
1,2,4-TRIAZOLYLAMINOARYL (HETEROARYL) SULFONAMIDE
DERIVATIVES CROSS REFERENCE TO RELATED APPLICATIONS
This present application claims benefit of U.S.
Provisional Patent Application Serial No. 60/6171 19,
filed October 8, 2004, which is incorporated herein by
reference in its entirety and for all purposes. FIELD
OF THE INVENTION The invention is directed to
l,2,4-triazolylaminoaryl(heteroaryl)sulfonamide
derivatives, or pharmaceutically acceptable salts
which possess cell cycle inhibitory activity and are
accordingly useful for their anti cell proliferation
(such as anti cancer) activity. The invention is also
directed to processes for the manufacture of said
1,2,4- triazolylaminoaryl(heteroaryl)sulfonamide
derivatives, to pharmaceutical compositions containing
them and to their use in the manufacture of
medicaments or use in the generation of an anti cell
proliferation effect. BACKGROUND OF THE INVENTION The
cell division cycle is the fundamental biological
process by which a cell grows, replicates its DNA and
then divides to give two daughter cells. It includes
four sequential phases, Gl, S, G2, and M (see Pardee
et al.; "Animal cell cycle", Ann. Rev. Biochem., Vol.
47(1978), 715-750). DNA replication occurs in S phase,
and replicated DNA is distributed to two genetically
identical daughter cells in M phase. Between these two
phases are gapl (Gl) and gap2 (G2). Gl is between M
phase and S phase when a cell is responsive to
extracellular stimuli and starting to grow. Gap2 is
between S phase and M phase when the cell prepares for
entry into mitosis. Lengths of the individual phases
of the cell cycle can vary with cell type and with
conditions. In addition, there is a fifth state known
as GO (or quiescence), into which cells may reversibly
exit from the cell cycle but remain metabolically
active. The cell division cycle is regulated by the
cyclin dependent kinases (CDKs), which belong to the
family of serine/threonine kinases. For full activity,
these kinases must form a complex with a member of the
cyclin family of regulatory subunits and
bephosphorylated on a specific threonine or serine
residue (e.g., Thr 161 for cdkl). These active
CDK/cyclin complexes then regulate cell cycle
progression by phosphorylating their protein
substrates whose activities are required at specific
phases of the cell cycle. For example, in late S phase
cyclin B is expressed and forms active CDKl/cyclin B
complex, which is required for the entry of cells into
M phase and considered as M phase promoting factor
(see Kishimoto et al., "In vivo regulation of the
entry into Mphase: initial activation and nuclear
translocation of cyclin B/Cdc2", Prog. Cell Cycle
Res., Vol. 3 (1997), 241-249). This CDKl/cyclin B
complex could phosphorylate several proteins including
Histone Hl, DNA polymerase alpha, RNA polymerase II,
retinoblastoma tumor suppressor protein (Rb), lamin A,
cAbl, nucleolin, which are involved in the early
events of mitosis. In early Gl, cyclin Ds are
expressed and active CDK4/cyclin D and CDK6/cyclin D
are formed, which then phosphorylate retinoblastoma
tumor suppressor protein Rb (see Kato et al.,
"Induction of S phase by Gl regulatory factors",
Front. BioscL, Vol. 4 (1999), 787-792). In late Gl,
the cyclin Es are expressed and active CDK2/cyclin E
complexes are generated, which also phosphorylate Rb.
It is this sequential phosphorylation of Rb by
CDK4/cyclin D, CDK6/cyclin D and CDK2/cyclin E that
blocks its growth inhibitory effects. When Rb 



is hypophosphorylated, it tightly binds and blocks the
activity of E2F, a trancription factor complex that is
necessary for the expression of genes governing the Gl
to S phase transition. When Rb is phosphorylated, its
interaction with E2F is disrupted and E2F dependent
transcription occurs. This allows the cell to pass the
restriction point after which the cell no longer needs
mitogenic stimulation to complete one cell cycle. In S
phase, cyclin A(s) are expressed and active
CDK2/cyclin A complexes are formed, which can
phosphorylate the transcription factors B-Myb and E2F,
and cdc, a factor required for the initiation of DNA
replication (see Kitagawa et al., "Phosphorylation of
E2F-1 by cyclin A-cdk2", Oncogene, Vol. 10 (1995),
229-236). The sequential activation of CDK/cyclin
complexes and their ability to phosphorylate and thus
regulate the action of other proteins allows a cell to
progress from one completed phase of the cell cycle to
the next, in the correct order. Disruption in the
function of CDKs and the order of cell cycle is
implicated in the hyperproliferative diseases, such as
cancer, psoriasis and rheumatoid arthritis(Kamb et
al., "A Cell Cycle Regulator Potentially Involved in
Genesis of Many Tumor Types," Science, Vol. 264
(1994), 436-440). For example, cyclin Dl is
overexpressed in breast, esophageal, and squamous cell
carcinomas (DeISaI et al., "Cell Cycle and Cancer:
Critical Events and the Gl Restriction Point,"
Critical Rev. Oncogenesis, Vol. 7 1 (1996), 127-142)
and overexpression of cyclin E is linked to a wide
variety of solid tumors. The expression of CDK
inhibitor p27, which is a substrate and also inhibitor
of CDK2/cyclin E, is normally inhibited in prostate,
colon and breast cancers, and the cellular levels of
p27 are inversely correlated with the stage of disease
(see Loda et al., "Increased Proteasome-dependent
Degradation of the Cyclin Dependent Kinase Inhibitor
p27 in Aggressive Colorectal Carcinomas," Nature
Medicine, Vol. 3 (1997), 231-234). In addition, genes
encoding the CDK4 specific inhibitors of the pl6
family frequently have deletions and mutations in
sarcomas, leukemias, gliomas, familial melanoma and
pancreatic, non-small cell lung, and head and neck
carcinomas (see Nobori et al., "Deletions of the
Cyclin Dependent Kinases 4 Inhibitor Gene in Multiple
Human Cancers," Nature, Vol. 368 (1994), 753-756).
These data clearly confirm the unregulatio  of CDKs
activity in oncogenesis. The emerging data provide
strong evidence for using compounds inhibiting CDKs,
CDK2, and CDK4 in particular, as antiproliferative
therapeutic agents. For example, BMS 387032
(Bristol-Myers Squibb) is currently in Phase I
clinical trials as an oncology chemotherapeutic (see
Kim et al., "Discovery of Aminothiazole Inhibitors of
Cyclin Dependent Kinase 2: Synthesis, X-ray
Crystallographic Analysis, and Biological Activities",
J. Med. Chem., Vol. 45 (2002), 3905-3927) and is a
selective ATP competitive inhibitor for CDK2 (IC50 of
48 nM). This compound induces cell cycle arrest and
apoptosis, with concomitant inhibition of
phosphorylation of CDK2 substrates such as
retinoblastoma protein, demonstrating cytotoxicity in
40 human cell lines and showing antitumor activity in
five tumor models, including P388 mouse leukemia,
Cyclin E overexpressing transgenic mouse breast
carcinoma, A2780 human ovarian carcinoma, Colo205
human colorectal carcinoma, and A431 human squamous
cell carcinoma. Likewise, flavopiridol has shown
potent activity against CDKs, arresting the cell cycle
in the Gl and G2 phases by direct inhibition of CDK2,
CDK4,and CDKl and by down regulation of cyclins Dl,
D3, and B, inhibiting various human cancer cell lines
and showing activity in prostate melanoma, breast
cancer and NSCLC 



tumor xenograft models. Flavopiridol was administered
by IV infusion to patients with advanced tumors in a
Phase I study (see Thomas et al., "Phase I Clinical
and Pharmacokinetic Trial of the Cyclin Dependent
Kinase Inhibitor Flavopiridol", Cancer Chemotherapy &
Pharmacology, Vol. 50 (2002), 465-72). A partial
response was observed in a patient with renal cancer
and 3 minor responses were seen in one of each
patients with colon or prostate cancer and
non-hodgkin's lymphoma. A phase II trial investigated
the use of flavopiridol and paclitaxel with or without
co-administration of cisplatin in the treatment of 54
patients with advanced solid tumors. Among the 5 1
evaluable patients, a total of 1 complete, 1 partial
and 1 minor response and 2 1 cases of stable disease
were reported (see Koroukis et al., "Flavopiridol in
Untreated or Relapsed Mantle-cell Lymphoma: Results of
a Phase II Study of the National Cancer Institute of
Canada Clinical Trials Group", Journal of Clinical
Oncology, Vol. 2 1 (2003), 1740-45; and Schwartz et
al., "Phase II Study of Cyclin Dependent Kinases
Inhibitor Flavopiridol Administered to Patients with
Advanced Gastric Carcinoma", Journal of Clinical
Oncology, Vol. 19 (2001), 1985-93). Indisulam (E-7070)
is a novel sulfonamide agent in Phase II with Eisai
for head and neck cancer, solid tumor, CRC and NSLC
and hasdemonstrated a unique antitumor spectrum in
vitro and excellent antitumor activity in vivo
affecting multiple cell-cycle checkpoints. E-7070
suppresses the expression of cyclin E and
phosphorylation of CDK2 by blocking cell cycle
progression at several points, including Gl/S and G2/M
transition.. In vivo studies showed its activity
against various human cancers, such as colon
carcinomas HCTl 16, LS174T, SW620 and HCT15 and NSCLC
PC-9 (see Ova et al. "Discovery of Novel Antitumor
Sulphonamides Targeting Gl Phase of the Cell Cycle",
J. Med. Chem., Vol. 42 (1999), 3789-3799; and Ozawa et
al., "E7070, A Novel Sulphonamide Agent With Potent
Antitumor Activity in vitro and in vivo", Eur. J. of
Cancer, Vol. 37 (2001), 275- 282). Roscovitine (Cyc
202) (Cyclacel) is in clinical development for various
cancers, inhibiting CDK2 and to a lesser extent also
CDKl. This compound is cytotoxic in HCTl 16 human
colon carcinoma cells and has been shown in patients
to induce apoptosis by acting on Gl/S or early
checkpoint (see McClue et al., "In Vivo and hi Vitro
Antitumor Properties of The Cyclin Dependent Kinase
Inhibitor CYC 202 (Rroscovitine)", International
Journal of Cancer, Vol. 102(5) (2002), 463-468).
UCN-Ol (Kyowa Hakko Kogyo) is a non-specific kinase
inhibitor with activity against PKCs and CDKs.
Preclinical data indicates that the main potential of
UCN-01 is in the treatment of leukemias, in particular
CLL, but the compound has been advanced clinically in
renal cell carcinoma and pancreatic cancer.
Furthermore, this compound has shown antitumor
activity in patients with melanoma and lymphoma (see
Senderowicz et al., "Phase I Trial of Infusion UCN-01,
a Novel Protein Kinase Inhibitor, in Patients With
Refractory Neoplasms", Annals of Oncology, Vol. 9
(Suppl. 2) (1998), 111). WO200109106 discloses
diamino-l,2,4-triazole-carboxylics and their use in
the treatment of conditions associated with a need for
inhibition of GSK-3. WO2002057240 discloses
substituted triazole diamine derivatives and their use
as inhibitors of protein kinases. WO2004046120
discloses diaminotriazoles and their use as inhibitors
of protein kinases. However, the demand is still
increasing for small molecule compounds that can 



be readily made and are potent inhibitors of one or
more CDKs or CDK/cyclin complexes. Because CDKl may
serve as an M phase promoting factor and govern the G2
phase of the cell cycle, and CDK2/cyclin E controls
the early Gl phase of the cell cycle, there is a need
for effective and specific inhibitors of CDKl and/or
CDK2 for treating one of more types of tumors. Also,
inhibition of CDKs may prevent progression in the cell
cycle in normal cells and limit the toxicity of
cytotoxics which act in S phase, G2 or Mitosis. Such
disruption of the cell cycle or normal proliferating
cells should therefore protect proliferating cells
such as hair follicles and epithelial mucosa from the
effects of cytotoxic agents and thereby provide a
potent treatment for side effects associated with
cancer chemo- and radiotherapies. BRIEF SUMMARY OF THE
INVENTIONThe present invention is based on the
discovery that certain 1,2,4-
triazolylaminoaryl(heteroaryl)sulfonamide compounds
inhibit the effects of cell cycle kinases, showing
selectivity for CDKl and CDK2, and thus possessing
antitumor activity including (anti cell
proliferation\migration and\or apoptotic) properties.
These properties could be used for the treatment of a
CDK mediated disease manifested by abnormal cell cycle
control such as cancers (solid tumors and leukemias),
fibroproliferative and differentiative disorders,
psoriasis, acute and chronic nephropathies, rheumatoid
arthritis, Kaposi's sarcoma, hemangioma atheroma,
atherosclerosis, arterial restenosis, autoimmune
disease, acute and chronic inflammation, bone diseases
and ocular diseases with retinal vessel proliferation.
Accordingly, the present invention provides a 1,2,4-
triazoloaminoaryl(heteroaryl)sulfonamide derivative of
formula (I): wherein: X1, X2 are independently
selected from CH and N, R1 is a carbocyclic,
heterocyclic or heteroaryl, wherein R1 is optionally
substituted with one or more substitutents
independently selected from amido, phosphonato,
phosphine, carboxyl, thiocarbonyl, sulfonyl, nitro,
thiol, thioether, amine, cyano, 7V,iV-(C1-6-alkyl)
2amino, sulfonamide, ketone, aldehyde, ester, halogen,
oxygen, haloalkyl, C1-6-alkyl, C2-6-alkenyl,
C2-6-alkynyl, hydroxyl, or -6-alkoxyl, R2 is hydrogen,
hydroxy, nitro, amino, carboxy, carbamoyl, halo,
cyano, trifluoromethyl, trifluoromethoxy, sulphamoyl,
mercapto, C1-6-alkyl, C2-6-alkenyl, C2.6-alkynyl,
C1-6-alkoxyl, N-(Ci -6-alkyl)amino, L (C1-6-alkyl)
2amino, or sulfonyl,i R3 and R are independently
selected from hydrogen, -CH2OPO R5R6, -CH2OCOR7, -CH
2OCO2R7, -CH2OCONHR 7, -COR 7, or -CONHR 7, wherein R3
and R4 are not simultaneously hydrogen, R3' is
selected from the group consisting of hydrogen,
heterocyclic or C1-8alkyl, wherein C1-8alkyl is
optionally substituted with one or more of -CO2H,
-CO2(C1-6)alkyl, hydroxy, C16alkoxy, amino,
aminoacylamino, iV-(C1-6-alkyl)amino,
iV,iV-(C1-6alkyl) 2amino, heterocyclic or heteroaryl,
R5 and R6 are each selected from hydrogen, C1-6alkyl,
Na, K and NH4 and are the same unless either R or R6
is absent, hydrogen or C1-6alkyl, in which case the
other is different, or alternatively, R5 and R
together represent calcium, or magnesium, R7 is
heterocyclic or C1-6alkyl, wherein C1-6alkyl is
optionally substituted with 



one or more of -CO2H, -CO2(C1-6)alkyl, amino,
amino-COR 8, carbamoyl, carbamoyl(C 1-6)alkyl,
guanidino, mercapto, thio(C 1-6)alkyl, hydroxy,
LKQ-s-alkytyamino, L 7V-(C1-6-alkyl) 2amino, aryl
optionally substituted on aryl with one or more of
C1-4alkyl, C1-4alkoxy, hydroxy, halogen, amino,
aminoalkyl, nitro or cyano, heterocyclic, -(OCH
2CH2)nOCH3 where n is 0-400, -(OCH 2CH2)nOH where n is
0-400, or -(OCH 2CH2)nOCH2CO2H where n is 0-400, and
R8 is C1-6alkyl optionally substituted with one or
more of -CO2H, -CO2(C1-6)alkyl, amino, aminoacylamino,
carbamoyl, carbamoyl(C 1-6)alkyl, guanidino, mercapto,
thio(C 1-6)alkyl, hydroxy, N-tQ-e-alky^amino, ,N-(C
1-6-alkyl)2amino, aryl optionally substituted on aryl
with one or more of C1-4alkyl, C1-4alkoxy, hydroxy,
halogen, amino, aminoalkyl, nitro or cyano,
heterocyclic, -(OCH 2CH2)nOCH3 where n is 0-400, -(OCH
2CH2)nOH where n is 0-400, or -(OCH 2CH2)nOCH2CO2H
where n is 0-400. An example of a compound of formula
(I) includes compounds wherein X1 and X2 is each CH.
An example of a compound of formula (I) includes
compounds wherein R1 is a carbocyclic compound
selected from cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, phenyl or naphthyl each optionally
substituted with one or more of amido, phosphonato,
phosphine, carboxyl, thiocarbonyl, sulfonyl, nitro,
thiol, thioether, amine,cyano, -(C 1-6-alkyl)amino, ,
-(C1-6-alkyl) 2amino, sulfonamide, ketone, aldehyde,
ester, halogen, oxygen, haloalkyl, Ci-6-alkyl,
C2.6-alkenyl, C2-6-alkynyl, hydroxyl or C1-6-alkoxyl.
An example of a compound of formula (I) includes
compounds wherein R1 is phenyl optionally substituted
with one or more of amido, phosphonato, phosphine,
carboxyl, thiocarbonyl, sulfonyl, nitro, thiol,
thioether, amine, cyano, iV-(C1-6-alkyl)amino,
,JV-(C1-6-alkyl) 2amino, sulfonamide, ketone,
aldehyde, ester, halogen, oxygen, haloalkyl,
C1-6-alkyl, C2-6-alkenyl, C2-6-alkynyl, hydroxyl or
C1-6-alkoxyl. An example of a compound of formula (I)
includes compounds wherein R1 is phenyl optionally
substituted with one or more of halogen. An example of
a compound of formula (I) includes compounds wherein
R1 is a heterocyclic compound selected from
pyrrolidinyl, piperidinyl or piperazinyl each
optionally substituted with one or more of amido,
phosphonato, phosphine, carboxyl, thiocarbonyl,
sulfonyl, nitro, thiol, thioether, amine, cyano,
JV-(C1-6-alkyl)amino, L iV-(C1-6-alkyl) 2amino,
sulfonamide, ketone, aldehyde, ester, halogen, oxygen,
haloalkyl, C1-6-alkyl, C2-6-alkenyl, C2-6~alkynyl,
hydroxyl or C1-6-alkoxyl. An example of a compound of
formula (I) includes compounds wherein R1 is a
heteroaryl compound selected from pyrazolyl,
pyridinyl, pyrazinyl, pyridazinyl, pyrimidinyl,
morpholinyl, thiazinyl, oxazinyl, pyrrolyl, indolyl,
furanyl, thiophenyl, imidazolyl, oxazolyl, isoxazolyl,
thiazolyl, triazolyl, tetrazolyl, quinolinyl,
isoquinolinyl, quinazolinyl, acridinyl,
benzimidazolyl, benzothiophenyl or benzofuranyl each
optionally substituted with one or more of amido,
phosphonato, phosphine, carboxyl, thiocarbonyl,
sulfonyl, nitro, thiol, thioether, amine, cyano,
JV-(C1-6-alkyl)amino, N,iV-(C1-6-alkyl)2amino,
sulfonamide, ketone, aldehyde, ester, halogen, oxygen,
haloalkyl, C1-6-alkyl, C2-6-alkenyl, C2-6-alkynyl,
hydroxyl or C1-6-alkoxyl. 



An example of a compound of formula (I) includes
compounds wherein R2 is hydrogen.An example of a
compound of formula (I) includes compounds wherein R3
and R4 are independently selected from hydrogen or
-COR7 > wherein R3 and R4 are not simultaneously
hydrogen. .An example of a compound of formula (I)
includes compounds wherein R3' is a heterocyclic
compound selected from morpholinyl, tetrazolyl,
pyrrolidinyl, piperidinyl, piperazinyl or
4-methyl-piperazin-l-yl. An example of a compound of
formula (I) includes compounds wherein R3' is a
heteroaryl compound . selected from imidazolyl,
2-methyl-imidazolyl, 2,3-dimethyl-imidazolyl,
1,2,3-triazolyl or 1,2,4-triazolyl. An example of a
compound of formula (I) includes compounds wherein R3'
is hydrogen. An example of a compound of formula (I)
includes compounds wherein R7 is a heterocyclic
compound selected from morpholinyl, tetrazolyl,
pyrrolidinyl, piperidinyl, piperazinyl or
4-methyl-piperazin-l-yl. An example of a compound of
formula (I) includes compounds wherein R7 is
heterocyclic or C1-6alkyl, wherein C1-6alkyl is
optionally substituted with one or more of -CO2H,
-CO2(C1-6)alkyl, amino, amino-CORs, carbamoyl,
carbamoyl(C1-6)alkyl, guanidino, mercapto,
thio(C1-6)alkyl, hydroxy, A r, -(C1-6-alkyl)2amino,
phenyl optionally substituted on phenyl with one or
more of C1-4alkyl, C1-4alkoxy, hydroxy, halogen,
amino, aminoalkyl, nitro or cyano, heterocyclic,
-(OCH2CH2)nOCH3 where n is 0, 1, 2 or 3, -(OCH2CH2)nOH
where n is 0, 1, 2 or 3, or -(OCH2CH2)nOCH2Cq 2H where
n is 0, 1, 2 or 3. An example of a compound of formula
(I) includes compounds wherein R7 is heterocyclic or
C1-6alkyl, wherein C1-6alkyl is optionally substituted
with one or more of -CO2H, -CO2(C1-6)alkyl, amino,
amino-COR8, carbamoyl, carbamoyl(C1-6)alkyl,
guanidino, mercapto, thio(C1-6)alkyl, hydroxy, L
-(C1-6-alkyl)2amino, phenyl optionally substituted on
phenyl with one or more of hydroxy, heterocyclic,
-(OCH2CH2)nOCH3 where n is 1 or 2 or
-(OCH2CH2)nOCH2CO2H where n is 1 or 2.An example of a
compound of formula (I) includes compounds wherein R7
is heterocyclic or C1-6alkyl, wherein C1-6alkyl is
optionally substituted with one or more of -CO2H,
-CO2(C1-6)alkyl, amino, amino-COR 8, hydroxy,
iV,N-(C1-6-alkyl) 2amino, heterocyclic,
-(OCH2CH2)nOCH3 where n is 1 or 2 or
-(OCH2CH2)nOCH2CO2H where n is 1 or 2. An example of a
compound of formula (I) includes compounds wherein R8
is C1-6alkyl optionally substituted with one or more
of -CO2H, -CO2(C1-6)alkyl, amino, hydroxy,
iV-(C1-6-alkyl)amino, N, -(C1-6-alkyl)2amino, aryl
optionally substituted on aryl with one or more of
C1-4alkyl, C1-4alkoxy, hydroxy, halogen, amino or
aminoalkyl, heterocyclic, -(OCH2CH2)nOCH3 where n is
0, 1, 2 or 3, -(OCH2CH2)nOH where n is 0, 1, 2 or 3,
or -(OCH2CH2)nOCH2CO2H where n is 0, 1, 2 or 3. An
example of a compound of formula (I) includes
compounds wherein R8 is C1-6alkyl optionally
substituted with one or more of amino. In a second
aspect of this invention, there is provided a compound
of formula (II): wherein: R3 and R4 are independently
selected from hydrogen, -CH OPOsRsR6, 



-CH2OCOR7, -CH2OCO2R7, -CH2OCONHR7, -COR7, or -CONHR
7, wherein R3 and R4 are not simultaneously hydrogen,
R5 and R6 are each selected from hydrogen, C1-6alkyl,
Na, K and NH4 and are the same unless either R5 or R6
is absent, hydrogen or C1-6alkyl, in which case the
other is different, or alternatively, R5 and R6
together represent calcium, or magnesium, andI I R7 is
heterocyclic or C1-6alkyl, wherein C1-6alkyl is
optionally substituted with one or more of -CO 2H, -CO
2(C1-6)alkyl, amino, amino-COR 8, carbamoyl,
carbamoyl(C 1-6)alkyl, ' guanidino, mercapto, thio(C
1-6)alkyl, hydroxy, -(C 1-6-alkyl)amino, L -(C
1-6-alkyl) 2amino, aryl optionally substituted on aryl
with one or more of C1-4alkyl, Q^alkoxy, hydroxy,
halogen, amino, aminoalkyl, nitro or eyano,
heterocyclic, -(OCH 2CH2)nOCH 3 where n is 0-400,
-(OCH 2CH2)nOH where n is 0-400, or -(OCH 2CH2)nOCH
2CO2H where n is 0-400, and R is C1-6alkyl optionally
substituted with one or more of -CO 2H, -CO
2(C1-6)alkyl, amino, aminoacylamino, carbamoyl,
carbamoyl(C 1-6)alkyl, guanidino, mercapto, thio(C
1-6)alkyl, hydroxy, N-(C 1-6-alkyl)amino, ,N-(C
1-6-alkyl) 2amino, aryl optionally substituted on aryl
with one or more of C1-4alkyl, C1-4alkoxy, hydroxy,
halogen, amino, aminoalkyl, nitro or cyano,
heterocyclic, -(OCH 2CH2)nOCH 3 where n is 0-400,
-(OCH 2CH2)nOH where n is 0-400, or -(OCH 2CH2)nOCH
2CO2H where n is 0-400. In a third aspect of this
invention, there is provided a compound of formula
(III): (III) wherein: R3 is -COR 7, R7 is heterocyclic
or C1-6alkyl, wherein C1-6alkyl is optionally
substituted with one or more of -CO 2H, -CO
2(C1-6)alkyl, amino, amino-COR 8, carbamoyl,
carbamoyl(C 1-6)alkyl, guanidino, mercapto, thio(C
1-6)alkyl, hydroxy, iV-(C1-6-alkyl)amino, , -(C
1-6-alkyl) 2amino, aryl optionally substituted on aryl
with one or more of C1-4alkyl, C1-4alkoxy, hydroxy,
halogen, amino, aminoalkyl, nitro orcyano,
heterocyclic, -(OCH2CH2)nOCH3 where n is 0-400,
-(OCH2CH2)nOH where n is 0-400, or -(OCH2CH2)nOCH2CO2H
where n is 0-400, and R8 is C1-6alkyl optionally
substituted with one or more of -CO2H,
-CO2(C1-6)alkyl, amino, aminoacylamino, carbamoyl,
carbamoyl(C 1-6)alkyl, guanidino, mercapto, thio(C
1-6)alkyl, hydroxy, -(C1-6-alkyl)amino, ,
-(C1-6-alkyl)2amino, aryl optionally substituted on
aryl with one or more of C1-4alkyl, C1-4alkoxy,
hydroxy, halogen, amino, aminoalkyl, nitro or cyano,
heterocyclic, -(OCH2CH2)nOCH3 where n is 0-400,
-(OCH2CH2)nOH where n is 0-400, or -(OCH2CH2)nOCH2CO2H
where n is 0-400. Accordingly, there is also provided,
a pharmaceutical composition containing a compound of
the formula (I), (II) or (III), or a pharmaceutically
acceptable salt of a compound of the formula (I), (II)
or (III); or a pharmaceutically active metabolite of a
compound of the formula (I), (II) or (III), or a
pharmaceutically acceptable salt of the metabolite,
and the therapeutic use of the composition in treating
or preventing kinase mediated diseases resulting from
cellular hyperproliferation, such as cancer,
rheumatoid arthritis and psoriasis. The present
invention provides a method for using compounds of
Formula (I) in 



treating or ameliorating a kinase receptor -mediated
disorder. An aspect of the method includes inhibiting
unregulated kinase activity comprising contacting the
kinase domain with one or more compounds of Formula
(I). An aspect of the method includes inhibiting a
kinase by contacting the kinase receptor with a
compound of Formula (I). An aspect of the method
includes inhibiting increased or unregulated kinase
expression or signaling leading to unregulated cell
proliferation comprising contacting a kinase receptor
with one or more compounds of Formula (I). An aspect
of the method includes inhibiting a cyclin dependent
kinase by contacting the kinase receptor with a
compound of Formula (I). An aspect of the method
includes inhibiting the unregulated expression of a
cyclin dependent kinase and the like.The present
invention is also directed to a method for treating or
preventing a kinase mediated disease in a subject in
need thereof comprising administering to the subject
an effective amount of said compound. .The present
invention is further directed to a method for treating
or preventing a cyclin dependent kinase mediated
disease in a subject in need thereof comprising
administering to the subject an effective amount of
said compound. The method further comprises
administering to the subject an effective amount of a
compound of formula (I), (II) or (HI) or a
pharmaceutically acceptable salt, active metabolite,
salt of the metabolite or composition thereof in the
form of a medicament. Several other aspects, features
and advantages of the invention will become apparent
from the detailed description below. DETAILED
DESCRIPTION OF THE INVENTION As used herein, the term
"effective amount" means that amount of a drug or
pharmaceutical agent that will result in improved
healing, prevention, or treatment, or a decrease in
the rate of advancement of a disease or disorder or
the amelioration of disease, disorder, or side effect.
The term also indicates the amount that could
effectively enhance physiological function. As used
herein, the term "alkyl" means a straight or branched
hydrocarbon chain having 1-8 carbon atoms, optionally
substituted with lower alkyl, lower haloalkyl, lower
alkylsufanyl, lower alkylsulfenyl, lower
alkylsulfonyl, lower alkoxy, oxo, nitro, mercapto,
amino optionally substituted by alkyl, carboxy,
carbamoyl optionally substituted by alkyl, carboxamide
optionally substituted by alkyl, aminosulfonyl
optionally substituted by alkyl. Examples of "alkyl"
as used herein include, but are not limited to,
methyl, ethyl, propyl, n-butyl, n-pentyl, isobutyl,
isopropyl and the like. As used herein, the term
"alkenyl" means a straight or branched hydrocarbon
chain having 2-8 carbon atoms and at least one
carbon-carbon double bond, optionally substituted with
lower alkyl, lower haloalkyl, lower alkylsufanyl,
lower alkylsulfenyl, lower alkylsulfonyl, lower
alkoxy, oxo, nitro, mercapto, amino optionally
substitutedby alkyl, carboxy, carbamoyl optionally
substituted by alkyl, carboxamide optionally
substituted by alkyl, aminosulfonyl optionally
substituted by alkyl. Examples of "alkenyl" as used
herein include, but are not limited to, 1-propenyl,
l-butenyl,lpentenyl, and 1-hexenyl and the like. As
used herein, the term "alkynyl" means a straight or
branched hydrocarbon chain having 2-8 carbon atoms and
one carbon-carbon triple bond, optionally 



substituted with lower alkyl, lower haloalkyl, lower
alkylsufanyl, lower alkylsulfenyl, lower
alkylsulfonyl, lower alkoxy, oxo, nitro, mercapto,
amino optionally substituted by alkyl, carboxy,
carbamoyl optionally substituted by alkyl, carboxamide
optionally substituted by alkyl, aminosulfonyl
optionally substituted by alkyl. Examples of "alkynyl"
as used herein include, but are not limited to,
1-propynyl, 1-butynyl, 2- butynyl, 1-pentynyl, and
1-hexynyl and the like. The term "alkoxy" or "alkoxyl"
means a straight or branched hydrocarbon chain having
1-8 carbon atoms attached via an oxygen linking atom
and optionally substituted with lower alkyl, lower
haloalkyl, lower alkylsufanyl, lower alkylsulfenyl,
lower alkylsulfonyl, lower alkoxy, oxo, nitro,
mercapto, amino optionally substituted by alkyl,
carboxy, carbamoyl optionally substituted by alkyl,
carboxamide optionally substituted by alkyl,
aminosulfonyl optionally substituted by alkyl.
Examples of "alkoxy" as used herein include, but are
not limited to, methoxy, ethoxy, propoxy, butoxy and
isopropoxy and the like. As used herein, the term
"carbocyclic" refers to a cycloalkyl or aryl ring. As
used herein, the term "cycloalkyl" refers to a
saturated cyclic hydrocarbon ring having 3-10 carbons.
Examples of "cycloalkyl" used herein include, but are
not limited to, cyclopropyl, cyclobutyl, cyclopentyl
and cyclohexyl and the like. . As used herein, the
term "heterocyclyl" or "heterocyclic" refers to a 3-12
membered saturated or partially saturated ring
containing one or more heteroatoms selected from S,
SO, SO , O or N, said ring optionally substituted with
lower alkyl, lower haloalkyl, lower alkylsufanyl,
lower alkylsulfenyl, lower alkylsulfonyl, lower
alkoxy, oxo, nitro, mercapto, amino optionally
substituted by alkyl, carboxy, carbamoyl optionally
substituted by alkyl, carboxamide optionally
substituted by alkyl, 5 aminosulfonyl optionally
substituted by alkyl. Such a ring may be optionally
fused to one or more other heterocyclyl, cycloalkyl,
heteroaryl, or aryl rings. Examples of heterocyclyl
include, but are not limited to, 2H-pyrrole (including
2-pyrrolinyl or 3- pyrrolinyl), 2-imidazolinyl (also
referred to as 4,5-dihydro-lH-imidazolyl),
imidazolidinyl, 2-pyrazolinyl, pyrazolidinyl,
tetrazolinyl, tetrazolidinyl, piperidinyl,
pyrrolidinyl, 1,4-dithianyl, thiomorpholinyl,
piperazinyl, 4-methyl-l-pi rerazinyl, 2-
pyrrolidinone, azetidinyl, azepanyl,
hexahydro-l,4-diazepinyl, hexahydro-1,4- oxazepanyl,
tetrahydro-furanyl, pyranyl, 1,4-dioxanyl,
1,3-dioxolanyl, tetrahydropyranyl,
tetrahydro-pyridazinyl, 1,3-benzodioxolyl,
2,3-dihydro-l,4-benzodioxinyl, morpholinyl,
4-morpholinyl propyl, tetrahydrothiopyranyl, and
tetrahydrothiophenyl and the like. As used herein, the
term "aryl" refers to an optionally substituted
benzene ring or an optionally substituted benzene ring
system fused to one or more optionally substituted
benzene rings. The optional substituents include lower
alkyl, lower haloalkyl, lower alkylsufanyl, lower
alkylsulfenyl, lower alkylsulfonyl, lower alkoxy, oxo,
nitro, mercapto, amino optionally substituted by
alkyl, carboxy, carbamoyl optionally substituted by
alkyl, carboxamide optionally substituted by alkyl,
aminosulfonyl optionally substituted by alkyl.
Examples of aryl include, but are not limited to,
phenyl, 2-naphthyl, 1-naphthyl, biphenyl, fluorenyl,
indenyl, azulenyl and anthracenyl and the like. As
used herein, the term "heteroaryl" refers to a 5-7
membered unsaturated ring 



containing one or more heteroatoms selected from S,
SO, SO2, O or N, or to a fused bicyclic unsaturated
ring comprising two such 5-7 membered unsaturated
rings, said ring optionally substituted with lower
alkyl, lower haloalkyl, lower alkylsufanyl, lower
alkylsulfenyl, lower alkylsulfonyl, lower alkoxy, oxo,
nitro, mercapto, amino optionally substituted by
alkyl, carboxy, carbamoyl optionally substituted by
alkyl, carboxamide optionally substituted by alkyl,
aminosulfonyl optionally substituted by alkyl.
Examples of heteroaryl used herein include, but are
not limited to, furanyl, thiophenyl, pyrrolyl,
isoquinolinyl, benzofuranyl, benzoimidazolyl,
benzoxazolyl, benzoisoxazolyl, benzothiophenyl,
benzothiazolyl, benzothiadiazolyl, benzotriazolyl,
indolizinyl, indolyl, azaindolyl, isoindolyl,
indazolyl, azaindazolyl, thiadiazolyl,
isothiazolyl,pyridinyl, pyridazinyl, pyrazinyl,
pyrimidinyl, purinyl, 4H-quinolizinyl, quinolinyl,
isoquinolinyl, cinnolinyl, phthalzinyl, quinazolinyl,
quinoxalinyl, imidazolyl, pyrazolyl, triazolyl,
tetrazolyl, thiazolyl, isothiazolyl, oxazolyl,
isoxazolyl, oxadiazolyl, indazolyl, naphthyridinyl,
and pteridinyl and the like. As used herein, acyl
means the group -C(O)alkyl. As used herein, aldehyde
means the group -C(O)H. As used herein, amine or amino
means the group -NH 2. As used herein, aminoalkyl
means the group -NHR or N(R) , where R is (C lalkyl.
As used herein, aminoacylamino means the group
-NHCO-alkyl-NHR or -NHCO-alkyl-N(R)2, where R is
hydrogen or alkyl and NHR and N(R)2 are each attached
on any alkyl carbon atom. As used herein, carbonyl or
ketone means the group -C(O)-. As used herein, carboxy
or carboxyl means the group -C(O)OH. As used herein,
carboxamide amido or carbamoyl means the group -C(O)NH
2. As used herein, carbamoyl(Ci- )alkyl means the
group -C(O)NHR or -C(O)N(R)2, where R is (C^alkyl as
defined herein. As used herein, ester means the group
-C(O)OR, where R is alkyl, cycloalkyl, heterocyclyl,
aryl, or heteroaryl as defined herein. As used herein,
halogen or halo means the group chloro, bromo, fluoro
or iodo. As used herein, haloalkyl means the group
-alkyl(halo)1-3 and includes monofluoromethyl,
difluoromethyl, trifluoromethyl, trifluoroethyl and
the like. As used herein, haloalkoxy means the group
-alkoxy(halo)1-3 and includes monofluoromethoxy,
difluoromethoxy, trifluoromethoxy, trifluoroethoxy and
the like. As used herein, mercapto means the group
-SH. As used herein, phosphine means the group -PH .i
As used herein, phosphonato means the group -OP(O)OR,
where R is hydrogen or alkyl. As used herein, sulfanyl
or thiol means the group -S-. As used herein, sulfenyl
or sulfinyl means the group -SO-. As used herein,
sulfonyl means the group -SO 2-. As used herein, sulfo
means the group -SO 2OH. As used herein, aminosulfonyl
means the group -SO 2NH2. As used herein, sulphamoyl,
sulfamoyl or sulfonamide means the group -SO2NHR or
-SO2N(R)2, where R is hydrogen or alkyl, cycloalkyl,
heterocyclyl, aryl, or heteroaryl as defined herein. 



As used herein, thio(Ct-4.)alkyl means the group
-S-(Ci-4)alkyl . As used herein, thiocarbonyl means
the group -C(S)R, where R is alkyl, cycloalkyl,
heterocyclyl, aryl, or heteroaryl as defined herein.
As used herein, thioether means the group -SH 2. As
used herein, oxycarbamoyl means the group -OC(O)NHR,
where R is hydrogen or alkyl, cycloalkyl,
heterocyclyl, aryl, or heteroaryl as defined herein.
Some compounds described herein may contain one or
more chiral centers. Therefore, the compounds of this
invention may include pure enantiomers or
enantiomerically enriched mixtures or racemates. Also
within the scope of the invention are the individual
isomers of the compounds represented by formula (I),
(II) and (III) above or equilibrated mixtures. The
invention also relates to the compounds of formula
(I), (II) and (III) in different crystalline forms,
polymorphic forms and (an)hydrous forms. It is well
known within the pharmaceutical industry that chemical
compounds may be isolated in any of such forms by
slightly changing the method of purification and/or
isolation from the solvents used in the synthetic
preparation of such compounds.In one embodiment of
this invention, there is provided a compound of
formula (I): (I) wherein: X1, X2 are independently
selected from CH and N, R1 is a carbocyclic,
heterocyclic or heteroaryl, wherein R1 is optionally
substituted with one or more substitutents
independently selected from amido, phosphonato,
phosphine, carboxyl, thiocarbonyl, sulfonyl, nitro,
thiol, thioether, amine, cyano, -(C 1-6-alkyl)amino,
iV,./V-(C1-6-alkyl) 2amino, sulfonamide, ketone,
aldehyde, ester, halogen, oxygen, haloalkyl,
C1-6-alkyl, C2-6-alkenyl, C2-6-alkynyl, hydroxyl, or
6-alkoxyl, R2 is hydrogen, hydroxy, nitro, amino,
carboxy, carbamoyl, halo, cyano, trifluoromethyl,
trifluoromethoxy, sulphamoyl, mercapto, C1-6-alkyl,
C2-6-alkenyl, C2-6-alkynyl, C1-6-alkoxyl, N-(C
1-6-alkyl)amino, ,iV-(C1-6-alkyl) 2amino, or sulfonyl,
R3 and R4 are independently selected from hydrogen,
-CH2OPO3R R6, -CH2OCOR7, -CH2OCO2R7, -CH2OCONHR 7,
-COR7, or -CONHR 7, wherein R3 and R4 are not
simultaneously hydrogen, R3' is selected from the
group consisting of hydrogen, heterocyclic or
C1-8alkyl, wherein C1-8alkyl is optionally substituted
with one or more of -CO2H, -CO2(C1.6)alkyl, hydroxy,
C1-6alkoxy, amino, aminoacylamino, N-(C
1-6-alkyl)amino, L N-(C1-6alkyl) 2amino, heterocyclic
or heteroaryl, R5 and R6 are selected from hydrogen,
C1-6alkyl, Na, K and NH4 and are the same unless
either R5 or R6 is absent, hydrogen or C1-6alkyl, in
which case the other is different, or alternatively,
R5 and R6 together represent calcium, or magnesium,1'9
R7 is heterocyclic or C1-6alkyl, wherein C1-6alkyl is
optionally substituted with one or more of -CO2H,
-CO2(C1-6)alkyl, amino, amino-COR 8, carbamoyl,
carbamoyl(C 1-6)alkyl, ' guanidino, mercapto, thio(C
1-6)alkyl, hydroxy, -(C1-6-alkyl)amino,
iV,iV-(C1-6-alkyl) 2amino, aryl optionally substituted
on aryl with one or more of C1-4alkyl, C1-4alkoxy,
hydroxy, halogen, amino, aminoalkyl, nitro or cyano,
heterocyclic, -(OCH2CH2)nOCH3 where n is 0-400,
-(OCH2CH2)nOH where n is 



0-400, or -(OCH 2CH2)nOCH2CO2H where n is 0-400, and
R8 is C1-6alkyl optionally substituted with one or
more of -CO2H, -CO2(C1-6)alkyl, amino, aminoacylamino,
carbamoyl, carbamoyl(C 1-6)alkyl, guanidino, mercapto,
thio(C 1-6)alkyl, hydroxy, -(C1-6-alkyl)amino,
,iV-(C1-6-alkyl)2amino, aryl optionally substituted on
aryl with one or more of C1-4alkyl, C1-4alkoxy,
hydroxy, halogen, amino, aminoalkyl, nitro or cyano,
heterocyclic, -(OCH2CH2)nOCH3 where n is 0-400, -(OCH
2CH2)nOH where n is 0-400, or -(OCH2CH2)nOCH2CO2H
where n is 0-400. In another embodyment of this
invention, there is provided a compound of formula
(II): (H) wherein: R and R4 are independently selected
from hydrogen, -CH2OPO3RsR6, -CH2OCOR7, -CH2OCO2R7,
-CH2OCONHR 7, -COR7, or -CONHR 7, wherein R3 and R4
are not simultaneously hydrogen, R5 and R6 are each
selected from hydrogen, C1-6alkyl, Na, K and NH4 and
are the same unless either R5 or R6 is absent,
hydrogen or C1-6alkyl, in which case the other is
different, or alternatively, R5 and R6 together
represent calcium, or magnesium,R7 is heterocyclic or
C1-6alkyl, wherein C1-6alkyl is optionally substituted
with one or more of -CO H, -CO2(C1-6)BIlCyI, amino,
amino-CORs, carbamoyl, carbamoyl(C 1-6)alkyl,
guanidino, mercapto, thio(C 1-6)alkyl, hydroxy,
JV-(C1-6-alkyl)amino, N,N-(C 1-6-alkyl)2amino, aryl
optionally substituted on aryl with one or more of
C1-4alkyl, C1-4alkoxy, hydroxy, halogen, amino,
aminoalkyl, nitro or cyano, heterocyclic, -(OCH
2CH2)nOCH3 where n is 0-400, -(OCH 2CH2)nOH where n is
0-400, or -(OCH 2CH2)nOCH 2CO2H where n is 0-400, and
R8 is C1-6alkyl optionally substituted with one or
more of -CO 2H, -CO 2(C1-6)alkyl, amino,
aminoacylamino, carbamoyl, carbamoyl(C 1-6)alkyl,
guanidino, mercapto, thio(C 6)alkyl, hydroxy, -(C
1-6-alkyl)amino, , -(C 1-6-alkyl) 2amino, aryl
optionally substituted on aryl with one or more of
C1-4alkyl, C1-4alkoxy, hydroxy, halogen, amino,
aminoalkyl, nitro or cyano, heterocyclic, -(OCH
2CH2)nOCH 3 where n is 0-400, -(OCH 2CH2)nOH where n
is 0-400, or -(OCH 2CH2)nOCH 2CO2H where n is 0-400.
In another embodiment of this invention, there is
provided a compound of formula (III): (III) wherein:
R3 is -COR 7, R7 is heterocyclic or C1-6alkyl, wherein
C1-6alkyl is optionally substituted with one or more
of -CO 2H, -CO 2(C1-6)alkyl, amino, amino-CORs,
carbamoyl, carbamoyl(C 1-6)alkyl, guanidino, mercapto,
thio(C 1-6)alkyl, hydroxy, iV-(C1-6-alkyl)amino, N
N-(Ci-6-alkyl) 2amino, aryl optionally substituted on
aryl with one or more of C1-4alkyl, C1-4alkoxy,
hydroxy, halogen, amino, aminoalkyl, nitro orcyano,
heterocyclic, -(OCH2CH2)nOCH3 where n is 0-400,
-(OCH2CH2)nOH where n is 0-400, or -(OCH2CH2)nOCH2CO2H
where n is 0-400, and R is C1-6alkyl optionally
substituted with one or more of -CO2H,
-CO2(C1-6)alkyl, amino, aminoacylamino, carbamoyl,
carbamoyl(C 1-6)alkyl, guanidino, mercapto, thio(C
1-6)alkyl, hydroxy, iV-(C1-6-alkyl)amino, ,
-(C1-6-alkyl)2arnino, aryl 



optionally substituted on aryl with one or more of
C1-4alkyl, C1-4alkoxy, hydroxy, halogen, amino,
aminoalkyl, nitro or cyano, heterocyclic,
-(OCH2CH2)nOCH3 where n is 0-400, -(OCH2CH2)nOH where
n is 0-400, or -(OCH2CH2)nOCH2CO2H where n is 0-400.
Typically, pharmaceutically acceptable salts are
non-toxic and could be formed by treating the
compounds of the present invention with appropriate
acids or bases by any suitable methods in the art.
These acids include hydrochloric acid, hydrobromic
acid, sulfuric acid, nitric acid, phosphoric acid, an
amino acid such as aspartic acid or glutamic acid,
aromatic acid such as benzoic aicd or cinnamic acid, a
sulfonic acid such as p-toluenesulfonic acid or
ethanesulfonic acid, an a-OH acid such as citric acid
and tartaric acid, a pyranosidyl acid such as
glucuronic acid or galacturonic acid, acetic acid,
maleic acid, succinic acid, mandelic acid, fumaric
acid, malonic acid, pyruvic acid, oxalic acid,
glycolic acid, salicyclic acid. If the compounds of
the present invention are acids, the pharmaceutically
acceptable salt could be prepared by treating the free
acid with an inorganic or organic base, including
amino acids such as glycine and arginine, ammonia,
amine (primary, second amine or tertiary), cyclic
amines such as piperidine, pyrrolidine, piperazine and
morpholine, NaOH, Ca(OH)2, KOH, Mg(OH)2, Fe(OH)3,
Cu(OH)2, LiOH, Zn(OH)2, and Al(OH)3. The present
invention includes a pharmaceutical composition
containing a compound of the formula (I), (II) or
(III), or a pharmaceutically acceptable salt of a
compound of the formula (I), (II) or (III); or a
pharmaceutically active metabolite of a compound of
the formula (I), (II) or (III), or a pharmaceutically
acceptable salt of the metabolite, and the therapeutic
use of the composition in treating a kinase mediated
disease.The present invention includes a method for
treating or preventing a kinase mediated disease in a
subject in need thereof comprising administering to
the subject an effective amount of said compound. The
present invention includes a method for treating or
preventing a cyclin dependent kinase mediated disease
in a subject in need thereof comprising administering
to the subject an effective amount of said compound.
The method further comprises administering to the
subject an effective amount of a compound of formula
(I), (II) or (III) or a pharmaceutically acceptable
salt, active metabolite, salt of the metabolite or
composition thereof in the form of a medicament. As
used herein, the term "effective amount" further means
an amount in a range of from about 0.001 mg/kg to
about 300 mg/kg of body weight per day. The term also
includes compounds of the present invention having an
IC50 (50% inhibition concentration) of about 50 mM or
less, about 25 mM or less, about 15 mM or less, about
10 mM or less, about 1 mM or less, about 0.5 mM or
less, or about 0.1 mM or less.. The term "kinase
mediated disease" as used herein, includes, and is not
limited to syndromes, disorders or diseases associated
with unregulated kinase activity and conditions that
accompany such activity. The term "unregulated kinase
activity" and "inappropriate protein kinase activity"
refers to 1) increased or unregulated kinase
expression or signaling, 2) increased kinase
expression leading to unregulated cell proliferation,
3) increased kinase signalling leading to unregulated
cell proliferation, or 4) mutations leading to
constitutive kinase activation. The existence of
unregulated kinase activity may be 



determined by procedures well known in the art. The
term "unregulated cell proliferation" and "unregulated
cellular proliferation activity" refers to cell
proliferation of one or more subset of cells in a
multicellular organism resulting in harm (such as
discomfort or decreased life expectancy) to the
multicellular organism. Furthermore, the term "kinase
mediated disease" in any of the foregoing methods
contemplates that the compounds of the present
invention are therapeuticallyi 3 useful for treating,
preventing or ameliorating kinase mediated syndromes,
disorders, diseases or conditions such as, without
limitation, acute and chronic inflammation,
osteoarthritis, rheumatoid arthritis, synovial pannus
invasion in arthritis, multiple sclerosis, myasthenia
gravis, diabetes mellitus, diabetic angiopathies or
retinopathy, ocular diseases with retinal vessel
proliferation, inflammatory bowel disease, Crohn's
disease, ulcerative colitis, bone diseases, transplant
or bone marrow transplant rejection, lupus, chronic
pancreatitis, cachexia, septic shock,
fibroproliferative and differentiative skin diseases
or disorders (such as papilloma formation, psoriasis,
dermatitis, eczema, seborrhea and the like), central
nervous system diseases (such as Alzheimer's disease,
Parkinson's disease, depression and the like), cancers
(including solid tumors and leukemias such as glioma
cancers, epidermoid cancers, head and neck cancers,
lung cancers, breast cancers, colorectal cancers,
prostate cancers, gastric cancers, esophageal cancers,
papillocarcinomas or Kaposi's sarcoma and the like and
associated pathologies such as unregulated cell
proliferation, tumor growth or vascularization or
metastatic cancer cell invasion and migration and the
like or leukemias or lymphomas), occular diseases
(such as macular degeneration, diseases of the cornea,
glaucoma and the like), autoimmune disease, viral
infections (such as cytomegalovirus), heart disease
(such as hemangioma atheroma, atherosclerosis and the
like), neointima formation or transplantation-induced
vasculopathies (such as arterial restenosis and the
like), lung or pulmonary diseases (such as
allergic-asthma, lung fibrosis or complications
resulting from chronic obstructive pulmonary disorder
and the like) or acute and chronic nephropathies
(including kidney or renal diseases such as acute,
subacute or chronic forms of glomerulonephritis or
membranoproliferative glomerulonephritis,
glomerulosclerosis, congenital multicystic renal
dysplasia, kidney fibrosis and the like). The term
"administering," with respect to the methods of the
present invention, refers to .a means for treating,
ameliorating or preventing a disease, disorder or
syndrome as described herein with a compound
specifically disclosed or a compound or prodrug
thereof, which would obviously be included within the
scope of the invention albeit not specifically
disclosed for certain of the instant compounds.Such
methods include administering an effective amount of
one or more compounds of formula (I) or a composition
or medicament thereof at different times during the
course of a therapy or concurrently in a combination
form. Such methods further include therapeutically
administering an effective amount of one or more
compounds of formula (I) with one or more therapeutic
agents at different times during the course of a
therapy or concurrently in a combination form. The
term "prodrug " refers to a metabolic precursor of a
compound of formula (I) or pharmaceutically acceptable
form thereof. In general, a prodrug is a functional
derivative of a compound which may be inactive when
administered to a subject but is 



readily convertible in vivo into an active metabolite
compound. The term "active metabolite" refers to a
metabolic product of a compound that is
pharmaceutically acceptable and effective.
Conventional procedures for the selection and
preparation of suitable prodrug derivatives are
described, for example, in "Design of Prodrugs", ed.
H. Bundgaard, Elsevier, 1985. The term "subject" as
used herein, refers to an animal, a mammal, a human or
a patient each being the object of treatment,
observation or experiment and at risk of (or
susceptible to) developing a disease or disorder or
having a disease or disorder related to unregulated
CDK activity. The term "composition" refers to a
product containing a compound of the present invention
(such as a product comprising the specified
ingredients in the specified amounts, as well as any
product which results, directly or indirectly, from
such combinations of the specified ingredients in the
specified amounts). The term "medicament" refers to a
product for use in treating or ameliorating a kinase
mediated disorder or condition. The term
"pharmaceutically acceptable" refers to molecular
entities and compositions that are of sufficient
purity and quality for use in the formulation of a
composition or medicament of the present invention and
that, when appropriately administered to an animal or
a human, do not produce an adverse, allergic or other
untoward reaction. Since both human use (clinical and
over-the-counter) and veterinary use are equally
included within the scope of the present invention,
apharmaceutically acceptable formulation would include
a composition or medicament for either human or
veterinary use. The term "combination therapy " refers
to the use of one or more compounds of formula (I) or
composition or medicament thereof in combination with
one or more therapeutic agents for the treatment of a
number of different kinase mediated disorders and
advantageously may facilitate the use of a reduced
effective dose of the compound of formula (I) and/or
the therapeutic agent than would be recommended for
the treatment of a particular unregulated cell
proliferation disorder. Therefore, it is contemplated
that the compounds of this invention can be used
before, during or after treatment with a particular
therapeutic agent. The term "therapeutic agent" refers
to chemotherapeutic agents used to treat a CDK
mediated cancer or antiviral agents used to treat
cytomegalovirus. Chemotherapeutic agents include and
are not limited to anti-angiogenic agents, anti tumor
agents, cytotoxic agents, inhibitors of cell
proliferation, radiation therapy and the like or
mixtures thereof. The terms "treating " or
"preventing" refer, without limitation, to
facilitating the eradication of, inhibiting the
progression of or promoting stasis of a malignancy.
The term "radiation therapy " refers to a therapy that
comprises exposing the subject in need thereof to
radiation. The present invention includes a method for
administering one or more compounds of formula (I) or
composition or medicament thereof in combination with
radiation therapy. Procedures for administering such
therapy are known to those skilled in the art. The
appropriate scheme of radiation therapy will be
similar to those already employed in clinical
therapies wherein the radiation therapy is used alone
or in combination with other chemotherapeutic agents.
Pharmaceutical formulations may be displayed as unit
dose forms containing a 



predetermined amount of active ingredient per unit
dose. Such a unit dose may contain about 1 mg to about
700 mg of a compound of the present invention
depending on the condition being treated, the route of
administration, etc. Typically, a physician will
determine the actual dosage which will be most
suitable for an individual patient and it will vary
with the age, weight and response of the particular
patient.Pharmaceutical formulations may be prepared by
any of the methods well known in the pharmacy art and
may be adapted for administration by any appropriate
route, for example by the oral (including buccal or
sublingual), topical (including buccal, sublingual or
transdermal), vaginal, parental (including
intravenous, subcutaneous, intramuscular or
intradermal), rectal, or nasal route. Formulations for
oral administration may be presented as capsules or
tablets; powders or granules; solutions or suspensions
in aqueous or non-aqueous liquids; oilin- water liquid
emulsions or water-in-oil liquid emulsion, edible
foams or whips. Formulations for topical
administration may be presented as ointments, creams,
suspensions, lotions, powders, solutions, pastes,
gels, sprays, aerosols or oils. Formulations for
transdermal administration may be presented as
discrete patches intended to remain in intimate
contact with the epidermis of the recipient for a
prolonged period of time. Formulations for rectal
administration may be presented as suppositories or as
enemas. Formulations for nasal administration may be
presented as a nasal spray or as nasal drops and
include aqueous or oil solutions of the active
ingredient or a coarse powder having a particle size
in the range of about 20 to about 500 microns.
Formulations for inhalation may be presented as fine
particle dusts or mists, which may be generated by
means of various types of metered dose, pressurized
aerosols, nebulizers or insufflators. Formulations for
vaginal administration may be presented as pessaries,
tampons, creams, gels, pastes, forms or spray
formulations. Pharmaceutical formulations adapted for
parenteral administration include aqueous and
non-aqueous sterile injection solutions which may
contain anti-oxidants, buffers, bacteriostats and
solutes which render the formulation isotonic with the
blood of the intended recipient; and aqueous and
non-aqueous sterile suspensions which may include
suspending agents and thickening agents.i i The
compounds of the present invention or their
pharmaceutically acceptable salts can also be
administered through liposome delivery systems, such
as small unilamellar vesicles, large unilamellar
vesicles and multilamellar vesicles. Liposomes could
be formed from a variety of phospholipids, such as
stearylamine, phosphatidylcholine, or cholesterol. The
compounds of the present invention or their
pharmaceutically acceptable salts can also be
delivered by using monoclonal antibodies as carriers.
The compounds may also be coupled with soluble
polymers as targetable drug carriers. Such polymers
can include polyvinylpyrrolidone, pyran copolymer,
polyhydroxypropylmethacrylamidephenol,
polyhydroxyethylaspartamidephenol, or
polyethyleneoxidepolylysine substituted with palmitoyl
residues. Furthermore, the compounds may be coupled to
a class of biodegradable polymers useful in achieving
controlled release of a drug, for example, polyactic
acid, polepsilon caprolactone, 



polyhydroxy butyric acid, polyorthoesters,
polyacetals, polydihydropyrans, polycyanoacrylates and
cross-linked or amphipathis block copolymers of
hydrogels. In the cancer therapeutic field it is
common to use a combination of different treatments to
cure cancer patients. Therefore, the antiproliferative
activity defined herein could be used as a sole
therapy or may involve one or more other substances
and/or treatments. Such combinational treatment may be
achieved by the simultaneous, sequential or separate
administration of the individual component. The other
component(s) for these conjoint treatments in addition
to the antiproliferation therapy defined above include
surgery, radiotherapy or chemotherapy. Such
chemotherapy may cover three main categories of
therapeutic agent: 1. Cell cycle specific
chemotherapeutic agents including, but not limited to,
epipodophyllotoxins (e.g., etoposide and teniposide);
diterpenoids (e.g., paclitaxel and docetaxel); vinca
alkaloids (e.g., vincristine, vindesine, vinblastine,
and vinorelbine); antimetabolites (e.g., cladrabine,
cytarabine, allopurinol, fludurabine, methotrexate,
mercaptopurine, thioguanine, 5-fluorouracin and
fluorodeoxyuridine) and camptothecins (e.g., 9-amino
camptothecin, topotecan and irinotecan). 2. Cytotoxic
chemotherapeutic agents including, but not limited to,
alkylating agents (e.g., hexamethylmelamine, busulfan,
melphalan, chlorambucil,cyclophosphamide,
mechlorethamine, carmustine, lomustine, dacarbazine,
carboplatin, displatin and oxaliplatin); antitumor
antibiotics (e.g., bleomycin, idarubicin, mitomycin-c,
doxorubicin, daunomycin, epirubicin, dactinomycin and
mithramycin); 3. Other anticancer agents including,
but not limited to, testosterone 5a- dihydroreductase
inhibitors (e.g., finasteride); anti-estrogens (e.g.,
tamoxifen, toremifent, raloxifene, droloxifene and
iodoxyfene); progestrogens (e.g., megestrol acetate);
aromatase inhibitors (e.g., anastrozole, letrazole,
vorazole, and exemestane; antiandrogens (e.g.,
flutamide, nilutamide, bicalutamide, and cytorterone
acetate); LHRH agonists and antagonists (e.g.,
goserelin acetate and luprolide); metalloproteinase
inhibitors (e.g., marimastat); urokinase plasminogen
activator receptor function inhibitors; cyclooxygenase
type 2 inhibitors (e.g., celecoxib); angiogenesis
inhibiting agents such as VEGFR and TBE-2 inhibitors;
growth factor function inhibitors such as inhibitors
of hepatocyte growth factor; erb-B2, erb-B4, epidermal
growth factor receptor (e.g., Iressa and Tarceva),
platelet derived growth factor receptor, vascular
endothelial growth factor receptor and TIE-2; other
tyrosine kinase inhibitors in addition to those
described in the present invention; and other
serine/threonine kinase inhibitors in addition to
those described in the present invention. The most
commonly used drug moiety is selected from paclitaxel,
camptothecin, etoposide, doxorubicin, bohemine,
methotrexate and podophyllotoxin. Representative
compounds for use in the therapeutic methods and
pharmaceutical compositions described herein include
compounds selected from:EM Rectifying Antenna Suitable
for use in Conjunction with a Natural Breakdown Device
Guy Silver Juinerong Wu Cross Reference to Related
Applications The present application is a
continuation-in-part 



application of, and claims priority to, co-pending
U.S. patent application ("Co-pending Patent
Application") , serial no. 10/963,357, entitled "EM
Rectifying Antenna Suitable for use in Conjunction
with a Natural Breakdown Device," filed on October 12,
2004, bearing Attorney Docket No. M-15617 US. The
Co-pending patent application is hereby incorporated
by reference in its entirety. Background of the
Invention 1 . Field of the Invention The present
invention relates to an energy conversion device using
rectifying antennae ("rectannae") . In particular, the
present invention relates to an energy conversion
device which converts electromagnetic wave energy to
electrical energy using a semiconductor device that
rectifies a small high frequency signal. 2 .
Discussion of the Related Art Figure 1 shows the
current versus voltage characteristics of a
conventional pn junction diode. Figure 2 is a
schematic representation of conventional abrupt pn
junction diode 100. As shown in Figure 2 ,
conventional pn junction diode 100 includes p-region
101 and n-region 102. P-region 101 may be doped, for
example, using a p-type dopant (i.e., electron
acceptor, such as boron) and n-region 102 may be doped
using an n-type dopant (i.e., an electron donor, such
as iphosphorus) . Near the abrupt junction between
p-region 101 and n-region 102, equilibrium due to the
difference in electrochemical potentials of the two
regions and the diffusion of charge carriers (e.g.,-
electrons and "holes") between the two regions deplete
the charge carriers to form "depletion regions" 103
and 104 in p-region 101 and n-region 102,
respectively. Under a so-called "abrupt junction
approximation", the widths xp of depletion region 103
and xn for depletion region 104, with an externally
imposed voltage V across the pn junction, are given,
respectively by: where es is the electrical
permittivity of silicon, q is the charge of an
electron, is the "built-in" potential of the pn
junction, NA and B are the doping concentrations of
p-region 101 and n-region 102, respectively. As shown
in Figure 1 , the horizontal axis shows the voltage V
across the pn junction, and the vertical axis shows
the diode current ID across the pn junction. A s shown
in Figure 1 , when voltage V across the pn junction is
greater than zero volts and greater than voltage Vth
(the "threshold voltage") , the pn junction is
strongly "forward biased" and the diode current ID
grows exponentially with the voltage V . 



When the voltage V across the pn junction is less than
0 volts, but not less than the voltage Vbr (the
"breakdown voltage") , the pn junction is "reverse
biased" and the diode current ID is very small. Under
reversed bias, as the voltage grows in magnitude, the
carriers generated increases in energy, leading to
phenomena such as tunneling and impact ionization at
voltage Vbr At voltage Vbr, the diode current ID
becomes very large and the diode has "broken down. "
At breakdown, the magnitude of the average electrical
field (involts per centimeter) across the pn junction
is given by the empirical expression: where ND is the
lesser of NA and NB . Summary The present invention
provides a rectifying antenna ("rectenna") capable of
converting power from high frequency electromagnetic
(EM) waves in free space to electrical energy.
According to one embodiment of the present invention,
an antenna generates currents from two sources -- from
a potential difference generated by an incident EM
wave in the antenna, and from an n-type semiconductor
or another electron source attached to a maximum
voltage point of an antenna. The combined current from
both sources increases the power output of the
antenna, thereby increasing the detection sensitivity
of the antenna of a low power signal. According to one
embodiment of the present invention, full wave
rectification is achieved using a novel diode
connected to an antenna. In that embodiment, the diode
is conductive at a reverse bias voltage, stores charge
at forward bias, and rectifies the antenna signal
generated by the targeted electromagnetic (EM)
radiation within a selected spectrum received by
antenna. The diode and the antenna form a rectenna. In
one embodiment of the present invention, half wave
rectification is achieved using the diode. The
rectenna of the present invention may be used as a
building block to create large rectenna arrays. Thus,
microwave, sub-millimeter wave, THz wave, IR wave and
visible wave applications may be found in a rectenna
of this invention. A rectenna of the present invention
is scalable, so that future improvements are possible
with improvements of semiconductor technology,
material science, device physics andantenna design.
There is also no upper limit to the frequencies that
can be received using such a rectenna . The present
invention is applicable to EM-to-DC power generation
and supply, heat shield, humidity, food production,
dermatology (e.g., examination of burned skin
structure without biopsy) and tomography (and other
medical imaging sensing) . The present invention
allows T-rays replacement of 



Roentgen rays (X-rays) in imaging of objects, such as
those used to inspect pallets in certain airport
safety procedures or in drug detection procedures. The
present invention is also applicable to chemical
analysis using flames and gases (e.g., toxicity
analysis, Fourier spectrum), quality control
procedures (e.g., detection of holes in plastic parts,
such as those used in automobile applications), and
radar applications (e.g., measurement of reflection)
According to another aspect of the present invention,
a "natural breakdown device" ("NBD") allows current to
flow even with a zero bias voltage. NBD is a natural
breakdown device of the diode type, according to one
embodiment of natural breakdown invention. An NBD may
be used as a rectifier on the rectenna of the present
invention to rectify small amplitude high frequency
electromagnetic signals. The present invention is
better understood upon consideration of the detailed
description below and the accompanying drawings .
Brief Description of the Drawings Figure 1 shows the
current (I) versus voltage (V) characteristics of a
conventional pn junction diode. Figure 2 is a
schematic representation of conventional pn junction
diode 100. Figure 3 is a schematic representation of a
natural breakdown device (NBD) 300, according to one
embodiment of the present invention.Figure 4 shows the
relationship between the built-in voltage V D and bias
voltage V 1N across NBD 300 during operation. Figure 5
shows the current-voltage (IV) characteristics of NBD
300 when the value of voltage Vs is not close to the
threshold voltage Vth of NBD 300. Figure 6 (a) is a
schematic representation of a natural breakdown device
(NBD) 600, having an N-type region that is fully
depleted at zero bias voltage, according to one
embodiment of the present invention. Figure 6(b) shows
an NBD 600 that has both p-type and ntype regions
fully depleted at zero bias voltage, according to one
embodiment of the present invention. Figures 7 (a) to
7(c) show NBD 700, NBD 710 and NBD 720, each including
a depleted region (e.g., depletion regions 701, 711,
721 or 122), at zero applied voltage bias. Figures 8
(a) to 8(f) show NBD 800, NBD 810 and NBD 820 each
including a forced depletion region (e.g., depletion
region 801, 811, 821 and 822) having two or more
doping concentrations at zero applied voltage bias. In
particular, 



Figure 8(f) shows multiple NBD 600s connected in
series at zero bias . Figure 9 shows rectenna array
900 including numerous antennae (e.g., antenna 904,
914 and 924) constructed in accordance with one
embodiment of the present invention. Figures 10 (a)
and 10 (b) show top and side views of one embodiment
of the invention, illustrating gap dipole antenna 904
in rectenna array 900 of Figure 9 , in accordance with
one embodiment of the present invention. Figure 11
shows gap rectenna arrays 1101 and 1102 connected in
series for DC power collection, showing electron
output channel 1104 of rectenna array 1101 being
connected to electron input channel 1105 of rectenna
array 1102.Figures 12 (a) and 12 (b) show,
respectively, the top and side views of gapless dipole
antenna 1200, in accordance with one embodiment of the
present invention. Figure 13 shows rectenna array 1300
including numerous gapless antennae. Figure 14 shows
rectenna arrays 1401 and 1402 connected in series for
DC power collection, showing electron output channel
1404 of rectenna array 1402 being connected to
electron input channel 1403 of rectenna array 1401.
Figure 15 (a) to 15 (d) shows schematic
representations of various NBDs at zero applied
voltage bias, according to one embodiment of the
present invention. Figure 16 (a) to 16 (b) shows,
schematic representations of various configurations of
NBDs at zero applied bias voltages, according to one
embodiment of the present invention. Figures 17 (a) to
17 (f) show schematic representations of various NBDs
at zero applied voltages, according to one embodiment
of the present invention. Figures 18 (a) is a
schematic representation of NBD 1800 at zero applied
bias voltage, according to one embodiment of the
present invention; NBD 1800 represents a natural
breakdown Schottky diode under a forced depletion
condition . Figures 18 (b) is a schematic
representation of NBD 1810 at zero applied bias
voltage, according to one embodiment of the present
invention; NBD 1810 represents a natural breakdown
Schottky diode under a forced depletion condition.
Figure 19 (a) is a schematic representation of NBD
2000 at zero applied bias voltage, according to one
embodiment of the present invention; NBD 2000
represents an NPN bipolar transistor with one region
under a forced depletion condition. Figure 19 (b) is a
schematic representation of NBD 2010 at zero applied
voltage bias, according to one embodiment of
thepresent invention; NBD 2010 represents a natural
breakdown NPN bipolar transistor having two regions
under a forced depl-etion 



conditions . Figure 19 (c) is a schematic
representation of NBD 2020 at zero applied voltage
bias, according to one embodiment of the present
invention; NBD 2020 represents a natural breakdown NPN
device with one region fully depleted. Figures 20 (a)
and 20 (b) show, respectively, the top and side views
of gapless dipole rectenna element 2200, in accordance
with one embodiment of the present invention. Figure
21 shows, gap rectenna arrays 2300 and 2350 connected
in parallel, according to one embodiment of present
invention. Figures 22 (a) and 22 (b) show rectifier
structure 905a provided for signal rectification,
according to one embodiment of the present invention.
Figure 23 shows the current-voltage (IV)
characteristics of NBD 300 when contact resistance is
very low. Figure 2 4 shows the current-voltage (IV)
characteristics of NBD 300 when voltage Vs is close to
threshold voltage Vth Figure 25 (a) shows the
current-voltage (IV) characteristics of NBD 300
utilizing degenerate material when the value of V is
not close to threshold voltage V th - Figure 25 (b)
shows the current-voltage (IV) characteristics of NBD
300 utilizing degenerate material when the voltage V3
is close to threshold voltage Vth . Figure 26 shows
the current-voltage (IV) characteristics of NBD 2000.
Figures 27.1 to 27.2 are tables of various NBD
structures with their corresponding characteristics.
Figure 28 shows the current-voltage (IV)
characteristicsof NBD 2020 . Detailed Description of
the Preferred Embodiments While the following
description discloses mainly dipole rectangular
antenna ("rectenna") elements in square array
configurations (i.e., two-dimensional antenna arrays
each having the same number of antenna elements along
each dimension) , the present invention is applicable
to rectennae of other configurations, such as a
two-dimensional configuration having different number
of antenna elements along the two dimensions. The
present invention provides an array of dipole
rectennae elements configured to capture and harvest
electromagnetic energy for power generation. One
embodiment of the present invention is shown in Figure
9 . Figure 9 shows rectenna array 900 including
numerous antennae (e.g., antennae 904, 914 and 924).
Figures 10 (a) and 10 (b) are top and side views of
rectenna array 900 of Figure 9 , showing dipole
antenna 904, which includes 



antenna sections 904a and 904b contacting rectifier
structure 905a. Rectifier structure 905a rectifies the
signal received at antenna 904a and 904b. Rectifier
structure 905a may be provided, according to this
embodiment of the present invention, by a "natural
breakdown device" (NBD) , which is further discussed
below in this detailed description and referred to as
a "Natural Breakdown Device" (NBD) or ), a natural
breakdown PN junction diode. As shown in Figures 10
(a) and 10 (b), rectifier structure 905a includes an
NBD which includes p-region 906 and n-region 907.
P-region 906 has a width that is fully depleted at a
zero bias voltage condition. In this description, when
a depletion region has a width that is smaller than
the width of the depletion at zero applied voltage
bias at an abrupt junction for the same doping
concentrations, that depletion region is said to be
"forced". The forced depleted p-region 906 of
rectifier structure 905a connects directly to the
antenna. The n-region 907 of rectifier structure 905a
connects directly to an output channel 909. Rectifier
structure 905a may also beprovided by two NBDs,
according to one embodiment of the present invention,
as shown in figures 22 (a) and 22 (b) . Using two
NBDs, each connected to a different one of the antenna
sections 904a and 904b, shorting of the antenna
sections by the NBD may be avoided. Some rectifier
qualities of rectifier structure, such as 905a, which
allow dipole antenna 904 and other antennae presented
in the present invention operate efficiently include:
(1) being conducting near zero reverse bias voltage or
near zero forward bias voltage. (2) having a current
that is significantly greater than a leakage current
of a conventional pn-junction diode in reverse bias,
(3) rectifying input signal by producing a current in
a predetermined direction, and (4) when the rectifier
structure is connected with an voltage source, the
input voltage is raised. A s shown in Figure 10 (b),
each dipole antenna 904 has a length L and is made up
from two antenna sections (e.g., sections 904a and
904b) separated in the center of the antenna by a gap
of length D . Length L is ideally one-half the
wavelength of the electromagnetic (EM) wave that
antenna is designed to receive, D is typically
significantly smaller than the smallest wavelength of
the electromagnetic (EM) wave the antenna is expected
to receive '. P-region 906 of rectifier structure 905a
(NBD 300) is connected, on one side, next to the gap
of antenna 904, to both sections 904a and 904b and, on
the other side, to n-region 907. Heavily doped
n+-regions 908 connect to both ends of antenna 904. A
rectenna element is 



thus formed by antenna 904, rectifier structure 905a,
and n+- regions 908. N+-regions 908 of multiple
rectenna elements are connected to constitute input
channel 902 for electrons. Similarly, heavily doped
n+-regions 909 connect the n-regions of multiple
rectifier structures (e.g., n-region 907 of rectifier
structure 905a) in parallel to form output channel 903
for electrons. Antenna sections of each antenna are
isolated from the antenna sections of other antennae,
so that each antenna may attain whatever voltage level
due to the EM wave incident to that antenna. N+
regions 908 and electroninput channel 902 have the
same conductivity type. In another embodiment,
n+-regions 908 and 902 may be replaced by heavily
doped p+-regions. When an EM wave of wavelength 2L is
received by the dipole antenna, a voltage difference
is created between the ends of the antenna sections.
Relative to the anode portion of the rectifier
structure at the center of the dipole antenna, the
voltages at the opposite ends of the dipole antennae
are at opposite polarities. The resistances between
n+-regions 908 to antenna 904 and between antenna 904
and the NBD are very small. The voltage difference
causes electrons to flow in both antenna sections from
n+-regions 908 of Figure 10 to rectifier structure
905a. This is the first source of electron current in
rectifier structure 905a. The second source of
electron current in rectifier 905a is the electron
current induced in the antenna by the magnetic field
of the EM wave. This electron current has a magnitude
that depends on the power of the incident EM wave. The
direction of each source of electron currents at any
given time is determined by the phase of the EM wave.
In this configuration, the two sources provide
electron currents to the dipole antenna. Maximum
currents in both antenna sections occur at the center
of the dipole antenna. The gap length D of antenna 904
is designed to be much smaller than the wavelength of
the EM wave that antenna 904 is designed to receive.
Ideally, each of antenna sections 904a and 904b is
less than the wavelength of the EM wave being
received. The magnitude of the current from n+-regions
908 is determined by the magnitude of the voltage
difference and the magnitude of resistance between the
junction of the n+-region and the contacting antenna
section of the dipole antenna. In this configuration,
where the rectifier structure at the center of the
dipole antenna is an NBD similar to that discussed for
NBD 300 of Figure 31, the electron currents in 1 In
this description, when a device requires a diode
similar to NBD 300 discussed in Figure 3, the required
diode is referred as "NBD 300".Similarly, when a
device requires a diode similar to NBD 600 of Figure
6, the 



required diode is referred as "NBD 600".the dipole
antenna are shunted by the NBD 300 to the output
channel (e.g., output channel 903). Rectifier
structure may be provided by other similar devices. As
explained below, the NBD has a raised voltage at the
output channel, thus the electron currents of multiple
antennae are summed at electron output channel 903.
For example, on a dipole antenna as shown in rectenna
array 900 of Figure 9 , an electron current from
electron input channel 902 flows to the n-regions
(e.g., n+ regions 908 of Figure 10) surrounding the
antenna sections, through the antenna sections to the
NBD 300s, and from there the electron current flows to
electron output channel 903. Thus, rectenna array 900
may be seen as a battery providing a voltage (i.e.,
the voltage across the NBD) between electron input
channel 902 and electron output channel 903. DC power
is collected along the N-type channels diagonally and
each center NBD of gap rectenna. Extra electrons are
supplied by the connections of n-type channels
diagonally at the ends of the antenna. The alternative
embodiment shown in Figures 22 (a) and 22 (b) perform
similarly. Figure 11 shows rectenna arrays 1101 and
1102 connected in series by connecting electron output
channel 1104 of rectenna array 1101 to electron input
channel 1105 of rectenna array 1102. Thus connected,
rectenna arrays 1101 and 1102 may be seen as a battery
having a voltage that is twice the NBD voltage between
electron input channel 1103 and electron output
channel 1106. In this manner, multiple rectenna arrays
may be connected to provide a device having a voltage
that is N times the NBD voltage, where N may be any
positive integer greater than or equal to 1 .
Alternatively, rectenna arrays 1101 and 1102 may be
connected together in parallel if they have the same
output voltage, with electron input channels 1103 and
1105 connected together and electron output channels
1104 and 1106 connected together, to create a device
having twice the current of an individual rectenna
array. As explained below, an NBD may be used to
detect and rectify very high frequency signals.
Accordingly, by detecting and rectifying very high
frequency EM wavesefficiently, the present invention
provides a device for detecting and converting into DC
power using frequencies of the EM spectrum that are
hitherto impractical or impossible to use for a power
conversion application, such as frequencies higher
than the visible spectrum. The present invention finds
applications in power conversion applications using a
wide range of EM wave frequencies, such as infra-red
(IR) and visible light (e.g., solar energy). The
present invention may be utilized as a fast response
photo-sensor in optical sensing 



and optical networks. The antenna in each rectenna
element (or rectenna) can be any size and any shape of
any type. A rectenna array can be configured out of
many different rectenna elements. Also, each rectenna
array can be different from the rectanna arrays of
figures 9 and 11. The rectenna array of the present
invention collects the electrons current flowing from
all the input channels of the rectenna elements to all
the output channels ' of the rectenna elements. The
fully depleted region of an NBD is directly connected
to the antenna. The presence of a gap in each dipole
antenna limits the highest frequency under which a
rectenna (or a rectenna array) of the present
invention may operate. According to one embodiment, a
gapless dipole antenna is shown in top and side views
in Figures 12 (a) and 12 (b) , respectively. NBD 600
may be used as an input NBD for gapless dipole
antenna, which is further discussed below in this
detailed description. As shown in Figures 12 (a) and
12 (b) , antenna 55 of dipole antenna 1200 is
connected to two NBDs (formed by p-regions 53 and 54
and nregion 57), forming an electron output terminal
on one side, and to two NBDs (formed by p-region 56
and n-regions 51 and 52), forming an electron input
terminal on the other side. In other words, a rectenna
element 1200 is formed by antenna 1200, two NBDs for
input at an electron input terminal and two NBDs for
output at an electron output terminal. A voltage
difference between the electron input terminal and the
electron output terminal of a dipole rectenna element
1200 is provided by the sum of the voltages across the
two NBDs. Thus, dipole antenna 1200 has a resolution
of two NBDs, whichis twice the resolution of dipole
antenna 904 of Figures 9 and 10. When an EM wave
impinges on the antenna, a voltage difference is
created between the ends of this antenna. The voltages
at the opposite ends of the dipole antenna are of
opposite polarities. The end of the antenna having the
positive voltage will have electron flow induced from
the input NBDs to the output NBDs because the
resistance between NBD 300s and the antenna 55 is very
small. The input NBDs are provided for electron input.
The output NBDs provide a rectifier structure. The
input NBD directs the electrons from the electron
input channels to the antenna. The output NBD serves
as a rectifier structure for antenna signals. The
output NBD has a forced depleted p-region that
connects directly to antenna. NBD 300 may be used as
an output NBD because the p-region that connects to
the antenna section is a force depleted region. The
output NBD is not required to have a forced depleted
p-region, according to one embodiment of the 



present invention. A non-forced NBD2 may be used.
Unlike a forced depleted p-region, a non-forced
depletion region does not rectify the electron current
at forward bias . The n-region of an input NBD can be
either a non-forced depleted region or a forced
depleted region. The forced depleted input NBDs will
build up electrons at forward bias and deliver better
rectenna efficiency than the non- forced depleted
input NBDs. N-region of NBD 600 is forced depleted and
may be used as an input NBD for gapless rectenna
design. N-region of non-forced NBD 600 is non-forced
depleted and may be used as an input NBD for a gapless
rectenna design. The fully depleted regions of input
NBDs or output NBDs are directly connected to the
antennae. The phase of the EM wave determines which
end of the antenna has an electron current. In this
configuration, there is only one current source for
the antenna (rectenna or rectenna element) . The
source of electron current is the p+- regions at the
end of the antenna next to the input NBDs (e.g.,
p+-region 56 of Figure 12 (a) and 12 (b) ). The
magnitude 2 As discussed below, the term non-forced
NBD refers to an NBD having a width in one region that
is exactly equal to the depletion width of the
corresponding conductivity type in an abrupt P-N
junction of the same dopant concentrations.of the
current from the p+~regions is determined by the
voltage difference and the resistance between the
junction of the p+-region and the contacting antenna
section of the gapless antenna. The DC voltage at both
ends of antenna element 55 is equal to the NBD
voltage, relative to either the input terminal or the
output terminal or dipole rectenna element 1200. The
NBD can raise output voltage for signals at reverse
bias. If the voltage induced by the EM wave on antenna
55 is within this input voltage range, then the
voltage difference between antenna 55 and output
n-channel 57 is raised. Therefore, a small signal of
the EM waves may be rectified for suitable
applications which were not achievable by other
rectenna. DC power is collected by connecting the
ntype channels under the output NBDs (p-regions 53 and
54 in figure 12 (a) ). Extra electrons are supplied by
the connections of P-type channels under the input
NBDs. When two gapless antennae are lined up end to
end with a separation distance D then this antenna
pair will operate like a single gap antenna as
described above. This is because the input NBDs at the
far ends of the gapless antenna pair act like the gap
antenna n+- type input channel and the two output NBDs
in the center of the gapless antenna pair act as the
center output NBD of the gap antenna. Figure 13 shows
rectenna array 1300 including numerous gapless dipole
antennae (e.g., antenna 1200 of Figure 12) with 



their respective electron input terminals connected
together to form electron input channel 1302 and their
respective electron output terminals connected to form
output channel 1301. Numerous such rectenna arrays may
be connected in series or in parallel, as shown in
Figure 14. As shown in Figure 14, electron output
channel 1404 of rectenna array 1402 is connected
serially with electron input channel 1403 of rectenna
array 1401 through a metal trace (not shown) to
provide current at twice the output voltage of the
individual rectenna array. The metal trace prevents
the electron input channel (p-type) and electron
output channel (n-type) from forming a pn-junction, as
a pn junction causes an undesirable voltage drop.
Rectenna array 1401 and rectenna array 1402 canbe
connected in parallel by having electron input
channels 1403 and 1406 connected together and electron
output channels 1405 and 1404 connected together.
Connecting two of the same rectenna arrays in parallel
provides twice the current of an individual rectenna
array. Input device such as the NBDs provided for
electron input may be provided by similar devices.
Gapless rectenna element 1200 provides full wave
rectification. In one embodiment, rectenna element may
include an input NBD and an output NBD at two ends of
the antenna for half-wave rectification.
Alternatively, half-wave rectification may be achieved
using either one input NBD (e.g., NBD 51) and one
output NBD (e.g., 53), or one input NBD (e.g., NBD 52)
and output NBD (e.g., NBD 57) . In other words, a
rectenna element is formed by antenna 1200, either one
NBD (e.g., NBD 51) for electron input at an electron
input terminal and one NBD (e.g., NBD 53) for electron
output at an electron output terminal, or one NBD
(e.g., NBD 52) for electron input at an electron input
terminal and one NBD (e.g., NBD 57) for electron
output at an electron output terminal. Gapless
rectenna element 1200 collects current between the
electron input channels and the output NBDs . Another
gapless antenna 2200 utilizes two sources of current,
similar to gap antenna 904, according to another
embodiment of the present invention. Dipole antenna
2200 is shown in top and side views in Figures 20 (a)
and 20 (b) , respectively. As shown in Figures 20 (a)
and 20 (b) , antenna 2205 of dipole antenna 2200 is
connected to an NBD formed by p-regions 2203 and
nregion 2204, forming an electron output terminal on
one side, and to an NBD formed by p-region 2201 and
n-regions 2202, forming an electron input terminal on
the other side. The NBD formed by p-regions 2203 and
n-region 2204 is a rectifier structure, in either of
p-region 2203 and n-region 2204 can be 



a forced depleted region or non-forced depleted
region. The NBD formed by p-region 2201 and n-regions
2202 drives electrons to the antenna 2205, and may be
implemented by an NBD, such as NBD 600 discussed
below. A rectenna elementincludes antenna 2205, an
electron input terminal and an electron output
terminal. DC power is collected by connecting n-type
channels under the output NBD (e.g., n-regions 2204 in
Figure 20 (a) ). Extra electrons are supplied by
connecting ptype channels under the input NBD. The
input terminals of rectenna elements are connected
together and the output terminals of rectenna elements
are connected together to form the rectenna array.
Figure 21 shows gap rectenna arrays 2300 and 2350
connected in parallel in one package such that input
channels and output channels are shared by both
rectenna arrays. The sharing of input and output
channels is shown in Figure 21 by input channel 2302
and output channel 2309. Rectifiers 2305a and 2355a
output electrons to output 2309 and n-regions 2308 and
2358 receive electrons from input channel 2302. Using
this type of packaging provides a higher density
design providing a way to increase the received EM
wave bandwidth and power output . Non-gap rectenna
arrays can also be arranged in parallel similarly.
Full-wave rectification results from using a forced
NBD in such an rectenna design. However, using a
non-forced NBD achieves half-wave rectification. To
perform a full-wave rectification using two half-wave
rectifications, antenna 2304a and antenna 2304b each
connects to a separate 2305a which connect to output
channel 2309, and antenna 2354a and antenna 2354b each
connects to a separate 2355a which connect to output
channel 2309. According to one embodiment of present
invention, fullwave rectification can be achieved
using an NBD for a gap dipole antenna, while half-wave
rectification can be achieved using a non-forced NBD.
According to one embodiment of present invention,
full-wave rectification can be achieved by using
either a forced or a non-forced NBD (e.g., NBD 300)
for rectifiers, but using a forced or non-forced NBD
(e.g., NBD 600) for electron input with gapless dipole
antenna. FuIlwave rectification may also be achieved
by using two halfwave rectifications, according to one
embodiment of the present invention.Rectifier
structures of the EM rectenna of the present invention
may include different numbers and types of NBDs,
according to one embodiment of the present invention.
These NBDs of a rectifier can be connected in series,
in parallel or both. Therefore, the rectifier
structures of the EM rectenna can be in different
configurations depending on the 



requirements of the desired result or performance.
When the input voltage is varied within a
predetermined negative bias voltage range of a NBD,
the output voltage of a NBD may be higher than the
input voltage by a substantially constant value . This
means that the output voltage of an antenna can be
raised by a DC voltage .when the rectifier has
serially connected NBDs. Similarly, the output current
of an antenna can be regulated when rectifier has NBDs
connects in parallel. By varying the output voltage or
current, a variation of the EM rectennae can be
provided to meet different needs and to achieve
different efficiencies . Rectifier structures of the
EM rectenna of the present invention may use other
devices for rectification instead of NBDs according to
one embodiment of the present invention. Other
rectifying devices include Schottky diodes, back
diodes and tunnel diodes. Suitable rectifier devices
would be any device that conduct appreciatable current
in one bias direction. Any device which have rectifier
qualities as described above are within the scope of
this invention. The present invention uses
semiconductor material (i.e. n-type and p-type
material) for electron input and output channels
instead of traditional higher conductive metallic
material. Semiconductor material was chosen to reduce
interference between electron channels and antennae,
especially in highly packed antennae structures as
discussed above . Since each antenna gathers
electromagnetic waves at a frequency consistent with
its size and shape, and the diode (i.e.-, the
rectifier structure) rectifies that energy into a D .C
. current. As in both gap and gapless rectenna
embodimentsof the present invention, each rectenna
element can be any size and any shape, and can be
provided by any antenna type. A rectenna array can be
made out of many different rectenna elements. The
present invention is not limited to a dipole rectenna
design, nor to the full-wave rectifying rectenna
described above. According to another aspect of the
present invention, an NBD capable of rectifying a
small-amplitude, high frequency signal is provided,
which is suitable for use in conjunction with the
energy conversion device described above. This NBD is
a "forced depletion" natural breakdown device, as
explained below, according to one embodiment of the
present invention. The present invention referred a
p-type or n-type region as fully depleted when the
whole region is depleted of its respective majority
carriers. This region may include different materials
in any forms, shapes, dimensions, 



conductivities or concentrations. The present
invention referred a p-type or n-type region as fully
depleted when the whole region is depleted of its
respective majority carriers. This region may include
different materials in any forms, shapes, dimensions,
conductivities or concentrations. The doping level and
other parameters may be varied independently to
achieve the desired results. Although the examples and
drawing shown herein for NBDs shown regions of
homogeneous dopant concentrations, such regions are
only provided for illustration purpose only. The
present invention is equally applicable in devices
where the dopant concentrations are non-homogeneous .
According to one embodiment of the present invention,
a NBD type diode includes a semiconductor (say, p-type
region) that has a width wp that is less than or equal
to the depletion width Xp of a conventional abrupt pn-
junction without an externally imposed voltage. That
is:where es is the electrical permittivity of silicon,
q is the charge of an electron, fi is the "built-in"
potential of the pn junction, N and ND are the doping
concentrations of pregion 101 and n-region 102,
respectively. A s mentioned above, when Wp = xp (w n =
Xn), the region is referred to as a nonforced depleted
region, and when wp < xp (w n < xn), the region is
referred to as a forced depleted region Figure 3 is a
schematic representation of NBD 300, according to one
embodiment of the present invention. As shown in
Figure 3 , NBD 300 includes p-region 301 and n-region
302, with p-region 301 having a width wp, which is
less than or equal to the depletion width xp of a
corresponding depletion width in the p-region side of
a conventional pn junction. (A semiconductor region
having a depletion width that is less than the
depletion width for the corresponding semiconductor
type in a conventional pn junction is referred herein
as having a "forced depletion" width) . In contrast,
the width of n-region 302 may be smaller than, greater
than or equal to the conventional depletion region Xn
for the n-region of a conventional pn junction diode
of comparable doping concentrations. One embodiment of
the present invention is a forced depletion condition
on p-region 301, and n-region 302 having a width
greater than xn . Also shown are contact regions 303
and 304 which are contacts to allow NBD 300 to be
connected to an electronic circuit. The doping
concentrations in p-region 301 and n-region 302 are
sufficiently high such that contacts 303 and 304 are
ohmic contacts. Contact region 303 and 304 may be
formed, for example, by depositing a conventional
interconnect conductor, such as aluminum or 



copper, using conventional chemical vapor deposition
techniques, or other means known to those skilled in
the art. P-region 301 and n-region 302 may be formed
in a conventional silicon substrate using ion
implantation, or other means known to those skilled in
the art.Width Wp of an NBD 300 may be calculated based
upon the doping concentration. The predetermined width
wp for NBD 300 may be calculated using the following
steps: (1) First choose doping concentrations for a
p-region and an n-region of a conventional PN junction
diode such that, under the zero applied bias voltage,
the p-region has a depletion width Xp between point 4
and point 3 and the n-region has a depletion width Xn
between point 3 and point 2 , as shown in Figure 3 .
These dimensions create a built-in voltage V volts in
the conventional pn junction diode. In an NBD, the
built-in voltage V FD is less than VD. Voltage Vth is
the threshold voltage for the conventional pn junction
diode. The Fermi level of the NBD at zero applied bias
voltage is shifted towards the Fermi level of the
intrinsic semiconductor and away from the equilibrium
Fermi level of a conventional pn junction diode. (2)
Select a voltage V , which is the maximum forward bias
voltage that can be applied on NBD 300 before the
region that is fully depleted at zero applied bias
voltage ceases to be fully depleted. A number of
desired features (e.g., constant tunneling current at
low forward bias voltage, charge storage, voltage
range of tunneling) may be achieved by the NBD between
zero applied bias voltage and voltage V3, depending on
the application of the NBD. When the applied bias
voltage is increased from zero towards voltage Vs, the
Fermi level of the NBD is decreased towards the Fermi
level of the conventional pn junction diode. However,
if the applied bias voltage is decreased in this
range, the Fermi level maintains a constant level, so
that a charge is accumulated in the n-type region as
the applied voltage decreases from V to zero. As the
value of voltage V is between zero and the
conventional pn junction diode built-in voltage V D,
the voltage across the pn-junction is given by Vx = VD
- Vs. In one embodiment of the present invention, the
value of voltage V3 is selected to be close to the
built-in voltage VD (V 5 ~ V ). The width of the fully
depleted depletion region required toachieve this
condition is very thin. In another embodiment of the
present invention, the value of V is not selected to
be close to VD . According to one embodiment of the
present invention, the value of V can be tuned or
selected to accommodate an active voltage range for
the NBD operation. The depletion width of NBD 300
remains unchanged as long as 



the applied bias voltage is less than V . As explained
above, when an applied bias voltage on an NBD is
between zero and Vs, a charge is accumulated. An NBD
with a smaller V stores less charge than an NBD which
has a larger V . (3) Calculate the depletion width wp
of p-region 301 such that, when voltage V is imposed
on 303 toward p-region 301, the whole p-region 301
remains depleted. Assuming an abrupt junction
approximation, the width wp may be calculated using
the following equation: There are other ways to
calculate wp as known by those skilled in the art. The
built-in voltage VFD of the NBD 300 equals to - (V D -
Vs) volts. If wp = xp , V3 is zero volts. Note that
the width wp is calculated above using an abrupt
junction approximation. Other suitable methods may
also be used. The width wp may be calculated using
different junction approximations, depending on the
application. As explained above, the condition wp < xp
is referred to as a "forced depletion condition" and,
under such a condition, p-region 301 is referred to as
a "forced depletion region", according to one
embodiment of the present invention. When p-region 301
is in a forced depletion condition, the value of Vs is
not equal to zero. The condition wp = xp is referred
to as a "non-forced depletion condition" and, under
such a condition, p-region 301 SUBSTITUTE SHEET (RULE
26)will be referred to as a "non-forced depletion
region", according to another embodiment of the
present invention. When p-region 301 is in non-forced
depletion condition, the value of V3 is equal to zero.
Once wp is determined, an NBD 300 with the p-region
301 fully depleted between contact region 303 and
n-region 302 may be created with different width of
n-region 302. Wn is the depletion region width of
nregion 302 on NBD 300. The width of n-region 302 may
range from wn to larger than xn . The difference in
the width of nregion 302 creates variations for the
NBD 300. NBDs can be created having a width for
n-region 302 greater than xn . When the external
voltages applied to contacts 303 and 304 is zero (zero
applied voltage bias or without bias), p-region 301 of
NBD 300 is fully depleted. One embodiment of the
invention provides a forced depletion condition on
p-region 301 with the Wp is less than xp and the width
of n-region 302 being a value between Wn to larger
than Xn . One embodiment of the invention is a
non-forced depletion condition in which p-region 301
with a Wp equal to xp and the width of n-region 302
may range from wn to larger than xn . When the applied
bias voltage is less than zero volts, even by a small
amount, the accumulated charge is relaxed. 



Thus, the NBD is conducting under a reversed bias
condition. Alternatively, the forced or non-forced
depletion region dimensions can be obtained by
starting with the dimensions of a conventional pn-
junction, and adjusting the dopant concentrations of
the p-region and n-region such that the width of one
of the region ("first region") is exactly equal to its
depletion region (non-forced depletion condition) , if
the regions form a conventional pn- junction, or
further increasing the concentration of the other
region, such that the width of the first region is now
less than its expected depletion width, calculated as
if the regions form a conventional pn- junction. In
another embodiment of the present invention, shown in
Figure 6 , n-region 602 may also be put under a
forceddepletion condition without a forced depletion
or non-force depletion in p-region 601, NBD 600
variations. An NBD can have more than one fully
depleted region. The differences in the width of
p-region 601 create variations for NBD 600. One
embodiment of the invention provides a non-forced
depletion nregion 602 (i.e., a Wn that is equal to Xn)
and a width of pregion 301 between wp to larger than
xp . The differences in the width of p-region 601
create variations for this embodiment. Another
embodiment of the invention provides a forced
depletion condition on n-region 602 with the wn is
smaller than xn and the width of p-region 301 may
range from wp to larger than Xp, according to this
embodiment. The differences in the width of p-region
601 create variations for this embodiment. These
variations of NBD are natural breakdown diodes. An NBD
can have more than one fully depleted region. Each of
these regions can be either a forced depletion region
or a nonforced depletion region. An NBD has one of the
p-region or n-region fully depleted under zero
biasing. NBD 300 has p-region 301 in a forced
depletion condition and an n-region 302 with its width
larger than Xn . The operations of NBD 300 are
explained with respect to an external applied bias
voltage under following conditions : a ) When a zero
forward bias voltage is applied on NBD (i.e., at zero
bias), the input voltage is V 1N, (i.e., V 1 -= 0 ) .
b ) When a forward bias voltage is applied on NBD 300
between 0 and Vs (i.e., 0 < V 1N <= V ). c ) When a
forward bias voltage applied on NBD 300 is between V
and Vth (i.e., V3 < V IN < Vth) d ) When a forward
bias voltage applied on NBD 300 is larger than Vth
(i.e., V 1N > Vth). 



e ) When a reverse bias voltage V 1N is applied on NBD
300.Accordingly, (a) When V 1N = 0 , an electric field
(referred to as the "secondary electric field") with a
voltage difference of V3 is created along the edge of
the depletion region in n-region 302. No current flows
in the device. The voltage difference between the
depletion region electric field and the built-in
potential is Vs . (b) When V3 is selected to be not
close to V , 0 < V 1N <= V and V N is applied at
contact 303 on NBD 300, the depletion width in
p-region 301 remains the entire width of p-region 301
. because V I is smaller than the voltage potential
across the secondary electric field in n-region 302. A
s V IN increases, the Fermi level between the
depletion region and the equilibrium Fermi level
between the p-region 301 and n-region 302 decreases.
As the applied bias voltage V IN increases, the
secondary electric field strength decreases in
n-region 302. Once V 1N reaches V3, the secondary
electric field in n-region 302 becomes zero. NBD 300
responds to a signal change faster than a conventional
pn junction, so that NBD 300 is suitable for
rectifying high speed signals. This fast response time
characteristic is present in all NBDs. A device that
utilizes NBD concepts will have a faster response time
than the same device not utilizing NBD concepts. When
V is selected to be close to VD, for an applied bis
voltage V IN less than V3 (i.e., 0 < V IN <= V3) , a
constant forward current flows in NBD 300 due to
tunneling through the sufficiently thin depletion
region. The depletion width in pregion 301 remains the
entire width of p-region 301. (c) When the applied
bias voltage V N is between V3 and the threshold
voltage (i.e., Vs < V 1N < Vth)/ the depletion widths
in both p-region 301 and n-region 302 reduce. The
voltage drop across the depletion regions reduces
also. In this regime, a small forward leakage current
proportional to V 1N flows in NBD 300. A s V 1N
becomes very close to Vth, the depletion width in NBD
300 becomes significantly small to allow a significant
current to flow.(d) When the applied voltage V exceeds
the threshold voltage (i.e., V 1N >= Vth )r NBD 300
conducts current. (e) When a reverse bias voltage V IN
is applied to NBD 300, the depletion width remains the
same. As the reverse bias voltage increases the
reverse current increases substantially linearly based
upon the resistance between contact 303 and pregion
301 and the resistance between contact 304 and
n-region 302. (f) When reversed biased, NBD 300
operates as a majority carrier device (electrons being
injected in to the n-region) as apposed to a minority
carrier device when forward biased. 



The switching times of majority carrier device are
typically faster than switching times of minority
carrier device. Figure 5 is a plot of the current
versus voltage (IV) characteristics of NBD 300, when
V3 is selected not to be close to VD . NBD 300 can
conduct appreciable reverse current when input voltage
is negative and conduct forward current when input
voltage is larger than Vth . NBD 300 conducts a
negligible leakage current when the bias voltage is
between 0 and Vth- When a forward bias voltage between
0 and Vs is applied to an NBD, the depletion region
width does not change as long as the Fermi level of
the device is greater than the depletion region Fermi
potential. This behavior is illustrated by Figure 4
which shows the relationship between NBD 300 depletion
region voltage V FD and the input voltage V N, where
the behavior of the depletion width is also shown.
Figure 24 is a plot of the current versus voltage (IV)
characteristics of NBD 300, when V3 is selected to be
very close to VD, where a constant forward current due
to tunneling is shown for an applied bias voltage
between 0 volts and V . In one embodiment the width of
NBD 300 p-region for creating a constant current is
calculated by the following: 1 ) Using the IV curve of
a conventional diode utilizing the same materials and
doping concentrations for NBD device, find forward
bias voltage that matches desiredcurrent on curve. The
bias voltage needs to be less than Vth . This bias
voltage will be the Vs value. 2 ) Determine width of
depletion band of p-region in conventional diode when
conventional diode is biased at V3 determined in step
1 ) . This can be done through calculation or
simulation of device as known by those skilled in the
art. This width is Wp . 3 ) Create an NBD with a
p-region of width Wp as determined in step 2 ) using
the same material and doping concentration of
conventional diode used in step 1). An NBD device
behaves asymmetrically for an increasing applied bias
voltage between 0 volts and voltage Vs and a
decreasing applied bias voltage over the same voltage
range. As the applied bias voltage increases, the
Fermi level of the device decreases, so that the
secondary electric field decreases. However, when the
applied bias voltage decreases over the same range, a
third electric field appears at the secondary electric
field edge in the n-region 302 neutral region, which
continues to increase without causing a change in the
Fermi level. If the bias voltage is again increased,
this third electric field decreases. Once the applied
bias voltage becomes negative, the charge in the third
electric 



field is released, thereby causing a reverse current
surge. The maximum voltage across the third electric
field is V3 . Therefore, applying a negative bias
voltage after applying a positive bias voltage on NBD
300 would result in a reverse current . Another
embodiment of the present invention has a forced
depletion condition on p-region 301 and an n-region
302 with its width less than Xn where the depletion
band width does not completely cover n-region 302. The
behavior of this device is the same as NBD 300
described above. For the situation when a forced
depletion condition is created, the depletion width of
n-region 302 covers the whole n-region 302 between
contact 304 and complete depleted p-region 301, ("NBD
310") : The behavior of NBD 310 under condition (a) of
V N = 0 is the same asdescribed above. The behavior of
NBD 300 under condition (b) when 0 < V 1N <= V3,
status is the same as described above until the
n-region 302 becomes fully depleted. Once n-region 302
is fully depleted, NBD 300 reaches condition (c) prior
to V = V3 . The behavior of NBD 300 under condition
(c) is the same as described above . When a NBD 300 is
connected in series to a current source (i.e. a signal
from an antenna or sensor), a voltage appears across
NBD 300. Since NBD 300 conducts current at reverse
biased voltage, a negative voltage potential appears
when a current source imposes a reverse bias current.
Thus, NBD 300 can provide a small positive current
when a positive bias voltage V N less than V is
applied (i.e., 0 < V N <= V ) is applied at contact
region 303. NBD 300 can also rectify negative input
signals (i.e., V 1N < 0). NBD 300, with the capability
of storing charge between 0 < V 1N <= V , and
conducting a reverse current at reverse bias, can
rectify very high frequency signals, within the regime
from V to -V and negative voltage signals. Another
embodiment of the present invention provides a forced
depletion p-region 301 and a forced depletion n-region
302 (i.e., having a width less than Xn ) - The
behavior of NBD is the same as NBD 300 described
above. Another embodiment according to the present
invention has a non-forced depletion width (i.e., wp =
xpor wn = xn). In this configuration, the resulting
NBD is conductive at reverse bias . A non-forced NBD
has the same reverse bias characteristics of an NBD
300. However, when a forward bias voltage is applied
on a non-forced NBD, its current and voltage
characteristics are the same as those of a
conventional pn junction diode. To summarize, an NBD
of the present invention allows a 



conductive current flow when a reverse bias voltage
applied. If an NBD and a current source are connected
in series, the output voltage appears across the NBD.
By selecting a value ofVs at forward bias, NBD may be
provided desirable features such as charge storage and
constant current. If the applied bias voltage exceeds
the threshold voltage, the NBD provides a conductive
current. NBD 300 stores charge by a decreasing applied
bias voltage between 0 volts and V ; the stored charge
is released when applied bias voltage becomes
negative. Thus, an NBD can full wave rectify even a
small sinusoidal signal, thus is suitable for
applications such as solar energy generation. The
application of the NBD invention to conventional PN
junction diodes created two new active bias voltage
ranges, namely the reverse bias voltage and forward
bias between zero and Vs volts. These two new active
regions enable NBD modified PN junction diodes to have
three active regions to be utilized for applications.
An NBD does not have a breakdown voltage. As one of
the regions of a pn junction is fully depleted, no
leakage current is observed even under a reverse bias
condition. The built-in electric field provides high
conductivity at reverse bias by zeroing the distance
for electrons and holes to travel across the pn-
junction to the opposite region. A reverse current
flows when the applied bias voltage V 1N is negative
(i.e., 0 > V IN ) . Constant current or charge storage
at forward bias can be provided by a non-zero Vs
value, depending on the application. Figure 23 shows
the IV curve of NBD 300 when contact resistance is
very low, according to one embodiment of present
invention. In this embodiment, the IV curve is very
close to the ideal diode IV curve. Because the value
of Vs is not equal to zero, the NBD 300 will have
charge stored when forward bias decreasing toward zero
volts. This charge will be released when the NBD 300
is reverse-biased and creates a reverse current surge.
The NBD 300 may be considered as an ideal diode with
reverse current surge capability. In Figure 23, when
Vs = 0 , the IV curve is the same as the IV curve of
non-forced NBD 300 with very low contact resistance,
according to one embodiment of present invention. The
non- forced NBD 300 may beconsidered as an ideal diode
with a breakdown voltage at the forward threshold
voltage. According to another embodiment of the
present invention, as discussed above, Figure 6 (a)
shows NBD 600 with n-type region 602 having a width Wn
that is less than Xn - the depletion width of a
conventional pn junction diode: A similar
determination provides width wn for NBD 600. The
operation of a forced depletion condition with
n-region 602 



with its depletion band width wn < Xn and p-region 601
larger or equal to xp behaves as follows: At (a) zero
applied bias voltage, no current flows in the device.
As wn < xn, an excess number of holes builds up along
the edge of the depletion region in p-region 601,
thereby creating a secondary electric field. The
voltage potential across this secondary electric field
is Vs. At (b) , when voltage V3 is selected not to be
close to VD and the applied bias voltage is between 0
volts and Vs (i.e., 0 < V 1N <= V ), n-region 602
remains fully depleted. As the applied bias voltage V
1N increases, the secondary electric field decreases.
Once V IN equals Vs, the secondary electric field in
p-region 601 becomes zero. Thus, NBD 600 responds to a
signal change faster than a conventional pn junction
because the secondary electric field width is smaller
than the depletion width of a conventional pn
junction. Thus, NBD 600 is suitable for rectifying
high speed signals. When voltage Vs is selected to be
close to VD and for an applied bias voltage between 0
volts and V3 (i.e., 0 < V IN <= V3), a constant
forward current due to tunneling through the
sufficiently thin depletion region. N-region 602
remains fully depleted the entire width of n-region
602.(c) When the applied bias voltage is between V and
the threshold voltage (i.e., V3 < V IN < Vth ) , the
depletion widths in both p-region 601 and n-region 602
reduce. The current in the device is a small forward
leakage current that is proportional to V N . The
output voltage is V 1N -V D . When V N is very close
to Vth the depletion width on NBD 600 is significantly
small for conductive current to flow. (d) When the
applied bias voltage exceeds the threshold voltage
(i.e., V N >= Vth ), NBD 600 conducts current. (e)
When a reverse bias voltage V 1N is applied to NBD
600, the depletion width remains the same. As the
reverse bias voltage increases the reverse current
also increases substantially linearly. NBD 600 has the
same current versus voltage characteristics as NBD
300. NBD 600 also stores charge under a forward-biased
voltage between 0 and Vs in the same way as NBD 300.
Also, like the NBD 300, when NBD 600 is connected in
series to a current source a voltage appears across
NBD 300. Another embodiment according to the present
invention provides n =JCn (i.e., the non-forced
depletion condition). Non-forced NBD 600 has the same
behavior as a non-forced NBD 300. According to one
embodiment of the present invention, Figure 6 (b)
shows an NBD having two regions (p-region and nregion)



which are both under forced depletion condition.
According to other embodiments of the present
invention, Figures 7 (a) , 7 (b) and (c) show
different NBD configurations, represented by NBD 700,
NBD 710 and NBD 720, each including a region (e.g.,
701, 711, 721 or 722) under the forced depletion
condition. Also, when region 702 is p-type and region
712 is n-type, then NBD 700 and NBD 710 can be seen as
NPN and PNP transistors respectively. Figures 8 (a), 8
(b) , 8 (c) , 8 (d) and 8(e) show different NBD
configurations 800, 810, 820, 830 and 840 each
including a region (e.g., 801, 811, 821, 822, 831,
832, 833, 841, 842, and 843) having two or more
dopingconcentrations under forced depletion
conditions. Figures 15 (a) to 15 (d) , 16 (a) and 16
(b) show some of the embodiments of the NBD, according
to the present invention. Figures 17 (a) to 17 (f )
show some NBDs at a zero applied bias voltage, each
having a forced depletion p-region (or nregion) formed
adjacent to a Schottky barrier or an ohmic contact.
The Schottky barrier or ohmic contact imposes a fully
depletion p-region or a fully depletion n-region. Each
of these fully depleted region may be considered
non-forced or forced depleted regions. Figure 18 (a)
shows NBD 1800 at a zero applied bias voltage, and
conductors 1801 and 1803 which are contacts provided
for connecting NBD 1800 to an electronic circuit. In
NBD 1800, n-region 1802 is fully depleted under a
forced depletion condition, having a width less than
depletion width 1804. The doping concentration in
n-region 1802 is sufficiently high such that the
junction between conductor 1803 and n-region 1802 is
an ohmic contact and conductor 1801 forms a Schottky
barrier to n-region 1802. NBD 1800 under reverse bias
voltage performs substantially in the manner described
above for NBD 600, having the characteristics such as
fast switching, conducting at a reverse bias, and a
reverse voltage when connected with a current source
in series. NBD 1800 under forward bias performs
substantially the same as a conventional n-type
Schottky diode under forward biased utilizing
comparable materials. The forced depletion width
described above for the pn junction configuration may
be applied to determine the forced depletion width of
a fully depleted p-region 1812 (or n-region 1802) .
Figure 18 (b) shows NBD 1810 at a zero bias, and
conductors 1811 and 1813, which are contacts providing
for connecting NBD 1810 to an electronic circuit.
P-region 1812 is fully depleted under a forced
depletion condition, so that the width of p-region
1812 is less than depletion widths 1814. The doping
concentration in p-region 1812 is sufficiently 



high, such that the junction between conductor 1813
and pregion 1812 is an ohmic contact, and conductor
1811 forms a Schottky barrier to p-region 1812. NBD
1810 when reverse biased performs substantially in the
manner describe above for NBD 300, having
characteristics such as fast switching, conducting at
reverse bias, and a reverse voltage when connected
with a current source in series. NBD 1810 under
forward bias performs substantially the same as a
conventional p-type Schottky diode under forward
biased utilizing comparable materials. To determine a
forced depletion width for NBD 1800, (1) a depletion
width xn, built-in voltage V D and threshold voltage
Vth of a conventional Schottky diode are determined
using an nregion doping concentration at a zero bias,
(2) a forwardbias work voltage V that is between zero
and Vth is selected that can be used with Schottky
diode 1800, and (3) the depletion width wn of n-region
1802 is calculated such that, when a forward bias
voltage V3 is applied on NBD 1800, n-region 1802
remains depleted with a built-in voltage VFD that is
equal to -Vx (V x is given by Vx = VD - Vs). Regions
1802 and 1812 include, respectively, multiple p-type
and n-type sections of different doping
concentrations. According to another embodiment of
present invention, an NBD may also be formed using
three semiconductor regions, one or more of which is
fully depleted. For example, all three regions may be
fully depleted. A transistor having at least one fully
depleted semiconductor region is an NBD within the
scope of the present invention, which may used, for
example, in conjunction with the rectenna described
above. According to another embodiment of the present
invention, Figures 19 (c) shows NPN bipolar device
2020 with no external voltages being applied. Device
2020 has n-type region 2026 fully depleted, p-type
region 2025 sufficiently large to have a neutral
region between depletion regions 2027 and 2028 and
n-type region 2024 sufficiently large to have a
neutral region between depletion region 2028 and
contact 2023. The p-type region 2025 (neutral region)
is sufficiently large to prevent overlap of minority
diffusion from depletion regions 2027 and2028. Device
2020 is considered a forced depleted device when
n-type region 2026 is forced depleted and is
considered nonforced depleted device when n-type
region 2026 is non-forced depleted. Device 2020 is
considered a conventional device when n-type region
2026 has a neutral region between contact 2021 and
depletion region 2027. Figure 28 shows IV curves 2801,
2802 and 2803 for a conventional device, a non-forced
depleted device and a forced depleted device
respectively. IV curves 2801, 2802 and 2803 



are exaggerated and provided only for illustration
purposes only. The bias voltage is with respect to
fully depleted ntype region 2026 therefore forward
biasing device 2020 would be to have contact 2023 at a
positive voltage relative to contact 2021. When device
2020 is a conventional device, a forward bias
decreases the depletion region 2027 width and
depletion region 2028 width increases. From IV curve
2801, as the forward bias increases across
conventional device 2020 current remains small and
constant (i.e. leakage current) until depletion region
2027 conducts and depletion region 2028 width
increases sufficiently so that its minority diffusion
reaches depletion region 2027. As the forward bias is
further increased across device 2020 (conventional) ,
the current increases until depletion region 2028
reaches depletion region 2027 where current increases
exponentially. IV curve 2801 is based on device 2020
being conventional and having n-type region 2024 and
n-type region 2026 each having the same neutral region
width. Therefore, when device 2020 is conventional, it
has similar characteristics reverse biased as forward
biased in that depletion region 2028 width decreases
and depletion region 2027 width increases. Comparing a
non-forced depleted device IV curve 2803 to
conventional device IV curve 2801, it can be seen that
during forward biasing both devices behave similarly
except during reverse biasing the non-forced depleted
device has exponential increase in current at a
smaller voltage magnitude then the conventional
device. This behavior can be understood by the fact
that a non-forced depleted region behaves the same as
aconventional region when forward biased but conducts
immediately when reverse biased, as explained above.
Therefore when non-forced depleted device is reversed
biased exponential increase of reverse current will
occur as soon as depletion region 2028 start having
exponential increase in current instead of when
depletion regions 2027 and 2028 contact each other .
Comparing forced depleted device IV curve 2802 to
conventional device IV curve 2801, it can be seen that
there are differences in both forward biasing and
reverse biasing. As explained above, a forced depleted
region behaves differently during increasing forward
biasing verses decreasing forward biasing. During
increasing forward biasing between zero and V s
depletion region 2027 width remains the same until,
depletion region 2028 width increases and the ntype
region 2026 Fermi level moves toward its non-forced
Fermi level. During decreasing forward biasing between
zero and VS depletion region 2027 width remains the
same and depletion 



region 2028 width also remains the same. This is due
to the potential voltage created across p-type region
2025 neutral region maintaining the same potential
voltage between p-type region 2025 and n-type region
2024 . After an increase or decrease forward bias
cycle between zero and Vs, the threshold voltage for
the n-type region 2026 or p-type region 2025 junction
will be reduced by V volts. Also after this forward
bias cycle depletion region 2028 will be increased
(i.e. the threshold voltage increased) by V s volts.
It can be seen that a voltage of Vs has been
transferred from a threshold voltage in forced
depleted region (i.e. n-type region 2026) to a
threshold voltage in an adjacent semiconductor region
(i.e. ptype region 2025) . IV curve 2802 shows the IV
characteristics for forced depleted device 2020 after
an increasing/decreasing forward biasing between zero
and V3. The reduced threshold voltage in forced
depleted n-type region 2026 means during forward
biasing current will flow across depletion region 2027
at a lower voltage than either the non-forced depleted
device and 4conventional device. Also, during forward
biasing, exponential current increase occurs at a
lower voltage due to the increase width of depletion
region 2028. At reverse bias the increased width of
depletion region 2028 requires a larger negative bias
before exponential current will occur. A fully
depleted region within a NBD of the present invention
will obey the following rules: 1 ) If the fully
depleted region is forced depleted, then at thermal
equilibrium the Fermi level in the forced depleted
region will adjust toward the intrinsic semiconductor
Fermi level by the amount necessary to create a net
zero current through the device. 2 ) A voltage
difference in neutral regions adjacent to fully
depleted regions is created before the fully depleted
region's Fermi level is adjusted toward the intrinsic
semiconductor Fermi level. 3 ) A fully depleted
region's Fermi level will adjust toward its original
level before voltage differences are created in
neutral regions adjacent to the fully depleted region.
Based on the above rules characteristics for forced
depleted regions within a NBD are as follows: At
thermal equilibrium prior to any bias voltage: - The
forced depleted region' s Fermi level is forced toward
the semiconductor intrinsic level. The voltage
associated to this energy shift is V3. 



- All depletion regions within fully depleted regions
will have reduced widths compared to non-fully
depleted and conventional region of same material as
fully depleted region. During increasing forward bias
between zero and V :- The forced depleted region' s
Fermi level moves toward its original Fermi level . -
Depletion regions associated with the forced depleted
region maintain there same widths. During decreasing
forward bias between zero and Vs: - If there are no
adjacent neutral regions to the forced depleted
region, then the forced depleted region' s Fermi level
moves toward intrinsic level. - If there are no
depletion regions which can increase in width within
adjacent neutral regions to the forced depleted region
then charge will build up in adjacent neutral regions.
The forced depleted region's Fermi level will stay the
same. Depletion regions associated with the forced
depleted region maintain there same widths. - Any
depletion region which can increase in width within
adjacent neutral regions to the forced depleted region
will increase in width. Built-in potentials associated
with the forced depleted region will be reduced making
their threshold voltages lower. The forced depleted
region's Fermi level stays the same. Depletion regions
associated with the forced depleted region maintain
their same widths . During reverse bias : - If the
device has only one depletion region, then the device
will conduct at near zero bias (no threshold voltage)
, any charge storage due to decreasing forward -
biasing is immediately released, the forced depleted
region' s Fermi level moves toward its semiconductor
intrinsic level until reaching the thermal equilibrium
level. The depletion region in forced depleted region
creates a negative potential voltage through device. -
If the device has more than one depletion region, then
the device will have a reverse threshold voltage (i.e.
abreakdown voltage) . Any charge stored stays until
the device conducts a reverse current. The forced
depleted region adds a negative potential voltage when
the device is conducting reverse current. Based on the
above rules characteristics for non-forced depleted
regions within a NBD are as follows: Thermal
equilibrium - The same as when utilizing a non-fully
depleted region. Forward bias increasing 



- The same as when utilizing a non-fully depleted
region. Forward bias decreasing - The same as when
utilizing a non-fully depleted region. Reverse bias -
If the device has only one depletion region, then the
device conducts at near zero bias (no threshold
voltage) . The depletion region in non-forced depleted
region creates a negative voltage through device. - If
the device has more than one depletion region, then
the device has a reverse threshold voltage (breakdown
voltage) . The non- forced depleted region adds a
negative voltage when the device is conducting a
reverse current. Figures 27.1 to 27.4 show a table of
NBD structures with their expected characteristics.
The first column on the left side of the table is the
structure of the NBD as if the structure where laid
out in linear manner. The terms used to indicate the
structure are the following: "Sch" -
Contact-Semiconctor Schottky barrier "Ohm" -
Contact-Semiconductor Ohmic barrier, N non-F" -
Non-forced depleted n-type regionP non-F" - Non-
forced depleted p-type region N Forced" - Forced
depleted n-type region "P Forced" - Forced depleted
p-type region "N" - n-type region with a neutral
region "P" - p-type region with a neutral region The
second column of the table indicates whether or not
the fully depleted region has its Fermi level adjusted
toward the semiconductor intrinsic level. A forced
depleted region has its Fermi level adjusted (i.e.
"Yes") while a non-forced depleted region does not
(i.e. "No") . The third and forth columns define the
characteristics that the structure has during
increasing and decreasing forward biasing
respectively. Terms used in these columns are the
following: "-> Efn" - Indicates that the Fermi level
of fully depeleted region moves toward its original
Fermi level prior to being fully depleted. "-> Efn" -
Indicates that the Fermi level of fully depleted
region moves towards the semiconductor intrinsic
level. The fifth column indicates whether or not the
NBD structure conducts a reverse current at near zero
reverse bias with a reverse potential across
structure. The sixth column indicates whether or not
the structure maintains the same bias voltage to
conduct current (i.e. threshold voltage) after biasing
the structure. A No" means that after an increasing
forward bias followed by a decreasing forward bias (a
forward 



bias cycle) that one ore more junctions have a
different potential barrier then prior to the forward
cycle. According to another embodiment of the present
invention, Figures 19 (a) and 19 (b) show NPN bipolar
transistors 2000 and 2010 with no external voltages
being applied. As shown in Figure 19 (a), NPN bipolar
transistor 2000 has a fully depletedn-type region 2006
which may function either as an emitter or as a
collector for NPN bipolar transistor 2000. Figure 19
(b) shows NPN 2010 having fully depleted n-type
regions 2014 and 2016 as an emitter and a collector,
respectively. Different transistor characteristics may
be achieved using one or more different semiconductor
regions that are under a forced or non-forced
depletion condition. For example, depleted regions
2006, 2014 and 2016 in NPN transistors 2000 and 2010
may be put under forced or non-forced depletion
conditions. Base Ptype regions 2005 and 2015 may also
be made fully depleted. PNP bipolar transistor
structures may also be formed according to principles
described for NPN transistors 2000 and 2010 above .
The behaviors of NPN and PNP transistors change when
one or more of their semiconductor regions are
completed depleted. Using NPN transistor 2000
configured in a common-emitter configuration (i.e.
with emitter terminal 2003 grounded) as an example,
when emitter region 2006 is fully depleted, a current
flows from emitter region 2006 to base region 2005
(i.e. electrons flow from base region 2005 to emitter
region 2006) when emitter region 2006 is reversed
biased or zero biased relative to base region 2005.
This current affects the cut-off mode operation of NPN
transistor 2000. Depending on whether or not emitter
region 2006 of NPN transistor 2000 is in a forced
depleted condition, determines base-to-emitter voltage
VBE is in a range that maintains emitter region 2006
fully depleted. Figure 26 shows an example of the IV
characteristics of NPN transistor 2000 when the
emitter is forced depleted. The dashed line shows the
IV characteristics of a conventional NPN transistor.
According to another embodiment of the present
invention, four or more regions in different
combinations of fully depleted or un-depleted (i.e.,
conventional) semiconductor regions may also be used
to form NBDs. Further, whether or not a center
semiconductor region may be fully depleted between two
fully depleted adjacent semiconductor regions results
in different NBDs. Therefore, all variations in anNBD
with respect to the semiconductor material types, the
numbers of fully depleted regions (whether or not in a
forceddepletion condition) , the numbers of
un-depleted regions, the alignment or orientation of
the semiconductor regions, the 



different doping concentrations are within the scope
of the present invention. The forced and non- forced
depletion conditions of the present invention can be
applied to any device having one or more semiconductor
regions that is not fully depleted to modify the
behavior for such a device. This may also result in
new devices. It is known in the art that there are no
contact materials that create a true p-type ohmic
contact. Instead a p-type Ohmic contact may be
emulated using a p-type Schottky contact with a
sufficiently thin depletion region. The thin depletion
region allows tunneling, as it is created using a
highly doped p-type material. Using a highly doped
p-type material may be undesirable or may not provide
a low enough resistance. Another embodiment of the
present invention creates a p-type Ohmic contact using
an NBD structure which includes a contact, a forced
depleted n-type region adjacent to the contact and a
p-type region adjacent n-type region opposite the
contact. As explained above, the built-in potentials
between the forced depleted n-type region and the
contact and the p-type region are reduced after an
increasing and decreasing forward bias cycle if the
p-type region has another depletion region within its
neutral region. The forced depleted n-type region is
sufficiently thin to allow tunneling between the
contact and the p-type region. This p-type ohmic NBD
structure may reduce the resistance between a p-type
region and a contact in some circumstances. In another
embodiment of the present invention a contact, a
forced depleted p-type region adjacent to contact and
a n-type region adjacent to n-type region opposite
contact forms a n-type ohmic NBD structure. A fully
depleted region may be created using a p-type or an
n-type material adjacent to an intrinsic material. In
another embodiment of the present invention, an NBD
uses aforced depleted region created by a p-type or an
n-type semiconductor region adjacent to at least one
intrinsic semiconductor region. In another embodiment
of the present invention a NBD uses a non-forced
depleted region created by a p-type or an n-type
semiconductor region adjacent to at least one
intrinsic semiconductor region. In an NBD, when a
p-type region is fully depleted at zero applied bias
voltage, no drift current flows in it. Therefore, a
thermally generated current carrying species of a
non-fully depleted region, normally associated in a
conventional pn junction diode with a leakage current
does not occur in a fully depleted region. This is
because an electric field forces any such electrons to
move from the fully depleted pregion 



to the non-fully depleted region and any such holes to
move from the non-fully depleted region to the fully
depleted p-region, so that the NBD is conductive at
zero bias. In some NBDs, such as a Schottky diode, the
contacts to the devices can act as a p-type or n-type
region. Figure 8(f) shows multiple NBD 600s connected
in series in order to generate a voltage from a
current source, thus supplying power to a load,
according to application of the present invention.
Therefore, the output voltage of multiple NBDs
connected in series to generate a desired output
voltage that is multiple times of a single NBD output
voltage. NBDs may be connected in parallel to prevent
an input current that is greater than the saturation
current of any of the serially connected NBDs. By
varying the number of NBDs and the manner of
connection, variations of desired output voltages or
currents may be achieved. According to one of the
embodiment of present invention, NBD 300 has
characteristics as following: (1) low reverse current
threshold voltage, (2) rectification of small signals
(3) rectification of high frequency signals (4)
conductivity at reverse-bias with appreciable amount
of current and (5) reverse output voltage when
connected in series with a current source. In
addition, in a reverse bias mode, the
conductingcurrent of NBD 300 is significantly greater
than the leakage current of a conventional diode prior
to breakdown. Further, as the built-in voltage raises
the output voltage level, NBD 300 indirectly raises
the output power. New types of circuits for network
switching, digital computing, signaling and waveform
shaping (such as clipping and clamping) using NBDs are
thus possible. Special diodes using P-type and N-type
materials, including Step-Recovery (SRD) , PIN and
Zener diode types, may be created by modifying the
depletion widths which may be determined, for example,
by the steps described above. By having multiple
p-type and n-type regions of different doping
concentrations, other diode characteristics such as
the saturation current, leakage current and input
/output resistance can be created accordingly.
According to one embodiment of the present invention,
different characteristics of an NBD may be achieved
using degenerate materials. Devices using degenerate
materials typically exhibit tunneling and negative
resistance characteristics within voltage ranges that
are less then Vth - An NBD with different values of Vs
can shift tunneling and negative resistance voltage
ranges. Figure 25 (a) shows the current-voltage (IV)
characteristics of NBD 300 fabricated using degenerate
materials for one value of voltage V which is 



not close to Vth . NBD 300 in this configuration shows
a larger voltage range in which tunneling occurs and a
smaller voltage range in which negative resistance
voltage occurs, relative to a conventional pn junction
diode utilizing the same degenerate materials. Figure
25 (b) shows the current-voltage (IV) characteristics
of NBD 300 utilizing degenerate materials for another
value of V which is selected to be closer to the
threshold voltage Vth NBDs in this configuration have
larger minimum forward currents and reduced negative
resistance values than a conventional pn junction
diode utilizing the same degenerate materials. The
above examples show that tunneling devices can be
provided by NBDs, in accordance with the present
invention. Such tunneling devices have desirable
characteristics involtage range, current range and
resistance. In one embodiment of present invention,
tunneling diodes with different peak voltage, peak
currents, valley voltages, or valley currents are also
possible. High frequency applications using NBD type
tunnel diodes are possible. By varying and mixing
different types of materials in NBD devices, such as
using a combination of nondegenerate and degenerate
materials, new devices or new features may be achieved
for existing devices . Furthermore, the device in
accordance with the present teaching are essentially
low voltage devices or devices which can operate with
a high signal-to-noise ratio, which makes them well
suited to uses as detectors in optical communication
systems. Drawings and figures for the EM rectenna of
the present invention are provided for explanations
and do not represent the relationship of connecting
parts in scale, size or position. For example, top
views of antenna design shown NBDs and electron
input/output channels exposing, actual implementations
may include other considerations. The figures used for
describing the rectenna embodiments in this invention
show semiconductor regions disproportionately large
and placed in relationship to antennae for explanatory
purposes only. Adjustments on the rectenna system may
be required to obtain higher packing density or
efficiency. According to the present invention, a
highly doped n-type material can act as a contact
under some situations. Also, a highly doped p-type
material can act as a contact under some situations. A
fully depleted region in a device at zero applied bias
voltage achieves: (1) When a region is fully depleted
at zero applied bias voltage, electrons at the
contact/semiconductor junction move from fully
depleted p-region to the n-region (positive particle
(holes) at the contact/semiconductor 



junction move from fully depleted n-region to the
p-region) as a result of the electric field created by
the depletion region. In this case, the distance
between the fully depleted p-region and external
electrons at the contact/semiconductor junction (the
distance between the fully depleted n-region
andexternal positive particles (holes) at the
contact/semiconductor junction) is zero. A s a result,
a reverse bias conducting current is achieved. (2) If
a fully depleted p-region has external electrons at
the contact/semiconductor junction (a fully depleted
n-region has external positive particles (holes) at
the contact /semiconductor junction) , the reverse
bias conductivity occurs without a threshold voltage.
(3) The electron at the contact semiconductor junction
move against the direction of the electric field
created by the depletion region (the external positive
particles (holes) at the contact semiconductor
junction move in the same direction of the electrical
field) . For example, an NBD conducts at reverse bias
without having a breakdown voltage, as in the case of
a conventional diode. (4) An NBD partitions
conventional PN junction depletion regions into two
electric fields. The present invention is applicable
also to rectenna elements other than dipole rectenna
elements. Also, the NBDs of the present invention can
be used with practically any antenna types and size to
achieve an EM wave to DC power conversion. For an
antenna type in which points of maximum voltages or
currents may be determined, and for which a gap may be
positioned without affecting the operating EM wave
frequency response, a gap with an associated NBD may
be placed at one or more of such maximum current
points. Otherwise, for such an antenna type, a non-gap
or gap-less rectenna element may be used by finding
maximum voltage points and, at each maximum voltage
point along the antenna, place a pair of NBDs to form
an input terminal and an output terminal, such as
shown in Figures 20 (a) and 20 (b). Using the parallel
and series connection discussed above for connecting
dipole rectennae elements into rectenna arrays, a
device can be designed to output any voltage with any
antenna type. Further, the rectenna elements on each
device may be different, so that a single device may
be made to capture various frequencies within a large
spectrum of EM waves . Also, different portions of a
single device mayinclude rectenna elements of
different antenna types and these different portions
may be used to perform different functions. The
present invention is not limited to a dipole rectenna
design, nor to the full wave rectifying rectenna
described above. In accordance with the embodiments of
the invention, 



each rectenna element can be of any size, shape or
type. In addition, a rectenna array can include more
than one type of rectenna elements. For example, in an
RFID application, a portion of a rectenna array may be
sensitive to one frequency and is used to capture the
EM wave to power the RFID circuit, while another
portion of the rectenna array may be used for RF
transmission and reception. Such an arrangement
reduces the required number of parts and creates a
more compact design. The single plane construction is
not limited to contiguous dipoles but is also
applicable to the more usual case of separate dipoles.
Although the above configurations mentioned only
planar arrays, the present invention is applicable
also to non-planar arrays. The invention can also be
carried out using discrete parts. Because an NBD of
the present invention can rectify very high frequency
signals, an EM rectenna of the present invention can
be used to detect and rectify very high frequency EM
waves efficiently. Thus, detection and power
conversion from new frequencies in the EM spectrum can
now be achieved where previously were impractical or
impossible. This includes generating DC power from the
IR and visible light spectra (e.g., solar energy) and
fast response photo-sensors for optical sensing and
optical networks. The present invention ability to
absorb IR frequencies at high efficiencies may be used
in such applications as heat shields and cooling
devices. One of the main obstacles preventing the
proliferation of solar energy conversion systems is
efficiency. The main issue with efficiency is mostly
on the rectifiers and the ways that the rectifiers are
connected to the antenna. The embodiments presented in
the EM rectenna of the present invention improve the
efficiency of converting electromagnetic (EM) waves to
DC electricity over the prior art by providing the
improvements in: (1) full wave rectification for a
broader input signalfrequency range (e.g., frequencies
at or above infra-red), (2) solving the voltage drop
problems in rectifiers 3, (3) providing an output
voltage level for higher efficiency by utilizing
special rectifiers that output a voltage in response
to a small signal, (4) full wave rectification with
fewer rectifiers, and (5) providing two sources of
input currents, one from the received EM wave and the
other one from the electron input channels . While
only dipole antennae are used to illustrate the
rectennae of the present invention, the methods
discussed above may be used to incorporate other
antenna types and sizes into the rectenna of the
present invention. The detailed description above is
provided to illustrate 



the specific embodiments above and is not intended to
be limiting. Numerous modifications and variations
within the scope of the present invention are
possible. The present invention is set forth in the
following claims. 3 A rectifier (typically a diode) in
the prior art requires a bias voltage drop across it
before it conducts current. A voltage drop creates
power loss, especially for low power signals. The
voltage drop issue is important in solar engines,
since the voltage drop reduces the voltage supplied to
the load.Claims We claim: 1 . A semiconductor device,
comprising a semiconductor region that is fully
depleted at zero bias voltage across the semiconductor
device. 2 . A semiconductor device as in Claim 1 ,
further comprising a contact adjacent the first
semiconductor region. 3 . A semiconductor device as in
Claim 1 , further comprising a second semiconductor
region forming a pn junction with the first
semiconductor region. 4 . A semiconductor device as in
Claim 3 wherein the semiconductor device conducts a
current substantially linearly, when a reverse bias
voltage is imposed across the pn- junction. 5 . A
semiconductor device as in claim 1 , wherein the first
semiconductor region is a forced depletion region. 6 .
A semiconductor device as in Claim 1 , wherein the
first semiconductor region is a non-forced depletion
region. 7 . A semiconductor device as in claim 5 ,
wherein the Fermi level of the semiconductor region is
closer to the intrinsic Fermi level of the
semiconductor region than the Fermi level of the
semiconductor device as zero bias voltage. 8 . A
semiconductor device as in claim 5 , further
comprising a voltage difference equal to voltage
difference associated to energy difference between the
fermi level of the semiconductor region and the fermi
level of the semiconductor device . 9 . A method for
creating a natural breakdown device,
comprising:providing a semiconductor device with a
junction formed by a first semiconductor region and a
region of a predetermined material, wherein the first
semiconductor region has a width greater than its
depletion width; adjusting a parameter of the region
of the predetermined material such that the width of
the first semiconductor is equal to or less than the
expected depletion width of the first semiconductor
region. 10. A method as in Claim 9 , wherein the
predetermined material comprises a second
semiconductor region and the parameter adjusted
comprises a dopant concentration. 



11. A method as in Claim 9 , wherein the predetermined
material comprises a conductor material forming a
contact and the parameter adjusted comprises a work
function of the conductor material. 12. A method as in
Claim 9 , wherein the parameter adjusted is a
dimension of the region of the predetermined material
relative the width the dimension of the semiconductor
region. 13. A rectenna, comprising: a conductive
portion including a first point and a second point
separated by a predetermined distance, such that when
the conductive portion is irradiated by an
electromagnetic wave, the first point and the second
point constitute points of maximum voltage; and a
semiconductor diode adjacent said first point
comprising a p-region in contact with the conductive
portion and an n-region in contact with the p-region.
14. A rectenna as in Claim 13, further comprising a
second semiconductor diode adjacent the second point
comprising a p-region in contact with the conductive
portion and an n-region in contact with the
p-region.15. A rectenna as in Claim 13, wherein the
rectenna is one of a plurality of antennae forming an
rectenna array by connecting the p-regions of the
second semiconductor diodes of the rectennae to form
an input channel and connecting the nregions of the
first semiconductor diodes of the rectennae to form an
output channel . 16. A rectenna as in Claim 15,
wherein the rectennae in the rectenna array perform
two or more functions. 17. A rectenna as in Claim 13,
wherein the p-region and the n-region have
respectively a first doping concentration and a second
doping concentration and wherein the p-region is fully
depleted at a zero applied voltage across the p-region
and the n-region. 18. A rectenna, comprising: a first
conductive portion; a second conductive portion
separated from the first conductive portion by a gap
that is substantially smaller than the combined
lengths of the first conductive portion and the second
conductive portion; and a semiconductor device having
a p-region and an nregion, the p-region being in
contact with the first conductive portion at the gap.
19. A rectenna as in Claim 18, wherein the p-region of
the semiconductor device contacts the second
conductive portion at the gap. 



20. A rectenna as in Claim 18, further comprising a
second semiconductor device having a p-region and an
n-region, the p-region being in contact with the
second portion at the gap wherein the first and second
semiconductor device is isolated from each other. 21.
A rectenna as in Claim 18, further comprising an
nregion in contact with an end portion of the first
conductiveportion away from the gap. 22. A rectenna as
in Claim 18, wherein the p-region and the n-region of
the semiconductor device have respectively a first
doping concentration and a second doping concentration
and wherein the p-region is fully depleted at zero
bias voltage across the p-region and the n-region. 23.
A rectenna as in Claim 18, further comprising an
nregion in contact with one end of the second
conductive portion away from the gap. 24. A rectenna
as in Claim 18, wherein the rectenna is one of a
plurality of rectennae in a rectenna array. 25. A
rectenna as in Claim 24, wherein the rectenna array is
formed by connecting the n-regions of the
semiconductor devices of the rectennae to form an
output channel to form an output channel and by
connecting the nregions of those ends of the first
conductive portions and the second conductive portions
away from the gap to form an input channel . 26. A
rectenna as in Claim 25, wherein the rectennae in the
rectenna array perform two or more functions . 27. A
method to modify the Fermi energy level within a
semiconductor region comprising, providing a
semiconductor device with a first semiconductor region
of a first conductivity type and at first Fermi level,
the first semiconductor region being forced depleted
at zero biasing across the semiconductor device;
adjusting the first semiconductor region to a second
Fermi level at thermal equilibrium, the second Fermi
level being closer to the first semiconductor region
intrinsic semiconductor Fermi level than the first
Fermi level;providing a sub-threshold bias voltage
across the semiconductor device; 28. A method as in
Claim 27, wherein a voltage difference in a neutral
region adjacent the first semiconductor region is
created before the Fermi level of the first
semiconductor region moves toward the second Fermi
level 29. A method as in Claim 27, wherein the Fermi
level of first semiconductor region is adjusted toward
the first Fermi 



level before a voltage difference is created in a
neutral region adjacent to the first semiconductor
region. 30. A natural breakdown diode, comprising: a
first semiconductor region of a first conductivity
type having a first doping concentration; a second
semiconductor region of a second conductivity type
opposite first conductivity type having a second
doping concentration; and an ohmic contact adjacent
the first semiconductor region; wherein the first
semiconductor region is fully depleted at zero bias
voltage across the first semiconductor region and the
second semiconductor region. 31. A natural breakdown
diode as in Claim 30, further comprises a third
semiconductor region of first semiconductor type
between the first semiconductor region and the ohmic
contact, and wherein the first semiconductor region
and the third semiconductor region are fully depleted
at a zero bias voltage across the first semiconductor
region, second semiconductor region and third
semiconductor region. 32. A natural breakdown diode as
in Claim 31, wherein the natural breakdown diode is
conducting when a negative bias voltage is imposed
across the first semiconductor region and second
semiconductor region. 33. A natural breakdown diode as
in Claim 30, whereinthe natural breakdown diode
provides a substantially constant output when a bias
voltage between zero volts and a predetermined voltage
V is imposed across the first semiconductor region and
second semiconductor region. 34 . A natural breakdown
diode as in Claim 30, further comprising a third
semiconductor region of second semiconductor type
between the second semiconductor region and first
semiconductor region. 35. A natural breakdown diode as
in Claim 30, wherein the n-region is fully depleted at
zero bias voltage across the p-region and the
n-region. 36. A method for providing a natural
breakdown diode, comprising: (1) determining the
doping concentrations of a pregion and an n-region of
a conventional pn junction diode; (2) selecting a
forward-bias voltage V less than the conventional pn
junction diode threshold voltage Vth and which is less
than a predetermined maximum bias voltage for the
diode; and (3) calculating the depletion width wp of
the conventional pn junction diode when a bias voltage
of Vs 



is imposed across the p-region and the n-region of the
conventional pn junction diode; (4) providing wp as
the width of a p-region the natural breakdown diode .
37. A method as in Claim 36, further comprising
calculating the electric field across a pn junction in
the natural breakdown diode and adjusting the doping
concentrations of the p-region and an n-region of the
natural breakdown diode such that natural breakdown
diode is conducting at zero bias voltage.38. A method
for constructing a rectenna, comprising: providing a
conductive portion including a first point and a
second point separated by a predetermined distance,
such that when the conductive portion is irradiated by
an electromagnetic wave,- the first point and the
second point constitute points of maximum voltage; and
providing a semiconductor diode adjacent said first
point comprising a p-region in contact with the
conductive portion and an n-region in contact with the
pregion. 39. A method as in Claim 38, further
comprising providing a second semiconductor diode
adjacent the first point comprising a first n-region
in contact with the conductive portion and a p-region
in contact with the nregion. 40. A method as in Claim
38, further comprising providing a second
semiconductor diode adjacent the second point
comprising a p-region in contact with the conductive
portion and an n-region in contact with the p-region.
41. A method as in Claim 38, further comprising:
providing a plurality of rectennae arranged in a
rectenna array; connecting the p-regions of the second
semiconductor diodes of the rectennae to form an input
channel; and connecting the n-regions of the first
semiconductor diodes of the rectennae to form an
output channel . 42. A method as in Claim 41, further
comprising providing two or more functions to be
performed by the rectennae in the rectenna array. 43.
A method as in Claim 42, further comprising providing
the p-region and the n-region to have respectively
afirst doping concentration and a second doping
concentration and providing that the p-region is fully
depleted at a zero bias voltage across the p-region
and the n-region. 44. A method as in Claim 41, further
comprising providing a plurality of the rectenna
arrays by connecting the input channels of the
rectenna arrays together; and connecting the output
channels of rectenna arrays together. 



45. A method as in Claim 36, further comprising:
providing an increasing bias voltage across the
natural breakdown diode; applying a decreasing bias
voltage across the natural breakdown diode, such that
a charge builds up in a neutral region of the
n-region. 46. A method as in Claim 27, wherein a
depletion region associated with the first
semiconductor region has the same width during the
application of the decreasing bias voltage. 47. A
method for providing a rectenna, comprising: providing
a first conductive portion; providing a second
conductive portion separated from the first conductive
portion by a gap that is substantially smaller than
the combined lengths of the first conductive portion
and the second conductive portion; and providing a
semiconductor device having a p-region and an
n-region, the p-region being in contact with both the
first conductive portion and the second conductive
portion at the gap. 48. A method as in Claim 47,
wherein the p-region of the semiconductor device
contacts the second conductive portion at the gap. 49.
A method as in Claim 47, further comprising a
secondsemiconductor device having a p-region and an
n-region, the pregion being in contact with the second
portion at the gap. 50 A method as in Claim 49 ,
wherein the first and second semiconductor device is
isolated from each other. 51. A method as in Claim 50,
further comprising providing an n-region in contact
with an end portion of the fist conductive portion
away from the gap. 52. A method as in Claim 51,
further comprising providing the p-region and the
n-region of the semiconductor device to have
respectively a first doping concentration and a second
doping concentration and providing that the p-region
is fully depleted at zero bias voltage across the
p-region and the n-region. 53. A method as in Claim 47
, further comprising an nregion in contact with one
end of the first conductive portion away from the gap.
54. A method as in Claim 47, further comprising
providing the rectenna to be one of a plurality of
rectennae in a rectenna array. 55. A method as in
Claim 51, wherein providing the rectenna to be one of
a plurality of rectennae in a rectenna array
comprises: 



providing the plurality of rectennae; connecting the
n-regions of the semiconductor devices of the
rectennae to form an output channel to form an output
channel; and connecting the n-regions of those ends of
the first conductive portions and the second
conductive portions away from the gap to form an input
channel . 56. A method in Claim 55, wherein the
rectenna is one of a plurality of rectennae arranged
in a plurality of rectenna arrays, the method further
comprising:providing a plurality of the rectennae
arrays; connecting the input channels of the rectenna
arrays together; and connecting the output channels of
rectenna arrays together. 57. A method as in Claim 56,
wherein the rectenna array is one of a plurality of
rectenna arrays, the method further comprising:
providing the plurality of rectenna arrays; connecting
the p-regions of the second semiconductor diodes of
the rectennae to form an input channel; and connecting
the n-regions of the first semiconductor diodes of the
rectennae to form an output channel. 58. A method as
in Claim 57, wherein the rectennae in the rectenna
array perform two or more functions. 59. A method as
in Claim 57, wherein the first conductive portion and
the second conductive portion are provided a
predetermined combined length which is substantially
half of an odd multiple of a wavelength of the
electromagnetic wave. 60. A method for providing a
natural breakdown diode, comprising: providing a first
semiconductor region of a first conductivity type
having a first doping concentration and providing a
second semiconductor region of a second conductivity
type opposite first conductivity having a second
doping concentration; providing a width for the first
semiconductor region that is less than or equal to a
first semiconductor region depletion width of a
conventional diode having a first semiconductor region
of the first dopingconcentration and a second doping
concentration; and providing an ohmic contact adjacent
the first semiconductor region. 61. A method as in
Claim 60, further comprises providing a third
semiconductor region of same conductivity type as
first conductivity type between the first
semiconductor region 



and the ohmic contact having a third doping
concentration, wherein the first semiconductor region
and the third semiconductor region are fully depleted
at zero bias voltage across first semiconductor
region, the second semiconductor region and the third
semiconductor region. 62. A method as in Claim 60
further comprising providing the diode to operate at
break down mode when a zero bias voltage is imposed
across the first semiconductor region and the second
semiconductor region. 63. A method as in Claim 60,
further comprising providing the diode a constant
voltage output when a bias voltage between zero volts
and a predetermined voltage V is imposed across the
p-region and the n-region. 64. A method as in Claim
60, further comprising providing a third semiconductor
region of same conductivity type as second
conductivity type between the second semiconductor
region and the first semiconductor region. 65. A
method as in Claim 60, further providing the second
semiconductor region to be fully depleted at zero bias
voltage across the first semiconductor region and the
second semiconductor region. 66. A method for
collecting electromagnetic radiation power,
comprising: providing a plurality of antennae elements
forming an array having an input channel and an output
channel, wherein each antenna element comprising:a
conductive portion including a first point and a
second point separated by a predetermined distance,
such that when the conductive portion is irradiated by
an electromagnetic wave, the first 5 point and the
second point constitute points of maximum voltage; and
a semiconductor diode adjacent said first point
comprising a p-region in contact with the conductive
portion and an n-region in contact with the p- 10
region; and providing a power storage device for
receiving a current from the antenna array, the power
storage device being connected across the input
channel and the output channel . 15 67. A method as in
Claim 66, wherein the antenna element further
comprises a second semiconductor diode adjacent the
first point comprising a first n-region in contact
with the conductive portion and a p-region in contact
with the nregion. 20 68. A method as in Claim 66,
wherein the p-regions of the second semiconductor
diodes of the antenna array to form 



the input channel and connecting the n-regions of the
first semiconductor diodes of the antenna array to
form the output channel . 25. 69. A method as in Claim
66, wherein the antenna element further comprises a
second semiconductor diode adjacent the second point
comprising a p-region in contact with the conductive
portion and an n-region in contact with the pregion.
30 70. An antenna element, comprising: an input
terminal; an output terminal;a first conductor and a
second conductor separated by a gap each conductor
having a first end and a second end, respectively,
wherein the second ends of each conductor is located
at the gap, the first end of each conductor is
connected to the input terminal, and the total lengths
of the first conductor, the second conductor and the
gap equal to a predetermined value related to the
wavelength an electromagnetic radiation to be received
by the antenna element; and a first rectifier coupled
between the second end of the first conductor and the
output terminal. 71. An antenna element as in Claim
70, wherein a second rectifier is coupled between the
second end of the second conductor and the output
terminal. 72. An antenna element as in Claim 70
wherein, when an electromagnetic radiation is incident
to the antenna element, a first electrical current is
induced in the antenna element due to a voltage
difference along each conductor, and a second
electrical current is induced in the antenna element
by a magnetic field of the electromagnetic radiation.
73. An antenna element as in Claim 70, wherein the
rectifier is conducting at a zero bias voltage 74 . An
antenna array comprising a plurality of antenna
elements interconnected by semiconductor devices. 75.
A rectifier, comprising: a conductor having a first
end and a second end; and a semiconductor device
connected to the first end of the conductor, wherein
the semiconductor device including a semiconductor
region that is fully depleted at zero bias voltage.
76. A rectifier as in Claim 75, further comprising a
second semiconductor device, connected to the
conductor thatincludes a semiconductor region that is
fully depleted at zero bias voltage . 77. A rectifier
as in Claim 75, further including a second conductor
separated from the first conductor by a gap. 78. In a
semiconductor device, a method for transferring 



a potential from a first built-in potential to a
second buildin potential, comprising: providing a
first forced fully-depleted semiconductor region of a
first conductivity type; providing a second
semiconductor region of a second conductivity type
different from the first conductivity type, the second
conductor region being adjacent the first
semiconductor region and having a first built-in
potential; providing s second built-in potential
adjacent the second semiconductor region opposite
first built-in potential; providing an increasing
forward bias relative to first semiconductor region;
and providing a decreasing forward bias relative to
first semiconductor region, such that first built-in
potential is decreased and second built-in potential
is increased. 79. A method as in Claim 78, wherein the
threshold voltage of the semiconductor device is less
than the threshold voltage of a conventional pn
junction. 80. A method for modifying a built-in
potential of a semiconductor device, comprising:
creating in a semiconductor substrate a pn-junction of
a predetermined built-in potential; and providing in
the semiconductor substrate at apredetermined distance
from the pn- junction a semiconductor region that is
fully depleted when the semiconductor device is at
zero bias voltage. 81. A method as in Claim 80 wherein
the fully depleted semiconductor region is provided by
an ohmic contact to a suitably doped semiconductor
region. 82. A method as in Claim 80, wherein the fully
depleted semiconductor region is provided by a
Schottky contact to a suitably doped semiconductor
region. 83. A method for signal power storage in a
semiconductor, comprising: providing a semiconductor
device including a semiconductor region that is fully
depleted at zero bias voltage; and applying a
sub-threshold bias voltage across the semiconductor
region. 84. An Ohmic contact within a semiconductor
device comprising: a first semiconductor region of a
first conductivity type; 



a second semiconductor region of a second conductivity
type opposite first conductivity type; a contact
adjacent to the first semiconductor region, the second
semiconductor region adjacent to the first
semiconductor region opposite a contact, the first
semiconductor region being sufficiently thin to create
an ohmic coupling between the second semiconductor
region and the contact. 85. A method for providing an
Ohmic contact within a semiconductor device,
comprising:providing a first semiconductor region of a
first conductivity type; and providing a second
semiconductor region of a second conductivity type
opposite the first conductivity type adjacent to the
first semiconductor region; and providing a contact
adjacent to first semiconductor region opposite second
semiconductor region wherein the first semiconductor
region is sufficiently thin to create an ohmic
coupling between the second semiconductor region and
the contact. 86. A method to fully rectify an input
signal with a single semiconductor device, comprising,
providing a first semiconductor region of a first
conductivity type; providing a second semiconductor
region of a second conductivity type opposite first
conductivity type adjacent to the first semiconductor
region; providing an ohmic contact adjacent to first
semiconductor region opposite the second semiconductor
region; providing the first semiconductor region is
forced depleted at zero bias voltage across the
contact, the first semiconductor region and the second
semiconductor region; and providing the input signal. 


