
CHEMICAL COMPOUNDS 251 FIELD OF INVENTION The invention relates to chemical
compounds of formula I, and salts thereof. In some embodiments, the
invention relates to inhibitors or modulators of PIM-I and/or PIM-2, and/or
PDVI-3 protein kinase activity or enzyme function. In still further
embodiments, the invention relates to pharmaceutical compositions
comprising compounds disclosed herein, and their use in the prevention and
treatment of PEVI kinase related conditions and diseases, preferably
cancer. BACKGROUND PDVI-I gene was first identified as a pro viral
insertion site in Moloney murine leukemia virus-induced T-cell lymphoma.
PIM-I gene translates a Ser/Thr protein kinase. The known PIM kinase family
also includes PDVI-2 and PIM-3. Mice studies suggest that physiologically
the PIM kinases are involved in growth factor and cytokine signaling.
Deregulated PIM kinase expression occurs a in large number of hematopoietic
tumors, such as myeloid and lymphoblastic leukemias and lyphomas. PIM
kinases are also expressed in solid tumors, such as prostate cancer and
pancreatic cancer, and transgenic mice which express PDVI-I develop T-cell
lymphoma. Dhanasekaran et al., (2001). Nature 412: 822-826 and Li et al.,
(2006) Cancer Res 66: 6741-6747. Accordingly, it is believed that PIM
Kinase inhibitors will be useful in the treatment and/or prevention of
cancer. Thus, there is a need to identify inhibitors of PIM kinases.SUMMARY
OF INVENTION The invention relates to chemical compounds of formula I, and
salts thereof. In some embodiments, the invention relates to inhibitors or
modulators of PIM-I and/or PIM-2, and/or PEVI-3 protein kinase activity or
enzyme function. In still further embodiments, the invention relates to
pharmaceutical compositions comprising compounds disclosed herein, and
their use in the prevention and treatment of PEVI kinase related conditions
and diseases, preferably cancer. DETAILED DESCRIPTION The invention relates
to a method of treating or preventing cancer comprising, a) providing a
pharmaceutical composition comprising a compound of formula I, , or
pharmaceutically acceptable salts thereof, functioning to inhibit a PIM
kinase, wherein R1 is selected from a carbocyclyl, aryl, and heterocyclyl,
wherein R1 is optionally substituted with one or more, the same or
different, R2; R2 is selected from C1-6alkyl, halogen, nitro, cyano,
hydroxy, amino, mercapto, formyl, carboxy, carbamoyl, Ci_6alkoxy,
Ci_6alkylthio, Ci_6alkylamino, (Ci_6alkyl) 2amino, C1-6alkylsulfamoyl,
arylsulfamoyl, carbocyclyl, aryl, and heterocyclyl, wherein R is optionally
substituted with one or more, the same or different, R ;R3 is selected from
Ci_6alkyl, halogen, nitro, cyano, hydroxy, amino, mercapto, formyl,
carboxy, carbamoyl, Ci_6alkoxy, Ci_6alkylthio, Ci_6alkylamino, (Ci_6alkyl)
2amino, Ci_6alkylsulfinyl, Ci_6alkylsulfonyl, arylsulfonyl, carbocyclyl,
aryl, and heterocyclyl, wherein R3 is optionally substituted with one or
more, the same or different, R4; R4 is selected from Ci_6alkyl, halogen,
nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy, carbamoyl,
Ci_6alkoxy, Ci_6alkylthio, Ci_6alkylamino, (Ci_6alkyl) 2amino,
Ci_6alkylsulfinyl, Ci_6alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, and
heterocyclyl, wherein R4 is optionally substituted with one or more, the
same or different, R5; and R5 is selected from halogen, nitro, cyano,
hydroxy, trifluoromethoxy, trifluoromethyl, amino, formyl, carboxy,
carbamoyl, mercapto, sulfamoyl, methyl, ethyl, methoxy, ethoxy, acetyl,
acetoxy, methylamino, ethylamino, dimethylamino, diethylamino,
iV-methyl-iV-ethylamino, acetylamino, iV-methylcarbamoyl,
iV-ethylcarbamoyl, iV,iV-dimethylcarbamoyl, iV,iV-diethylcarbamoyl, 



iV-methyl-iV-ethylcarbamoyl, methylthio, ethylthio, methylsulfinyl,
ethylsulfinyl, mesyl, ethylsulfonyl, methoxycarbonyl, ethoxycarbonyl,
iV-methylsulfamoyl, iV-ethylsulfamoyl, iV,iV-dimethylsulfamoyl,
iV,iV-diethylsulfamoyl, iV-methyl-iV-ethylsulfamoyl, carbocyclyl, aryl, and
heterocyclyl; and b) administering said pharmaceutical composition to a
subject diagnosed with, exhibiting symptoms of, or at risk for cancer with
the proviso that said compound of formula I is not
5-[[2-[(2,6-dichloro-3-methylphenyl)amino]phenyl]methylene]-2,4-
thiazolidinedione . In some embodiments, the invention relates to a method
of treating or preventing cancer comprising, a) providing a pharmaceutical
composition comprising a compound of formula I, or salts thereof,
functioning to inhibit a PEVI kinase, whereinR1 is selected from a
carbocyclyl, aryl, and heterocyclyl, wherein R1 is optionally substituted
with one or more, the same or different, R2; R2 is selected from halogen,
Ci_6alkyl, halogenated Ci_6alkyl, amino, Ci_6alkylamino, (Ci_6alkyl)2amino,
and heterocyclyl, wherein R2 is optionally substituted with one or more,
the same or different, R3; R is selected from Ci_6alkyl, halogen, nitro,
cyano, hydroxy, amino, mercapto, formyl, carboxy, carbamoyl, Ci_6alkoxy,
Ci_6alkylthio, Ci_6alkylamino, (Ci_6alkyl)2amino, Ci_6alkylsulfinyl,
Ci_6alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, and heterocyclyl,
wherein R3 is optionally substituted with one or more, the same or
different, R4; R4 is selected from Ci_6alkyl, halogen, nitro, cyano,
hydroxy, amino, mercapto, formyl, carboxy, carbamoyl, Ci_6alkoxy,
Ci_6alkylthio, Ci_6alkylamino, (Ci_6alkyl)2amino, Ci_6alkylsulfinyl,
Ci_6alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, and heterocyclyl,
wherein R4 is optionally substituted with one or more, the same or
different, R5; and R5 is selected from halogen, nitro, cyano, hydroxy,
trifluoromethoxy, trifluoromethyl, amino, formyl, carboxy, carbamoyl,
mercapto, sulfamoyl, methyl, ethyl, methoxy, ethoxy, acetyl, acetoxy,
methylamino, ethylamino, dimethylamino, diethylamino,
iV-methyl-iV-ethylamino, acetylamino, iV-methylcarbamoyl,
iV-ethylcarbamoyl, iV,iV-dimethylcarbamoyl, iV,iV-diethylcarbamoyl,
iV-methyl-iV-ethylcarbamoyl, methylthio, ethylthio, methylsulfinyl,
ethylsulfinyl, mesyl, ethylsulfonyl, methoxycarbonyl, ethoxycarbonyl,
iV-methylsulfamoyl, iV-ethylsulfamoyl, iV,iV-dimethylsulfamoyl,
iV,iV-diethylsulfamoyl, iV-methyl-iV-ethylsulfamoyl, carbocyclyl, aryl, and
heterocyclyl; and b) administering said pharmaceutical composition to a
subject diagnosed with, exhibiting symptoms of, or at risk for cancer under
conditions such that cancer is reduced or prevented. In further
embodiments, the invention relates to a method of treating cancer
comprising administering to a subject in need thereof a pharmaceutical
composition comprising a compound of the formula disclosed herein, wherein
said cancer is selected from a leukemia, lymphoma, prostate cancer,
pancreatic cancer or other solid tumors. In further embodiments, the
invention relates to a compound of formula IA,or salts thereof, wherein,
-is individually at each occurrence selected from a single and double bond;
n is selected from 0, 1, or 2; m is selected from 0, 1, or 2; A is selected
from N and CR7; X is selected from O, S, CHR10 and NR11 ; Y is selected
from N, CH, and C; R5, R6, and R7 are each individually and independently
from hydrogen, Ci_6alkyl, halogen, cyano, nitro, hydroxy, amino, mercapto,
formyl, carboxy, carbamoyl, Ci_6alkoxy, Ci_6alkylthio, Ci_6alkylamino,
(Ci_6alkyl)2amino, carbocyclyl, aryl, and 



heterocyclyl, wherein R5, R6, and R7 are each optionally substituted with
one or more, the same or different, R12 ; R8 and R9 are each individually
and independently selected from hydrogen, amino, hydroxyl, mercapto,
Ci_6alkyl, Ci_6alkylamino, carbocyclyl, aryl, and heterocyclyl wherein R8
and R9 are each optionally substituted with one or more, the same or
different, R15. R10 is selected from hydrogen, Ci_6alkyl, halogen, nitro,
cyano, hydroxy, amino, mercapto, formyl, carboxy, carbamoyl, Ci_6alkoxy,
Ci_6alkylthio, Ci_6alkylamino, (Ci_6alkyl)2amino, Ci_6alkylsulfamoyl,
arylsulfamoyl, carbocyclyl, aryl, and heterocyclyl, wherein R10 is
optionally substituted with one or more, the same or different, R12 ; R11
is selected from hydrogen, formyl, Ci_6alkyl, Ci_6alkanoyl,
Ci_6alkylsulfinyl, Ci_6alkylsulfonyl, arylsulfonyl, Ci_6alkoxycarbonyl,
carbocyclyl, aryl, and heterocyclyl, wherein R1 1 is optionally substituted
with one or more, the same or different, R12 ;R12 is selected from halogen,
nitro, cyano, hydroxy, trifluoromethoxy, trifluoromethyl, amino, formyl,
carboxy, carbamoyl, mercapto, sulfamoyl, methyl, ethyl, methoxy, ethoxy,
acetyl, acetoxy, methylamino, ethylamino, dimethylamino, diethylamino,
iV-methyl-iV-ethylamino, acetylamino, iV-methylcarbamoyl,
iV-ethylcarbamoyl, iV,iV-dimethylcarbamoyl, iV,iV-diethylcarbamoyl,
iV-methyl-iV-ethylcarbamoyl, methylthio, ethylthio, methylsulfinyl,
ethylsulfinyl, mesyl, ethylsulfonyl, methoxycarbonyl, ethoxycarbonyl,
iV-methylsulfamoyl, iV-ethylsulfamoyl, iV,iV-dimethylsulfamoyl,
iV,iV-diethylsulfamoyl, iV-methyl-iV-ethylsulfamoyl, carbocyclyl, aryl, and
heterocyclyl, wherein R12 is optionally substituted with one or more, the
same or different, R16 ; R15 is selected from Ci_6alkyl, Ci_6alkanoyl,
Ci_6alkylsulfinyl, Ci_6alkylsulfonyl, arylsulfonyl, and Ci_6alkoxycarbonyl
wherein R15 is optionally substituted with one or more, the same or
different, R12 ; R16 is selected from halogen, nitro, cyano, hydroxy,
trifluoromethoxy, trifluoromethyl, amino, formyl, carboxy, carbamoyl,
mercapto, sulfamoyl, methyl, ethyl, methoxy, ethoxy, acetyl, acetoxy,
methylamino, ethylamino, dimethylamino, diethylamino,
iV-methyl-iV-ethylamino, acetylamino, aminomethyl, aminoethyl, aminopropyl,
aminobutyl, iV-methylcarbamoyl, iV-ethylcarbamoyl, iV,iV-dimethylcarbamoyl,
iV,iV-diethylcarbamoyl, iV-methyl-iV-ethylcarbamoyl, methylthio, ethylthio,
methylsulfinyl, ethylsulfinyl, mesyl, ethylsulfonyl, methoxycarbonyl,
ethoxycarbonyl, iV-methylsulfamoyl, iV-ethylsulfamoyl,
iV,iV-dimethylsulfamoyl,iV,iV-diethylsulfamoyl,and
iV-methyl-iV-ethylsulfamoyl;and provided that R5, R6, and R7 are not all
hydrogen and provided the compound is not
5-((5-nitro-2-(l-piperidinyl)phenyl)methylene)-2,4- thiazolidinedione or
5-((2-(4-morpholinyl) -5-nitrophenyl)methylene) -2,4- thiazolidinedione .
In some embodiments, the invention relates to a compound of formula ID,or
salts thereof, wherein, n is selected from 0, 1, or 2; A is selected from N
and CR7; X is selected from O, S, CHR10 and NR11 ; R5, R6, and R7 are each
individually and independently from hydrogen, Ci_6alkyl, halogen, cyano,
nitro, hydroxy, amino, mercapto, formyl, carboxy, carbamoyl, Ci_6alkoxy,
Ci_6alkylthio, Ci_6alkylamino, (Ci_6alkyl)2amino, carbocyclyl, aryl, and
heterocyclyl, wherein R5, R6, and R7 are each optionally substituted with
one or more, the same or different, R12 ; R8 and R9 are each individually
and independently selected from hydrogen, amino, hydroxyl, mercapto,
Ci_6alkyl, Ci_6alkylamino, carbocyclyl, aryl, and heterocyclyl wherein R8
and R9 are each optionally substituted with one or more, the same or 



different, R15. R10 is selected from hydrogen, Ci_6alkyl, halogen, nitro,
cyano, hydroxy, amino, mercapto, formyl, carboxy, carbamoyl, Ci_6alkoxy,
Ci_6alkylthio, Ci_6alkylamino, (Ci_6alkyl)2amino, Ci_6alkylsulfamoyl,
arylsulfamoyl, carbocyclyl, aryl, and heterocyclyl, wherein R10 is
optionally substituted with one or more, the same or different, R12 ; R11
is selected from hydrogen, formyl, Ci_6alkyl, Ci_6alkanoyl,
Ci_6alkylsulfinyl, Ci_6alkylsulfonyl, arylsulfonyl, Ci_6alkoxycarbonyl,
carbocyclyl, aryl, and heterocyclyl, wherein R1 1 is optionally substituted
with one or more, the same or different, R12 ; R12 is selected from
halogen, nitro, cyano, hydroxy, trifluoromethoxy, trifluoromethyl, amino,
formyl, carboxy, carbamoyl, mercapto, sulfamoyl, methyl, ethyl, methoxy,
ethoxy, acetyl, acetoxy, methylamino, ethylamino,
dimethylamino,diethylamino, iV-methyl-iV-ethylamino, acetylamino,
iV-methylcarbamoyl, iV-ethylcarbamoyl, iV,iV-dimethylcarbamoyl,
iV,iV-diethylcarbamoyl, iV-methyl-iV-ethylcarbamoyl, methylthio, ethylthio,
methylsulfinyl, ethylsulfinyl, mesyl, ethylsulfonyl, methoxycarbonyl,
ethoxycarbonyl, iV-methylsulfamoyl, iV-ethylsulfamoyl,
iV,iV-dimethylsulfamoyl, iV,iV-diethylsulfamoyl,
iV-methyl-iV-ethylsulfamoyl, carbocyclyl, aryl, and heterocyclyl, wherein
R12 is optionally substituted with one or more, the same or different, R16
; R15 is selected from Ci_6alkyl, Ci_6alkanoyl, Ci_6alkylsulfinyl,
Ci_6alkylsulfonyl, arylsulfonyl, and Ci_6alkoxycarbonyl wherein R15 is
optionally substituted with one or more, the same or different, R12 ; R16
is selected from halogen, nitro, cyano, hydroxy, trifluoromethoxy,
trifluoromethyl, amino, formyl, carboxy, carbamoyl, mercapto, sulfamoyl,
methyl, ethyl, methoxy, ethoxy, acetyl, acetoxy, methylamino, ethylamino,
dimethylamino, diethylamino, iV-methyl-iV-ethylamino, acetylamino,
aminomethyl, aminoethyl, aminopropyl, aminobutyl, iV-methylcarbamoyl,
iV-ethylcarbamoyl, iV,iV-dimethylcarbamoyl, iV,iV-diethylcarbamoyl,
iV-methyl-iV-ethylcarbamoyl, methylthio, ethylthio, methylsulfinyl,
ethylsulfinyl, mesyl, ethylsulfonyl, methoxycarbonyl, ethoxycarbonyl,
iV-methylsulfamoyl, iV-ethylsulfamoyl,
iV,iV-dimethylsulfamoyl,iV,iV-diethylsulfamoyl,and
iV-methyl-iV-ethylsulfamoyl. In some embodiments with regard to any of the
compound formula provided herein, R5, R6, and R7 are not all hydrogen. In
some embodiments with regard to any of the compound formula provided
herein, R5, R6, and R7 are not
5-((5-nitro-2-(l-piperidinyl)phenyl)methylene)-2,4- thiazolidinedione or
5-((2-(4-morpholinyl)-5-nitrophenyl)methylene)-2,4- thiazolidinedione . In
some embodiments, the invention relates to a compound of formula IB,or
salts thereof, wherein, n is selected from 0, 1, or 2; X is selected from
O, CHR10 and NR1 1 ; R5, R6, and R7 are each individually and independently
from hydrogen, halogen, cyano, hydroxy, trifluoromethoxy, trifluoromethyl,
amino, formyl, carboxy, carbamoyl, mercapto, sulfamoyl, methyl, ethyl,
methoxy, ethoxy, acetyl, acetoxy, methylamino, ethylamino, dimethylamino,
diethylamino, iV-methyl-iV-ethylamino, acetylamino, iV-methylcarbamoyl,
iV-ethylcarbamoyl, iV,iV-dimethylcarbamoyl, iV,iV-diethylcarbamoyl,
iV-methyl-iV-ethylcarbamoyl, methylthio, ethylthio, methylsulfinyl,
ethylsulfinyl, mesyl, ethylsulfonyl, methoxycarbonyl, ethoxycarbonyl,
iV-methylsulfamoyl, iV-ethylsulfamoyl,
iV,iV-dimethylsulfamoyl,iV,iV-diethylsulfamoyl,and
iV-methyl-iV-ethylsulfamoyl; R8 and R9 are each individually and
independently selected from hydrogen, amino, Ci_6alkyl, Ci_6alkylamino,
wherein R8 and R9 are each optionally substituted with one or more, the
same or different, R15 ; R10 is selected from hydrogen, Ci_6alkyl, halogen,
nitro, cyano, hydroxy, amino, 



mercapto, formyl, carboxy, carbamoyl, Ci_6alkoxy, Ci_6alkylthio,
Ci_6alkylamino, (Ci_6alkyl)2amino, Ci_6alkylsulfamoyl, arylsulfamoyl,
carbocyclyl, aryl, and heterocyclyl, wherein R10 is optionally substituted
with one or more, the same or different, R12 ; R11 is selected from
hydrogen, Ci_6alkyl, Ci_6alkanoyl, Ci_6alkylsulfinyl, Ci_6alkylsulfonyl,
arylsulfonyl, Ci_6alkoxycarbonyl, carbocyclyl, aryl, and heterocyclyl,
wherein R1 1 is optionally substituted with one or more, the same or
different, R12 ; R12 is selected from halogen, nitro, cyano, hydroxy,
trifluoromethoxy, trifluoromethyl, amino, formyl, carboxy, carbamoyl,
mercapto, sulfamoyl, methyl, ethyl,methoxy, ethoxy, acetyl, acetoxy,
methylamino, ethylamino, dimethylamino, diethylamino,
iV-methyl-iV-ethylamino, acetylamino, iV-methylcarbamoyl,
iV-ethylcarbamoyl, iV,iV-dimethylcarbamoyl, iV,iV-diethylcarbamoyl,
iV-methyl-iV-ethylcarbamoyl, methylthio, ethylthio, methylsulfinyl,
ethylsulfinyl, mesyl, ethylsulfonyl, methoxycarbonyl, ethoxycarbonyl,
iV-methylsulfamoyl, iV-ethylsulfamoyl, iV,iV-dimethylsulfamoyl,
iV,iV-diethylsulfamoyl, iV-methyl-iV-ethylsulfamoyl, carbocyclyl, aryl, and
heterocyclyl, wherein R12 is optionally substituted with one or more, the
same or different, R16 ; R15 is selected from Ci_6alkyl, Ci_6alkanoyl,
Ci-6alkylsulfinyl, Ci_6alkylsulfonyl, arylsulfonyl, and Ci_6alkoxycarbonyl
wherein R15 is optionally substituted with one or more, the same or
different, R12 ; R16 is selected from halogen, nitro, cyano, hydroxy,
trifluoromethoxy, trifluoromethyl, amino, formyl, carboxy, carbamoyl,
mercapto, sulfamoyl, methyl, ethyl, methoxy, ethoxy, acetyl, acetoxy,
methylamino, ethylamino, dimethylamino, diethylamino,
iV-methyl-iV-ethylamino, acetylamino, iV-methylcarbamoyl,
iV-ethylcarbamoyl, iV,iV-dimethylcarbamoyl, iV,iV-diethylcarbamoyl,
iV-methyl-iV-ethylcarbamoyl, methylthio, ethylthio, methylsulfinyl,
ethylsulfinyl, mesyl, ethylsulfonyl, methoxycarbonyl, ethoxycarbonyl,
iV-methylsulfamoyl, iV-ethylsulfamoyl, iV,iV-dimethylsulfamoyl, ,
-diethylsulfamoyl, and iV-methyl-iV-ethylsulfamoyl. In some embodiments,
with regard to any of the compound formula provided herein, said compound
is not, 5-[[2-(4-methyl-l-piperazinyl)phenyl]methylene]-2,4-
thiazolidinedione or
5-[[2-[(2,6-dichloro-3-methylphenyl)amino]phenyl]methylene]-2,4-
thiazolidinedione . In further embodiments, the invention relates to a
compound of formula IC,formula IC, or salts thereof, wherein, n is selected
from 0, 1, 2, 3, 4, 5, 6, 7 or 8; X is selected from O, S, CHR10 and NR11 ;
Y is selected from O, S, and NR13 ; R5, R6, and R7 are each individually
and independently from Ci_6alkyl, halogen, nitro, cyano, hydroxy, amino,
mercapto, formyl, carboxy, carbamoyl, Ci_6alkoxy, Ci_6alkylthio,
Ci_6alkylamino, Ci_6dialkylamino, carbocyclyl, aryl, and heterocyclyl,
wherein R5, R6, and R7 are each optionally substituted with one or more,
the same or different, R12 ; R10 is selected from hydrogen, Ci_6alkyl,
halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy,
carbamoyl, Ci_6alkoxy, Ci_6alkylthio, Ci_6alkylamino, (Ci_6alkyl)2amino,
Ci_6alkylsulfamoyl, arylsulfamoyl, carbocyclyl, aryl, and heterocyclyl,
wherein R10 is optionally substituted with one or more, the same or
different, R12 ; R11, R13 , and R14 are each individually and independently
selected from hydrogen, Ci_6alkyl, Ci_6alkanoyl, Ci_6alkylsulfinyl,
Ci_6alkylsulfonyl, arylsulfonyl, and Ci_6alkoxycarbonyl wherein R1 1 is
optionally substituted with one or more, the same or different, R12 ; or R1
1 and R14 , taken together with the atoms to which they are attached form a
five, six, or seven membered heterocyclic ring optionally substituted with
one or more, 



the same or different, R12 ; R12 is selected from halogen, nitro, cyano,
hydroxy, trifluoromethoxy, trifluoromethyl, amino, formyl, carboxy,
carbamoyl, mercapto, sulfamoyl, methyl, ethyl, methoxy, ethoxy, acetyl,
acetoxy, methylamino, ethylamino, dimethylamino, diethylamino,
iV-methyl-iV-ethylamino, acetylamino, iV-methylcarbamoyl,
iV-ethylcarbamoyl, iV,iV-dimethylcarbamoyl, iV,iV-diethylcarbamoyl,
iV-methyl-iV-ethylcarbamoyl, methylthio, ethylthio, methylsulfinyl,
ethylsulfinyl, mesyl, ethylsulfonyl, methoxycarbonyl, ethoxycarbonyl,
iV-methylsulfamoyl, iV-ethylsulfamoyl, iV,iV-dimethylsulfamoyl,
iV,iV-diethylsulfamoyl, iV-methyl-iV-ethylsulfamoyl, carbocyclyl, aryl, and
heterocyclyl.In some embodiments with regard to any of the compound formula
provided herein, Y is NR13 , wherein R13 is a C1-6alkyl. In some
embodiments with regard to any of the compound formula provided herein, R5
is a halogenated Ci_6alkyl. In some embodiments with regard to any of the
compound formula provided herein, R7 is a halogen. In some embodiments, the
invention relates to a compound of formula IX, or salts thereof, wherein R5
is selected from hydrogen, Ci_6alkoxy, carbamoyl, and halogenated
Ci_6alkyl; R6 is selected from hydrogen, halogen, Ci_6alkoxy, and
2-(l-piperidyl)ethoxy; R7 is selected from hydrogen, halogen, and
Ci_6alkoxy; R17 is a heterocarbocylcyl, wherein R17 is optionally
substituted with one or more, the same or different, R18 ; R18 is selected
from halogen, formyl, amino, Ci_6alkyl, Ci_6alkylamino, (Ci_6alkyl)2amino,
carbocyclyl, aryl, heterocyclyl, wherein R18 is optionally substituted with
one or more, the same or different, R19 ; R19 is selected from amino,
Ci_6alkyl, hydroxy, carbocyclyl, and heterocyclyl wherein R19 is optionally
substituted with one or more, the same or different, R20; and R20 is
selected from amino, Ci_6alkyl, and halogen. In further embodiments, R17 is
selected from (3R)-3-aminopyrrolidin-l-yl, (3R)-
3-dimethylaminopyrrolidin-l-yl, (3S)-3-(3-aminopropylamino)pyrrolidin-l-yl,
(3S)-3-(5- aminopentanoylamino)pyrrolidin-l-yl, (3S)-3-amino-l-piperidyl,
(3S)-3- aminopyrrolidin-1-yl, (3S)-3-dimethylaminopyrrolidin-l-yl,
(3S,5R)-3,5-dimethylpiperazin-1-yl, 1,4-diazepan-l-yl,
2-(l-piperidyl)ethoxy, 2-diethylaminoethoxy, 2-dimethylaminoethyl-methyl-
amino, 2-hydroxyethoxy, 2-morpholinoethoxy, 3-(2-
aminoethylamino)pyrrolidin- 1-yl, 3-(2-hydroxyethylamino)pyrrolidin- 1-yl,
3-(2- methylaminoethylamino)pyrrolidin- 1-yl,
3-(3-aminopropanoylamino)pyrrolidin- 1-yl, 3-
(3-aminopropylamino)pyrrolidin-l-yl,
3-(3-methyl-l,2,4-oxadiazol-5-yl)-l-piperidyl, 3-
(aminomethyl)-1-piperidyl, 3-(aminomethyl)pyrrolidin- 1-yl,
3-acetamidopyrrolidin- 1-yl, 3-aminopyrrolidin- 1-yl,
3-dimethylaminopropoxy, 3-dimethylaminopropyl-methylamino,
3-dimethylaminopyrrolidin-l-yl, 3-hydroxypyrrolidin-l-yl, 3-pyridyl,
4-(lmethyl- 4-piperidyl)piperazin- 1-yl, 4-(1-piperidyl)- 1-piperidyl,
4-(2- aminoethyl)piperazin- 1-yl, 4-(2-hydroxyethyl)- 1,4-diazepan-1-yl,
4-(2-hydroxyethyl)- 1- piperidyl, 4-(2-hydroxyethyl)piperazin-l-yl,
4-(2-methylaminoethyl)piperazin-l-yl, 4-(2- morpholinoethyl)piperazin-l-yl,
4-(3-aminopropanoyl)- 1,4-diazepan-l-yl, 4-(3-
aminopropanoyl)piperazin-l-yl, 4-(3-aminopropyl)piperazin-l-yl, 4-(3-
hydroxypropyl)piperazin-l-yl, 4-(3-methyl-l,2,4-oxadiazol-5-yl)-l
-piperidyl, 4-(4- aminobutanoyl)- 1,4-diazepan-l-yl,
4-(4-aminobutanoyl)piperazin-l-yl, 4-(4-chloro-2- fluoro-phenyl)piperazin-
1-yl, 4-(4-fluorophenyl)piperazin- 1-yl, 4-(4-
pyridylmethyl)piperazin-l-yl, 4-(5-aminopentanoyl)- 1,4-diazepan-l-yl,
4-(5- aminopentanoyl)piperazin- 1-yl, 4-(azetidine-3-carbonyl)piperazin-
1-yl, A- (benzo[l,3]dioxol-5-ylmethyl)piperazin-l-yl,
4-(cyclopropylmethyl)piperazin-l-yl, A- 



(hydroxymethyl)- 1-piperidyl, 4-(piperidine-3-carbonyl)- 1,4-diazepan-1-yl,
4-(piperidine- 3-carbonyl)piperazin-l-yl,
4-(piperidine-4-carbonyl)piperazin-l-yl, 4-[(2-
chlorophenyl)methyl]piperazin- 1-yl, 4-[3-(aminomethyl)benzoyl]piperazin-
1-yl, 4-[4- (piperazin- 1-ylmethyl)benzoyl]piperazin- 1-yl,
4-acetylpiperazin- 1-yl, 4-amino- 1- piperidyl, 4-butyl- 1,4-diazepan-l-yl,
4-cyclopentylpiperazin-l-yl, 4-dimethylamino-lpiperidyl, 4-hydroxy-l
-piperidyl, 4-isobutylpiperazin-l-yl, 4-isopropylpiperazin-l-yl,
Amethylpiperazin- 1-yl, 4-morpholino-l -piperidyl, 4-pyridyl,
4-pyrrolidin-l-yl-l -piperidyl, 4-tert-butoxycarbonylpiperazin-l-yl,
4-tert-butylpiperazin-l-yl, morpholino, piperazin-1- yl, and
pyrrolidin-1-yl. In further embodiments, the invention relates to a
compound selected from: 5-({2-[(3S)-3-aminopiperidin-l-yl]-3-chloro-5-
(trifruoromethyl)phenyl}methylidene)- 1,3-thiazolidine-2,4-dione;
5-({2-[(3R)-3-aminopiperidin-l-yl]-3-chloro-5-
(trifluoromethyl)phenyl}methylidene)-l,3-thiazolidine-2,4-dione;
5-{[2-(4-aminopiperidin-
1-yl)-3-chloro-5-(trifluoromethyl)phenyl]methylidene }-
1,3-thiazolidine-2,4-dione;
5-({2-[3-(aminomethyl)piperidin-l-yl]-3-chloro-5- (trifluoromethyl)phenyl
}methylidene)- 1,3-thiazolidine-2,4-dione; 5-{[3-chloro-2-(1,4-diazepan-
1-yl)-5-(trifluoromethyl)phenyl]methylidene }-1,3- thiazolidine-2,4-dione;
5-{[3-chloro-2-(4-cyclopentylpiperazin-l-yl)-5-
(trifluoromethyl)phenyl]methylidene}-l,3-thiazolidine-2,4-dione;
5-({3-chloro-2-[4-(4-fluorophenyl)piperazin-l-yl]-5-
(trifluoromethyl)phenyl }methylidene)- 1,3-thiazolidine-2,4-dione;
5-({2-[4-(l,3-benzodioxol-5-ylmethyl)piperazin-l-yl]-3-chloro-5-
(trifluoromethyl)phenyl }methylidene)- 1,3-thiazolidine-2,4-dione;
5-({3-chloro-2-[4-(3-methyl-l,2,4-oxadiazol-5-yl)piperidin-l-yl]-5-
(trifluoromethyl)phenyl }methylidene)- 1,3-thiazolidine-2,4-dione;
5-{[3-chloro-2-(4-pyrrolidin-l-ylpiperidin-l-yl)-5-
(trifluoromethyl)phenyl]methylidene}-l,3-thiazolidine-2,4-dione;
5-({3-chloro-2-[4-(l-methylethyl)piperazin-l-yl]-5- (trifluoromethyl)phenyl
}methylidene)- 1,3-thiazolidine-2,4-dione;
5-({3-chloro-2-[4-(2-methylpropyl)piperazin-l-yl]-5-
(trifluoromethyl)phenyl }methylidene)- 1,3-thiazolidine-2,4-dione;
5-({3-chloro-2-[4-(2-hydroxyethyl)piperidin-l-yl]-5-
(trifluoromethyl)phenyl }methylidene)- 1,3-thiazolidine-2,4-dione;
5-({3-chloro-2-[(3S)-3-(dimethylamino)pyrrolidin-l-yl]-5-
(trifluoromethyl)phenyl }methylidene)- 1,3-thiazolidine-2,4-dione;
5-({3-chloro-2-[4-(4-chloro-2-fluorophenyl)piperazin-l-yl]-5-
(trifluoromethyl)phenyl }methylidene)- 1,3-thiazolidine-2,4-dione;
5-({3-chloro-2-[3-(3-methyl-l,2,4-oxadiazol-5-yl)piperidin-l-yl]-5-
(trifluoromethyl)phenyl }methylidene)- 1,3-thiazolidine-2,4-dione;
5-({3-chloro-2-[4-(pyridin-4-ylmethyl)piperazin-l-yl]-5-
(trifluoromethyl)phenyl}methylidene)-l,3-thiazolidine-2,4-dione;
5-({3-chloro-2-[4-(2-chlorobenzyl)piperazin-l-yl]-5-
(trifluoromethyl)phenyl}methylidene)-l,3-thiazolidine-2,4-dione;
5-({3-chloro-2-[4-(l-methylpiperidin-4-yl)piperazin-l-yl]-5-
(trifluoromethyl)phenyl}methylidene)-l,3-thiazolidine-2,4-dione;
5-({3-chloro-2-[4-(2-morpholin-4-ylethyl)piperazin-l-yl]-5-
(trifluoromethyl)phenyl}methylidene)-l,3-thiazolidine-2,4-dione;
5-({3-chloro-2-[4-(cyclopropylmethyl)piperazin-l-yl]-5-
(trifluoromethyl)phenyl }methylidene)- 1,3-thiazolidine-2,4-dione; 



5-{[3-chloro-2-(4-morpholin-4-ylpiperidin-l-yl)-5-
(trifluoromethyl)phenyl]methylidene}-l,3-thiazolidine-2,4-dione;
5-({3-chloro-2-[4-(3-hydroxypropyl)piperazin-l-yl]-5-
(trifluoromethyl)phenyl }methylidene)- 1,3-thiazolidine-2,4-dione;
5-({3-chloro-2-[4-(dimethylamino)piperidin-l-yl]-5- (trifluoromethyl)phenyl
}methylidene)- 1,3-thiazolidine-2,4-dione; 5-{ [3-chloro-2-{
[3-(dimethylamino)propyl](methyl)amino}-5-
(trifluoromethyl)phenyl]methylidene}-l,3-thiazolidine-2,4-dione;
5-({3-chloro-2-[4-(2-hydroxyethyl)-l,4-diazepan-l-yl]-5-
(trifluoromethyl)phenyl }methylidene)- 1,3-thiazolidine-2,4-dione;
5-{[2-(4-butyl-l,4-diazepan-l-yl)-3-chloro-5-
(trifluoromethyl)phenyl]methylidene}-l,3-thiazolidine-2,4-dione;
5-({3-chloro-2-[4-(2-hydroxyethyl)piperazin-l-yl]-5-
(trifluoromethyl)phenyl }methylidene)- 1,3-thiazolidine-2,4-dione;
5-{[3-chloro-2-morpholin-4-yl-5-(trifluoromethyl)phenyl]methylidene }-1,3-
thiazolidine-2,4-dione; 5-{[2-(4-tert-butylpiperazin-l-yl)-3-chloro-5-
(trifluoromethyl)phenyl]methylidene}-l,3-thiazolidine-2,4-dione;
5-{[2-(l,4'-bipiperidin-l'-yl)-3-chloro-5-(trifluoromethyl)phenyl]methylide
ne}- 1,3-thiazolidine-2,4-dione;5-{[3-chloro-2-(4-methylpiperazin-
1-yl)-5-(trifluoromethyl)phenyl]methylidene }- 1,3-thiazolidine-2,4-dione;
5-({3-bromo-2-[(3S)-3-(dimethylamino)pyrrolidin-l-yl]phenyl}methylidene)-l,
3- thiazolidine-2,4-dione; and
5-({2-[(3R,5S)-3,5-dimethylpiperazin-l-yl]-5-
(trifluoromethyl)phenyl}methylidene)-l,3-thiazolidine-2,4-dione;
(5Z)-5-({2-[(3S)-3-aminopyrrolidin-l-yl]-3-chloro-5-
(trifluoromethyl)phenyl}methylidene)-l,3-thiazolidine-2,4-dione,
(5Z)-5-({3-[3-(4-methylpiperazin-l-yl)propoxy]phenyl}methylidene)-l,3-
thiazolidine-2,4-dione;
2-{3-[(Z)-(2,4-dioxo-l,3-thiazolidin-5-ylidene)methyl]phenoxy}acetamide;
(5Z)-5-{[3-(3-piperidin-l-ylpropoxy)phenyl]methylidene}-l,3-thiazolidine-2,
4- dione;
(5Z)-5-({3-[(4-methylpiperazin-l-yl)methyl]phenyl}methylidene)-l,3-
thiazolidine-2,4-dione;
N-[2-(dimethylamino)ethyl]-2'-[(Z)-(2,4-dioxo-l,3-thiazolidin-5-ylidene)met
hyl]- N-methylbiphenyl-4-sulfonamide;
5-({2-[(3S)-3-(dimethylamino)pyrrolidin-l-yl]-5-methoxyphenyl}methylidene)-
1,3-thiazolidine-2,4-dione;
5-({2-[(3S)-3-(dimethylamino)pyrrolidin-l-yl]-5-
(trifluoromethyl)phenyl}methylidene)-l,3-thiazolidine-2,4-dione;
5-({5-chloro-2-[(3S)-3-(dimethylamino)pyrrolidin-l-yl]phenyl}methylidene)-l
,3- thiazolidine-2,4-dione;
5-({2-[(3S)-3-(dimethylamino)pyrrolidin-l-yl]-4-methylphenyl}methylidene)-
1,3-thiazolidine-2,4-dione;
5-({2-[(3S)-3-(dimethylamino)pyrrolidin-l-yl]-5-fluorophenyl}methylidene)-l
,3- thiazolidine-2,4-dione;
5-({2-[(3S)-3-(dimethylamino)pyrrolidin-l-yl]-5-methylphenyl}methylidene)-
1,3-thiazolidine-2,4-dione;
5-({5-bromo-2-[(3S)-3-(dimethylamino)pyrrolidin-l-yl]phenyl}methylidene)-l,
3- thiazolidine-2,4-dione;
5-({2-[(3S)-3-(dimethylamino)pyrrolidin-l-yl]-3-fluorophenyl}methylidene)-l
,3- 



thiazolidine-2,4-dione;
5-({2-chloro-6-[(3S)-3-(dimethylamino)pyrrolidin-l-yl]phenyl}methylidene)-l
,3- thiazolidine-2,4-dione;
(5Z)-5-({2-[(3R)-3-(aminomethyl)pyrrolidin-l-yl]-3-chlorophenyl}methylidene
)- 1,3-thiazolidine-2,4-dione;
(5Z)-5-({2-[(3S)-3-(aminomethyl)pyrrolidin-l-yl]-3-chlorophenyl}methylidene
)- 1,3-thiazolidine-2,4-dione;
(5Z)-5-({2-[(3R)-3-aminopiperidin-l-yl]-3-chlorophenyl}methylidene)-l,3-
thiazolidine-2,4-dione;
(5Z)-5-({2-[(3R)-3-aminopiperidin-l-yl]-3-methoxyphenyl}methylidene)-l,3-
thiazolidine-2,4-dione;
(5Z)-5-({2-[(3R)-3-aminopiperidin-l-yl]-3-bromophenyl}methylidene)-l,3-
thiazolidine-2,4-dione;
(5Z)-5-({2-[(3R)-3-aminopyrrolidin-l-yl]-3-chlorophenyl}methylidene)-l,3-
thiazolidine-2,4-dione;
(5Z)-5-({2-[(3S)-3-aminopyrrolidin-l-yl]-3-bromophenyl}methylidene)-l,3-
thiazolidine-2,4-dione;
(5Z)-5-({2-[(3R)-3-aminopiperidin-l-yl]-3-ethoxyphenyl}methylidene)-l,3-
thiazolidine-2,4-dione; (5Z)-5-({2-[(3R)-3-aminopiperidin-l-yl]-3-(2-
methylpropoxy)phenyl }methylidene)-1,3-thiazolidine-2,4-dione ;
(5Z)-5-({2-[(3R)-3-aminopiperidin-l-yl]-3-
(cyclohexylmethoxy)phenyl}methylidene)-l,3-thiazolidine-2,4-dione;
(5Z)-5-({2-[(3R)-3-aminopiperidin-l-yl]-3-(cyclohexyloxy)phenyl}methylidene
)- 1,3-thiazolidine-2,4-dione;
(5Z)-5-({2-[(3R,4R)-3-amino-4-hydroxypiperidin-l-yl]-3-
chlorophenyl}methylidene)-l,3-thiazolidine-2,4-dione; (5Z)-5-
{[3-chloro-2-(1,4-diazepan- 1-yl)phenyl]methylidene }-1,3-thiazolidine-
2,4-dione;(5Z)-5-({2-[(3R)-3-aminopiperidin-l-yl]-3-(lmethylethoxy)
phenyl}methylidene)-l,3-thiazolidine-2,4-dione;
(5Z)-5-({2-[(3S)-3-aminopyrrolidin-l-yl]-3-(lmethylethoxy)
phenyl}methylidene)-1,3-thiazolidine-2,4-dione;
(5Z)-5-({2-[(3S)-3-aminopyrrolidin-l-yl]-3-ethoxyphenyl}methylidene)-l,3-
thiazolidine-2,4-dione;
(5Z)-5-({2-[(3R)-3-{[4-(aminomethyl)benzyl]amino}piperidin-l-yl]-3-
chlorophenyl}methylidene)-l,3-thiazolidine-2,4-dione;
(5Z)-5-({3-chloro-2-[(3R)-3-{[2-(methylamino)ethyl]amino}piperidin-lyl]
phenyl}methylidene)-l,3-thiazolidine-2,4-dione;
(5Z)-5-({2-[(3S,4S)-3-amino-4-hydroxypyrrolidin-l-yl]-3-
chlorophenyl}methylidene)-l,3-thiazolidine-2,4-dione;
(5Z)-5-({3-chloro-2-[4-methyl-3-(methylamino)piperidin-lyl]
phenyl}methylidene)-l,3-thiazolidine-2,4-dione;
(5Z)-5-{[2-(3-amino-4-methylpiperidin-l-yl)-3-chlorophenyl]methylidene}-l,3
- thiazolidine-2,4-dione;
(5Z)-5-({2-[(3R)-3-aminopiperidin-l-yl]phenyl}methylidene)-l,3-thiazolidine
- 2,4-dione;
(5Z)-5-({2-[(3S)-3-aminopyrrolidin-l-yl]phenyl}methylidene)-l,3-thiazolidin
e- 2,4-dione; (5Z)-5-({2-[(3R)-3-aminopiperidin-l-yl]-3-(2,2,2-
trifluoroethoxy)phenyl}methylidene)-1,3-thiazolidine-2,4-dione; 



(5Z)-5-({2-[(3S)-3-aminopyrrolidin-l-yl]-3-(2,2,2-
trifluoroethoxy)phenyl}methylidene)-1,3-thiazolidine-2,4-dione;
(5Z)-5-({2-[(3R)-3-aminopiperidin-l-yl]-3-(2-
methoxyethoxy)phenyl}methylidene)- 1,3-thiazolidine-2,4-dione;
(5Z)-5-({2-[(3S)-3-aminopyrrolidin-l-yl]-3-(2-
methoxyethoxy)phenyl}methylidene)- 1,3-thiazolidine-2,4-dione;
(5Z)-5-({2-[(3R)-3-aminopiperidin-l-yl]-3-
(cyclopentyloxy)phenyl}methylidene)-l,3-thiazolidine-2,4-dione;
(5Z)-5-({2-[(3R)-3-aminopiperidin-l-yl]-3-(cyclobutyloxy)phenyl}methylidene
)- 1,3-thiazolidine-2,4-dione;
4-[(3R)-3-aminopiperidin-l-yl]-3-[(Z)-(2,4-dioxo-l,3-thiazolidin-5-
ylidene)methyl]benzamide;
4-[(3S)-3-aminopiperidin-l-yl]-3-[(Z)-(2,4-dioxo-l,3-thiazolidin-5-
ylidene)methyl]benzamide;
4-[(3R)-3-aminopiperidin-l-yl]-3-[(Z)-(2,4-dioxo-l,3-thiazolidin-5-
ylidene)methyl]benzoic acid;
4-[(3S)-3-aminopyrrolidin-l-yl]-3-[(Z)-(2,4-dioxo-l,3-thiazolidin-5-
ylidene)methyl]benzoic acid;
(5Z)-5-({2-[(3R)-3-aminopiperidin-l-yl]biphenyl-3-yl}methylidene)-l,3-
thiazolidine-2,4-dione;
5-{[2-(3-aminopropoxy)-5-methoxyphenyl]methylidene}-l,3-thiazolidine-2,4-
dione;
N-{4-[3-(dimethylamino)pyrrolidin-l-yl]-3-[(Z)-(2,4-dioxo-l,3-thiazolidin-5
- ylidene)methyl]phenyl }acetamide;
(5Z)-5-[(3-chloro-2-{(3R)-3-[(2-hydroxyethyl)amino]piperidin-lyl
}phenyl)methylidene] -1,3-thiazolidine-2,4-dione ;
(5Z)-5-[(3-chloro-2-{(3R)-3-[(3-hydroxypropyl)amino]piperidin-lyl
}phenyl)methylidene] -1,3-thiazolidine-2,4-dione ;
N-[(3S)-l-{2-chloro-6-[(Z)-(2,4-dioxo-l,3-thiazolidin-5-
ylidene)methyl]phenyl }pyrrolidin-3-yl] -1-methyl-
lH-imidazole-2-carboxamide;
N-[(3S)-l-{2-chloro-6-[(Z)-(2,4-dioxo-l,3-thiazolidin-5-
ylidene)methyl]phenyl }pyrrolidin-3-yl]-2-methoxyacetamide;
N-[(3S)-l-{2-chloro-6-[(Z)-(2,4-dioxo-l,3-thiazolidin-5-
ylidene)methyl]phenyl }pyrrolidin-3-yl] -1-methyl-
lH-pyrazole-3-carboxamide;
N2-carbamoyl-N-[(3S)-l-{2-chloro-6-[(Z)-(2,4-dioxo-l,3-thiazolidin-5-
ylidene)methyl]phenyl }pyrrolidin-3-yl]glycinamide;
N-[(3S)-l-{2-chloro-6-[(Z)-(2,4-dioxo-l,3-thiazolidin-5-
ylidene)methyl]phenyl}pyrrolidin-3-yl]-2-pyridin-3-ylacetamide;
N-[(3S)-l-{2-chloro-6-[(Z)-(2,4-dioxo-l,3-thiazolidin-5-
ylidene)methyl]phenyl}pyrrolidin-3-yl]-2-pyridin-4-ylacetamide;
N-[(3S)-l-{2-chloro-6-[(Z)-(2,4-dioxo-l,3-thiazolidin-5-
ylidene)methyl]phenyl }pyrrolidin-3-yl] -1-methyl-
lH-pyrazole-4-carboxamide;
N-[(3S)-l-{2-chloro-6-[(Z)-(2,4-dioxo-l,3-thiazolidin-5-
ylidene)methyl]phenyl}pyrrolidin-3-yl]-2-(l-oxidothiomorpholin-4-yl)acetami
de; N-[(3S)-l-{2-chloro-6-[(Z)-(2,4-dioxo-l,3-thiazolidin-5-
ylidene)methyl]phenyl }pyrrolidin-3-yl] -4-sulfamoylbutanamide;
N'-[(3S)-l-{2-chloro-6-[(Z)-(2,4-dioxo-l,3-thiazolidin-5-
ylidene)methyl]phenyl}pyrrolidin-3-yl]-N,N-dimethylbutanediamide;
N-[(3S)-l-{2-chloro-6-[(Z)-(2,4-dioxo-l,3-thiazolidin-5-
ylidene)methyl]phenyl}pyrrolidin-3-yl]-N~2~,N~2~-dimethylglycinamide;
N-[(3S)-l-{2-chloro-6-[(Z)-(2,4-dioxo-l,3-thiazolidin-5-
ylidene)methyl]phenyl }pyrrolidin-3-yl] -2-cyanoacetamide; 



N2-acetyl-N-[(3S)-l-{2-chloro-6-[(Z)-(2,4-dioxo-l,3-thiazolidin-5-
ylidene)methyl]phenyl }pyrrolidin-3-yl] glycinamide;
(5Z)-5-({3-chloro-2-[(3R)-3-(dipropylamino)piperidin-l-yl]phenyl}methyliden
e)- 1,3-thiazolidine-2,4-dione;
(5Z)-5-[(3-chloro-2-{(3R)-3-[(3,3,3-trifluoropropyl)amino]piperidin-lyl
}phenyl)methylidene] -1,3-thiazolidine-2,4-dione ;
5-[(5-methoxy-2-{3-[(l-methylethyl)amino]propoxy}phenyl)methylidene]-l,3-
thiazolidine-2,4-dione;
(5Z)-5-({5-amino-2-[3-(dimethylamino)pyrrolidin-l-yl]phenyl}methylidene)-l,
3- thiazolidine-2,4-dione; and
5-[(2-amino-4,5-dimethoxyphenyl)methylidene]-l,3-thiazolidine-2,4-dione, or
salts thereof. In some embodiments, the invention relates to any of the
compounds disclosed herein that are in the (Z) isomer. In some embodiments,
the invention relates to any of the compounds disclosed herein that are in
the (E) isomer.In some embodiments, the invention relates to compositions
comprising a mixture of the (Z) and (E) isomers. In some embodiments, the
invention relates to a pharmaceutical composition comprising a substituted
5-(3-halo-2-[piperidin-l-yl]phenylmethylidene)-l,3- thiazolidine-2,4-dione
functioning to inhibit a PIM kinase. In further embodiments, the invention
relates to a pharmaceutical composition comprising a compound of formula I,
IA, IB, IC, ID, or IX or a pharmaceutically acceptable salt thereof. In
further embodiments, the invention relates to a method of inhibiting a PIM
kinase comprising, providing a compound of formula I, IA, IB, IC, ID, or
IX, as defined herein, and mixing a PIM kinase and said compound under
conditions such that PIM kinase phosphorylation is inhibited. In further
embodiments, said method is an in vitro method. In further embodiments,
said method is an in vivo method. In further embodiments, the invention
relates to a method of inhibiting a PIM kinase in a subject comprising
administering to the subject a therapeutically effective amount of a
compound of any of the formula disclosed herein or a pharmaceutically
acceptable salt thereof. In further embodiments, said PEVI kinase is
selected from PIM-I, PIM-2, and PIM-3. In further embodiments, the
invention relates to the use of a compound of the formula I, IA, IB, IC,
ID, or IX, or a pharmaceutically acceptable salt thereof, as defined
herein, for the manufacture of a medicament for the production of a PIM
kinase inhibitory effect in a subject. In further embodiments, the
invention relates to the use of a compound of the formula I, IA, IB, IC,
ID, or IX, or a pharmaceutically acceptable salt thereof, as disclosed
herein, for the manufacture of a medicament for the production of an
anti-cancer effect in a subject. In some embodiments, the invention relates
to a method of making a compound of formula IA as defined herein,or salt
thereof, comprising a) mixing a compound of formula XI, or salt thereof,
wherein E is a halogen, and R5,Rr ,6 , and A are defined herein, with a
compound of formula XII, or salt thereof, wherein 



-, R8, R9, n, m, Y and X are defined herein, if Y is N, then R2 1 is
hydrogen, if Y is C, then R,21 is selected from boronic acid and a boronic
ester, and if Y is CH, then R,21 is selected from a metal halide, under
conditions such that composition comprising a compound of formula XIII,or
salt thereof, is formed; and b) mixing the compound of formula XIII and
thiazolidine-2,4-dione under conditions such that a compound of formula IA
is formed. In further embodiments, said metal halide is selected from
lithium chloride and magnesium bromide. In further embodiments, said
boronic ester is a dialkyl boronic ester, such as diethyl boronic ester, or
a cyclic boronic ester, such as the boronic ester of 1,2-alkyldiols, such
as 1,3,2-dioxaborolane, or cycloalkyldiols which may be optionally
substituted. In further embodiments, the invention relates to a method of
making a compound of formula ID, or salt thereof comprising a) mixing a
compound of formula II, or salt thereof, wherein R , 5,Rr ,6 , and A are
defined herein, with a compound of formula III,formula III, or salt
thereof, wherein R 8, R 9 , nn,, aanndd X aarree defined herein, under
conditions such that composition comprising a compound o f formula IV, or
salt thereof, i s formed; and b ) mixing the compound o f formula IV and
thiazolidine-2,4-dione under conditions such that a compound o f formula ID
i s formed. In further embodiments, the invention relates to a method o f
making a compound o f formula IC, or salt thereof comprising a ) mixing a
compound o f formula V , or salt thereof, wherein R 5 , R 6 , and R 7 are
defined herein, with a compound o f formula VI, , or salt thereof, wherein
R 14 , n , X aanndd Y aarree idefined herein, under conditions such that a
composition comprising a compound o f formula VIII,or salt thereof, is
formed; and b) mixing the compound of formula VIII and
thiazolidine-2,4-dione under conditions such that a compound of formula IC
is formed. In some embodiments, the invention relates to compounds of
formula I, IA, IB, IC, ID, or IX provided that they are not selected from
5-((2-dipropylamino-5- nitrophenyl)methylene)-2,4-thiazolidinedione;
5-((5-nitro-2-(l-piperidinyl)phenyl)methylene)-2,4-thiazolidinedione;
5-((2-(4-morpholinyl)-5-nitrophenyl)methylene)-2,4-thiazolidinedione;
5-[[2-(4-methyl-l-piperazinyl)phenyl]methylene]-2,4-thiazolidinedione;
5-[[2-[(2,6-dichloro-3-methylphenyl)amino]phenyl]methylene]-2,4-thiazolidin
edione;
[2S-[2a(Z),4a]]-l-([l,l'-biphenyl]-4-ylsulfonyl)-N-[2-[(2,4-dioxo-5-
thiazolidinylidene)methyl]phenyl]-4-(methylthio)-2-pyrrolidinemethanamine;
1,1-dimethylethyl ester
[[2S-[2a(Z),4a]]-3-[[[l-([l,l'-biphenyl]-4-ylsulfonyl)-4-
(methylthio)-2-pyrrolidinyl]methyl]amino]-4-[(2,4-dioxo-5-
thiazolidinylidene)methyl]phenyl] carbamic acid; and
[2S-[2a(Z),4a]]-N-[5-amino-2-[(2,4-dioxo-5-thiazolidinylidene)methyl]phenyl
]-l-([l,rbiphenyl]- 4-ylsulfonyl)-4-(methylthio)-2-pyrrolidinemethanamine.
It is the Applicants understanding that WO 2001002377 discloses 5-((2-
dipropylamino-5-nitrophenyl)methylene)-2,4-thiazolidinedione,
5-((5-nitro-2-(l-piperidinyl)phenyl)methylene)-2,4-thiazolidinedione, and
5-((2-(4- morpholinyl)-5-nitrophenyl)methylene)-2,4-thiazolidinedione. 



It is the Applicants understanding that WO 9814433 discloses
5-[[2-(4-methyl-l-piperazinyl)phenyl]methylene]-2,4-thiazolidinedione.It is
the Applicants understanding that US Patent No. 6,211,209 discloses, 5-[[2-
[(2,6-dichloro-3-methylphenyl)amino]phenyl]methylene]-2,4-thiazolidinedione
. It is the Applicants understanding that WO 9705135 discloses,
[2S-[2a(Z),4a]]-
l-([l,l'-biphenyl]-4-ylsulfonyl)-N-[2-[(2,4-dioxo-5-thiazolidinylidene)meth
yl]phenyl]-4- (methylthio)-2-pyrrolidinemethanamine, 1,1-dimethylethyl
ester [[2S-[2a(Z),4a]]-3-[[[l- ([1,1 '-biphenyl]
-4-ylsulfonyl)-4-(methylthio)-2-pyrrolidinyl]methyl] amino] -4- [(2,4-
dioxo-5-thiazolidinylidene)methyl]phenyl]-carbamic acid, and
[2S-[2a(Z),4a]]-N-[5- amino-2-[(2,4-dioxo-5-thiazolidinylidene)methyl]
phenyl] -1-([1,1'-biphenyl] -Aylsulfonyl)-
4-(methylthio)-2-pyrrolidinemethanamine. The preceding understandings are
not intended to be admissions. In some embodiments, compounds disclosed
herein could be used in the clinic either as a single agent by itself or in
combination with other clinically relevant agents. This compound could also
prevent the potential cancer resistance mechanisms that may arise due to
mutations in a set of genes. The anti-cancer treatment defined herein may
be applied as a sole therapy or may involve, in addition to the compound of
the invention, conventional surgery or radiotherapy or chemotherapy. Such
chemotherapy may include one or more of the following categories of
anti-tumour agents: (i) antiproliferative/antineoplastic drugs and
combinations thereof, as used in medical oncology, such as alkylating
agents (for example cis-platin, carboplatin, cyclophosphamide, nitrogen
mustard, melphalan, chlorambucil, busulfan and nitrosoureas);
antimetabolites (for example antifolates such as fluoropyrimidines like
5-fluorouracil and tegafur, raltitrexed, methotrexate, cytosine arabinoside
and hydroxyurea); antitumour antibiotics (for example anthracyclines like
adriamycin, bleomycin, doxorubicin, daunomycin, epirubicin, idarubicin,
mitomycin-C, dactinomycin and mithramycin); antimitotic agents (for example
vinca alkaloids like vincristine, vinblastine, vindesine and vinorelbine
and taxoids like taxol and taxotere); and topoisomerase inhibitors (for
example epipodophyllotoxins like etoposide and teniposide, amsacrine,
topotecan and camptothecin); and proteosome inhibitors (for example
bortezomib [Velcade(r)]); and the agent anegrilide [Agrylin(r)] ; and the
agent alphainterferon(ii) cytostatic agents such as antioestrogens (for
example tamoxifen, toremifene, raloxifene, droloxifene and iodoxyfene),
oestrogen receptor down regulators (for example fulvestrant), antiandrogens
(for example bicalutamide, flutamide, nilutamide and cyproterone acetate),
LHRH antagonists or LHRH agonists (for example goserelin, leuprorelin and
buserelin), progestogens (for example megestrol acetate), aromatase
inhibitors (for example as anastrozole, letrozole, vorazole and exemestane)
and inhibitors of 5a-reductase such as finasteride; (iii) agents which
inhibit cancer cell invasion (for example metalloproteinase inhibitors like
marimastat and inhibitors of urokinase plasminogen activator receptor
function); (iv) inhibitors of growth factor function, for example such
inhibitors include growth factor antibodies, growth factor receptor
antibodies (for example the anti-erbb2 antibody trastuzumab [Herceptin(tm)]
and the anti-erbbl antibody cetuximab [C225]) , farnesyl transferase
inhibitors, tyrosine kinase inhibitors and serine/threonine kinase
inhibitors, for example inhibitors of the epidermal growth factor family
(for example EGFR family tyrosine kinase inhibitors such as:
N-(3-chloro-4-fluorophenyl)-7-methoxy-6-(3-morpholinopropoxy)quinazolin-4-a
mine (gefitinib, AZD1839),
N-(3-ethynylphenyl)-6,7-bis(2-methoxyethoxy)quinazolin-4-amine (erlotinib,
OSI-774), and 



6-acrylamido-N-(3-chloro-4-fluorophenyl)-7-(3-morpholinopropoxy)quinazolin-
4 -amine (CI 1033), for example inhibitors of the platelet-derived growth
factor family and for example inhibitors of the hepatocyte growth factor
family, for example inhibitors or phosphotidylinositol 3-kinase (PI3K) and
for example inhibitors of mitogen activated protein kinase kinase (MEK1/2)
and for example inhibitors of protein kinase B (PKB/Akt), for example
inhibitors of Src tyrosine kinase family and/or Abelson (AbI) tyrosine
kinase family such as AZD0530 and dasatinib (BMS-354825) and imatinib
mesylate (Gleevec(tm)); and any agents that modify STAT signaling. (v)
antiangiogenic agents such as those which inhibit the effects of vascular
endothelial growth factor, (for example the anti-vascular endothelial cell
growth factorantibody bevacizumab [Avastin(tm)], compounds such as those
disclosed in International Patent Applications WO 97/22596, WO 97/30035, WO
97/32856 and WO 98/13354) and compounds that work by other mechanisms (for
example linomide, inhibitors of integrin ocvb3 function and angiostatin);
(vi) vascular damaging agents such as Combretastatin A4 and compounds
disclosed in International Patent Applications WO 99/02166, WO 00/40529, WO
00/41669, WO 01/92224, WO 02/04434 and WO 02/08213; (vii) antisense
therapies, for example those which are directed to the targets listed
above, such as ISIS 2503, an anti-ras antisense; (viii) gene therapy
approaches, including for example approaches to replace aberrant genes such
as aberrant p53 or aberrant BRCAl or BRCA2, GDEPT (gene-directed enzyme
pro-drug therapy) approaches such as those using cytosine deaminase,
thymidine kinase or a bacterial nitroreductase enzyme and approaches to
increase patient tolerance to chemotherapy or radiotherapy such as
multi-drug resistance gene therapy; and (ix) immunotherapy approaches,
including for example ex-vivo and in-vivo approaches to increase the
immunogenicity of patient tumour cells, such as transfection with cytokines
such as interleukin 2, interleukin 4 or granulocyte-macrophage colony
stimulating factor, approaches to decrease T-cell anergy, approaches using
transfected immune cells such as cytokine-transfected dendritic cells,
approaches using cytokine-transfected tumour cell lines and approaches
using anti-idiotypic antibodies, and approaches using the immunomodulatory
drugs thalidomide and lenalidomide [Revlimid (r)] . Such conjoint treatment
may be achieved by way of the simultaneous, sequential or separate dosing
of the individual components of the treatment. Such combination products
employ the compounds of this invention, or pharmaceutically acceptable
salts thereof, within the dosage range described hereinbefore and the other
pharmaceutically-active agent within its approved dosage range. The
invention relates to phosphorylation inhibitors of PEVI kinases. In still
further embodiments, the invention relates to pharmaceutical composition
comprising compounds disclosed herein and their use in the prevention and
treatment of cancer.It is understood the compositions disclosed herein may
exist in solid and solution form tautomers. For example, imidazole and
imidazole containing heterocycles may be drawn in a formula such that one
or the other of the nitrogens contain a hydrogen atom. However, as provided
herein, embodiments of such a formula are considered to encompass
alternative tautomeric forms. As used herein, "alkyl" means a noncyclic
straight chain or branched, unsaturated or saturated hydrocarbon such as
those containing from 1 to 10 carbon atoms, while the term "lower alkyl" or
"Ci_6alkyl" has the same meaning as alkyl but contains from 1 to 6 carbon
atoms. The term "higher alkyl" has the same meaning as alkyl but contains
from 7 to 10 carbon atoms. Representative saturated straight chain alkyls
include methyl, ethyl, 



n-propyl, n-butyl, n-pentyl, n-hexyl, n-septyl, n-octyl, n-nonyl, and the
like; while saturated branched alkyls include isopropyl, sec-butyl,
isobutyl, tert-butyl, isopentyl, and the like. Unsaturated alkyls contain
at least one double or triple bond between adjacent carbon atoms (referred
to as an "alkenyl" or "alkynyl", respectively). Representative straight
chain and branched alkenyls include ethylenyl, propylenyl, 1-butenyl,
2-butenyl, isobutylenyl, 1-pentenyl, 2-pentenyl, 3-methyl- 1-butenyl,
2-methyl-2-butenyl, 2,3- dimethyl-2-butenyl, and the like; while
representative straight chain and branched alkynyls include acetylenyl,
propynyl, 1-butynyl, 2-butynyl, 1-pentynyl, 2-pentynyl, 3-
methyl-1-butynyl, and the like. A "halogenated alkyl" refers to an alkyl
group where one or more or all of the hydrogen(s) are substituted with
halogen(s). A representative halogenated alkyl includes trifluoromethyl
(i.e., -CF ) . Non-aromatic mono or polycyclic alkyls are referred to
herein as "carbocycles" or "carbocyclyl" groups. Representative saturated
carbocycles include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and
the like; while unsaturated carbocycles include cyclopentenyl and
cyclohexenyl, aryls and the like. "Heterocarbocycles" or heterocarbocyclyl"
groups are carbocycles which contain from 1 to 4 heteroatoms independently
selected from nitrogen, oxygen and sulfur which may be saturated or
unsaturated (but not aromatic), monocyclic or polycyclic, and wherein the
nitrogen and sulfur heteroatoms may be optionally oxidized, and the
nitrogen heteroatom may be optionally quaternized. Heterocarbocycles
include morpholinyl,pyrrolidinonyl, pyrrolidinyl, piperidinyl, hydantoinyl,
valerolactamyl, oxiranyl, oxetanyl, tetrahydrofuranyl, tetrahydropyranyl,
tetrahydropyridinyl, tetrahydroprimidinyl, tetrahydrothiophenyl,
tetrahydrothiopyranyl, tetrahydropyrimidinyl, tetrahydrothiophenyl,
tetrahydrothiopyranyl, and the like. "Aryl" means an aromatic carbocyclic
monocyclic or polycyclic ring such as phenyl or naphthyl. As used herein,
"heteroaryl" refers an aromatic heterocarbocycle having 1 to 4 heteroatoms
selected from nitrogen, oxygen and sulfur, and containing at least 1 carbon
atom, including both mono- and polycyclic ring systems. Polycyclic ring
systems may, but are not required to, contain one or more non-aromatic
rings, as long as one of the rings is aromatic. Representative heteroaryls
are furyl, benzofuranyl, thiophenyl, benzothiophenyl, pyrrolyl, indolyl,
isoindolyl, azaindolyl, pyridyl, quinolinyl, isoquinolinyl, oxazolyl,
isooxazolyl, benzoxazolyl, pyrazolyl, imidazolyl, benzimidazolyl,
thiazolyl, benzothiazolyl, isothiazolyl, pyridazinyl, pyrimidinyl,
pyrazinyl, triazinyl, cinnolinyl, phthalazinyl, and quinazolinyl. It is
contemplated that the use of the term "heteroaryl" includes N-alkylated
derivatives such as a 1-methylimidazol- 5-yl substituent. As used herein,
"heterocycle" or "heterocyclyl" refers to mono- and polycyclic ring systems
having 1 to 4 heteroatoms selected from nitrogen, oxygen and sulfur, and
containing at least 1 carbon atom. The mono- and polycyclic ring systems
may be aromatic, non-aromatic or mixtures of aromatic and non-aromatic
rings. Heterocycle includes heterocarbocycles, heteroaryls, and the like.
"Alkylthio" refers to an alkyl group as defined above with the indicated
number of carbon atoms attached through a sulfur bridge. An example of an
alkylthio is methylthio, (i.e., -S-CH3) . "Alkoxy" refers to an alkyl group
as defined above with the indicated number of carbon atoms attached through
an oxygen bridge. Examples of alkoxy include, but are not limited to,
methoxy, ethoxy, n-propoxy, i-propoxy, n-butoxy, s-butoxy, t-butoxy,
npentoxy, and s-pentoxy. Preferred alkoxy groups are methoxy, ethoxy,
n-propoxy, ipropoxy, n-butoxy, s-butoxy, t-butoxy."Alkylamino" refers an
alkyl group as defined above with the indicated number 



of carbon atoms attached through an amino bridge. An example of an
alkylamino is methylamino, (i.e., -NH-CH3) . "Alkanoyl" refers to an alkyl
as defined above with the indicated number of carbon atoms attached through
a carbonyl bride (i.e., -(C=O)alkyl). "Alkylsulfonyl" refers to an alkyl as
defined above with the indicated number of carbon atoms attached through a
sulfonyl bridge (i.e., -S(=O)2alkyl) such as mesyl and the like, and
"Arylsulfonyl" refers to an aryl attached through a sulfonyl bridge (i.e.,
- S(=O)2aryl). "Alkylsulfamoyl" refers to an alkyl as defined above with
the indicated number of carbon atoms attached through a sulfamoyl bridge
(i.e., -NHS(=O)2alkyl), and an "Arylsulfamoyl" refers to an alkyl attached
through a sulfamoyl bridge (i.e., (i.e., - NHS(=O)2aryl). "Alkylsulfinyl"
refers to an alkyl as defined above with the indicated number of carbon
atoms attached through a sulfinyl bridge (i.e. -S(=O)alkyl). The term
"substituted" refers to a molecule wherein at least one hydrogen atom is
replaced with a substituent. When substituted, one or more of the groups
are "substituents." The molecule may be multiply substituted. In the case
of an oxo substituent ("=O"), two hydrogen atoms are replaced. Example
substituents within this context may include halogen, hydroxy, alkyl,
alkoxy, nitro, cyano, oxo, carbocyclyl, carbocycloalkyl, heterocarbocyclyl,
heterocarbocycloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl,
-NRaRb, -NRaC(=O)Rb, -NRaC(=O)NRaNRb, -NRaC(=O)ORb, - NRaSO2Rb, -C(=O)Ra,
-C(=O)ORa, -C(=O)NRaRb, -OC(=O)NRaRb, -ORa, -SRa, -SORa, - S(=O)2Ra,
-OS(=O)2Ra and -S(=O)2ORa. Ra and Rb in this context may be the same or
different and independently hydrogen, halogen hydroxyl, alkyl, alkoxy,
alkyl, amino, alkylamino, dialkylamino, carbocyclyl, carbocycloalkyl,
heterocarbocyclyl, heterocarbocycloalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl. The term "optionally substituted," as used herein, means
that substitution is optional and therefore it is possible for the
designated atom to be unsubstituted. As used herein, the terms "prevent"
and "preventing" include the prevention of the recurrence, spread or onset.
It is not intended that the present invention be limited tocomplete
prevention. In some embodiments, the onset is delayed, or the severity of
the disease is reduced. As used herein, the terms "treat" and "treating"
are not limited to the case where the subject (e.g. patient) is cured and
the disease is eradicated. Rather, embodiments, of the present invention
also contemplate treatment that merely reduces symptoms, and/or delays
disease progression. As used herein, "salts" refer to derivatives of the
disclosed compounds where the parent compound is modified making acid or
base salts thereof. Examples of salts include, but are not limited to,
mineral or organic acid salts of basic residues such as amines,
alkylamines, or dialkylamines; alkali or organic salts of acidic residues
such as carboxylic acids; and the like. In preferred embodiment the salts
are conventional non toxic pharmaceutically acceptable salts including the
quaternary ammonium salts of the parent compound formed, and non-toxic
inorganic or organic acids. Preferred salts include those derived from
inorganic acids such as hydrochloric, hydrobromic, sulfuric, sulfamic,
phosphoric, nitric and the like; and the salts prepared from organic acids
such as acetic, propionic, succinic, glycolic, stearic, lactic, malic,
tartaric, citric, ascorbic, pamoic, maleic, hydroxymaleic, phenylacetic,
glutamic, benzoic, salicylic, sulfanilic, 2- acetoxybenzoic, fumaric,
toluenesulfonic, methanesulfonic, ethane disulfonic, oxalic, isethionic,
and the like. The pharmaceutically acceptable salts of the present
invention can be synthesized from the parent compound that contains a basic
or acidic moiety by conventional 



chemical methods. Generally, such salts can be prepared by reacting the
free acid or base forms of these compounds with a stoichiometric amount of
the appropriate base or acid in water or in an organic solvent, or in a
mixture of the two; generally, nonaqueous media like ether, ethyl acetate,
ethanol, isopropanol, or acetonitrile are preferred. Lists of suitable
salts are found in Remington's Pharmaceutical Sciences, 17th ed., Mack
Publishing Company, Easton, Pa., 1985, p. 1418, the disclosure of which is
hereby incorporated by reference. "Subject" means any animal, preferably a
human patient, livestock, or domestic pet."Cancer" refers any of various
cellular diseases with malignant neoplasms characterized by the
proliferation of cells. It is not intended that the diseased cells must
actually invade surrounding tissue and metastasize to new body sites.
Cancer can involve any tissue of the body and have many different forms in
each body area. Within the context of certain embodiments, whether "cancer
is reduced" may be identified by a variety of diagnostic manners known to
one skill in the art including, but not limited to, observation the
reduction in size or number of tumor masses or if an increase of apoptosis
of cancer cells observed, e.g., if more than a 5 % increase in apoptosis of
cancer cells is observed for a sample compound compared to a control
without the compound. It may also be identified by a change in relevant
biomarker or gene expression profile, such as PSA for prostate cancer, her2
for breast cancer, or others. The present pharmaceutical compositions can
take the form of solutions, suspensions, emulsion, tablets, pills, pellets,
capsules, capsules containing liquids, powders, sustained-release
formulations, suppositories, emulsions, aerosols, sprays, suspensions, or
any other form suitable for use. Administration may be topical, i.e.,
substance is applied directly where its action is desired, enteral or oral,
i.e., substance is given via the digestive tract, parenteral, i.e.,
substance is given by other routes than the digestive tract such as by
injection. In a preferred embodiment, the active compound and optionally
another therapeutic or prophylactic agent are formulated in accordance with
routine procedures as pharmaceutical compositions adapted for intravenous
administration to human beings. Typically, the active compound for
intravenous administration are solutions in sterile isotonic aqueous
buffer. Where necessary, the compositions can also include a solubilizing
agent. Compositions for intravenous administration can optionally include a
local anesthetic such as lignocaine to ease pain at the site of the
injection. Generally, the ingredients are supplied either separately or
mixed together in unit dosage form, for example, as a dry lyophilized
powder or water free concentrate in a hermetically sealed container such as
an ampoule. Where the active compound is to be administered by infusion, it
can be dispensed, for example, with an infusion bottle containing sterile
pharmaceutical grade water or saline. Where the active compound is
administered byinjection, an ampoule of sterile water for injection or
saline can be provided so that the ingredients can be mixed prior to
administration. Compositions for oral delivery can be in the form of
tablets, lozenges, aqueous or oily suspensions, granules, powders,
emulsions, capsules, syrups, or elixirs, for example. Orally administered
compositions can contain one or more optional agents, for example,
sweetening agents such as fructose, aspartame or saccharin; flavoring
agents such as peppermint, oil of wintergreen, or cherry; coloring agents;
and preserving agents, to provide a pharmaceutically palatable preparation.
A time delay material such as glycerol monostearate or glycerol stearate
can also be used. Oral compositions can include standard vehicles such as
mannitol, lactose, starch, magnesium stearate, sodium saccharine,
cellulose, magnesium carbonate, and the like. Such vehicles are preferably
of pharmaceutical grade. Compositions for use in accordance with the
present invention can be formulated 



in conventional manner using one or more physiologically acceptable
carriers or excipients. Thus, the compound and optionally another
therapeutic or prophylactic agent and their physiologically acceptable
salts and solvates can be formulated into pharmaceutical compositions for
administration by inhalation or insufflation (either through the mouth or
the nose) or oral, parenteral or mucosol (such as buccal, vaginal, rectal,
sublingual) administration. In one embodiment, local or systemic parenteral
administration is used. For oral administration, the compositions can take
the form of, for example, tablets or capsules prepared by conventional
means with pharmaceutically acceptable excipients such as binding agents
(e.g., pregelatinised maize starch, polyvinylpyrrolidone or hydroxypropyl
methylcellulose); fillers (e.g., lactose, microcrystalline cellulose or
calcium hydrogen phosphate); lubricants (e.g., magnesium stearate, talc or
silica); disintegrants (e.g., potato starch or sodium starch glycolate); or
wetting agents (e.g., sodium lauryl sulfate). The tablets can be coated by
methods well known in the art. Liquid preparations for oral administration
can take the form of, for example, solutions, syrups or suspensions, or
they can be presented as a dry product for constitution with water or other
suitable vehicle before use. Such liquid preparations can be prepared by
conventional means with pharmaceutically acceptable additives such as
suspendingagents (e.g., sorbitol syrup, cellulose derivatives or
hydrogenated edible fats); emulsifying agents (e.g., lecithin or acacia);
non-aqueous vehicles (e.g., almond oil, oily esters, ethyl alcohol or
fractionated vegetable oils); and preservatives (e.g., methyl or
propyl-p-hydroxybenzoates or sorbic acid). The preparations can also
contain buffer salts, flavoring, coloring and sweetening agents as
appropriate.EXPERIMENTAL The following is intended to provide examples on
methods of making and using embodiments of the invention. It is not
intended to limit the scope. Example 1: (
r,Z)-5-(2-(3-aminopiperidin-l-yl)-3-chloro-5-(trifluoromethyl)benzylidene)t
hiazolidine- 2,4-dione trifluoroacetate: A 40 mL vial was charged with a
magentic stir bar, 3-chloro-2-fluoro-5- (trifluoromethyl)benzaldehyde
(0.134 ml, 1.10 mmol), acetonitrile (2.76 ml), (S)-tertbutyl
piperidin-3-ylcarbamate (0.221 g, 1.10 mmol), and K2CO3 (0.229 g, 1.66
mmol). The vial was heated to 70 0C with stirring for 2 h. The vessel was
cooled to rt and the mixture was diluted with DCM and filtered. The
filtrate was cone in vacuo to afford the substituted aldehyde which was
dissolved in EtOH (2.76 ml). Thiazolidine-2,4-dione (0.155 g, 1.32 mmol)
and piperidine (9.40 mg, 0.1 1 mmol) were then added. The mixture was
heated to reflux for 4 h before being allowed to cool to rt and the mixture
was cone. in vacuo. The product was dissolved DCM (2 mL) and TFA ( 1 mL)
and stirred at rt for 1 h before being cone in vacuo. The residue was
dissolved in DMSO (~ 2 mL) and purified via reverse phase HPLC to afford
(S,Z)-5-(2-(3-aminopiperidin-l-yl)-3-chloro-
5-(trifluoromethyl)benzylidene)thiazolidine-2,4-dione trifluoroacetate
(0.214 g, 37.3 %). 1U NMR (300 MHz, DMS0-D6) d ppm 12.78 (s, 1 H) 7.95 (m,
3 H) 7.79 (s, 1 H) 7.62 (s, 1 H) 3.40-3.20 (s, 5 H) 2.12-2.06 (m, IH)
1.79-1.70 (m IH) 1.65-1.60 (m, 1 H) 1.52-1.41 (m, 1 H); m/z 406. The
following examples were prepared by the procedure of Example 1, using the
appropriate starting materials. The following parent compounds obtained
after chromatography may be converted to their corresponding hydrochloride
salts using the procedure in Example 6, or a similar procedure.A PHASED
ARRAY ANTENNA AND A METHOD OF OPERATING A PHASED ARRAYANTENNA The present
invention relates to a phased array antenna and a method of operating a
phased array antenna, in particular, but not exclusively to phased array
antenna systems/panels used in telecommunications systems. 



Reflector antennas such as satellite dishes are used in telecommunications
systems and are simple and well understood. Reflector antennas make up the
majority of high gain antenna systems. In order to steer a reflector
antenna, mechanical movement of the entire reflector is usually necessary,
although alternatives such as mechanical or electrical displacement of the
feed are also known. The speed at which the beam can be steered by a
reflector antenna is limited by the mechanical limitations of accelerating
the mass of the reflector or other movable parts of the antenna. The
mechanical precision of the movement mechanism also limits the pointing
accuracy of the antenna beam. Also, any imprecision in the structure on
which the reflector is mounted can reduce the gain of the reflector antenna
as the physical location and/or direction of the reflector antenna can be
compromised by the structure on which the antenna is mounted. Furthermore,
structural deformation (such as stress and thermal expansion) of the
reflector can reduce the structural accuracy of the reflector antenna,
especially for large reflector antennas. Reflector antennas are bulky and
may be unsuitable for use on high-speed vehicles such as trains as they are
susceptible to damage. For example, wind damage or damage from branches of
trees that may brush against the train may displace and/or damage a
reflector antenna. An alternative to reflector antennas are phased array
antennas, which consist of a number of antenna elements arranged in a grid
pattern to form an array. Phased array antennas can be planar and they
provide an advantage over reflector antennas as they require considerably
less physical depth for installation. However, phased array antennas are
typically more expensive to construct and install due to the accuracy that
is required during manufacture in order to provide a reliable antenna
array. Accurate data in relation to the real physical locations of
theindividual phased array antenna elements relative to each other is
required in order to adequately control the direction and focus of the
phased array antenna and thereby adequately send and receive data. US
2002/0135513 (Dean Alan Paschen et al) discloses a distributed adaptive
combining system for multiple aperture antennas including phased arrays,
wherein each element within the antenna apparatus has an associated
phase/time adjuster circuit. Other phased array antenna systems are known
in which the antenna elements are supported by a movable panel and movement
of the panel is utilised when communicating with a satellite. Such panels
are configured to be tilted and rotated in use. Aspects and embodiments of
the invention were devised with the foregoing in mind. According to a first
aspect of the invention there is provided a phased array antenna comprising
a first antenna element and a plurality of second antenna elements
configured to receive communications signals. The first antenna element
comprising a controllable oscillator configured to provide an output signal
for frequency converting a received communications signal to form a first
element output signal. The phase of the output signal of the controllable
oscillator is adjustable responsive to a phase control signal
representative of a comparison between the first element output signal and
frequency converted output signals of the plurality of second antenna
elements. The first output signal may be constructively combinable with the
output signals of the second elements. According to a second aspect of the
invention there is provided a method of setting the phase of a controllable
oscillator of a first antenna element of a phased array antenna wherein the
output signal of the controllable oscillator is used to frequency 



covert a received communications signal to form a first element output
signal, the method comprising comparing the first element output signal
with frequency converted output signals of a plurality of second antenna
elements; generating a phase control signal representative of the
comparison; adjusting the phase of the output signal generated by the
controllable oscillator associated with the first antenna element in
response to the phase control signal such that the first element output
signal is constructively combinable with the output signals of the second
elements.Generating the phase control signal using signals received at a
plurality of second elements can reduce the effect of noise, and allow a
more accurate phase control signal to be generated because the noise
associated with a signal received at a plurality of antenna elements can be
less than the noise associated with a signal representative of signals
received at a single antenna element. Embodiments of the invention may
provide improved communication systems, particularly those that can be used
while a user of a communications device is in transit in a vehicle, for
example to provide Internet access to a user on a train. The phase of the
output signal of the controllable oscillator may be adjusted relative to
the phase of the communications signal received at the first antenna
element. The output signals may be constructively combinable if they are
the same or are representative of the same value. In some embodiments the
first and second antenna elements may be configured to generate baseband
signals. The phase control signal may represent the result of a comparison
between the first element output signal and a value or characteristic of a
composite/mean/average of the output signals of the plurality of second
antenna elements. Using a composite of signals received at the plurality of
second elements enables signals received at each of the second elements to
influence the phase control signal, and in some embodiments to equally
influence the phase control signal. The phase control signal may represent
the result of a comparison between a data symbol represented by the first
element output signal and a data symbol represented by the second element
output signals. This can enable any time and phase differences between the
communications signals received at the elements to be considered as
statistically insignificant as any differences in the properties at the
carrier frequency of the received communications signal may be reduced
and/or removed when the communications signal is frequency converted into
the data symbol domain.The element output signals may be intermediate
frequency ( IF) signals representative of a data symbol or may be baseband
signals. The phase control signal may represent the result of a comparison
between a data symbol represented by the first element output signal and a
data symbol representative of the data symbols of a majority of the second
element output signals. In this way, the output signal of the first element
can be brought into concordance with the output signal of the majority of
the second elements. The first and second antenna elements may be
configured to receive QPSK communications signals, and the phase control
signal may comprise a representation of a degree of cross-correlation
between in-phase and quadrature phase component output signals of the first
and second antenna elements. The in-built phase characteristics of a QPSK
signal, or any other phase shift-keying signal, can be beneficial when
determining whether or not the relative phase of the output of the
controllable oscillator should be adjusted. The phase control signal may be
representative of a degree of correlation between an in-phase component of
a QPSK output signal of the first antenna element and a quadrature phase
component of output signals of the plurality of second antenna 



elements; and/or the phase control signal may be representative of a degree
of correlation between a quadrature phase component of a QPSK output signal
of the first antenna element and an in-phase phase component of output
signals of the plurality of second antenna elements. In embodiments where
the phase control signal is representative of both comparisons described
above, the phase control signal can be used to more accurately adjust the
relative phase of the controllable oscillator as it is representative of
two sets of comparison data. The phase control signal may be representative
of the difference between the determined degrees of correlation, and may
represent a time averaged value of the difference. This can reduce the
effect of any unwanted signals that are present in both the in-phase and
quadrature phase component signals. Time averaging the difference signal
can reduce and/or minimise any coincidental correlations between the
in-phase and quadrature phase component signals that may lead to an
incorrect phase shift being applied to the controllable oscillator.The
comparison between the first element output signal and the output signals
generated by the plurality of second antenna elements may comprise a
comparison of codes embedded in the output signals. The codes embedded in
the output signals may be determined from the communications signals
received from a data source at the elements, and can allow communications
signals from a desired data source to be identified to the exclusion of
communications signals received from other data sources transmitting at the
same frequency, in some embodiments even where the communications signals
received from the other data sources are stronger than the signal received
from the desired data source. The data source may be a satellite. The first
antenna element may further comprise a phase comparator component
configured to compare the phase of the first element output signal with the
phase of output signals of the plurality of second antenna elements to
generate the phase control signal. Suitably, the phase comparator component
may be derived from a Costas loop. The phase control signal may represent
any differences between the first element output signal and the average of
the second element output signals. The phase control signal may provide an
indication of the degree to which the controllable oscillator is out of
phase with a communications signal received at the first antenna element.
The phased array antenna may further comprise a delay component associated
with one or more of the first or second antenna elements, wherein the one
or more delay components are configured to temporally align the output
signals of the first and second antenna elements. Temporally aligning the
output signals of the first and second elements can cause the output
signals to be aligned in the time domain such that frequency converted
output signals relating to a signal transmitted by a data source at an
instance in time "t" are constructively combined with corresponding
frequency converted output signals relating to the same signal that was
transmitted at the same time "t". This can provide a combined signal with
an improved signal to noise ratio and/or a higher quality of service (QoS)
such as a lower bit error probability. The plurality of second antenna
elements may be configured such that the individual output signals of one
or more of the second elements are given a weighting, and/orinhibited, in
response to a power level control signal satisfying a criterion. The
criterion may be a threshold, for example the criterion may be satisfied if
the power level control signal is greater or less than the threshold. The
power level control signal for a second antenna element may be
representative of a comparison between the output signal of that second
antenna element and the 



output signals of the other second antenna elements. Inhibiting and/or
adjusting a weighting associated with the output signals of one or more of
the second elements can enable the phase control signal to be configured to
more accurately adjust the relative phase of the controllable oscillator as
there is an increased degree of control over how the phase control signal
is generated. For example, the output signal of any faulty or obscured
antenna elements can be excluded from the comparison of output signals when
generating the phase control signal. The phased array antenna may further
comprise a memory configured to store coordinates associated with each of
the first and second elements. The coordinates may identify the physical
location of the elements in the phased array antenna. The coordinates
associated with each of the first and second antenna elements may be
initially set in accordance with physical properties of the phased array
antenna, and this can enable the phased array antenna to more quickly
adjust the relative phase of the controllable oscillator to a desired value
thereby more quickly focussing the phased array antenna onto a desired data
source such as a satellite. The coordinates associated with each of the
first and second antenna elements can be adjusted in response to the phase
control signal. The phased array antenna may further comprise a processor
configured to calculate a plane-of-best-fit for the coordinates. The phase
control signal may comprise a signal that is configured to set the phase of
the controllable oscillator to bring it into line with the
plane-of-best-fit. The phased array antenna may comprise one or more phased
array antenna panels. There may be provided a vehicle, for example a train,
comprising the phased array antenna.There may be provided a computer
program comprising machine or computerreadable program elements for
configuring a phased array antenna to generate control signals for
implementing a method according to an aspect of the invention, and/or to
configure a phased array antenna of an aspect of the invention. A carrier
medium carrying a computer program may be provided. The carrier medium may
be one of the following: solid-state memory; magnetic memory; CDROM;
digital versatile disk (DVD); HD-DVD; read-write CD; Blu-ray Disk, an
electronic signal; radio frequency carrier wave or optical carrier wave.
There may be provided a phased array antenna panel comprising a plurality
of antenna elements, said plurality of antenna elements comprising a
controllable oscillator and a Costas loop, wherein said controllable
oscillator is configured such that the phase of the controllable oscillator
is set in response to a control signal generated by the Costas loop.
According to a further aspect of the invention, there is provided an
element of a phased array antenna comprising a Costas loop, wherein the
Costas loop is configured to multiply the in-phase component of a local
output signal by the quadrature phase component of an external output
signal to generate a phase control signal. According to a further still
aspect of the invention, there is provided an element of a phased array
antenna comprising a Costas loop, wherein the Costas loop is configured to
multiply the quadrature component of a local output signal by the inphase
phase component of an external output signal to generate a phase control
signal. Using an external output signal can enable the Costas loop to
provide improved phase control data by reducing effects of noise that may
be received at the element. The phase control signal may cause the phase of
a local oscillator to more quickly and/or more accurately be adjusted in
order to lock the Costas loop. 



The external output signal may be a consensus/composite of output signals
generated by one or more further elements of the phased array antenna.
Using a consensus of output signals can reduce the overall effects of noise
received at the individual elements.There may be a break in the Costas Loop
associated with an element, where a consensus/composite of output signals
of Costas Loops associated with other elements is used to derive the phase
adjustment for the local oscillator for the element. Specific embodiments
in accordance with the present invention will now be described, by way of
example only, with reference to the drawings, in which:- Figure 1 shows a
communications system according to an embodiment of the invention; Figure 2
shows a communications system according to another embodiment of the
invention; Figure 3 shows a component diagram of a phased array panel
according to another embodiment of the invention; Figure 4 shows a circuit
diagram associated with a phased array element according to another
embodiment of the invention; Figure 5 shows a circuit diagram associated
with a phased array element according to another embodiment of the
invention; Figure 6 shows a circuit diagram associated with a phased array
element according to another embodiment of the invention; Figure 7 shows a
circuit diagram associated with a phased array element according to another
embodiment of the invention; Figure 8 shows a communications system
according to another embodiment of the invention; Figure 9 shows a circuit
diagram associated with a phased array element according to another
embodiment of the invention;Figure 10 shows schematically a cross-sectional
view of a phased array panel according to another embodiment of the
invention; Figure 11 shows schematically a top view of a phased array panel
according to another embodiment of the invention; Figure 12 shows a circuit
diagram associated with a phased array element according to another
embodiment of the invention; and Figures 13 and 14 illustrate graphically
the results of the simulation of a receiver according to an embodiment of
the present invention. One or more embodiments of the present invention
relate to a phased array antenna, particularly a phased array antenna
system/panel that can be used to provide an improved gain and
signal-to-noise ratio when sending and receiving electromagnetic
communications signals. The phased array antenna system may comprise one or
more phased array antenna panels that automatically focus their beam of
maximum gain to a transmitter or receiver of electromagnetic communications
signals such as a satellite. Focussing the phased array antenna system
reduces the bandwidth of the phased array antenna acting as a receiver. The
noise that the receiver is subjected to is proportional to the bandwidth of
the system. As an example, if the bandwidth is reduced by a factor of 10
the signal-to-noise ratio is improved by 10 dB. The bandwidth of the
antenna system can be considered as the range of frequencies where the
antenna characteristics (such as beamwidth, input impedance, pattern,
polarisation, side lobe level, gain, beam direction, radiation efficiency
for example) are within an acceptable value. The beam is focussed by
generating phase feedback signals that are used to set 



relative phase shifts that are applied to local controllable oscillators
associated with each of the elements that are used as part of
modulation/demodulation operations on communications signals used in
telecommunications. The phase feedback signals can be generated by
comparing an output signal of an individual element with a "consensus
output signal" that represents output signals ofa plurality of other
elements. A phase feedback signal adjusts the relative phase of the local
oscillator associated with the individual element until an output signal of
the individual element is the same as, or represents the same value as an
output signal of the plurality of other elements. When the individual
element provides the same output signal as the other elements, the local
oscillator may be considered to be sufficiently phase-aligned with its
received communications signal. Use of the consensus output signal can
enable a more accurate phase feedback signal to be generated as the overall
noise associated with the consensus signal is less than the noise of the
individual signals received at the individual elements. Figure 1 shows a
phased array antenna system 100 according to an embodiment of the
invention. The phased array antenna system 100 comprises six phased array
antenna panels 102a, 102b, 102c, 102d, 102e, 102f. Each phased array
antenna panel 102 has a plurality of phased array antenna elements, two of
which are illustrated as 108 and 110. The elements 108, 110 are coupled via
the central controller 104 to a common source (not shown) when the system
100 is being used to transmit data, or a common load (not shown) when the
system 100 is being used to receive data. The phased array antenna panels
102 may be configured in any suitable orientation relative to each other,
and in this embodiment the six phased array antenna panels 102 are
illustrated in an arrangement that is suitable to be fitted to the roof of
a train carriage. Each of the phased array antenna panels 102 is connected
to the central controller 104 by a fibre optic cable 106. The central
controller 104 comprises fibre optic transceivers 105 configured to send
and receive signals to/from the phased array antenna panels 102. In use,
the controller 104 is located inside the train carriage to which the phased
array antenna panels 102 are fitted. The phased array antenna system 100 is
configured to send and receive electromagnetic signals to/from a satellite
116 when in use. In this embodiment, twoway communication with the
satellite 116 provides a telecommunication link, such as Internet access,
that is accessible by a network on the train. For example, a passenger on
the train may be able to use their laptop computer to connect to thenetwork
associated with the train in order to access the Internet using the phased
array antenna system 100 as part of the communications link. By way of
illustration, two component signals 112, 114 are shown that correspond to
the same electromagnetic radiation 113 emitted by the satellite 116 as
received by elements 108, 110 of phased array antenna system 100. It will
be appreciated that similar component signals of the electromagnetic
radiation 113 emitted by satellite 116 are received by each of the other
elements of the phased array, and all of these signals are not shown in
Figure 1 in order to aid clarity. As illustrated in Figure 1, there is a
phase difference between the component signals 112, 114 received at
different elements 108, 110 due to the different path-lengths from the
satellite 116 to the individual elements 108, 110. The phase difference
between the received component signals 112, 114 is dependent upon the path
length from the satellite 116 to the elements 108, 110 of the phased array
antenna system 100, and also the wavelength of the electromagnetic
radiation 113. In other embodiments, the phased array antenna system 100
may consist of any number of phased array antenna panels 102, and in some
embodiments may consist 



of a single phased array antenna panel 102. Each of the phased array
elements 108, 110 are configured to receive a phase shift control signal
such that the phase of a local controllable oscillator associated with each
element 108, 110 can be automatically adjusted such that an overall beam
generated by the phased array antenna panels 102 is focussed onto the
satellite 116. An example phased array antenna system 100 may comprise 10
to 20 panels 102, each having dimensions of about 0.6m by 0.45m. Each panel
102 may comprise about 2000 elements 108, 110. Figure 2 shows a schematic
illustration of a phased array antenna panel 200 according to another
embodiment of the invention for phase aligning signals received at a
plurality of antenna elements 214a-n. Each antenna element 214 comprises an
aerial/antenna 202 and a controllable variable local oscillator 204
configured such that the phase of the local oscillator 204 can be shifted
in response to a phase data control signal 206.The phase data control
signal 206 may be generated by hardware or software local to each element
214, or may be generated at a central location, for example by the central
controller 104 shown in Figure 1. The aerials 202 and the variable local
oscillators 204 are configured such that the output signal of a variable
local oscillator 204 is mixed with the output signal received at the
corresponding aerial 202 in order to generate a baseband signal which is
made up of the data signal plus noise. In this embodiment, one step
modulation is used, although it will be appreciated that in other
embodiments intermediate frequency signals may be generated as part of the
demodulation process, and the phase data control signal 206 may be applied
to control oscillators 204 that are configured to down convert the received
communications signals to intermediate frequency signals. The baseband
signals generated by the antenna elements 214 are provided to a summation
component 208 which acts as a common load. The summation component 208 is
arranged to add the baseband signals, and the resultant output signal
provides a stronger data signal than the individual component signals as
the effect of noise components that may be present in the signals received
by the individual elements 214 is reduced. The noise component of the
signal received at each element may not be the same and therefore will not
be reinforced by the summation component 208. In order to provide maximum
overall gain, the local oscillator 204 of each element 214 should be phase
aligned with the component signal received at its associated aerial 202, or
at least sufficiently phase aligned such that the element 214 provides the
correct output signal. The output signal of an element may be deemed
"correct" if it is the same as the output signal of other elements. As
described above in relation to Figure 1, the relative phase of the received
component signals can be different for different antenna elements 214 due
to differing path lengths between the data source (satellite) and the
phased array antenna elements 214. In order for each antenna element 214 to
output the correct output signal, the relative phase of each local
oscillator 204 is shifted in accordance with the control signal 206 until
the antenna element outputs the same output signal as the other elements
214.The phase of each of the local oscillators 204 can be adjusted
independently of the other local oscillators 204 in accordance with the
control signal 206. It will be appreciated that the different path-lengths
between the data source (satellite) and the phased array antenna elements
214 also causes a time delay to be introduced between the signals received
at each of the elements 2 14. In this embodiment, the time delay does not
significantly affect the performance of the phased array antenna panel 200
as described below, although in other embodiments 



time delay components may be used to temporally align the received signals.
The baseband signals represent a digital sequence of + 1's and - 1's. In
this example, the chip/data symbol rate of the received signal is 27.5 Mcps
(megachips per second). Using an approximation of the speed of
electromagnetic radiation of 3 x 108 ms 1 , this means that each chip will
have a signal length of about 11m (3 x 108  27.5 x 106) . This is at least
an order of magnitude greater than the dimensions of the panel 200, which
may be 0.6m by 0.4m for example. Therefore, for the majority of the time
the signals received at each of the elements in a phased array antenna
panel relate to the same chip/data symbol. In this embodiment, any
discrepancies between the chip/data symbol that is represented by the
signals received at the different elements is considered as insignificant
when summing and decoding the simultaneously received signals due to the
small proportion of the time that the signals represent different
chips/data symbols. Similarly, when transmitting a signal to a given target
(for example, a satellite) the phase shifts applied to each variable local
oscillator 204 associated with the elements 214 are set at the same values
as those determined for a corresponding receiver to provide a beam of
improved gain and signal to noise ratio. It will be appreciated that by
individually controlling the phase shift applied to a local oscillator of
each of the plurality of elements 214 associated with the phased array
antenna panel 200, a beam of maximum gain (and therefore maximum
signal-tonoise ratio) can be focused in a desired direction. The effective
radiation pattern of the array can be reinforced in a desired direction and
suppressed in an undesired direction.In this embodiment the received
signals are decoded individually by Application Specific Integrated
Circuits (ASICs) associated with each element 214 before they are provided
to the summation component 208. In such embodiments signal transmission
across the phased array panel is at baseband frequency. In other
embodiments, the received signal is converted down to an intermediate
frequency by an ASIC associated with each element 2 14 and decoding of the
intermediate frequency signals down to baseband frequency is performed
centrally at a receiver component (not shown) downstream of the summation
component 208. In such embodiments, signal transmission across the phased
array panel is at microwave frequency, subject to attenuation and
inaccuracy. Figure 3 shows a Quadrature Phase Shift Keying (QPSK) phased
array antenna system 300 comprising a plurality of elements 302, each of
which receive a communications signal 301 and are coupled to a differential
in-phase output bus 304 and a differential quadrature phase output bus 306.
Signals on the differential inphase and quadrature phase output buses 304,
306 represent the composite of the in-phase and quadrature phase output
signals of the elements 302, and are used by each element 302 to generate
the phase data control signal 206 shown in Figure 2. The in-phase output
baseband signal U t 308 and quadrature phase output baseband signal Qout
310 of each element 302 are coupled to the differential output baseband
buses S / 304 and SQ 306 respectively such that the signal on the
differential inphase baseband bus 304 provides a signal representative of
the composite of all of the in-phase baseband signals 308, and the signal
on the differential quadrature phase baseband bus 306 provides a signal
representative of the composite of all of the quadrature phase baseband
signals 310. The signal representative of the composite value of the
in-phase component on the differential in-phase baseband bus 304 is
provided as an input signal lm 312 to each element 302, and the signal
representative of the sum value of the quadrature phase 



component on the differential quadrature phase baseband bus 306 is provided
as an input signal Q 1n 314 to each element 302. Each element 302 then
internally generates its own phase control signal using the composite
baseband signals lm and Q 1n and its respective output signals U t and Qou
t - The signals on the output buses 304, 306 comprise a superposition of
current signals output by the elements 302.In embodiments where the signals
on the output buses represent baseband signals, the superposition of the
baseband signals may provide an indication of the average value of the
output baseband signals, the polarity of which provides an indication of
whether the majority of the individual elements are generating a +V or - V
as an output. In embodiments where the signals on the output buses
represent phase modulated intermediate frequency (IF) signals, the
superposition of the IF signals may provide an indication of the symbol
represented by the majority of the IF signals. For example an IF signal may
comprise a positive or negative sine wave (sine waves that are 180 degrees
out of phase with each other) representative of a positive or negative
baseband symbol (for example + 1 and - 1) , and the composite IF signal may
provide an indication of whether the majority of the individual elements
are generating a positive or negative sine wave. As an example, if one
hundred elements are coupled to the output bus, and eighty of those
elements provide a baseband output signal with a positive current and the
remaining twenty elements provide a baseband output signal with a negative
current, the superposition of the one hundred baseband current signals on
the output bus will provide a composite signal representative of a positive
current. This composite signal can be used by each of the elements as an
indicator of what the baseband output of that element should be. The signal
on the output bus may be considered as an indication of the most common
output signal at that time for the phased array antenna as a whole. The
signals on the differential in-phase and quadrature phase output buses 304,
306 may be considered as "consensus signals" as they provide an indication
of the signals output by a plurality of elements 302 in order to bring the
output of individual elements into concordance/harmony with the other
elements in the phased array antenna. In this embodiment, the phase data
control signals that are provided to respective local oscillators
associated with each element 302 are generated as a consequence of
processing performed by the element 302 to compare the values of the
in-phase and quadrature phase output signals on the data buses 304, 306
with the elementalquadrature phase and in-phase output signals, and
generating an analogue feedback signal representative of that comparison.
When applying the analogue feedback signal to set the relative phase that
should be applied to Element 1 302a, Element 1 302a is considered as a
first antenna element, and each of the elements Element 2 302b to Element N
302n are considered as second antenna elements. Signals received at the
second antenna elements are used when determining the phase shift that is
applied to the first antenna element. Similarly, when applying the analogue
feedback to Element 2 302b, it is Element 2 302b that is considered as the
first antenna element and all of the other elements are considered as the
second antenna elements, and so on. It will be appreciated that 



each of the antenna elements 302 can be considered as a first antenna
element when determining the phase shift that should be applied to that
antenna element 302 as a function of signals received at each of the other,
second, antenna elements. Figure 4 shows a schematic diagram of a circuit
400 associated with an element 416 in a phased array antenna system
according to another embodiment of the invention. The circuit 400 is
configured to automatically adjust the phase shift of a local oscillator
404 based on signals received at one or more other elements in the same
phased array antenna system. The circuit of only one element is shown in
Figure 4 in order to aid clarity, however it will be appreciated that
further elements having similar circuits are also connected to the output
bus 412 by their own output amplifier and input amplifier in the same way
as the circuit 400 shown in Figure 4. The circuit 400 comprises a mixer
404, an output amplifier 408, an input amplifier 410, a phase feedback
component 414 and a variable phase local oscillator 406. The circuit 400 is
configured to receive an input signal 402, and is connected to an output
bus 412 by the output amplifier 408 and the input amplifier 410. The input
signal 402 is obtained either directly or indirectly from an aerial/antenna
associated with the element 416 and is provided to the mixer 404 as is the
output of the variable phase local oscillator 406. The frequency of the
local oscillator 406 is set in accordance with the known frequency of the
signal being received/transmittedby the phased array antenna system. In
this embodiment, the phase of each local oscillator 406 is initially set as
an arbitrary value. The output of the mixer 404 is coupled to a common
load/output bus 412 by output amplifier 408. Also coupled to the
load/output bus 412 is the output of corresponding mixers associated with
other elements in the same phased array antenna system. The common load
output bus 412 performs the same function as the common inphase and
quadrature phase baseband buses 304, 306 described in relation to Figure 3
for providing a signal representative of signals generated by all of the
elements. The signal on the common load/output bus 412 is coupled back to
the phase feedback component 414 by input amplifier 4 10, where it is
compared with the individual output signal 418 of that specific element
416. The output signal 420 of the phase feedback component 414 is used as a
phase control signal 420 to control the phase of the local oscillator 406
to shift the phase of the local oscillator 406 relative to its respective
input communications signal 402, in order to improve the gain of the phased
array antenna system. If the signal on the output bus 412 is different to
the individual output signal 418, or represents a different value/data
symbol, this provides an indication that the phase of the local oscillator
404 is not correct and that the relative phase of the local oscillator 404
should be adjusted. If the signal on the output bus 4 12 is the same as the
individual output signal 418, or represents the same value/data symbol,
this provides an indication that the phase of the local oscillator 404 is
correct and does not need to be adjusted. In this way, the phase of a local
oscillator 406 relative to other local oscillators 406 can be adjusted to
improve the phase alignment of individual elements in relation to the other
elements in the same phased array antenna system to improve the overall
signal-to-noise ratio of the phased array antenna system. For a given
frequency, this embodiment of a phased array antenna system automatically
shifts the relative phase of the oscillators associated with each of the
elements 416 until they produce the same output signal (or an intermediate
signal representative of the same output signal) to account for the
different path lengths 



between the data source (such as a satellite) and the individual elements
416, andthereby automatically focuses the phased array antenna onto the
source that has the strongest signal at the given frequency. In this way,
the phased array antenna system automatically locks on to the source that
has the strongest signal at the given frequency, as the phase shift of each
element is adjusted to provide a beam which focuses on the signal from the
source that provides the strongest signal received at the phased array
antenna system. As the phase shift of local oscillators associated with
individual elements are adjusted over time, the phased array antenna
becomes focussed on the source and the overall gain of the phased array
antenna increases and the signal-to-noise ratio improves. It will be
appreciated that elements located on the same and/or different phased array
antenna panels may be part of the same phased array antenna system, and
therefore may be coupled to the same common load/output bus 412. In this
embodiment, the phase control signal 420 is generated by processing
performed locally on an Application Specific Integrated Circuit (ASIC)
associated with each element 416. Figure 5 shows schematically a circuit
diagram of a receiver 500 associated with an element of a phased array
antenna system according to another embodiment of the invention. The
receiver shown in Figure 5 is configured to receive a Quadrature Phase
Shift Keyed (QPSK) communications signal. The circuit 500 comprises an
in-phase mixer 504 and a quadrature phase mixer 506, a variable
quadrature-phase local oscillator 508, an in-phase baseband filter 510 and
a quadrature phase baseband filter 512, an in-phase output amplifier 520
and a quadrature phase output amplifier 522, an in-phase input amplifier
524 and a quadrature phase input amplifier 526, and a phase feedback
arrangement of components 536. In this embodiment the phase feedback
arrangement 536 is based on a Costas loop and comprises two comparison
mixers 514, 516, a subtraction component 5 18, an amplifier 532 and a
low-pass control loop filter 534. The phase feedback arrangement of
components 536 is an example of a phase locked loop wherein the phase shift
control signal 535 output by the control loop filter is used as a control
signal for the voltage controlled local oscillator 508 to bring the
baseband output signals In, Qn of the element 500 into conformity with the
compositeoutput signals Ut, Qout on the output buses 528, 530. The
composite output signals lout, Qout provide an external reference signal as
part of the feedback path. A received communications signal 502 is provided
as "Input", which is provided either directly or indirectly from an
aerial/antenna (not shown) associated with the element. The circuit
comprises a n in-phase and quadrature phase output bus 538, 530
respectively to which the output of the element receiver circuit 500 is
coupled. It will be appreciated that the phased array antenna system
comprises a plurality of elements, as shown in Figure 3 for example, each
having a corresponding receiver circuit. Each of the plurality of receiver
circuits are coupled to the in-phase and quadrature phase output buses 538,
530 in the same way as the receiver circuit 500 shown in Figure 5 , and the
additional receiver circuits are not shown in Figure 5 to aid clarity. The
input signal 502 is provided to both the in-phase mixer 504 and the
quadrature phase mixer 506. In this embodiment, the mixers 504, 506 are
Gilbert cells. Also provided as an input to each mixer 504, 506 is an
output signal of the quadraturephase local oscillator 508. The
quadrature-phase local oscillator 508 is configured to provide two signals
having the same frequency and amplitude: one of which is 90 out of phase
with the other signal. The in-phase output signal from the local oscillator
508 is provided to inphase mixer 504 and the quadrature phase output signal
from the local oscillator 508 



is provided to quadrature phase mixer 506. The output of in-phase mixer 504
should be the in-phase component of the input signal 502, and the output of
quadrature phase mixer 506 should be the quadrature phase component of the
input signal 502. If the relative phase of the local oscillator 508 is not
sufficiently aligned with the phase of the received input signal 502 there
will be a n element of the in-phase component signal in the output signal
generated by the quadrature phase mixer 506, and vice versa. It is an aim
of this embodiment of the invention to control the phase of the local
oscillator 508 to reduce and/or minimise the cross-contamination of the
in-phase and quadrature phase components thereby improving the efficiency
of the associated phased array antenna system.Each of the in-phase
component and the quadrature phase component signals are provided to
in-phase and quadrature phase low-pass baseband filters 510, 512
respectively. The baseband filters 510, 512 are configured to remove any
unwanted frequency components from the signals, such as "sum frequency"
components generated by the mixers 504, 506 and also to reduce noise by
removing signals that are outside the baseband frequency. The output signal
of in-phase baseband filter 410 is the in-phase baseband signal for the
element, and is identified as In. In is coupled by in-phase output
amplifier 520 to the differential in-phase output bus 528 identified as lou
t - In this embodiment the inphase output amplifier 520 is a current drive
amplifier. Similarly, the output signal of quadrature phase baseband filter
512 is the quadrature phase baseband signal for the element, and is
identified as Qn. Qn is coupled by quadrature phase output amplifier 522 to
the differential quadrature phase output bus 530 identified as Qou t - In
this embodiment the quadrature phase output amplifier 522 is also a current
drive amplifier. The current drive amplifiers 520, 522 provide a switched
current source across a pair of resistors on to the output buses 528, 530.
In this embodiment, the baseband output signal represents a series of + 1's
and - 1's, and therefore the current drive amplifiers 520, 522 source
either a positive or negative current onto the output buses 528, 530. Each
of the N elements that form part of the phased array antenna are connected
to the output buses 528, 530 by corresponding amplifiers 520, 532 such that
the resulting voltage that is provided on an output bus 528, 530 is the sum
of all of the currents provided as an output from the individual elements
multiplied by all of the coupling resistors in parallel: Where N is the
number of elements coupled to the output bus, and R is the resistance of
the pair of resistors that couple the elements to the output bus.The
in-phase baseband signal In is also provided to a first comparison mixer
514 along with the composite value of the quadrature phase baseband signal
Qout - Qout provides a representation of the polarity of the quadrature
phase baseband signal that is a composite of the output of all of the
elements in the phased array antenna system. When the Input signal 502 is
converted down to the baseband component signals, the in-phase and
quadrature phase components should be completely independent of each other
as they will be randomly different. A significant amount of work has gone
into ensuring that the in-phase and quadrature phase components are
independent of each other, for example through the use of Reed-Solomon
coding. That is, there should not be any correlation between the in-phase
and quadrature phase component signals when they are compared with each
other if the local oscillator 508 is configured with the correct phase
alignment. If there is a degree of 



correlation between the in-phase and quadrature phase components then this
provides an indication that there is a representation of the in-phase
component contaminating the quadrature phase component and/or vice versa.
In the present embodiment, the in-phase and quadrature phase baseband
signals comprise QPSK symbols (chips) having (in-phase, quadrature) values
of either ( 1 , 1 ) , ( 1 ,-1 ) , (-1 , 1 ) or (-1 ,-1 ) . Therefore the
instantaneous product of the in-phase and quadrature phase components can
be either 1 or - 1 . There is a statistically equal chance of the output
being 1 or - 1. If the in-phase and quadrature phase components are
unrelated then the sum of the product of the two components generated by
first comparison mixer 514 over time will be zero as there will be an equal
number of values of ' 1 ' and '-1 ' . The time averaging of the products of
the two components is calculated by the control loop filter 534 as
described below. That is, the time-averaged multiplication of the inphase
and quadrature phase components will be zero if the two components are
uncorrelated. If the time-averaged multiplication of the in-phase and
quadrature phase components is not zero, then this provides an indication
that there is cross-contamination between the in-phase and quadrature phase
components and therefore the relative phase shift of the local oscillator
508 is not correctly aligned for the received Input signal 502.The second
comparison mixer 516 is configured in a similar way to the first comparison
mixer 514, but is configured to multiply the element quadrature phase
component signal Qn by the composite in-phase component signal Ut- Again, a
nonzero time averaged output of the second comparison mixer 516 provides an
indication that there is cross-contamination between the in-phase and
quadrature phase components and therefore an indication that the local
oscillator 508 is not correctly phase-aligned. In some embodiments, use of
a second comparison mixer is not required as the feedback provided by the
first comparison mixer 514 may provide sufficiently accurate information in
relation to the degree of correlation between the in-phase and quadrature
phase component signals. In this embodiment, the second comparison mixer
506 is used to provide an additional measure of the degree to which the
inphase and quadrature phase components are correlated. The output signals
from the two comparison mixers 514, 5 16 are provided to a subtraction
component 518, where the difference between the signals is generated and
provided as the output of the subtraction component 518. Use of the
subtraction component 518 enables the effect on the resultant phase shift
control signal 535 of any unwanted signals that are present in both the
in-phase and quadrature phase components to be reduced, as the unwanted
signals can cancel each other out when the two output signals of the
comparison mixers 514, 516 are subtracted. This can help to reduce any
distortion caused by the circuit 500. For example, any offset signals in
the received in-phase and quadrature signals may tend in polarity and
voltage in opposite directions and therefore are cancelled out when they
are mixed together by the comparison mixers 514, 516 and subsequently
subtracted by the subtraction component 518. Such offset signals may be
caused by the physical surroundings of the circuit 500, and in this
embodiment the offset signals can be particularly reduced if the comparison
mixers 5 14 , 5 16 are identical components and they are physically located
close to each other. The signal at the output of the subtraction unit 418
is provided to an amplifier 432, the output of which is provided to a
low-pass control loop filter 434. The low-pass control loop filter 434
effectively time-averages/integrates the signal that is generatedby the
subtraction unit 518 by removing short term oscillations and leaving the
longterm 



(low frequency) trend. Short term oscillations in the signal generated by
the subtraction unit 518 may be caused by the statistically short period of
time that the signal received at each of the elements relates to a
different data symbol. A non-zero output of the low-pass control loop
filter 434 provides an indication that the phase alignment of the local
oscillator 508 is not optimal as there is a crosscontamination between the
in-phase and quadrature phase component signals. The signal at the output
of the low-pass control loop filter 434 is used as a phase shift control
signal 535 that is configured to control the phase shift of the
quadraturephase local oscillator 408. A non-zero value of the phase shift
control signal 535 causes the relative phase of the local oscillator 508 to
be adjusted in order to further reduce the value of the phase shift control
signal 535 if possible. If the phase shift control signal 535 is zero, the
relative phase of the local oscillator 508 is not adjusted. This phase
feedback arrangement 536 is derived from a Costas loop and is configured as
a phase alignment tool. When the phased array antenna panel is considered
as a whole, the phase feedback system can be considered as a plurality of
Costas Loops applied in parallel. Optionally, the signal provided on the
output buses U t and Qout may be a composite signal of a subset of the
output signals of all of the elements in the phased array antenna system,
for example the elements in a specific phased array antenna panel, or a
region of a phased array antenna panel. In other embodiments, a single
low-pass control loop filter 534 may be provided for more than one element,
for example a single low-pass control loop filter 534 may be provided for
all of the elements on a phased array antenna panel. That is, the signal
that is output by amplifiers 532 associated with each of the elements 500
are provided as inputs to the low-pass control loop filter 534. In such
embodiments the noise in the system is reduced as noise component signals
experienced by each of the individual elements have a reduced effect when
processed with the signals received at other elements. In further
embodiments still the low-pass control loop filter 534 may be a stand-alone
filter for each of the elements 500.In further embodiments still, the phase
feedback arrangement 536 may comprise components configured to compare the
In signal with the lOut signal and/or the Qn signal with the QOUT signal to
identify any non-correlation between the signals as an indication of
cross-contamination between the in-phase and quadrature phase signals of
the input signal 502. That is, if the elemental output signal is not the
same as, or close enough to, the composite output signal of all of the
elements, then the demodulation of the communications signal received at
that element may be determined as sub-optimal. Once each element is aligned
it may maintain the required phase relationship between the local
oscillator 508 and the received communications input signal 502 that is
necessary to align its local constellation with the consensus constellation
on the output buses 528, 530. The phase array antenna is assumed to be
small in relation to the velocity of light/data symbol period. It will be
appreciated that in other embodiments the frequency of the local oscillator
may be set so as to down convert the input signal 502 to an intermediate
frequency signal. In such embodiments the signals that are coupled onto the
output buses 528, 530 are intermediate frequency signals representative of
a data symbol. For example, a + 1 and - 1 data symbol at baseband may be
represented as a + sine and - sine wave respectively at intermediate
frequency. The direct current (dc) equivalent embodiment may be considered
as a sine wave with zero frequency. In embodiments working at intermediate
frequency, the circuit illustrated in Figure 5 



works in the same way by adjusting the phase of the local oscillator 508
such that the intermediate frequency signal generated by an element
represents the same data symbol as the intermediate frequency signals
generated by the other elements as provided on the output buses 528, 530.
The local oscillator 508 of a first element may be locked to the local
oscillators 508 associated with the other second elements. For example, the
local oscillators 508 in the down converters may be replaced by one signal
generator and a signal splitter. Each element may have an intermediate
frequency/demodulation integrated circuit associated with it. One of the
integrated circuits may have a crystal oscillator and the other integrated
circuits may be slaved to that crystal oscillator.Figure 6 shows
schematically another embodiment of a receiver 600 associated with an
element of a phased array antenna system according to an embodiment of the
invention. In this embodiment, the element comprises two receivers: an
X-receiver 602 for receiving signals that are polarised in an X direction;
and a Y-receiver 604 for receiving signals that are polarised in a Y
direction, which is perpendicular to the X direction. Each of the receivers
602, 604 may be similar to the receiver described in relation to Figure 4
or Figure 5, and the phase feedback elements are not shown in Figure 6 to
aid clarity. Processing signals in two perpendicular components/dimensions
can provide greater control, particularly when transmitting data, of the
phased array antenna system as discussed in more detail below. In this
embodiment, each of the input and output ports are differential ports.
Figure 7 shows schematically a receiver 700 of an embodiment of the
invention that is configured to receive signals that are polarised in the X
direction. A corresponding receiver that is configured to receive signals
that are polarised in the Y direction is not shown in Figure 7. The
receiver 700 is similar to the receiver 400 of Figure 4, and common
components that have already been described in relation to Figure 4 will
not be described again here. As in Figure 4, the two output signals of the
quadrature-phase local oscillator 702 are provided to mixers 704, 706 in
the X-receiver 700. In addition, the two output signals are also provided
to the corresponding Y-receiver as indicated by arrows 707 that is
configured to receive signals that are polarised in the Y dimension. In
this embodiment, the current drive amplifiers 708, 710 that couple the
in-phase In and quadrature phase Qn phase components of the output signal
of the element are provided with an inhibit functionality. The inhibit
functionality is controlled by a control communications component 720 and
can be used to control which of the individual elements and/or which of the
X and Y direction receivers are used for generating the composite output
signals on the output differential buses.A current drive amplifier 708, 7
10 for an element may be inhibited by the control communications component
720 if the output signals generated by the element are determined as
spurious as determined from a power level control signal as described
below. Spurious output signals may be generated if the aerial associated
with the element is damaged, obscured or otherwise prevented from receiving
and processing an electromagnetic signal from the source (e.g. satellite).
Also, the current drive amplifiers 708, 710 for an element may be inhibited
if it is determined that the signal received at that element at that
polarity (X or Y direction) is below a threshold. This may be the case if
the element 700 happens to be aligned with the satellite such that the
majority of the signal received at the element 700 is polarised in line
with the element 700. In addition to the phase feedback arrangement 730
that is similar to the one shown in 



Figure 5, a signal level feedback arrangement of components 732 is also
provided. The signal level feedback arrangement 732 comprises first signal
level mixer 712, second signal level mixer 714, summation component 716,
and amplifier 718, and is configured to provide a feedback signal
representative of the signal strength/level of the signal received at the
element. First signal level mixer 712 is configured to multiply the
quadrature phase component of the element output signal Qn by the composite
of the quadrature phase component of the output signals of all of the
elements in the phased array antenna system Qout. The signals Qn and Qout
should be phase aligned (or nearly phase aligned) which will mean that when
multiplied together they constructively interfere with each other, and
therefore the resultant signal provides an indication of the signal
strength of Qn. Similarly, second signal level mixer 714 is configured to
multiply the in-phase component of the element output signal In by the
composite of the in-phase component of the output signals of all of the
elements in the phased array antenna system lout. The output of the two
signal level mixers 712, 714 are provided as inputs to the summation
component 7 16 , the output of which is provided to the control
communications component 820 via amplifier 818 as a power level control
signal.The control communications component 720 is configured to receive
the feedback signals in relation to phase from the subtraction component
726 of the phase feedback arrangement 730, and in relation to the
power/signal level from the output of the summation component 716 of the
signal level feedback arrangement 732 via amplifier 718. The control
communications component 720 is configured to process one or more of the
received signals in order to generate a signal representative of a phase
shift to be applied to the local oscillator 702. In this embodiment, the
control communications component 720 is located on the phased array panel
and provided with a serial data input and output port 728 that is
configured to communicate with a central controller and/or other phased
array antenna panels and/or a user interface. In some embodiments, the
control communications component 720 may be configured to analyse the
strength of a signal received at an element relative to the strength of
signals received at other elements from the respective power level control
signals, in order to apply a weighting to signals received at that element.
The weighting may be applied by controlling the gains of current drive
amplifiers 708, 710. Applying a weighting may be used to ensure that the
signals received at all of the elements are provided to the differential
output buses Ut, Qout with the same current, and therefore have equal
effect. In other embodiments, the gain of the current drive amplifiers 708,
7 10 can be set by the control communications component 720 in order to
deliberately provide an offset weighting to the signals generated by the
elements such that signals received at some elements have a greater
influence on the composite signal on the output bus than signals received
at other elements. In this embodiment, the phase shift applied to the local
oscillator 702 is updated at a rate that is quicker than the orientation of
the element can significantly change relative to the satellite with which
it is communicating, for example by a train to which the associated phased
array antenna panel is attached turning, jolting, etc. The phase shift
signal that is applied to the local oscillator 702 may be updated about
1,000,000 times per second (that is, once every 1 ms). Figure 8 shows a
communications system 800 according to another embodiment of the
invention.The Communications system comprises a phased array antenna panel
802 and a central controller 806 in communication with each other via a
fibre optic cable 816. The central controller 806 is also connected to a
global positioning system (GPS) 



808, a compass 810, memory 812 and a visual display unit (CPU) 814. The
phased array antenna panel 802 comprises a control communications component
804 which is configured to apply control signals to the circuits associated
with the elements of the panel 802. In this embodiment the processing that
is required to generate the control signals is performed by the central
controller 806 as described below. When the system 800 is installed or
initially configured, a map of the position of the elements of the phased
array antenna panel 802 is generated and stored in memory 812. The map
consists of a database of three-dimensional coordinates identifying the
location of each of the elements relative to a reference point, for example
a corner of the phased array panel 802. In addition, three-dimensional
coordinates of the panel 802 are stored in memory 812 to enable the
location and orientation of the panel 802 to be determined. For example,
the coordinates of three corners of the panel 802 may be stored in memory
812 as this can allow the location of any element on the panel 802 to be
determined through use of linear interpolation. The initial values that are
stored in memory 812 for the locations of the elements are set according to
mechanical measurements that are made of the panel 802, for example using a
ruler, protractor etc., and/or from a design specification of the panel
802. For this reason, the initial version of the map may be referred to as
a "mechanical map". As discussed above, using solely mechanical
measurements of the panel can lead to inaccuracies if the actual
instantaneous mechanical properties of the panel are different to the
theoretical/measured properties that are initially stored in memory 812.
The actual mechanical properties of the panel can change over time, for
example due to thermal expansion and contraction. The central controller
806 has stored in memory 812 the location of the geostationary satellite
with which it is configured to communicate and the frequency of the
electromagnetic signals that are sent to, and received from, the
satellite.The central controller 806 is configured to use the information
about the location of the satellite along with positional information about
the location of the phased array antenna panel 800 as determined from the
GPS component 808 and the compass 810 to determine the theoretical
difference in phase of the electromagnetic signals received at the
different elements. The difference in phase can be calculated using simple
mathematics, including basic trigonometry as illustrated in Figure 1. A
value for the theoretical phase shift that should be applied to the local
oscillator associated with each element of the phased array antenna panel
802 is also stored in memory 812. When the communications system 800 is
first switched on, or reset, the central controller 806 provides a signal
to communications component 804 to apply the theoretical phase shifts to
each of the elements. Over time, as phase shift control signals are
returned from the phased array antenna panel 802 to the central controller
806, the original mechanical map of the position of elements stored in
memory 812 is updated to more accurately reflect the location of the
elements as determined from the phase control signals. For example, if it
is determined that the signal generated by the local oscillator associated
with an element should be 5 more than the theoretical phase shift
determined from the mechanical map, this may indicate that the actual
location of the element is actually 333 mm away from the theoretical value,
and the mechanical map is updated with a corrected coordinate for that
element. The phase shift control signal is then determined based upon the
corrected location of the element. Automatically updating the initial
"mechanical map" of the locations of elements may be referred to as
generating an "electrical map" of the locations of elements which 



reflects what is really there as determined from the in situ operating
results. Use of the mechanical map which can be populated upon installation
enables the system to unambiguously identify and lock on to a desired
satellite. This is because the mechanical map enables the phase shift
applied to each of the local oscillators to be initially set so as to focus
the phased array antenna system such that the strongest signal that is
received at that frequency is from the desired satellite to the exclusion
of other satellites transmitting at the same frequency.Subsequent use of
the electrical map which is maintained by a phase feedback arrangement such
as a Costas loop as described above enables the gain and signalto- noise
ratio to be improved for communications with the identified satellite as
any mechanical inaccuracies in the panel, or variations in the mechanical
properties over time are automatically incorporated into the electrical
map. In this embodiment, the map of the locations of elements can be
graphically displayed to a user on the VDU 814. This can enable a user to
identify any potential discrepancies in the received data, for example if
an element is shown at a position that is clearly inconsistent with the
position of the other elements this may indicate that the element is faulty
or that the element is obscured from the signals being received by the
satellite. In this embodiment, a user can use a user interface (not shown)
associated with the VDU 814 to manually inhibit an element that has been
identified as providing erroneous results in the same way as described in
relation Figure 7. In addition, or alternatively, the central controller
806 may automatically determine that an element is providing erroneous
results if the received signal strength is too low, such as falling below a
threshold value, and can automatically inhibit the element responsive to
that determination. In other embodiments a map of the relative phase shifts
that are applied to each of the elements may be stored in memory 812 in
addition to, or instead of, the map of the coordinates of the locations of
elements. In some embodiments, signals received from individual elements
may be particularly susceptible to noise. In order to minimise the effect
of noise, the central controller 806 is configured to generate a
plane-of-best-fit through the coordinates of each of the locations of the
elements and generate phase control signals based upon the locations of the
elements as if they were located on the plane-of-best-fit. In such
embodiments any elements that have been inhibited, either manually or
automatically, may not be considered when generating the plane-of-best-fit
as these may skew the results. Generating the phase control signals in
accordance with a pattern generated from the coordinates of a plurality of
elements can reduce the effects of noise compared with the effects of noise
when considering each element in isolation.Figure 9 shows schematically an
embodiment of a transmitter 900 associated with an element of a phased
array antenna system. It will be appreciated that a transmitter of an
embodiment of the invention can use components of a corresponding receiver
circuit, but with the direction of signals reversed. In this embodiment the
transmitter circuit 900 can use the same components as the receiver circuit
700 of Figure 7. The in-phase component (ldata) and quadrature phase (CWa)
component data are provided to lowpass filters 902, 904 respectively for
data pulse shaping. The output of the lowpass filters 902, 904 are then
mixed with the output of a quadrature-phase local oscillator 910 at mixers
906, 908 respectively. A phase shift applied to the local oscillator 910 is
set in accordance with a phase control signal received from control
communications component 9 16. The phase value provided by the control
communications component 916 is determined from a receiver associated with
the same element of the phased array antenna system according to any of the
embodiments of the invention described herein. 



The in-phase and quadrature phase component signals are provided to
variable amplifiers 912, 914 before being transmitted. The power level and
polarity of the variable amplifiers 912, 914 can also be set in accordance
with a signal level control signal received from control communications
component 916, for example the signal level control signal described in
relation to Figure 7. In this embodiment, the orientation of the phased
array antenna element 900 relative to a satellite can be taken into account
when generating the "power level and polarity" signal, in particular by
analysis of corresponding received signals in the X and Y directions by the
control communications component 720, 916. Alternatively, the orientation
of the phased array antenna element 900 can be determined through use of
position determination means (such as a compass and GPS as discussed in
more detail in relation to Figure 8). Control communications component 916
is configured to determine what proportion of the signals received from the
satellite are in the X dimension, and what proportion of the signals
received from the satellite are in the Y dimension. At one extreme, the
phased array antenna element may be exactly aligned with the received
signal such that 100% of the signal is received in the X direction and 0%
of the signal is received in the Y direction. At the other extreme, 0% of
the signal is received in the X direction and 100% of the signal is
received in the Y direction.If it is determined that 100% (or greater than
a predetermined threshold) of the received signal is in the X direction,
then the Y output amplifier 914 may be inhibited during transmission, and
vice versa in order to save power as transmitting a signal in the Y
direction may be deemed unnecessary. Figure 10 shows a cross-sectional view
of a phased array antenna panel 1000 according to another embodiment of the
invention. The phased array antenna panel 1000 comprises a plurality of
phased array antenna elements 1001 . The panel 1000 consists of two boards:
a top board 1008 and a bottom board 1010. Each element 1001 is provided on
the top board 1008 and consists of a cross-folded dipole antenna 1004, 1006
printed on the upper side of the top board 1008, and an Application
Specific Integrated Circuit (ASIC) 1002 mounted on the underside of the top
board 1008. The cross-folded dipole antenna has four antennae 1004a, 1004b,
1006a, 1006b. The ASIC 1002 is connected to the antennae 1004a, 1004b,
1006a, 1006b via plated-through holes in the top board 1008. Each element
1001 has four antennae: two common centroid antennae 1004a, 1004b for
receiving data and two common centroid antennae 1006a, 1006b for
transmitting data with polarisation in the X and Y. X and Y are orthogonal
axes in the plane of the panel 1000. The relative amplitudes and polarity
detected by the X and Y receivers indicate direction of polarisation. The
top board 1008 is multilayer and comprises a top layer 1008a made from
high-K loaded PTFE material on the upper side of a ground plane, and a
bottom layer 1008b made from glass-fibre reinforced PTFE dielectric. The
elements 1001 are spaced on a 10mm hexagonal grid, which are less than half
the operating wavelength apart in order to reduce the effect of spurious
side lobes which are generated by the grating effect. The hexagonal array
is a particularly advantageous embodiment for reducing the grating effect.
In addition, the geometry of a hexagonal array enables the density of the
elements on a panel to be increased compared with known panels, whilst
maintaining acceptable working parameters such as a sufficiently low
grating effect. Known phased array antenna panels use square and
rectangular elements, as it is more convenient to associate waveguides with
the elements. However, embodiments of the invention using a hexagonal
arrayof elements can retain the convenience of associating waveguides with
the elements as illustrated in Figure 11, whilst further improving the
element density of the phased 



array antenna panel thereby enabling a beam of maximum gain to be better
defined. In this embodiment, the hexagonal array can enable the phase
shifts that are required for each of the local oscillators to be
efficiently determined and applied. As shown in Figure 11, the ASIC's 1002
are electronically connected together in rows by data buses 1114 on the
underside of top board 1008. The data buses 1114 are configured to
communicate the following signals: Reference frequencies; Summed received
data, I and Q;  Data to be transmitted, I and Q; Serial command data bus;
and Power supply. The reference frequencies signals are configured to give
phase control ranges to the local oscillators (synthesisers) to +/-2p at
the transmitted and received frequencies within the linear portion of the
characteristic of the multiplier type phase discriminator. This frequency
range is a compromise between time precision and transmission losses around
the antenna top board 1008 at the high frequency on the differential
transmission line on the PTFE substrate bottom layer 1108b. In this
embodiment, the reference frequencies are ftc/64 and fRc/64, although in
other embodiments the reference frequencies may be fTc/8 and fRc/8, or any
other suitable value. The summed in-phase and quadrature phase received
data signals, I and Q, correspond to the composite signals U t and Qout on
differential data buses 528, 530 illustrated in Figure 5. The data to be
transmitted signals, I and Q, correspond to the in-phase and quadrature
phase components of the lda ta and Qda ta signals illustrated in Figure 9.
The data buses 1114 on the top board 1008 are in turn connected to the
bottom board 1010 by a series of multi-pole connectors 1012 that run down a
side wall of the panel 1000.The bottom board 10 10 carries signal
processing 10 18, power regulation 1020, frequency synthesis 1026 and
interface 1024 circuits that are configured to send and/or receive the data
on data buses 1114 and 1012. The reference frequencies signals are
generated by frequency synthesis circuit 1026 in accordance with a signal
generated by a central processing unit (CPU) such as the central controller
104 illustrated in Figure 1. In embodiments where the phased array antenna
is connected to the central controller 104 via a fibre optic system 106 as
illustrated in Figure 1, the frequency synthesis circuit 1026 may use the
clock frequency of the fibre-optic system and/or central controller 104 as
a reference when generating the reference frequencies signals. The upper
side of the top board 1008 and the lower side of the bottom board 1010 may
have no components mounted thereon and no through-holes. This enables the
phased array antenna panel 1010 to be sealed by a peripheral framework 1016
and confer mechanical rigidity to the phased array panel 1000. Each panel
1000 may have means for fixing the panel 1000 securely to a train carriage
roof. The panel 1100 has individual data connections (not shown) to the
CPU, which in the embodiment shown in Figure 1 are provided by optical
fibres which may be of equal length and are hermetically sealed through the
peripheral framework 10 16 of the panel 1000. The panel 1000 is supplied
with power wires and fibre tails (not shown) which are also hermetically
sealed through the peripheral framework 1016. In the embodiment shown in
Figures 10 and 11, the ASIC's 1002 are Silicon- Germanium (SiGe) ASIC's.
This provides an advantage over known Gallium- 



Arsenide (GaAs) ASIC's that are used in the prior art. Use of GaAs ASIC's
in the prior art requires separate Silicon based chips to perform the
logical processing required for implementation of the phased array antenna
panel 1000. Use of a SiGe ASIC according to embodiments of the invention
enables a single ASIC to be used for each element thereby improving the
efficiency of the phased array antenna system. In other embodiments two
ASIC's may be provided for a single element: one configured to perform
processing when receiving data and the other configured to perform
processing when transmitting data. Providing separate ASIC's may
providepractical advantages in terms of packaging the layout of components
on the top board 1008. Figure 12 shows schematically another embodiment of
a receiver 1200 associated with an element of a phased array antenna system
according to an embodiment of the invention. Those features that are the
same as those illustrated in Figure 7 will not be described in detail here.
In this embodiment, the phase feedback component 1202 is configured to
provide a signal representative of whether or not there is
cross-contamination between the inphase and quadrature phase components by
comparing received signals with predetermined codes. Satellites with which
the phased array antenna element 1200 can communicate are configured to
transmit a regularly repeating code unique to that satellite. The unique
code comprises an in-phase and a quadrature phase component. The unique
codes can be used by the phased array antenna to identify, and lock on to,
a desired satellite. In this way the phased array antenna system can focus
on the desired satellite to the exclusion of all other satellites
transmitting on the same frequency, even if signals received from any of
those other satellites are stronger than the signals received from the
desired satellite. In embodiments that receive signals that include the
regularly repeating unique code, it may not be necessary to use a
mechanical map or an electrical map to lock-on to the desired frequency,
although doing so can increase the speed with which the phased array
antenna system locks-on to the desired satellite. The control
communications component 1204 is configured to retrieve from memory the
unique in-phase and quadrature phase codes 1206, 1208 that are associated
with the desired satellite, and apply these codes 1206, 1208 to the phase
feedback component 1202. The phase feedback component 1202 is similar to
the feedback arrangement 730 shown in Figure 7, except that the phase
feedback component 1202 of Figure 12 is configured to apply the unique
codes 1206, 1208 to correlators associated with each branch of the phase
feedback component 1202 to determine if there is any crosscorrelation
between the in-phase and quadrature phase components of the signal Xlnput
received at the element 1200. The in-phase unique code 1206 is applied to
the composite in-phase component of the received signals lout by a
transversal filter 1210, and is also applied to the quadrature phase
component of the received signal Q by a transversal filter 1212. The
outputs of these two transversal filters 1210, 1212 are provided to a
multiplier component 1218 where any correlation is identified by a non-zero
output signal of the multiplier component 121 8 in the same way as the
multiplier component 5 16 of Figure 5. Similarly, the quadrature phase
unique code 1208 is applied to the composite quadrature phase component of
the received signals Qout and the in-phase component of the received signal
In by transversal filters 1214, 1216 respectively. In this embodiment the
unique codes are 128 bits long, and it will be appreciated that 



codes of other bit lengths could also be used. Figures 13 and 14 illustrate
the results obtained when performing a computer simulation of sixty four
elements/receivers 500 as illustrated in Figure 5. Results are only shown
for eight of the sixty four receivers in order to aid clarity. Initially
the simulation starts with zero phase shift between the element
oscillators, and the desired signal is phase shifted by p/5 radians between
elements. Figure 13 shows a graph of the voltage of the phase control
signals of the eight elements against time. As the received signals are
averaged out over time, and the phase control feedback signals are fed back
to the local oscillators associated with the individual elements, the
individual phase control signals separate out to account for the p/5 radian
shift between the signals received at the elements. As can be seen from
Figure 13, the individual phase control signals have separated out after
170ms. Figure 14 shows how the constellation alignment of the desired QPSK
waveform evolves over time. Initially the desired QPSK waveform is obscured
by noise and interference, and over time evolves into a clean pattern as
the elements are alignedby the phase control signals. The signal-to-noise
ratio improves to 10:1 over time as measured by the size of the
constellation points. The rotation of the element constellation to align
with the consensus constellation is brought about by phase adjustment of
the element local oscillator. The adjustment of the local oscillator phase
is the action, the correlation of the local demodulated inphase and
quadrature phase signals (the constellation) as measured by the phase
feedback arrangement derived from a Costas Loop, for example, is the
result. In some embodiments, a phased array antenna system according to an
embodiment of the invention may be configured to transmit and receive
signals having multiple frequencies, for example to provide broadband
internet access. In such embodiments the signals received by elements of a
phased array antenna panel acting as a receiver, and the signals
transmitted by a phased array antenna panel acting as a transmitter, may be
both phase aligned, as described in detail above, and temporally aligned by
introducing a time delay component into the circuitry associated with each
element. The time delay component may be introduced before signals from
more than one element are added together, for example before summation
component 208 in Figure 2. In some embodiments of the invention, the
circuitry associated with the elements of a phased array antenna panel
should be as dumb as possible. That is, processing should be performed
centrally by software and/or firmware where possible as it is more
convenient to change any algorithms that are stored centrally as opposed to
on ASIC's associated with each element. Embodiments of the invention can
enable less accurately manufactured phased array antenna panels to be used
that offer acceptable quality of performance. Less accurately manufactured
phased array antenna panels can be used as the reliance upon theoretical or
measured distances between elements is reduced. Phased array antenna panels
according to embodiments of the invention can automatically focus a beam of
maximum gain onto a desired data source/target iteratively based upon
parameters of signals received at the elements. Embodiments of the
invention may provide a consensus of alignment of multiple elements in a
phased array antenna system using a plurality of phase tracking circuits
such as Costas loops, phase locked loops or nth power loops. A signal maybe
generated that is a composite of a plurality of demodulated signals, and
the plurality of phase tracking circuits may be configured to adjust the
phase of an output signal of local oscillators associated with the elements
based on a comparison between the signal received at that element and the
composite of the demodulated 



signals such that the output signal(s) of the elements are brought into
conformity with each other. This may involve phase aligning the output
signals of the local oscillators with the phase of communications signals
received at those elements. It will be appreciated that the invention is
not limited to QPSK systems and that embodiments of the invention can be
used with other modulation and multiplexing techniques. As an example, the
invention may be used with communications systems that use orthogonal
frequency-division multiplexing (OFDM), by simultaneously measuring the
phase difference between the sub-carriers received at each element. Insofar
as embodiments of the invention described above are implementable, at least
in part, using a software-controlled programmable processing device such as
a general purpose processor or special-purposes processor, digital signal
processor, microprocessor, or other processing device, data processing
apparatus or computer system it will be appreciated that a computer program
for configuring a programmable device, apparatus or system to implement the
foregoing described methods, apparatus and system is envisaged as an aspect
of the present invention. The computer program may be embodied as any
suitable type of code, such as source code, object code, compiled code,
interpreted code, executable code, static code, dynamic code, and the like.
The instructions may be implemented using any suitable high-level,
low-level, object-oriented, visual, compiled and/or interpreted programming
language, such as C, C++, Java, BASIC, Perl, Matlab, Pascal, Visual BASIC,
JAVA, ActiveX, assembly language, machine code, and so forth. A skilled
person would readily understand that term "computer" in its most general
sense encompasses programmable devices such as referred to above, and data
processing apparatus and computer systems. Suitably, the computer program
is stored on a carrier medium in machine readable form, for example the
carrier medium may comprise memory, removable or nonremovable media,
erasable or non-erasable media, writeable or re-writeable media, digital or
analog media, hard disk, floppy disk, Compact Disk Read Only Memory
(CD-ROM), Company Disk Recordable (CD-R), Compact Disk Rewriteable
(CD-RW),optical disk, magnetic media, magneto-optical media, removable
memory cards or disks, various types of Digital Versatile Disk (DVD)
subscriber identify module, tape, cassette solid-state memory. The computer
program may be supplied from a remote source embodied in the communications
medium such as an electronic signal, radio frequency carrier wave or
optical carrier waves. Such carrier media are also envisaged as aspects of
the present invention.CLAIMS 1. An element of a phased array antenna, the
element comprising a phase tracking circuit configured to multiply the
in-phase component of a local output signal by the quadrature phase
component of an external output signal to generate a phase control signal.
2. An element of a phased array antenna, the element comprising a phase
tracking circuit configured to multiply the quadrature component of a local
output signal by the in-phase component of an external output signal to
generate a phase control signal. 3. An element of a phased array antenna,
wherein the phase control signal is generated as the difference between the
phase control signal generated by a phase tracking circuit configured
according to claim 1 and the phase control signal generated by a phase
tracking circuit according to claim 2. 4. The element according to any one
of claims 1 to 3, wherein the phase tracking circuit is a Costas loop. 5.
The element of according to any one of claims 1 to 4, wherein the external 



output signal is a consensus of output signals generated by one or more
further elements of the phased array antenna. 6. A phased array antenna
comprising a first antenna element and a plurality of second antenna
elements configured to receive communication signals, the first antenna
element comprising a controllable oscillator configured to provide an
output signal for frequency converting a communications signal to form a
first element output signal and wherein the phase of the output signal of
the controllable oscillator is adjustable responsive to a phase control
signal generated by an element according to any one of claims 1 to 5. 7.
The phased array antenna of any preceding claim, further comprising a delay
component associated with one or more of the first or second antenna
elements, wherein the one or more delay components are configured to
temporally align the output signals of the first and second antenna
elements.8. The phased array antenna of any preceding claim, wherein one or
more of the plurality of second antenna elements are further configured
such that the individual output signals of the second elements are given a
weighting in response to a power level control signal. 9. The phased array
antenna of claim 8, wherein the power level control signal for a second
antenna element is representative of a comparison between the output signal
of that second antenna element and the output signals of the other second
antenna elements. 10. The phased array antenna of claim 8 or claim 9,
wherein the output signals of one or more of the second antenna elements
are configured to be inhibited responsive to the power level control signal
satisfying a criterion. 11. The phased array antenna of any preceding
claim, further comprising a memory configured to store coordinates
associated with each of the first and second elements. 12. The phased array
antenna of claim 11, wherein the coordinates associated with each of the
first and second antenna elements are initially set in accordance with
physical properties of the phased array antenna. 13. The phased array
antenna of claim 11 or claim 12, wherein the coordinates associated with
each of the first and second antenna elements are adjusted in response to
the phase control signal. 14. The phased array antenna of any one of claims
11 to 13, further comprising a processor configured to calculate a
plane-of-best-fit for the coordinates, and wherein the phase control signal
comprises a signal that is configured to set the phase of the controllable
oscillator to bring it into line with the plane-of-best-fit. 15. The phased
array antenna of any preceding claim, comprising one or more phased array
antenna panels. 16. A vehicle comprising a phased array antenna according
to any one of claims 1 to 15.17. A method of setting the phase of a
controllable oscillator of a first antenna element of a phased array
antenna wherein the output signal of the controllable oscillator is used to
frequency convert a received communications signal to form a first element
output signal, the method comprising: generating a phase control signal by
multiplying the in-phase component of a local output signal by the
quadrature phase component of an external output signal and/or multiplying
the quadrature component of a local output signal by the in-phase component
of an external output signal; adjusting the phase of the output signal
generated by the controllable oscillator associated with the first antenna
element in response to the phase control signal. 



18. The method of claim 17, further comprising delaying output signals of
one or more of the first or second antenna elements in order to temporally
align the output signals of the first and second antenna elements. 19. The
method of claim 17 or claim 18, further comprising generating a power level
control signal representative of a degree of correlation between an output
signal of a second antenna element and output signals of the other second
antenna elements. 20. The method of claim 19, further comprising setting a
weighting to be applied to the output signal of the second antenna element
for the comparing step in response to the power level control signal. 2 1.
The method of claim 19 or claim 20, further comprising inhibiting the
second antenna element in response to the power level control signal
satisfying a criterion. 22. The method of any one of claims 17 to 2 1,
further comprising storing coordinates associated with each of the first
and second elements in memory. 23. The method of claim 22, further
comprising initially setting the coordinates associated with each of the
first and second antenna elements in accordance with physical properties of
the phased array antenna.24. The method of claim 22 or claim 23, further
comprising adjusting the coordinates associated with each of the first and
second antenna elements in response to the phase control signal. 25. The
method of any one of claims 22 to 24, further comprising: calculating a
plane-of-best-fit for the coordinates; and using the phase control signal
to adjust the relative phase of the output signal generated by the
controllable oscillator to bring it into line with the plane-of-best-fit;
wherein the phase control signal comprises a signal that is configured to
set the phase of the controllable oscillator to bring it into line with the
plane-of-best-fit. 26. A computer program comprising machine or
computer-readable program elements for configuring a phased array antenna
to generate control signals for implementing a method according to any one
of claims 17 to 25, and/or to configure a phased array antenna as claimed
in any one of claims 6 to 16. 27. A carrier medium carrying a computer
program according to claim 26. 28. A carrier medium according to claim 27,
wherein said carrier medium is a one of the following: solid-state memory;
magnetic memory; CD-ROM; digital versatile disk (DVD); HD-DVD; read-write
CD; Blu-ray Disk, an electronic signal; radio frequency carrier wave or
optical carrier wave. 


