on
the dielectric over time. A wide variety of
modifications of this scheme can be implemented. For
example, Frame N and Frame N+l can comprise different
display data. Alternatively, it can be the same
display data written twice to the array with opposite
polarities. It can also be advantageous to dedicate
some frames to setting the state of all or
substantially all pixels to a released state, and/or
setting the state of all or substantially all the
pixels to an actuated state prior to writing desired
display data. Setting all the pixels to a common state
can be performed in a single row line time by, for
example, setting all the columns to +5 V (or -5 V) and
scanning all the rows simultaneously with a -5 V scan
(or +5 V scan). 



In one such embodiment, desired display data is
written to the array in one polarity, all the pixels
are released, and the same display data is written a
second time with the opposite polarity. This is
similar to the scheme illustrated in Figure 7, with
Frame N the same as Frame N+l, and with an array
releasing line time inserted between the frames. In
another embodiment, each display update of new display
data is preceded by a releasing row line time. In
another embodiment, a row line time is used to actuate
all the pixels of the array, a second line time is
used to release all the pixels of the array, and then
the display data (Frame N for example) is written to
the display. In this embodiment, Frame N+l can be
preceded by an array actuation line time and an array
release line time of opposite polarities to the
onespreceding Frame N, and then Frame N+l can be
written. In some embodiments, an actuation line time
of one polarity, a release line time of the same
polarity, an actuation line time of opposite polarity,
and a release line time of opposite polarity can
precede every frame. These embodiments ensure that all
or substantially all pixels are actuated at least once
for every frame of display data, reducing differential
aging effects as well as reducing charge buildup. In
some cases, it may be advantageous to use an extra
high actuation voltage during the array actuation line
times. For example, during the array actuation line
times described above, the row scan voltages can be 7
V or 10 V instead of 5 V. In this embodiment, the
highest voltages applied to the pixel occur during
these "over-actuation" array actuation times, and not
during display data updates. This can also help reduce
differential aging effects for different pixels, some
of which may change frequently during display updates,
whereas others may change very infrequently during
display updates, depending on the images being
displayed. It is also possible to perform these
polarity reversals and actuation/release protocols on
a row by row basis. In these embodiments, each row of
a frame may be written more than once during the frame
writing process. For example, when writing row 1 of
Frame N, the pixels of row 1 could all be released,
and the display data for row 1 can be written with
positive polarity. The pixels of row 1 could be
released a second time, and the row 1 display data
written again with negative polarity. Actuating all
the pixels of row 1 as described above for the whole
array could also be performed. It will further be
appreciated that the releases, actuations, and
overactuations may be performed at a lower frequency
than every row write or every frame write during the
display updating/refreshing process. Figures 9A and 9B
are system block diagrams illustrating an embodiment
of a display device 2040. The display device 2040 can
be, for example, a cellular or mobile telephone.
However, the same components of display device 2040 or
slight variations thereof are also illustrative of
various types of display devices such as televisions
and portable media players. The display device 2040
includes a housing 2041, a display 2030, an antenna
2043, a speaker 2045, an input device 2048, and a
microphone 2046. The housing 2041 is generally formed
from any of a variety of manufacturing processes as
are well known to those of skill in the art, including
injection molding, and vacuum forming. In addition,
the housing 2041 may be made from any of a variety of
materials, including but not limited to plastic,
metal, glass, rubber, and ceramic, or a combination
thereof. In one embodiment the housing 2041 includes
removable portions (not shown) that may be
interchanged with other removable portions of
different color, or containing different logos,
pictures, or symbols. The display 2030 of exemplary
display device 2040 may be any of a variety of
displays, including a bi-stable display, as described
herein. In other embodiments, the display 2030
includes a flat-panel display, such as plasma, EL,
OLED, STN LCD, or TFT LCD as describedabove, or a
non-flat-panel display, such as a CRT or other tube
device, as is well known to those of skill in the art.
However, for purposes of describing the present
embodiment, the display 2030 includes an
interferometric modulator display, as described
herein. The components of one embodiment of exemplary
display device 2040 are schematically illustrated in
Figure 9B. The illustrated exemplary display device
2040 includes a housing 2041 and can include
additional components at least partially enclosed
therein. For example, in one embodiment, the exemplary
display device 2040 includes a network interface 2027
that includes an antenna 2043 which is coupled to a
transceiver 2047. The transceiver 2047 is connected to
the processor 2021, which is connected to conditioning
hardware 2052. The conditioning hardware 2052 may be
configured to condition a signal (e.g. filter a
signal). The conditioning hardware 2052 is connected
to a speaker 2045 and a microphone 2046. The processor
2021 is also 



connected to an input device 2048 and a driver
controller 2029. The driver controller 2029 is coupled
to a frame buffer 2028 and to the array driver 2022,
which in turn is coupled to a display array 2030. A
power supply 2050 provides power to all components as
required by the particular exemplary display device
2040 design. The network interface 2027 includes the
antenna 2043 and the transceiver 2047 so that the
exemplary display device 2040 can communicate with one
or more devices over a network. In one embodiment the
network interface 2027 may also have some processing
capabilities to relieve requirements of the processor
2021. The antenna 2043 is any antenna known to those
of skill in the art for transmitting and receiving
signals. In one embodiment, the antenna transmits and
receives RF signals according to the IEEE 802.1 1
standard, including IEEE 802.1 l(a), (b), or (g). In
another embodiment, the antenna transmits and receives
RF signals according to the BLUETOOTH standard. In the
case of a cellular telephone, the antenna is designed
to receive CDMA, GSM, AMPS or other known signals that
are used to communicate within a wireless cell phone
network. The transceiver 2047 pre-processes the
signals received from the antenna 2043 so that they
may be received by and further manipulated by the
processor 2021 . The transceiver 2047 also processes
signals received from the processor 2021 so that they
may be transmitted from the exemplary display device
2040 via the antenna 2043. In an alternative
embodiment, the transceiver 2047 can be replaced by a
receiver. In yet another alternative embodiment,
network interface 2027 can be replaced by an image
source, which can store or generate image data to be
sent to the processor 2021. For example, the image
source can be a digital video disc (DVD) or a
hard-disc drive that contains image data, or a
software module that generates image data. Processor
2021 generally controls the overall operation of the
exemplary display device 2040. The processor 2021
receives data, such as compressed image data from the
network interface 2027 or an image source, and
processes the data into raw image data or into a
formatthat is readily processed into raw image data.
The processor 2021 then sends the processed data to
the driver controller 2029 or to frame buffer 2028 for
storage. Raw data typically refers to the information
that identifies the image characteristics at each
location within an image. For example, such image
characteristics can include color, saturation, and
gray-scale level. In one embodiment, the processor
2021 includes a microcontroller, CPU, or logic unit to
control operation of the exemplary display device
2040. Conditioning hardware 2052 generally includes
amplifiers and filters for transmitting signals to the
speaker 2045, and for receiving signals from the
microphone 2046. Conditioning hardware 2052 may be
discrete components within the exemplary display
device 2040, or may be incorporated within the
processor 2021 or other components. The driver
controller 2029 takes the raw image data generated by
the processor 2021 either directly from the processor
2021 or from the frame buffer 2028 and reformats the
raw image data appropriately for high speed
transmission to the array driver 2022. Specifically,
the driver controller 2029 reformats the raw image
data into a data flow having a raster-like format,
such that it has a time order suitable for scanning
across the display array 2030. Then the driver
controller 2029 sends the formatted information to the
array driver 2022. Although a driver controller 2029,
such as a LCD controller, is often associated with the
system processor 2021 as a stand-alone Integrated
Circuit (IC), such controllers may be implemented in
many ways. They may be embedded in the processor 2021
as hardware, embedded in the processor 2021 as
software, or fully integrated in hardware with the
array driver 2022. Typically, the array driver 2022
receives the formatted information from the driver
controller 2029 and reformats the video data into a
parallel set of waveforms that are applied many times
per second to the hundreds and sometimes thousands of
leads coming from the display's x-y matrix of pixels.
hi one embodiment, the driver controller 2029, array
driver 2022, and display array 2030 are appropriate
for any of the types of displays described herein. For
example, in one embodiment, driver controller 2029 is
a conventional display controller or a bi-stable
display controller (e.g., an interferometric modulator
controller). In another embodiment, array driver 2022
is a conventional driver or a bi-stable display driver
(e.g., an interferometric modulator display). In one
embodiment, a driver controller 2029 is integrated
with the array driver 2022. 



Such an embodiment is common in highly integrated
systems such as cellular phones, watches, and other
small area displays. In yet another embodiment,
display array 2030 is a typical display array or a
bi-stable display array (e.g., a display including an
array of interferometric modulators). The input device
2048 allows a user to control the operation of the
exemplary display device 2040. In one embodiment,
input device 2048 includes a keypad, such as a
QWERTYkeyboard or a telephone keypad, a button, a
switch, a touch-sensitive screen, a pressure- or
heatsensitive membrane. In one embodiment, the
microphone 2046 is an input device for the exemplary
display device 2040. When the microphone 2046 is used
to input data to the device, voice commands may be
provided by a user for controlling operations of the
exemplary display device 2040. Power supply 2050 can
include a variety of energy storage devices as are
well known in the art. For example, in one embodiment,
power supply 2050 is a rechargeable battery, such as a
nickel-cadmium battery or a lithium ion battery. In
another embodiment, power supply 2050 is a renewable
energy source, a capacitor, or a solar cell, including
a plastic solar cell, and solar-cell paint. In another
embodiment, power supply 2050 is configured to receive
power from a wall outlet. In some implementations
control programmability resides, as described above,
in a driver controller which can be located in several
places in the electronic display system. In some cases
control programmability resides in the array driver
2022. Those of skill in the art will recognize that
the above-described optimization may be implemented in
any number of hardware and/or software components and
in various configurations. While the above detailed
description has shown, described, and pointed out
novel features of the invention as applied to various
embodiments, it will be understood that various
omissions, substitutions, and changes in the form and
details of the device or process illustrated may be
made by those skilled in the art without departing
from the spirit of the invention. As one example, it
will be appreciated that the test voltage driver
circuitry could be separate from the array driver
circuitry used to create the display. As with current
sensors, separate voltage sensors could be dedicated
to separate row electrodes. The scope of the invention
is indicated by the appended claims rather than by the
foregoing description. All changes which come within
the meaning and range of equivalency of the claims are
to be embraced within their scope.CLAIMS 1. An
apparatus configured to drive a MEMS display element,
the apparatus comprising: a controller configured to
control a driver circuit that actuates a MEMS display
element with a potential difference of a first
polarity during a first portion of a display write
process, the controller being configured to cause the
driver circuit to release said MEMS display element
after said actuation and then to actuate said MEMS
display element with a potential difference of a
polarity opposite to said first polarity during a
second portion of said display write process; and at
least one output port configured to communicate at
least in part the potential difference to the MEMS
display element during the first portion of the
display write process. 2. The apparatus of Claim 1,
wherein said at least one output port comprises at
least one chip pin. 3. The apparatus of Claim 1,
wherein said at least one output port comprises at
least one conductive wire. 4. The apparatus of Claim
1, wherein said at least one output port comprises at
least one interface to said driver circuit. 5. The
apparatus of Claim 1, wherein said at least one output
port comprises at least one row output port and at
least one column output port. 6. The apparatus of
Claim 1, wherein said first portion of said display
write process comprises writing a first frame of
display data to said MEMS display element and wherein
said second portion of said display write process
comprises writing a second frame of display data to
said MEMS display element. 7. The apparatus of Claim
6, wherein one or more other frames of display data
are 



written to said MEMS display element between said
first frame and said second frame. 8. The apparatus of
Claim 1, wherein said controller is further configured
to actuate said MEMS display element with a potential
difference of said first polarity during a third
portion of said display write process. 9. The
apparatus of Claim 1, wherein said controller is
further configured to alternately apply potential
differences of opposite polarity to the MEMS display
elements during alternating portions of said display
write process. 10. The apparatus of Claim 9, wherein
alternating portions of said display write process
comprise writing alternating frames of display data to
the MEMS display elements.11. The apparatus of Claim
10, wherein said alternating portions of said display
write process comprise writing alternating rows of
display data to an array of MEMS display elements. 12.
The apparatus of Claim 1, wherein said controller is
configured to: write a first frame of display data to
an array of MEMS display elements with a potential
difference of said first polarity so as to actuate
said MEMS display elements; place substantially all
MEMS elements in said array in a released state; and
write a second frame of display data to said array
with a potential difference of polarity opposite said
first polarity so as to actuate said MEMS display
elements. 13. The apparatus of Claim 12, wherein said
first frame of display data and said second frame of
display data are the same. 14. The apparatus of Claim
1, further comprising: a processor that is in
electrical communication with said MEMS display
element, said processor being configured to process
image data; and a memory device in electrical
communication with said processor. 15. The apparatus
of Claim 14, wherein the processor is configured to
send at least a portion of said image data to said
controller. 16. The apparatus of Claim 14, further
comprising an image source module configured to send
said image data to said processor. 17. The apparatus
of Claim 16, wherein said image source module
comprises at least one of a receiver, transceiver, and
transmitter. 18. The apparatus of Claim 14, further
comprising an input device configured to receive input
data and to communicate said input data to said
processor. 19. The apparatus of Claim 1, wherein the
controller is configured to: place substantially all
MEMS elements in a row of an array of MEMS display
elements into a released state; write a first set of
display data to a row with a potential difference of
said first polarity so as to actuate said MEMS display
element; place substantially all MEMS elements in said
row in a released state; and write a second set of
display data to said row with a potential difference
of a polarity opposite said first polarity so as to
actuate said MEMS display element. 20. The apparatus
of Claim 19, wherein said first set of display data
and said second set of display data comprise identical
data.21. An apparatus configured to drive a set of
MEMS display elements, the apparatus comprising: means
for controlling actuation of said MEMS display
elements with a potential difference of a first
polarity during a first portion of a display write
process and for causing release of said MEMS display
elements and then controlling actuation said MEMS
display elements with a potential difference having a
polarity opposite said first polarity during a second
portion of said display write process; and means for
communicating at least in part the potential
difference to said MEMS display element during the
first portion of the display write process. 22. The
apparatus of Claim 21, wherein said means for
controlling actuation of said MEMS display elements
comprises a controller. 23. The apparatus of Claim 22,
wherein said means for causing release of said MEMS
display elements comprises a controller. 24. The
apparatus of Claim 21, wherein said means for
controlling actuation of said 



MEMS display elements comprises a processor. 25. The
apparatus of Claim 21, wherein said means for
controlling actuation of said MEMS display elements
with a potential difference of a first polarity
comprises writing a first frame of display data to
said set of MEMS display elements and wherein said
second portion of said display write process comprises
writing a second frame of display data to said set of
MEMS display elements. 26. The apparatus of Claim 25,
wherein one or more other frames of display data are
written to said set between said first frame and said
second frame. 27. The apparatus of Claim 21, wherein
said apparatus is further configured to control
actuation of said MEMS display element with a
potential difference of said first polarity during a
third portion of said display write process. 28. The
apparatus of Claim 21, wherein said apparatus is
further configured to alternately apply potential
differences of opposite polarity to display elements
of said set during alternating portions of said
display write process. 29. The apparatus of Claim 28,
wherein alternating portions of said display write
process comprise writing alternating frames of display
data to said set of MEMS display elements. 30. The
apparatus of Claim 29, wherein said alternating
portions of said display write process comprise
writing alternating rows of display data to said set
of MEMS display elements.31. The apparatus of Claim
21, wherein said apparatus is further configured to:
write a first frame of display data to said set of
MEMS display elements with a potential difference of
said first polarity by controlling actuation of said
MEMS display element; place substantially all MEMS
elements in said set in a released state; and write a
second frame of display data to said set with a
potential difference of polarity opposite said first
polarity by controlling actuation of said MEMS display
element. 32. The apparatus of Claim 31, wherein said
first frame of display data and said second frame of
display data are the same. 33. The apparatus of Claim
21, wherein said apparatus is configured to: place
substantially all MEMS elements in a row of said set
into a released state; write a first set of display
data to said row of said set with a potential
difference of said first polarity by controlling
actuation of said MEMS display element; place
substantially all MEMS elements in said row of said
set in a released state; and write a second set of
display data to said row of said set with a potential
difference of polarity opposite said first polarity by
controlling actuation of said MEMS display element.
34. The apparatus of Claim 33, wherein said apparatus
comprises a controller. 35. The apparatus of Claim 33,
wherein said first set of display data and said second
set of display data comprise identical data. 36. The
apparatus of Claim 21, wherein said means for
communicating at least in part the potential
difference to said MEMS display element comprises at
least one output port in communication with a
controller. 37. The apparatus of Claim 21, wherein
said means for communicating at least in part the
potential difference to said MEMS display element
comprises at least one chip pin. 38. The apparatus of
Claim 21, wherein said means for communicating at
least in part the potential difference to said MEMS
display element comprises at least one conductive
wire. 39. The apparatus of Claim 21, wherein said
means for communicating at least in part the potential
difference to said MEMS display element comprises at
least one interface to a driver circuit that actuates
a MEMS display element.40. A method of actuating a set
of MEMS display elements, said MEMS display elements
comprising a portion of an array of MEMS display
elements, said method comprising: actuating said MEMS
display elements with a potential difference of a
first 



polarity during a first portion of a display write
process; releasing said MEMS display elements; and
actuating said MEMS display elements with a potential
difference having a polarity opposite said first
polarity during a second portion of said display write
process. 4 1. The method of Claim 40, wherein said
first portion of said display write process comprises
writing a first frame of display data to said array of
MEMS display elements and wherein said second portion
of said display write process comprises writing a
second frame of display data to said array of MEMS
display elements. 42. The method of Claim 41, wherein
one or more other frames of display data are written
to said array between said first frame and said second
frame. 43. The method of Claim 40, further comprising
actuating said MEMS display element with a potential
difference of said first polarity during a third
portion of said display write process. 44. The method
of Claim 40, further comprising alternately applying
potential differences of opposite polarity to display
elements of said array during alternating portions of
said display write process. 45. The method of Claim
44, wherein said alternating portions of said display
write process comprise writing alternating frames of
display data to said array of MEMS display elements.
46. The method of Claim 45, wherein said alternating
portions of said display write process comprise
writing alternating rows of display data to said array
of MEMS display elements. 47. The method of Claim 40,
further comprising: placing substantially all MEMS
elements in a row of said array into a released state;
writing a first set of display data to said row of
said array with a potential difference of said first
polarity so as to actuate said MEMS display element;
placing substantially all MEMS elements in said row of
said array in a released state; and writing a second
set of display data to said row of said array with a
potential difference of a polarity opposite said first
polarity so as to actuate said MEMS display
element.48. The method of Claim 47, wherein said first
set of display data and said second set of display
data comprise identical data. 49. The method of Claim
40, further comprising: writing a first frame of
display data to said array with a potential difference
of said first polarity so as to actuate said MEMS
display element; placing substantially all MEMS
elements in said array in a released state; and
writing a second frame of display data to said array
with a potential difference of a polarity opposite
said first polarity so as to actuate said MEMS display
element. 50. The method of Claim 49, wherein said
first frame of display data and said second frame of
display data are the same. 51. An apparatus configured
to operate a MEMS element in an array of MEMS elements
forming a display, said apparatus comprising: a
controller configured to control a driver circuit that
periodically applies a first potential difference to
said MEMS element, said first potential difference
having a magnitude sufficient to actuate said MEMS
element, and having a polarity, the controller being
configured to periodically apply a second potential
difference to said MEMS element, said second potential
difference being of approximately equal magnitude and
opposite polarity as said first potential difference,
wherein said first potential difference and said
second potential difference are respectively applied
to said MEMS element at defined times and for defined
time durations that depend on a rate at which image
data is written to MEMS elements of said array, and
wherein said first and second potential differences
are each applied to said MEMS element an approximately
equal amount of time over a given period of display
use, the controller further configured to write the 



same frame of data using both potential differences of
said first polarity and potential differences opposite
said first polarity; and at least one output port
configured to communicate at least in part the
potential difference to the MEMS display element
during the first portion of the display write process.
52. The apparatus of Claim 51, further comprising: a
processor that is in electrical communication with
said MEMS element, said processor being configured to
process image data; and a memory device in electrical
communication with said processor. 53. The apparatus
of Claim 52, further comprising a processor configured
to send at least a portion of said image data to a
controller in communication with said MEMS display
elements.54. The apparatus of Claim 52, further
comprising an image source module configured to send
said image data to said processor. 55. The apparatus
of Claim 54, wherein said image source module
comprises at least one of a receiver, transceiver, and
transmitter. 56. The apparatus of Claim 52, further
comprising an input device configured to receive input
data and to communicate said input data to said
processor. 57. The apparatus of Claim 51, wherein said
at least one output port configured to communicate at
least in part the potential difference to the MEMS
display element comprises at least one chip pin. 58.
The apparatus of Claim 51, wherein said at least one
output port configured to communicate at least in part
the potential difference to the MEMS display element
comprises at least one conductive wire. 59. The
apparatus of Claim 51, wherein said at least one
output port configured to communicate at least in part
the potential difference to the MEMS display element
comprises at least one interface to said driver
circuit. 60. The apparatus of Claim 51, wherein said
at least one output port configured to communicate at
least in part the potential difference to the MEMS
display element comprises at least one row output port
and at least one column output port. 61. An apparatus
for updating a display, the apparatus comprising:
means for modulating light; and means for applying a
potential difference to said modulating means, said
applying means configured to periodically apply a
first potential difference and a second potential
difference to said modulating means, said first and
second potential differences having opposite polarity
and an approximately equal magnitude sufficient to
actuate said modulating means, wherein said first
potential difference and said second potential
difference are respectively applied to said modulating
means at defined times and for defined time durations
that depend on a rate at which image data is written
to modulating means, and wherein said first and second
potential differences are each applied to said
modulating means an approximately equal amount of time
over a given period of display use and wherein said
applying means is further configured to write the same
frame of data using both potential differences of said
first polarity and potential differences of polarity
opposite said first polarity. 62. The apparatus of
Claim 61, wherein said applying means comprise a
driver circuit. 63. The apparatus of Claim 61, wherein
said applying means comprises at least one output
port.64. The apparatus of Claim 63, wherein said
output port comprises at least one chip pin. 65. The
apparatus of Claim 63, wherein said output port
comprises at least one conductive wire. 66. The
apparatus of Claim 63, wherein said output port
comprises at least one interface to a driver circuit.
67. The apparatus of Claims 61, wherein the means for
modulating light comprises an interferometric
modulating MEMS device. 



68. A method of operating a MEMS element in an array
of MEMS elements forming a display, said method
comprising: periodically applying a first potential
difference to said MEMS element, said first potential
difference having a magnitude sufficient to actuate
said MEMS element, and having a polarity; and
periodically applying a second potential difference to
said MEMS element, said second potential difference
being of approximately equal magnitude and polarity
opposite the polarity of said first potential
difference; wherein said first potential difference
and said second potential difference are respectively
applied to said MEMS element at defined times and for
defined time durations that depend on a rate at which
image data is written to MEMS elements of said array,
and wherein said first and second potential
differences are each applied to said MEMS element an
approximately equal amount of time over a given period
of display use; wherein said method comprises writing
the same frame of data using both potential
differences of said first polarity and potential
differences of polarity opposite said first polarity.
69. An apparatus for displaying images, the apparatus
comprising: a plurality of MEMS elements in a display;
and a controller configured to actuate all of the MEMS
elements in a portion of said display and to write
display data to said portion. 70. The apparatus of
Claim 69, wherein at least one of said MEMS elements
comprises an interferometric modulator. 7 1. The
apparatus of Claim 69, further comprising: a processor
that is in electrical communication with at least one
of said plurality of MEMS elements, said propessor
being configured to process image data; and a memory
device in electrical communication with said
processor.72. The apparatus of Claim 71, further
comprising an image source module configured to send
said image data to said processor. 73. The apparatus
of Claim 72, wherein said image source module
comprises at least one of a receiver, transceiver, and
transmitter. 74. The apparatus of Claim 71, further
comprising an input device configured to receive input
data and to communicate said input data to said
processor. 75. An apparatus for displaying images, the
apparatus comprising: a plurality of means for
modulating light; and means for controlling actuation
of all of said plurality of means for modulating light
and for writing display data in a portion of a
display. 76. The apparatus of Claim 75, wherein at
least one of said plurality of means for modulating
light comprises an interferometric modulating MEMS
device. 77. The apparatus of Claim 75, wherein said
controlling means comprises a controller. 78. The
apparatus of Claim 75, wherein said controlling means
further comprises at least one output port in
communication with said controller configured to
actuate said MEMS display element. 79. The apparatus
of Claim 78, wherein said at least one output port
comprises at least one chip pin. 80. The apparatus of
Claim 78, wherein said at least one output port
comprises at least one conductive wire. 81. The
apparatus of Claim 78, wherein said at least one
output port comprises at least one interface to a
driver circuit configured to actuate said MEMS display
element. 82. The apparatus of Claim 75, wherein said
portion comprises a row of MEMS display elements. 83.
The apparatus of Claim 75, wherein said portion
comprises an entire array of MEMS display elements.
84. The apparatus of Claim 75, wherein said
controlling means is further configured 



to release all modulating means in said portion of
said array prior to writing display data to said
portion 85. A method of writing display data to an
array of MEMS display elements, comprising: actuating
all MEMS elements in a portion of said array; and
writing display data to said portion of said array.
86. The method of Claim 85, wherein said portion of
said array comprises a row of MEMS elements of said
array.87. The method of Claim 85, wherein said portion
comprise an entire array. 88. The method of Claim 85,
further comprising releasing all MEMS elements in said
portion of said array prior to writing display data to
said portion of said array. 89. A system configured to
write data to an array of MEMS display elements, said
system comprising: a column driver; a row driver; and
wherein said row driver and column driver are
configured to actuate at least some elements of said
array with first and second potential differences,
wherein the absolute value of the second potential
difference is greater than the absolute value of the
first potential difference. 90. The system of Claim
89, further comprising: a processor that is in
electrical communication with said array of MEMS
display elements, said processor being configured to
process image data; and a memory device in electrical
communication with said processor. 91. The system of
Claim 90, further comprising a controller configured
to send at least a portion of said image data to at
least one of said row driver and column driver. 92.
The system of Claim 90, further comprising an image
source module configured to send said image data to
said processor. 93. The system of Claim 92, wherein
said image source module comprises at least one of a
receiver, transceiver, and transmitter. 94. The system
of Claim 92, further comprising an input device
configured to receive input data and to communicate
said input data to said processor. 95. A system
configured to write data to an array of MEMS display
elements, said system comprising: means for driving a
column of said MEMS display elements; and means for
driving a row of said MEMS display elements; wherein
said row and column driving means are configured to
actuate at least some elements of said array with
first and second potential differences, wherein the
absolute value of the second potential difference is
greater than the absolute value of the first potential
difference. 96. The system of Claim 95, wherein said
column driving means comprise a column driver circuit.
97. The system of Claim 95, wherein said row driving
means comprise a driver circuit.98. A method of
writing display data to an array of MEMS display
elements comprising actuating at least some elements
of said array with first and second potential
differences, wherein the absolute value of the second
potential difference is greater than the absolute
value of the first potential difference. 


