
NOVEL FARNESYL PROTEIN TRANSFERASE INHIBITORS AS
ANTITUMOR AGENTS BACKGROUND WO 95/10516, published
April 20, 1995, WO 97/23478, published July 3, 1997,
WO 02/18368 published March 7, 2002, U.S. 2002/019821
published December 26, 2002, and U.S. 5,874,442 issued
February 23, 1999 disclose tricyclic compounds useful
for inhibiting farnesyl protein transferase. WO
98/54966 published December 10, 1998 discloses methods
of treating cancer by administering at least two
therapeutic agents selected from a group consisting of
a compound which is an antineoplastic agent and a
compound which is an inhibitor of prenyl-protein
transferase (e.g., a farnesyl protein transferase
inhibitor). U.S. 6,096,757 issued August , 2000
discloses methods of treating proliferative diseases
(e.g., cancers) by administering an FPT inhibitor in
conjunction with an antineoplastic agent and/or
radiation. Shih et al., "The farnesyl protein
transferase inhibitor SCH66336 synergizes with taxanes
in vitro and enhances their antitumor activity in
vivo", Cancer Chemother Pharmacol (2000) 46: 387-393
discloses a study of the combination of SCH 66336 with
paclitaxel, and SCH 66336 with docetaxel on certain
cancer cell lines. WO 01/45740 published June 28, 2001
discloses a method of treating cancer (breast cancer)
comprising administering a selective estrogen receptor
modulator (SERM) and at least one farnesyl transferase
inhibitor (FTI). FTI-277 is the exemplified FTI. The
WEB site http://www.osip.com/press/pr/07-25-01
discloses a press release of OSI Pharmaceuticals. The
press release announces the initiation of a Phase III
clinical trial evaluating the use of the epidermal
growth factor inhibitor Tarceva (TM) (OSI-774) in
combination with Carboplatin (Paraplatin(r)) and
Paclitaxel (Taxol(r)) for the treatment of Non Small
Cell Lung Cancer.The WEB site
http://cancertrials.nci.nih.qov/types/lunq/iressa12100
.html in a disclosure posted 12/14/00 discloses the
following list of open clinical trials for advanced
(stage IMB and IV) non-small cell lung cancer, from
NCI's clinical trials database: (1) phase III
Randomized Study of ZD 1839 (IRESSA an epidermal
growth factor inhibitor) combined with gemcitabine and
cisplatin in chemotherapynave patients with Stage IHB
or IV non-small cell lung cancer; and (2) phase III
Randomized Study of ZD 1839 (IRESSA, an epidermal
growth factor inhibitor) combined with paclitaxel and
carboplatin in chemotherapynave patients with Stage
IMBor IV non-small cell lung cancer. W 01/56552
published August 9, 2001 discloses the use of an FPT
inhibitor for the preparation of a pharmaceutical
composition for treating advanced breast cancer. The
FPT inhibitor may be used in combination with one or
more other treatments for advanced breast cancer
especially endocrine therapy such as an antiestrogen
agent such as an estrogen receptor antagonist (e.g.,
tamoxifen) or a selective estrogen receptor modulator
or an aromatase inhibitor. Other anti-cancer agents
which may be employed include, amongst others,
platinum coordination compounds (such as cisplatin or
carboplatin), taxanes (such as paclitaxel or
docetaxel), anti-tumor nucleoside derivatives (such as
gemcitabine), and HER2 antibodies (such as
trastzumab). WO 01/62234 published August 30, 2001
discloses a method of treatment and dosing regimen for
treating mammalian tumors by the discontinuous
administration of a famesyl transferase inhibitor over
an abbreviated one to five day dosing schedule.
Disclosed is a regimen wherein the famesyl protein
transferase inhibitor is administered over a one to
five day period followed by at least two weeks without
treatment. t is disclosed that in previous studies
famesyl protein transferase inhibitors have been shown
to inhibit the growth of mammalian tumors when
administered as a twice daily dosing schedule. t is
further disclosed that the 



administration of a famesyl protein transferase
inhibitor in a single dose daily for one to five days
produced a marked suppression of tumor growth lasting
one to at least 21 days. t is also disclosed that the
FTI may be used in combination with one or more other
anti-cancer agents such as, platinum coordination
compounds (e.g., cisplatin or carboplatin), taxane
compounds (e.g., paclitaxel or docetaxel), anti-tumor
nucleoside derivatives (e.g., gemcitabine), HER2
antibodies (e.g., trastzumab), andestrogen receptor
antagonists or selective estrogen receptor modulators
(e.g., tamoxifen). WO 01/64199 published September 7,
2001 discloses a combination of particular FPT
inhibitors with taxane compounds (e.g., paclitaxel or
docetaxel) useful in the treatment of cancer. n view
of the current interest in inhibitors of farnesyl
protein transferase, a welcome contribution to the art
would be compounds useful for the inhibition of
farnesyl protein transferase. Such a contribution is
provided by this invention. SUMMARY OF THE INVENTION
This invention provides compounds (FPT inhibitors) of
formula I : and the pharmaceutical^ acceptable salts
or solvates thereof, wherein the substitutents are
defined below. This invention also provides compounds
(FPT inhibitors) of formulas 100 to 174, as described
below, or a pharmaceutical^ acceptable salt or solvate
thereof. This invention also provides compounds (FPT
inhibitors) of formulas 100.1 to 102.2, 103.1 to
135.2, and 136.1 to 174.1, as described below, or a
pharmaceutically acceptable salt or solvate thereof.
This invention also provides pharmaceutical
compositions comprising an effective amount of at
least one (usually one) compound of this invention and
a pharmaceutically acceptable carrier. This invention
also provides a method of inhibiting farnesyl protein
transferase in a patient in need of such treatment
comprising administering to said patient an effective
amount of at least one (usually one) compound of this
invention.This invention also provides methods of
treating (or inhibiting) tumors (i.e., cancers) in a
patient in need of such treatment comprising
administering to said patient an effective amount of
at least one (usually one) compound of this invention.
This invention also provides methods of treating (or
inhibiting) tumors (i.e., cancers) in a patient in
need of such treatment comprising administering to
said patient an effective amount of at least one
(usually one) compound of this invention in
combination with at least one (e.g., 1 or 2)
chemotherapeutic agent (also know in the art as
antineoplastic agent or anticancer agent). This
invention also provides methods of treating (or
inhibiting) tumors (i.e., cancers) in a patient in
need of such treatment comprising administering to
said patient an effective amount of at least one
(usually one) compound of this invention in
combination with at least one chemotherapeutic agent
(also know in the art as antineoplastic agent or
anticancer agent) and/or radiation. This invention
also provides methods of treating (or inhibiting)
tumors (i.e., cancers) in a patient in need of such
treatment comprising administering to said patient an
effective amount of at least one (usually one)
compound of this invention in combination with at
least one signal transduction inhibitor. This
invention provides methods of treating breast cancer
(i.e., postmenopausal and premenopausal breast cancer,
e.g., hormone-dependent breast cancer) in a patient in
need of such treatment wherein said treatment
comprises the administration of at least one (e.g.,
one) compound of formula .0 with hormonal therapies
(i.e., antihormonal agents). The methods of this
invention include the treatment of hormone-dependent
metastatic and advanced breast cancer, adjuvant
therapy for hormone-dependent primary and early breast
cancer, the treatment of ductal carcinoma in situ, and
the treatment of inflammatory breast cancer in situ.
Optionally, neoadjuvant therapy (i.e., the use of
chemotherapeutic agents) is 



used in combination with the compounds of formula .0
and hormonal therapies in the methods of this
invention. The methods of this invention can also be
used to prevent breast cancer in patients having a
high risk of developing breast cancer. n the methods
of this invention the compounds of this invention can
be administered concurrently or sequentially (i.e.,
consecutively) with the chemotherapeutic agents or the
signal transduction inhibitor.Optionally, radiation
treatment can be administered in the methods of this
invention. DETAILED DESCRIPTION O THE INVENTION As
described herein, unless otherwise indicated, the use
of a drug or compound in a specified period (e.g.,
once a week, or once every three weeks, etc.,) is per
treatment cycle. As used herein, unless otherwise
specified, "at least one", as used in reference to the
number of compounds or chemotherapeutics or drugs
used, represents one or more (e.g., 1-6), more
preferably 1-4, with , 2 or 3 being most preferred. As
used herein, unless otherwise specified, the following
terms have the following meanings: antineoplastic
agent-represents a chemotherapeutic agent effective
against cancer; compound-with reference to the
antineoplastic agents, includes the agents that are
antibodies; concurrently-represents (1) simultaneously
in time (e.g., at the same time); or (2) at different
times during the course of a common treatment
schedule; consecutively-means one following the other;
different-as used in the phrase "different
antineoplastic agents" means that the agents are not
the same compound or structure; preferably,
"different" as used in the phrase "different
antineoplastic agents" means not from the same class
of antineoplastic agents; for example, one
antineoplastic agent is a taxane, and another
antineoplastic agent is a platinum coordinator
compound; effective amount-represents a
therapeutically effective amount; for example, the
amount of the compound (or drug), or radiation, that
results in: (a) the reduction, alleviation or
disappearance of one or more symptoms caused by the
cancer, (b) the reduction of tumor size, (c) the
elimination of the tumor, and/or (d) long-term disease
stabilization (growth arrest) of the tumor; for
example, in the treatment of lung cancer (e.g., non
small cell lung cancer) a therapeutically effective
amount is that amount that alleviates or eliminates
cough, shortness of breath and/or pain; also, for
example, a therapeutically effective amount of the FPT
inhibitor is that amount which results in the
reduction of famesylation; the reduction in
famesylationmay be determined by the analysis of
pharmacodynamic markers such as Prelamin A and HDJ-2
(DNAJ-2) using techniques well known in the art;
patient-represents an animal, such as a mammal (e.g.,
a human being); sequentially-represents (1)
administration of one component of the method ((a)
compound of the invention, or (b) chemotherapeutic
agent, signal transduction inhibitor and/or radiation
therapy) followed by administration of the other
component or components; after adminsitration of one
component, the next component can be administered
substantially immediately after the first component,
or the next component can be administered after an
effective time period after the first component; the
effective time period is the amount of time given for
realization of maximum benefit from the administration
of the first component; alkenyl-represents straight
and branched carbon chains having at least one carbon
to carbon double bond and containing from 2-12 carbon
atoms, preferably from 2 to 6 carbon atoms and most
preferably from 3 to 6 carbon atoms; alkyl-represents
straight and branched carbon chains and contains from
one to twenty carbon atoms, preferably one to six
carbon atoms, more preferably one to four carbon
atoms; even more preferably one to two carbon atoms; 



alkynyl-represents straight and branched carbon chains
having at least one carbon to carbon triple bond and
containing from 2-12 carbon atoms, preferably from 2
to 6 carbon atoms and most preferably from 2 to 4
carbon atoms; aryl-represents a carbocyclic group
containing from 6 to 15 carbon atoms in the
unsubstituted carbocyclic group and having at least
one aromatic ring (e.g., aryl is a phenyl ring), with
all available substitutable carbon atoms of the
carbocyclic group being intended as possible points of
attachment of said aryl group, said aryl group being
unsubstituted or substituted, said substituted aryl
group having one or more (e.g., 1 to 3) substituents
independently selected from the group consisting of:
halo, alkyl, hydroxy, alkoxy, phenoxy, CF , -C(O)N(R )
, -SO R18, -SO N(R ) amino, 23 alkylamino,
dialkylamino, -COOR and -NO (preferably said
substitutents are independently selected from the
group consisting of: alkyl (e.g., C -C alkyl), halogen
(e.g., Cl and Br), -CF and -OH), wherein each R18 is
independently selected from the 23 group consisting
of: H, alkyl, aryl, arylalkyl, heteroaryl and
cycloalkyl, and wherein R is selected from the group
consisting of: alkyl and aryl;arylalkyl-represents an
alkyl group, as defined above, substituted with an
aryl group, as defined above; arylheteroalkyl-
represents a heteroalkyl group, as defined below,
substituted with an aryl group, as defined above;
aryloxy-represents an aryl moiety, as defined above,
covalently bonded to an adjacent structural element
through an oxygen atom, for example, -O-phenyl (i.e.,
phenoxy); cycloalkenyl-represents unsaturated
carbocyclic rings of from 3 to 20 carbon atoms in the
unsubstituted ring, preferably 3 to 7 carbon atoms,
said cycloalkenyl ring comprising at least one
(usually one) double bond, and said cycloalkenyl ring
being unsubstituted or substituted, said substituted
cycloalkenyl ring having one or more (e.g., , 2 or 3)
substituents independently selected from the group
consisting of: alkyl (e.g., methyl and ethyl),
halogen, -CF and -OH; cycloalkyl-represents saturated
carbocyclic rings of from 3 to 20 carbon atoms in the
unsubstituted ring, preferably 3 to 7 carbon atoms,
said cycloalkyl ring being unsubstituted or
substituted, said substituted cycloalkyl ring having
one or more (e.g., , 2 or 3) substituents
independently selected from the group consisting of:
alkyl (e.g., methyl and ethyl), halogen, -CF and -OH;
for example, -substituted cycloalkyl rings, such as,
for example, alkyl or alkyl alkyl wherein said alkyl
is generally a C -C alkyl group, usually a CrC alkyl
group, and preferably a methyl group; thus, examples
of cycloalkyl rings substituted at the 1- position
with methyl include but are not limited to: CH CH CH
CH cycloalkylalkyl-represents an alkyl group, as
defined above, substituted with a cycloalkyl group, as
defined above; halo (or halogen)-represents fluoro,
chloro, bromo or iodo; heteroalkenyl- represents
straight and branched carbon chains having at least
one carbon to carbon double bond and containing from
two to twenty carbonatoms, preferably two to six
carbon atoms interrupted by 1 to heteroatoms selected
from the group consisting o :-O-, -S- and -N-,
provided that when there is more than one heteroatom,
the heteroatoms are not adjacent to one another;
heteroalkyl- represents straight and branched carbon
chains containing from one to twenty carbon atoms,
preferably one to six carbon atoms interrupted by 1 to
3 heteroatoms selected from the group consisting
of:-O-, -S- and -N-, provided that when there is more
than one heteroatom, the heteroatoms are not adjacent
to one another; heteroalkynyl- represents straight and
branched carbon chains having at least one carbon to
carbon triple bond and containing from two to twenty
carbon 



atoms, preferably two to six carbon atoms interrupted
by 1 to 3 heteroatoms selected from the group
consisiting of: -O-, -S- and -N-provided that when
there is more than one heteroatom, the heteroatoms are
not adjacent to one another; heteroaryl-represents
unsubstituted or substituted cyclic groups, having at
least one heteroatom selected from the group
consisting of: , S or N (provided that any and S atoms
are not adjacent to one another), said heteroaryl
group comprises and S atoms, said heteroatom
interrupting a carbocyclic ring structure and having a
sufficient number of delocalized pi electrons to
provide aromatic character, with the unsubstituted
heteroaryl group preferably containing from 2 to 14
carbon atoms, wherein said substituted heteroaryl
group is substitued with one or more (e.g., , 2 or 3)
of the same or different substituents selected from
the group consisting of: (1) halo; (2) -CF ; (3) -OR30
wherein R30 is selected from the group consisting of:
H, alkyl, aryl, and arylalkyl; (4) COR30 wherein R30
is as defined above; (5) -SR30 wherein R30 is as
defined above; (6) -S(O)tR35 wherein R15 is selected
from the group consisting of: aryl and alkyl; (7) -N(R
) wherein R30 is as defined above; (8) -NO ; (9)
-OC(O)R30 wherein R30 is as defined above; (10) CO R30
wherein R30 is as defined above; ( -OCO R35 wherein
R35 is as defined above; (12) -CN; (13) -NR COOR35
wherein R30 and R35 are as defined above; (14) -SR
C(O)OR35 wherein R35 is as defined above; (15)
benzotriazol-1-yloxy; ( ) tetrazol-5-ylthio; (17)
substituted tetrazol-5-ylthio; (18) alkynyl; (19)
alkenyl; (20) alkyl; (21) alkyl substituted with one
or more (e.g., , 2 or 3) substitutents independently
selected from the group consisting of: halogen, -OR30
and -CO R30 wherein R30 is as defined above; and (22)
alkenyl substituted with one or more (e.g., , 2 or 3)
substitutents independently selected from the group
consisting of: halogen, -OR30 and -CO R30 wherein R30
is as definedabove; examples of heteroaryl groups
include but are not limited to: e.g., 2- or 3-furyl,
2- or 3-thienyl, 2-, 4- or 5-thiazolyl, 2-, 4- or
5-imidazolyl, 2-, 4- or 5-pyrimidinyl, 2- pyrazinyl,
3- or 4-pyridazinyl, 3-, 5- or 6-[1,2,4-triazinyl], 3-
or 5-[1,2,4-thiadizolyl], 2-, 3-, 4-, 5-, 6- or
7-benzofuranyl, 2-, 3-, 4-, 5-, 6- or 7-indolyl, 3-,
4- or 5-pyrazolyl, 2-, 4- or 5-oxazolyl, triazolyl,
2-, 3- or 4-pyridyl, or 2-, 3- or 4-pyridyl N-oxide,
wherein pyridyl N-oxide can be represented as: or
heteroarylalkenyl- represents an alkenyl group, as
defined above, substituted with a heteroaryl group, as
defined below; heteroarylalkyl- represents an alkyl
group, as defined above, substituted with a heteroaryl
group, as defined above; heterocycloalkylalkyl-
represents an alkyl group, as defined above,
substituted with a heterocycloalkyl group, as defined
below; heterocycloalkyl- represents a saturated
carbocylic ring containing from 3 to carbon atoms,
preferably from 4 to 6 carbon atoms, which carbocyclic
ring is interrupted by 1 to 3 hetero groups selected
from the group consisting of:-O-, -S- or 24 24 -NR
wherein R is selected from the group consisting of: H,
alkyl, aryl, and -C(O)N(R ) wherein R18 is as above
defined, examples of heterocycloalkyl groups include
but are not limited to: 2- or 3-tetrahydrofuranyl, 2-
or 3- tetrahydrothienyl, 2-, 3- or 4-piperidinyl, 2-
or 3-pyrrolidinyl, 1-, 2-, 3- , or 4- piperizinyl, 2-
or 4-dioxanyl, morpholinyl, and heterocycloalkylalkyl-
represents an alkyl group, as defined above,
substituted with a heterocycloalkyl group, as above.
The positions in the tricyclic ring system are:As well
known in the art, a bond drawn from a particular atom
wherein no moiety is depicted at the terminal end of
the bond indicates a methyl group bound through that
bond to the atom. For example: represents CH H C N 



represents ,N,H C represents and CH C ' \ H C H C ,
represents Those skilled in the art will appreciate
that the formula: can represent one or more isomers
selected from the group consisting of:\ 1  <-A/VVWX
and LLLLLL The preferred isomer is:Thus, one
embodiment of this invention is directed to compounds
(FPT inhibitors) of formula I : R and the
pharmaceutically acceptable salts or solvates thereof,
wherein: R1 is selected from the group consisting of:
R 6 and 10' R9 ' X n is 1 to 6; X is selected from the
group consisting of , S, and N; R2, R3, R4, and R5 are
independently selected from the group consisting of:
H, Br, Cl, and F; R is selected from the group
consisting of a H, C to C alkyl group, and a to C
cycloalkyl group; R6 and R7, for each n, are
independently selected from the group consisting of:
(1) H, (2) C to C alkyl, and (3) a C to C cycloalkyl
ring formed by taking R6 and R7 together with the
carbon atom to which they are bonded to; R8 is
selected from the group consisting of: o=s=o 11a H, 12
46 (2.0) (3.0) (4.0) (5.0) R9 is selected from the
group consisting of: C to C alkyl group, aryl,
heteroaryl, cycloalkyl, heterocycloalkyl,
cycloalkylalkyl, heterocycloalkylalkyl,
alkenyl,alkynyl, arylalkyl, arylheteroalkyl,
cycloalkenyl, heteroalkenyl, heteroalkyl, and
heteroalkynyl; or R9 is selected from the group
consisting of: to C alkyl group, aryl, heteroaryl,
cycloalkyl, heterocycloalkyl, cycloalkylalkyl,
heterocycloalkylalkyl, alkenyl, alkynyl, arylalkyl,
arylheteroalkyl, cycloalkenyl, heteroalkenyl,
heteroalkyl, and heteroalkynyl; wherein (1) said R9
aryl, heteroaryl, cycloalkyl, heterocycloalkyl,
cycloalkylalkyl, heterocycloalkylalkyl, alkenyl,
alkynyl, arylalkyl, arylheteroalkyl, cycloalkenyl,
heteroalkenyl, heteroalkyl, and heteroalkynyl groups
are substituted with 1 to 3 substituents independently
selected from the group consisting of: -OH, halo
(e.g., Br, F, or Cl), alkyl (e.g., to C alkyl),
cycloalkyl (e.g., C to C , for example cyclopropyl),
-NH , -NH(C to C alkyl) (e.g., -NHCH ), -N(C to C
alkyl) wherein each alkyl group is independently
selected (e.g. -N(CH ) ), alkoxy (e.g., methoxy), and
-CO R14 wherein R14 is selected from the group
consisting of: H and alkyl (e.g., C to C alkyl, for
example methyl and ethyl), provided that the carbon
atom, by which 



said R9 group is bonded to the X substituent, is not
substituted with a -OH, -NH , -NH(C to C alkyl) or
-N(C to C alkyl) group; and (2) said R9 C to C alkyl
group is substituted with 1 to 3 substituents
independently selected from the group consisting of:
-OH, halo (e.g., Br, F, or Cl), cycloalkyl (e.g., C to
C , for example cyclopropyl), -NH , -NH(C to C alkyl)
(e.g., -NHCH ), -N(C to C alkyl) wherein each alkyl
group is independently selected (e.g. -N(CH ) ),
alkoxy (e.g., methoxy), and -CO R14 wherein R14 is
selected from the group consisting of: H and alkyl
(e.g., C to C alkyl, for example methyl and ethyl);
provided that the carbon atom, by which said R9 group
is bonded to the X substituent, is not substituted
with a -OH, -NH , -NH(C to C alkyl) or -N(C to C
alkyl) group; R is selected from the group consisting
of: alky and arylalkyl; R10 is selected from the group
consisting of: aryl, heteroaryl, cycloalkyl,
heterocycloalkyl, cycloalkylalkyl,
heterocycloalkylalkyl, alkenyl, alkynyl,
arylheteroalkyl, cycloalkenyl, heteroalkenyl,
heteroalkyl, and heteroalkynyl; or R10 is selected
from the group consisting of: aryl, heteroaryl,
cycloalkyl, heterocycloalkyl, cycloalkylalkyl,
heterocycloalkylalkyl, alkenyl, alkynyl,
arylheteroalkyl, cycloalkenyl, heteroalkenyl,
heteroalkyl, and heteroalkynyl; wherein said R10
groups are substituted with 1 to 3 substituents
independently selected from the group consisting of:
-OH, halo (e.g., Br, F, or Cl), alkyl (e.g., C to C
alkyl), cycloalkyl (e.g., C to C , for example
cyclopropyl), -NH , -NH(C to C alkyl) (e.g.,-NHCH ),
-N(C to C alkyl) wherein each alkyl group is
independently selected (e.g. -N(CH ) ), alkoxy (e.g.,
methoxy), and -CO R14 wherein R14 is selected from the
group consisting of: H and alkyl (e.g., C to C alkyl,
for example methyl and ethyl); R11 is selected from
the group consisting of: (1) alkyl (2) substituted
alkyl, (3) unsubstituted aryl, (4) substituted aryl,
(5) unsubstituted cycloalkyl, (6) substituted
cycloalkyl, (7) unsubstituted heteroaryl, (8)
substituted heteroaryl, (9) heterocycloalkyl, and (10)
substituted heterocycloalkyl; wherein said substituted
alkyl, substituted cycloalkyl, and substituted
heterocycloalkyl R11 groups are substituted with one
or more (e.g. , 2 or 3) substituents independently
selected from the group consisting of: (1) -OH,
provided that when there is more than one - OH group
then each - OH group is bound to a different carbon
atom (i.e., only one - OH group can be bound to a
carbon atom), (2) fluoro, and (3) alkyl; and wherein
said substituted aryl and substituted heteroaryl R11
groups are substituted with one or more (e.g. , 2 or
3) substituents independently selected from the group
consisting of: (1) -OH, provided that when there is
more than one - OH group then each - OH group is bound
to a different carbon atom (i.e., only one - OH group
can be bound to a carbon atom), (2) halogen (e.g. Br,
Cl or F), and (3) alkyl; R11a is selected from the
group consisting of: (1) H, (2) OH, (3) alkyl, (4)
substituted alkyl, (5) aryl, (6) substituted aryl, (7)
unsubstituted cycloalkyl, (8) substituted cycloalkyl,
(9) unsubstituted heteroaryl, (10) substituted
heteroaryl, ( ) heterocycloalkyl, (12) substituted
heterocycloalkyl, and (13) -0R ; wherein said
substituted alkyl, substituted cycloalkyl, and
substituted heterocycloalkyl R11a groups are
substituted with one or more (e.g. , 2 or 3)
substituents independently selected from the group
consisting of: (1) -OH, provided that when there is
more than one - OH group then each - OH group is bound
to a different carbon atom (i.e., only one - OH group
can be bound to a carbon atom), (2) -CN, (3) -CF , (4)
fluoro, (5) alkyl, (6) cycloalkyl, (7)
heterocycloalkyl, (8) arylalkyl, (9) heteroarylalkyl,
(10) alkenyl and ( ) heteroalkenyl; and wherein said
substituted aryl and substituted heteroaryl R11a
groups have one or more (e.g. , 2 or 3) substituents
independently selected from the group consisting of:
(1) -OH, provided that when there is more than one -
OH group then each - OH group is bound to a different
carbon atom (i.e., only one - OH group can be bound to
a carbon atom), (2) -CN, (3) -CF , (4) halogen (e.g
Br, Cl or F), (5) alkyl, (6) cycloalkyl, (7)
heterocycloalkyl, (8) arylalkyl, (9) heteroarylalkyl,
(10) alkenyl, and ( ) heteroalkenyl;R12 is selected
from the group consisting of: H alkyl, piperidine Ring
V, cycloalkyl, and -alkyl-(piperidine Ring V), wherein
piperidine Ring V is 



wherein R44 is defined below; R21, R22 and R46 are
independently selected from the group consisting of:
(1)-H, (2) alkyl (e.g., methyl, ethyl, propyl, butyl o
t-butyl), (3) unsubstituted aryl, (e.g. phenyl), (4)
substituted aryl substituted with one or more
substituents independently selected from the group
consisting of: alkyl, halogen, CF and OH, (5)
unsubstituted cycloalkyl, (e.g. cyclohexyl), (6)
substituted cycloalkyl substituted with one or more
substituents independently selected from the group
consisting of: alkyl, halogen, CF and OH, (7)
heteroaryl of the formula (8) heterocycloalkyl of the
formula: (i.e., piperidine Ring V) wherein R44 is
selected from the group consisting of: (a) -H, (b)
alkyl (e.g., methyl, ethyl, propyl, butyl or t-butyl),
(c) alkylcarbonyl (e.g., CH C(O)-), (d)
alkyloxycarbonyl (e.g., -C(O)CM-C H , -C(O)OC H and
-C(O)OCH ), (e) haloalkyl (e.g., trifluoromethyl), and
(f) -C(O)NH(R 51), (9) -NH provided that only one of R
, R , and group can be- NH and provided that when one
of R21, R22, andR46 is - NH then the remaining groups
are not -OH, (10) -OH provided that only one of R21,
R22, and R46 group can be - OH and provided that when
one of R21, R22, andR46 is - OH then the remaining
groups are not - NH , and ( alkyl substituted with one
or more substituents (e.g., 1-3, or 1-2, and
preferably 1) selected from the group consisting of:
-OH and - NH and provided that there is only one - OH
or one - NH group on a substituted carbon, orR21 and
R22 taken together with the carbon to which they are
bound form a cyclic ring selected from the group
consisting of: (1) unsubstituted cycloalkyl (e.g.,
cyclopropyl, cyclobutyl, cyclopentyl, and cyclohexyl),
(2) cycloalkyl substituted with one or more
substituents independently selected from the group
consisting of: alkyl, halogen, CF and OH, (3)
unsubstituted cycloalkenyl e.g., (4) cycloalkenyl
substituted with one or more substituents
independently selected from the group consisting of:
alkyl, halogen, CF and OH, (5) heterocycloalkyl, e.g.,
a piperidyl ring of the formula: wherein R44 is
selected from the group consisting of: (a) -H, (b)
alkyl (e.g., methyl, ethyl, propyl, butyl o t-butyl),
(c) alkylcarbonyl (e.g., CH C(O)-), (d) alkyloxy
carbonyl (e.g., -C(O)Ot-C H -C(O)OC H , and -C(O)OCH
), (e) haloalkyl (e.g., trifluoromethyl), and (f)
-C(O)NH(R 51), (6) unsubstituted aryl (e.g., phenyl),
(7) aryl substituted with one or more substituents
independently selected from the group consisting of:
alkyl (e.g., methyl), halogen (e.g., Cl, Br and F),
-CN, -CF , OH and alkoxy (e.g., methoxy), and (8)
heteroaryl selected from the group consisting of: and
N+ and R51 is selected from the group consisting of: H
and alkyl (e.g., methyl, ethyl, propyl, butyl and
t-butyl). For the compounds of formula I , R2, R3, R ,
and R5 are preferably independently selected to form
an unsubstituted (i.e., R2 to R5 are H), or a
monohalo, dihalo, or trihalo substituted ring system,
wherein halo is selected from the groupconsisting of:
Br, Cl and F. Examples of such halo substitutions are:
8-halo (e.g., 8- Cl), 3,8-dihalo (e.g., 3-Br-8-CI),
3,7,8-trihalo (e.g., 3-Br-7-Br-8-CI) and
3,8,10-trihalo (e.g., 3-Br-8-CI-10-Br). A mono halo
substituted ring system is preferred, with 8-halo
being more preferred, and 8-CI being most preferred.
Thus, the compound of formula I is preferably a
compound of formula : ( ) and most preferably a
compound of formula P: - NH N- -N. 



- (III) The compound of formula I is more preferably a
compound of formula A R - NH NIand even more
preferably a compound of formula A R - NH N- (IA)
Compounds of formula I include compounds of formula
IV: R \ HN N (IV) R and preferably a compound of
formula V: R 6 \ (tm) N Compounds of formula I include
compounds of formula IVAR9 XMC) (IVA) R and preferably
compounds of formula VA:  (VA) Compounds of formula I
also include compounds of formula VI: 5A R10 V - NH
(VI) R and preferably compounds of formula V:R ,0, \ 1
N- / Compounds of formula I also include compounds of
formula VIA: (VIA) R and preferably compounds of
formula V A: R (VIIA) R  For compounds of formula I ,
examples of R>5A include, but are not limited to: H,
methyl, ethyl, isopropyl and cyclopropyl.For compounds
of formula I , R is preferably to C alkyl, with methyl
being most preferred. For compounds of formula I, X is
preferably . For compounds of formula I , n is
preferably . For compounds of formula I , R6 and R7
are preferably independently selected from the group
consisting of H, methyl and the cyclopropyl ring
formed when R6 and R7 are taken together with the
carbon atom to which they are bonded to. More
preferably R6 and R7 are independently selected from
the group consisting of H and methyl. Most preferably
R6 and R7 are H. For compounds of formula I , R9 is
preferably to C alkyl, and more preferably methyl. For
compounds of formula I , R10 is preferably selected
from the group consisting of: cycloalkyl and
cycloalkyl substituted with a to alkyl group, more
preferably selected from the group consisting of
cycloalkyl and cycloalkyl substituted with methyl,
most preferably selected from the group consisting of:
cyclopropyl and 



cyclopropyl substituted with a methyl group, and even
more preferably R10 is: zy\ CH . For compounds of
formula I, when R1 is R10 then R8 is preferably
wherein the substituent is the same as the
substituent. For example, when R1 is: \ o then R8 is
preferably v\ For compounds of formula I , R8 is
preferablyLLLLL For compounds of formula I , R8 is
more preferably Cr wherein R11 is selected from the
group consisting of: alkyl, unsubstituted cycloalkyl
and substituted cycloalkyl. Most preferably, R11 is
selected from the group consisting of: alky and
substituted cycloalkyl. Even more preferably, R11 is
selected from the group consisting of: isopropyl, and
cyclopropyl substituted with methyl, i.e., the group
For compounds of formula I , wherein R1 is R6 - (C)  X
is , n is , R6 and R7 are independently selected from
the group consisting of H, methyl and the cyclopropyl
ring formed when R6 and R7 are taken together with the
carbon atom to which they are bonded to (wherein
preferably R6 and R7 are independently selected from
the group consisting of H and methyl, and more
preferably R6 and R7 are H), and R9 is to C alkyl
(preferably methyl), R8 is preferably A cr wherein R11
is preferably alkyl (more preferably isopropyl). For
compounds of formula I , wherein R1 is , R10 is
selected from the group consisting of: cycloalkyl and
cycloalkyl substituted with a to C alkyl group
(preferably R10 selected from the group consisting of
cycloalkyl and cycloalkyl substituted with methyl, and
more preferably selected from the group consisting of:
cyclopropyl and cyclopropyl substituted with a methyl
group, and most preferably R10 is:CHo R8 is preferably
S r s n 311 wherein R"1"1 is selected from the group
consisting of: unsubstituted cycloalkyl and
substituted cycloalkyl (preferably, R11 is substituted
cycloalkyl, and more preferably, 11 is cyclopropyl
substituted with methyl, i.e., the group The compounds
of formulas 0 to 4 are: N 100N, .N, N' 3 104 107
108,N, "N' 110N V 120N 



.N. NH N \ 121 122 125 126130METHODS OF FORMING A
TRANSISTOR WITH AN INTEGRATED METAL SILICIDE GATE
ELECTRODE Related Applications [0001] This application
claims priority to U.S. Patent Application Serial
Number 10/641,851, filed August 15, 2003. Field of the
Invention [0002] This invention relates to fabrication
processes to form semiconductor devices. The invention
particularly relates to methods to fabricate a
transistor having an integrated metal suicide gate
electrode for semiconductor devices. Background of the
Invention [0003] In semiconductor devices, such as a
Dynamic Random Access Memory (DRAM) device, the
transistor gates are predominantly made of polysilicon
and an overlying conductive layer, such as titanium
suicide or tungsten suicide. However, tungsten suicide
and titanium suicide are larger grain materials that
contribute to a rough silicide/silicon interface,
which increases the resistance of the transistor gate
stack. [0004] Recent semiconductor fabrication methods
have been developed to incorporate other types of
metal suicide, such as cobalt suicide or nickel
suicide, which are smaller grained materials than the
titanium suicide or tungsten suicide materials.
However, due to the difficulty of etching smaller
grained sized metal suicide, these metal suicides can
be difficult to incorporate into current fabrication
techniques. For example, one technique is demonstrated
in prior art FIG. 1-5. [0005] As shown in FIG.l,
layers of material to build a transistor gate stack
are formed on silicon substrate 10. First gate oxide
is formed, followed in sequence by the formation of
polysilicon layer 12, titanium or titanium nitride
(Ti/TiN) layer 13, cobalt layer 14, silicon layer 15,
nitride layer 16 and finally a pattern photoresist 17.
[0006] As shown in FIG. 2, an etch is performed to
begin forming the transistor gate stack by patterning
nitride 16, silicon 15 and stopping on cobalt layer
14. Silicon is forced to react with cobalt layer 14
where they come into contact with each other to form
the cobalt suicide region 30 as seen in FIG. 3.
Because this reaction will also occur isotropically
(in both the vertical and horizontal directions),
cobalt suicide region 30expands outside the bounds of
the original gate stack pattern (defined by nitride
16). As shown in FIG. 4 and 5, two additional etches
are required to complete the transistor gate stack,
one wet etch to remove the cobalt material outside the
gate stack and one to pattern Ti/TiN layer 13,
polysilicon 12 and gate oxide 11. However, the cobalt
suicide region 30 will not be affected by the current
etch chemistries used to complete the transistor gate
stack and thus increases the width of the gate stack.
[0007] Therefore, the above method requires several
etching steps, increases the critical dimension of the
device feature sizes and possibly increases the
resistance of the transistor gate stack as the method
requires sufficient silicon to ensure that all of the
cobalt is converted to cobalt suicide during the
reaction step, which in all likelihood results in a
small amount of silicon to remain in the gate stack
and thus increases the resistance of any contact to
this stack. [0008] Currently, in semiconductor
fabrication, there is a need for a method to form a
metal suicide component of a transistor gate, without
increasing the contact resistance or feature size of
the device, that will also allow the integration of a
transistor gate capping layer that can be used to form
the gates of both n-channel and p-channel transistors
in semiconductor devices, a need of which is addressed
by the following disclosure of the present invention
that will become apparent to those skilled in the art.
Summary of the Invention [0009] Exemplary
implementations of the present invention include
methods of forming transistors on a semiconductor
assembly by forming a transistor having an integrated
metal suicide transistor gate electrode on a
semiconductor assembly, such as 



silicon substrate. The transistor gate is partially
fabricated by reacting the metal with epitaxial
silicon while residing in a trench to form metal
suicide. The preferred metal suicide is cobalt suicide
or nickel suicide. A transistor gate isolation capping
layer is formed in the trench and on the metal
suicide. Optional trench spacers can be added to
reduce the critical dimension restraints of a given
fabrication process and thus form a transistor having
a smaller feature size than the critical dimension.
Brief Description of the Drawing [0010] FIG. 1-5 are
prior art figures demonstrating a semiconductor
fabrication method to form a transistor gate stack
comprising cobalt suicide.[0011] FIG. 6 is a
cross-sectional view of a semiconductor substrate
section showing an example of one method of the
present invention to fabricate a transistor having a
metal suicide gate electrode and an integrated
isolation capping layer. [0012] FIG. 7 is a
cross-sectional view of a semiconductor substrate
section showing the early stages of semiconductor
fabrication where the substrate is processed to the
point where trench isolation regions are formed into a
conductive p-type silicon substrate and an oxide layer
is formed thereon. A polysilicon layer is formed on
the oxide layer and a trench isolation material is
formed over the polysilicon layer. A patterned
photoresist is then formed over the trench isolation
material, according to a first embodiment of the
present invention. [0013] FIG. 8 is a subsequent
cross-sectional view taken from FIG. 7 following the
etching of a trench into the trench isolation
material, followed by growing epitaxial silicon into
the bottom of the trench. [0014] FIG. 9 is a
subsequent cross-sectional view taken from FIG. 8
following the deposition of a metal layer on the
semiconductor assembly and the deposition of a
conductive layer on the metal layer. [0015] FIG. 10 is
a subsequent cross-sectional view taken from FIG. 9
following an anneal step to cause the metal layer to
react with the underlying epitaxial silicon to form
metal suicide. [0016] FIG. 11 is a subsequent
cross-sectional view taken from FIG. 10 following the
removal of any un-reacted metal layer and conductive
layer and an optional second anneal step to continue
the formation of metal suicide. [0017] FIG. 12 is a
subsequent cross-sectional view taken from FIG.
following the deposition of an isolation capping
material for a transistor gate. [0018] FIG. 13 is a
subsequent cross-sectional view taken from FIG. 12
following a selective etch to remove the lateral
component of the isolation capping material. [0019]
FIG. 14 is a subsequent cross-sectional view taken
from FIG. 13 following an etch selective to the
isolation capping material to form a transistor gate
stack, which is then followed by a self-aligned
implant to form lightly doped source/drain regions of
the transistor. [0020] FIG. 15 is a subsequent
cross-sectional view taken from FIG. 14 following the
formation of transistor gate sidewall isolation
spacers and a subsequent source/drain implant.[0021]
FIG. 16 is an overhead plan view of FIG. 15 showing a
completed transistor having a metal suicide gate and
an overlying integrated transistor isolation cap as
fabricated in the first embodiment of the present
invention. [0022] FIG. 17 is a cross-sectional view
taken from FIG. 7 following the etching of a trench
into the trench isolation material and the deposition
of a layer of spacer material on the surface of trench
isolation material, along the inner sidewalls of the
trench and on the surface of an exposed portion of the
underlying polysilicon layer, according to a second
embodiment of the present invention. [0023] FIG. 18 is
a subsequent cross-sectional view taken from FIG.
following a spacer etch to form inner spacers on the
trench sidewalls, which is followed by growing
epitaxial silicon into the bottom of the trench.
[0024] FIG. is a subsequent cross-sectional view taken
from FIG. following the deposition of a metal layer on
the semiconductor assembly and the deposition of a
conductive layer on the metal layer. 



[0025] FIG. 20 is a subsequent cross-sectional view
taken from FIG. 19 following an anneal step to cause
the metal layer to react with the underlying epitaxial
silicon to form metal suicide. [0026] FIG. 21 is a
subsequent cross-sectional view taken from FIG. 20
following the removal of any un-reacted metal layer
and conductive layer and an optional second anneal
step to continue the formation of metal suicide.
[0027] FIG. 22 is a subsequent cross-sectional view
taken from FIG. 21 following the deposition of an
isolation capping material for a transistor gate.
[0028] FIG. 23 is a subsequent cross-sectional view
taken from FIG. 22 following a selective etch to
remove the lateral component of the isolation capping
material. [0029] FIG. 24 is a subsequent
cross-sectional view taken from FIG. 23 following an
etch selective to the isolation capping material to
form a transistor gate stack, which is then followed
by a self-aligned implant to form lightly doped
source/drain regions of the transistor. [0030] FIG. 25
is a subsequent cross-sectional view taken from FIG.
24 following the formation of transistor gate sidewall
isolation spacers and a subsequent source/drain
implant.[0031] FIG. 26 is an overhead plan view of
FIG. 25 showing a completed transistor having a metal
suicide gate and an overlying integrated transistor
isolation cap as fabricated in the second embodiment
of the present invention. [0032] FIG. 27 is a
simplified block diagram of a semiconductor system
comprising a processor and memory device to which the
present invention may be applied. Detailed Description
of the Invention [0033] The following exemplary
implementations are in reference to the formation of
n-channel transistors. However, p-channel transistors
may be formed in like manner by changing the
conductive dopants using techniques well know by those
skilled in the art. While the concepts of the present
invention are conducive to transistor structures for
semiconductor memory devices, the concepts taught
herein may be applied to other semiconductor devices
that would likewise benefit from the use of the
process disclosed herein. Therefore, the depictions of
the present invention in reference to transistor
structures for semiconductor memory devices are not
meant to so limit the extent to which one skilled in
the art may apply the concepts taught hereinafter.
[0034] In the following description, the terms "wafer"
and "substrate" are to be understood as a
semiconductor-based material including silicon,
silicon-on-insulator (SOI) or silicon-on-sapphire
(SOS) technology, doped and undoped semiconductors,
epitaxial layers of silicon supported by a base
semiconductor foundation, and other semiconductor
structures. Furthermore, when reference is made to a
"wafer" or "substrate" in the following description,
previous process steps may have been utilized to form
regions or junctions in or over the base semiconductor
structure or foundation. In addition, the
semiconductor need not be silicon-based, but could be
based on silicongermanium, silicon-on-insulator,
silicon-on-saphire, germanium, or gallium arsenide,
among others. [0035] FIG. 6 is a cross-sectional view
of a semiconductor substrate section showing an
example embodiment of a field effect transistor having
a metal suicide gate with an integrated isolation
transistor cap. As shown in FIG. 6, a semiconductor
assembly comprises a p-type conductive silicon
substrate 60 into which transistor isolation regions
61 (i.e., trench isolation oxide) are formed. A
transistor gate 140, comprises transistor gate
isolating capping layer 120 overlying metal suicide
section 110, which in turnoverlies polysilicon section
141 and that is separated from transistor gate oxide
62. Source/drain regions 151 are formed on opposing
sides of transistor gate 140. To complete the
transistor gate, transistor gate isolation spacers 150
cover the sidewalls of the transistor gate. [0036] A
first method embodiment of the present invention is
described with reference to FlG. 7-16. Referring now
to FIG. 7, substrate 60, is processed to the point
where trench isolation regions 61 have been formed
into a conductive p-type silicon 



substrate 60. Oxide layer 62, which will eventually
become a transistor gate oxide is formed on isolation
regions 61 and substrate 60. Next, a polysilicon layer
70 is formed on oxide layer 62 and a trench isolation
material 71 is formed over polysilicon layer 70. The
trench isolation material may be either silicon
dioxide or silicon nitride and in this first example
of the present invention silicon dioxide is selected.
Photoresist 72 is patterned to provide opening 73,
which will allow for a subsequent trench to be etched
into underlying trench silicon dioxide 71. [0037]
Referring now to FIG. 8, trench 80 is etched into
trench silicon dioxide 71 until underlying polysilicon
layer 70 is exposed. Next, epitaxial silicon 81
(epi-Si) is grown to a thickness of approximately
400-500Angstroms in the bottom of trench 80 using
underlying silicon 70 as a silicon source, by methods
know to those skilled in the art. As will become
evident in the following process steps, the thickness
of epi-Si 81 will depend on the desired thickness of
the metal suicide that will be formed. An epitaxial
silicon 81 thickness of approximately 400-500Angstroms
represents a preferred embodiment of the present
invention. [0038] Referring now to FIG. 9, a metal
layer 90, such as nickel or preferably cobalt, having
a thickness of approximately 40-100Angtroms, is
deposited in a conformal manner over the top surface
of trench silicon dioxide 71, along the sidewalls of
silicon dioxide 71 (in trench 80) and over the top
surface of epi-Si 81. In this example of the present
invention cobalt is selected for metal layer 90.
Following the metal deposition, a conductive layer 91,
such as titanium or titanium nitride, having a
thickness of approximately lOOAngstroms is deposited
in a conformal manner on the metal layer. Metal layer
90 and conductive layer are deposited by methods know
to those skilled in the art. [0039] Referring now to
FIG. 10 and using titanium and cobalt as the preferred
example, titanium layer and cobalt layer 90 now
overlie epi-Si 81. The semiconductorassembly is
subjected to an anneal step and preferably a Rapid
Thermal Processing (RTP) step at a temperature range
of approximately 500-600 C for approximately 30 to 60
seconds in order to cause the cobalt to initially
react with the epi-Si to form cobalt suicide 100 (CoSi
, where x varies from 1-2). At this point in the
process, a portion of epi-Si 81 still remains.
Optional titanium layer 91 helps control the eventual
CoSi2 grain size and orientation by preventing the
underlying cobalt to agglomerate, which is its natural
tendency. The titanium essentially functions as a
"guiding" layer in the sense that it helps direct
CoSi2 grain orientation and size. Thus, the presence
of a titanium-based layer (i.e., titanium or titanium
nitride) is preferred even though titanium layer 91 is
optional and if used will be stripped later in the
process. [0040] Referring now to FIG. 11, once the
previous annealing step is completed, the un-reacted
portions of cobalt 90 and titanium are stripped from
the semiconductor surface by Ammonia Peroxide Mixture
(APM) or Hydrochloric Peroxide Mixture (HPM), thus
leaving only the CoSi 110 and epi-Si 81 remaining in
the trench. [0041] The semiconductor assembly may then
be subjected to an optional second annealing step,
preferably an RTP step at approximately 800-900 C for
approximately 30 to 60 seconds to insure that CoSi
100, in contact with epi-Si 81, has indeed reacted
with the underlying epi-Si to form an overall layer
110 having a thickness of approximately
100-350Angstroms. With epi-Si layer 81 having a
thickness greater than the desired thickness of layer
110, (which is the case in the present invention) the
thickness of cobalt layer 90 determines the overall
thickness of layer 110. It is desired that after the
formation of layer 110 a portion of epi-Si 81 remains
in the bottom of trench 73 and above the original
surface of polysilicon layer 70 to ensure that no
metal suicide encroaches into underlying polysilicon
70. [0042] If the were allowed to encroach into
underlying polysilicon layer 70, as discussed in the
prior art, the will also form isotropically (in both
the vertical and horizontal directions) and the width
of the gate stack will grow outside the width of
trench 80, thus causing the feature size of the gate
stack to be greater than the critical dimension
constraint of the given process. This situation leads
to loss of critical dimension control; 



as the cannot be etched using a typical gate stack
etch chemistry. [0043] Referring now to FIG. 12, an
isolation cap material 120, such as silicon nitride or
silicon dioxide is deposited to completely fill the
remaining area of trench 80. The type of isolation
material deposited depends on the type of isolation
material used fortrench formation. In the present
example, the trench isolation material used is silicon
dioxide, thus the isolation material 120 selected to
fill the trench will be silicon nitride, for a reason
that becomes apparent in the following step. [0044]
Referring now to FIG. 13, isolation cap material 120
(silicon nitride) is etched back to remove the lateral
component thereof, at or below the surface of trench
isolation material 71 (silicon dioxide). This etch is
selective to silicon dioxide material 71, meaning the
etch will stop once it reaches silicon dioxide
material 71. For example, a chemical-mechanical
planarization etch may be utilized that will stop on
silicon dioxide material 71. [0045] Referring now to
FIG. 14, an etch selective to isolation cap material
120 is performed that removes isolation trench
material 71, the portion of polysilicon layer 70 and
the portion of gate oxide layer that underlies
isolation trench material 71, to form a transistor
gate stack 140. The transistor stack material can be
etched using only a dry etch or a combination of a wet
etch to remove the trench material, followed by a dry
etch to remove the polysilicon and gate oxide.
Transistor gate stack 140 comprises gate cap 120,
CoSi2 portion 110, epi-Si portion 81 and polysilicon
portion 70 (which combine to form silicon portion 141)
and gate oxide portion 70. After gate stack 140 is
formed, a N-type implant is performed to form lightly
doped self-aligned source/drain regions 142. [0046]
Referring now to FIG. 15, transistor gate spacers 150
are formed on the sidewalls of gate stack 140. Next,
an N-type implant is performed to form source/drain
regions 151. The semiconductor assembly is then
completed with an appropriate fabrication process know
to those skilled in the art. [0047] FIG. 16 depicts an
overhead view of a completed transistor structure of
FIG. 15 showing transistor gate stack 140, transistor
gate spacers 150, source drain regions 151 and
transistor trench isolation regions 61. [0048] A
second method embodiment of the present invention is
described with reference to FIG. 7 and 17-26.
Referring now to FIG. 7, substrate 60, is processed to
the point where trench isolation regions 61 have been
formed into a conductive p-type silicon substrate 60.
Oxide layer 62, which will eventually become a
transistor gate oxide is formed on isolation regions
61 and substrate 60. Next, a polysilicon layer 70 is
formed on oxide layer 62 and a trench isolation
material 71 is formed over polysilicon layer 70. The
trench isolation material may be either silicon
dioxide or silicon nitride and in this second example
of the present invention silicon nitride is selected.
Photoresist 72 is patterned toprovide opening 73,
which will allow for a subsequent trench to be etched
into underlying trench silicon nitride 71. [0049]
Referring now to FIG. 17, trench 170 is etched into
trench silicon nitride 71 until underlying polysilicon
layer 70 is exposed. Next, a conformal layer of
isolation material 171 is formed on trench isolation
material 71, along the exposed sidewalls of trench
isolation material 71 (residing inside trench 170) and
on an exposed portion of polysilicon layer 70. It is
preferred that isolation material 171 be the same type
of dielectric material as trench isolation material 71
so that isolation material 171 can be removed when
trench isolation material 71 is selectively etched. In
this example, since the trench isolation material
selected is silicon nitride, silicon nitride is also
used for isolation material 171. [0050] Referring now
to FIG. 18, a spacer etch is performed to form silicon
nitride trench spacers 171 along the sidewalls of
trench 170. Next, epitaxial silicon 180 (epi-Si) is
grown to a thickness of approximately 400-500Angstroms
in the bottom of trench 170 using underlying
polysilicon 70 as a source, by methods know to those
skilled in the art. As will become apparent in the
later stages of the process, the presence of inner
nitride spacers 171 will allow for the fabrication of
a transistor with smaller features than can be
obtained by the critical dimension restraints of a
given process, as well as provide protection for
subsequently formed metal suicide. 



[0051] Referring now to FIG. 19, a metal layer 190,
such as nickel or preferably cobalt, having a
thickness of approximately 40-100Angtroms, is
deposited in a conformal manner over the top surface
of trench silicon nitride 71, along the trench
sidewalls of silicon nitride 71 and over the top
surface of epi-Si 180. In this example of the present
invention cobalt is selected for metal layer 190.
Following the metal deposition, an optional conductive
layer 191, such as titanium or titanium nitride,
having a thickness of approximately lOOAngstroms is
deposited in a conformal manner on metal layer 190.
Metal layer 190 and conductive layer 191 are deposited
by methods know to those skilled in the art. [0052]
Referring now to FIG. 20 and using titanium and cobalt
as the preferred example, titanium layer 191 and
cobalt layer 190 now overlie epi-Si 180. The
semiconductor assembly is subjected to an anneal step
and preferably a Rapid Thermal Processing (RTP) step
at a temperature range of approximately 500-600 C for
approximately 30 to 60 seconds in order cause the
cobalt to initially react with the epi-Sito form
cobalt suicide (CoSi , where x varies from 1-2) 200.
At this point in the process, a portion of epi-Si 180
still remains in the bottom of trench 170. Titanium
layer 191 helps control the eventual CoSi2 grain size
and orientation by preventing the underlying cobalt to
agglomerate, which is its natural tendency. The
titanium essentially functions as a "guiding" layer in
the sense that it helps direct CoSi2 grain orientation
and size. Thus, the presence of a titanium-based layer
(i.e., titanium or titanium nitride) is preferred even
though titanium layer 191 is optional and if used,
will be stripped later in the process. [0053]
Referring now to FIG. 21, once the previous annealing
step is completed, the un-reacted portions of cobalt
190 and titanium 191 are stripped from the
semiconductor surface by Ammonia Peroxide Mixture
(APM) or Hydrochloric Peroxide Mixture (HPM), thus
leaving only C0S12 200 and epi-Si 180 remaining in the
trench. [0054] The semiconductor assembly is then
subjected to an optional second annealing step,
preferably an RTP step at approximately 800-900 C for
approximately 30 to 60 seconds, to insure that the
CoSi 200, in contact with epi-Si 180 has indeed
reacted with the underlying epi-Si to form a layer 210
having a thickness of approximately 100-350Angstroms.
With epi-Si layer 180 having a thickness greater than
the desired thickness of layer 210, (which is the case
in the present invention) the thickness of cobalt
layer 190 determines the overall thickness of layer
210. It is desired that after the formation of layer
210, a portion of epi-Si 180 remains in the bottom of
trench 170 and above the original surface of
polysilicon layer 70 to ensure that no encroaches into
underlying polysilicon 70. [0055] As mention in the
first embodiment of the present invention, if the were
allowed to encroach into underlying polysilicon layer
70, as discussed in the prior art, the will also form
isotropically (in both the vertical and horizontal
directions) and the width of the gate stack will grow
outside the width of trench 170, making the feature
size of the gate stack greater than the critical
dimension constraint of the given process. This
situation leads to loss of critical dimension control;
as the cannot be etched using a typical gate stack
etch chemistry. [0056] Referring now to FIG. 22, an
isolation cap material 220, such as silicon nitride or
silicon dioxide is deposited to completely fill the
remaining area of trench 170. The type of isolation
material deposited depends on the type of isolation
material used for trench formation. In the present
example, the trench isolation material used is
siliconnitride, thus the isolation material 220
selected to fill the trench will be silicon dioxide,
for a reason that becomes apparent in the following
step. [0057] Referring now to FIG. 23, isolation cap
material 220 (silicon dioxide) is etched back to
remove the lateral component thereof, at or below the
surface of trench isolation material 71 (silicon
nitride). The etch is selective to silicon nitride 71,
meaning the etch is stopped once it reaches silicon
nitride 71. For example, a chemical-mechanical
planarization etch may be utilized that will stop on
silicon nitride 71. [0058] Referring now to FIG. 24,
an etch selective to isolation cap material 220 is
performed that removes isolation trench material 71,
the portion of polysilicon layer 70 and the portion of
gate oxide layer that underlies isolation trench
material 71, to form a 



transistor gate stack 240. The transistor stack
material can be etched using only a dry etch or a
combination of a wet etch to remove the trench
material and a dry etch to remove the polysilicon and
gate oxide. Transistor gate stack 240 comprises gate
cap 220, CoSi2 portion 210, epi-Si portion 180 and
polysilicon portion 70 (which combine to form silicon
portion 241), and gate oxide portion 70. The presence
and subsequent removal trench spacers 171 will in
effect reduce the feature size of the transistor gate
stack by thickness of trench spacers 171. Utilizing
the trench spacers to fabricate a transistor gate
stack will effectively allow for greater fabrication
flexibility. After gate stack 240 is formed, a Ntype
implant is performed to form lightly doped
self-aligned source/drain regions 242. [0059]
Referring now to FIG. 25, transistor gate spacers 250
are formed on the sidewalls of gate stack 240. Next,
an N-type implant is performed to form source/drain
regions 251. The semiconductor assembly is then
completed with an appropriate fabrication process know
to those skilled in the art. [0060] FIG. 26 depicts an
overhead view of a completed transistor structure of
FIG. 25 having transistor gate stack 240, transistor
gate spacers 250, source drain regions 251 and
transistor trench isolation regions 61. [0061] The
exemplary embodiments have been discussed in reference
to forming a transistor structure for use in
semiconductor assemblies, such as memory devices.
However, the concepts taught in the exemplary
embodiments, may be utilized by one of ordinary skill
in the art to form such transistor structures for use
in most all semiconductor applications. For example,
the present invention may be applied to a
semiconductor system, such as the one depicted in FIG.
27, the general operation of which is known to one
skilled in the art.[0062] FIG. 27 represents a general
block diagram of a semiconductor system comprising a
processor 270 and a memory device 271 showing the
basic sections of a memory integrated circuit, such as
row and column address buffers, 273 and 274, row and
column decoders, 275 and 276, sense amplifiers 277,
memory array 278 and data input/output 279, which are
manipulated by control/timing signals from the
processor through control 272. [0063] It is to be
understood that, although the present invention has
been described with reference to two exemplary
embodiments, various modifications, known to those
skilled in the art, may be made to the disclosed
structure and process herein without departing from
the invention as recited in the several claims
appended hereto.What is Claimed is: 1. A method of
forming a transistor on a semiconductor assembly
comprising: forming a trench in an isolation material
overlying a silicon layer, a transistor gate oxide
layer and a silicon substrate material; forming
silicon and metal inside the trench; reacting the
metal with the silicon to form metal suicide inside
the confines of the trench while preventing the
formation of metal suicide in the silicon layer
outside the confines of the trench; forming a
transistor isolation cap over the metal suicide;
removing the isolation material and underlying regions
of the silicon layer and the transistor gate oxide to
form a transistor gate stack comprising the transistor
isolation cap, the metal suicide, a portion of the
silicon layer and the transistor gate oxide; and
forming source/drain regions of the transistor in the
silicon substrate material and on opposing sides of
the transistor gate stack. 2. The method of claim 1,
wherein the forming of metal suicide further
comprises: forming an epitaxial silicon material at
the base of the trench that contacts the silicon
layer; forming a metal layer into the trench and on
the epitaxial silicon material; forming a titanium
based layer directly on the metal layer; and annealing
the semiconductor assembly to cause the metal layer
and the silicon material to react and form the metal
suicide. 3. The method of claim 1, further comprising:



prior to forming the metal suicide inside the trench,
forming inner trench spacers on sidewalls of the
isolation material formed by the trench. 4. The method
of claim 1, wherein the metal layer comprises cobalt
or nickel. 5. The method of claim 1, wherein the
titanium based material comprises titanium or titanium
nitride.6. The method of claim 1, wherein the metal
suicide comprises CoSi , where x varies from 1-2. 7.
The method of claim 1, wherein the metal suicide
comprises cobalt suicide or nickel suicide. 8. A
method of forming a transistor on a semiconductor
assembly comprising: providing a substrate having
isolation regions formed into a conductive silicon
substrate with an oxide layer formed thereon; forming
a polysilicon layer on the oxide layer; forming a
trench isolation material over the polysilicon layer;
forming a patterned photoresist having an opening
therein over the trench isolation material; etching a
trench into the trench isolation material through the
opening and exposing a portion of the underlying
polysilicon layer; growing epitaxial silicon into the
bottom of the trench on the exposed portion of the
underlying polysilicon layer; depositing a metal layer
along the sidewalls of the trench and on the epitaxial
silicon; performing a first anneal on the
semiconductor assembly to cause the metal layer to
react with the epitaxial silicon to form metal
suicide; removing any un-reacted metal layer;
performing a second anneal step to continue the
formation of metal suicide; depositing an isolation
capping material into the trench and over the metal
suicide; removing the lateral component of the
isolation capping material; etching selectively to the
isolation capping material to form a transistor gate
stack comprising a transistor isolation cap, the metal
suicide, a portion of the silicon layer and the
transistor gate oxide; implanting conductive dopants
into the conductive silicon substrate to form
self-aligned lightly doped source/drain regions of the
transistor; forming transistor gate sidewall isolation
spacers; andimplanting conductive dopants into the
conductive silicon substrate to form source/drain
regions of the transistor. 9. The method of claim 8,
wherein the metal layer comprises cobalt or nickel.
10. The method of claim 8, further comprising: prior
to growing epitaxial silicon into the bottom of the
trench, forming inner trench spacers on sidewalls of
the trench isolation material formed by the trench. .
The method of claim 10, further comprising: removing
the inner trench spacers during the removal the
isolation capping material. 12. The method of claim 8,
further comprising: depositing a conductive layer on
the metal layer to control metal suicide grain
formation; and removing the conductive layer during
the removing of any un-reacted metal suicide. 13. A
method of forming a semiconductor memory device having
a transistor comprising: providing a substrate having
isolation regions formed into a conductive silicon
substrate with an oxide layer formed thereon; forming
a polysilicon layer on the oxide layer; forming a
trench isolation material over the polysilicon layer; 



forming a patterned photoresist having an opening
therein over the trench isolation material; etching a
trench into the trench isolation material through the
opening and exposing a portion of the underlying
polysilicon layer; growing epitaxial silicon into the
bottom of the trench on the exposed portion of the
underlying polysilicon layer;depositing a metal layer
along the sidewalls of the trench and on the epitaxial
silicon; performing a first anneal on the
semiconductor assembly to cause the metal layer to
react with the epitaxial silicon to form metal
suicide; removing any un-reacted metal layer;
performing a second anneal step to continue the
formation of metal suicide; depositing an isolation
capping material into the trench and over the metal
suicide; removing the lateral component of the
isolation capping material; etching selectively to the
isolation capping material to form a transistor gate
stack comprising a transistor isolation cap, the metal
suicide, a portion of the silicon layer and the
transistor gate oxide; implanting conductive dopants
into the conductive silicon substrate to form
self-aligned lightly doped source/drain regions of the
transistor; forming transistor gate sidewall isolation
spacers; and implanting conductive dopants into the
conductive silicon substrate to form source/drain
regions of the transistor. 14. The method of claim 13,
wherein the metal layer comprises cobalt or nickel.
15. The method of claim 13, further comprising: prior
to growing epitaxial silicon into the bottom of the
trench, forming inner trench spacers on sidewalls of
the trench isolation material formed by the trench.
16. The method of claim 15, further comprising:
removing the inner trench spacers during the removal
the isolation capping material. 17. The method of
claim 13, further comprising: depositing a conductive
layer on the metal layer to control metal suicide
grain formation; andremoving the conductive layer
during the removing of any un-reacted metal suicide.
18. A method of forming a semiconductor assembly
having a transistor comprising: providing a substrate
having isolation regions formed into a conductive
silicon substrate with an oxide layer formed thereon;
forming a polysilicon layer on the oxide layer;
forming a trench isolation material over the
polysilicon layer; forming a patterned photoresist
having an opening therein over the trench isolation
material; etching a trench into the trench isolation
material through the opening and exposing a portion of
the underlying polysilicon layer; growing epitaxial
silicon into the bottom of the trench on the exposed
portion of the underlying polysilicon layer;
depositing a metal layer along the sidewalls of the
trench and on the epitaxial silicon; performing a
first anneal on the semiconductor assembly to cause
the metal layer to react with the epitaxial silicon to
form metal suicide; removing any un-reacted metal
layer; performing a second anneal step to continue the
formation of metal suicide; depositing an isolation
capping material into the trench and over the metal
suicide; removing the lateral component of the
isolation capping material; 



etching selectively to the isolation capping material
to form a transistor gate stack comprising a
transistor isolation cap, the metal suicide, a portion
of the silicon layer and the transistor gate oxide;
implanting conductive dopants into the conductive
silicon substrate to form self-aligned lightly doped
source/drain regions of the transistor; forming
transistor gate sidewall isolation spacers; and
implanting conductive dopants into the conductive
silicon substrate to form source/drain regions of the
transistor. 19. The method of claim 18, wherein the
metal layer comprises cobalt or nickel.20. The method
of claim 18, further comprising: prior to growing
epitaxial silicon into the bottom of the trench,
forming inner trench spacers on sidewalls of the
trench isolation material formed by the trench. 2 .
The method of claim 20, further comprising: removing
the inner trench spacers during the removal the
isolation capping material. 22. The method of claim
18, further comprising: depositing a conductive layer
on the metal layer to control metal suicide grain
formation; and removing the conductive layer during
the removing of any un-reacted metal suicide. 23. A
method of forming semiconductor system having a
transistor comprising: providing a substrate having
isolation regions formed into a conductive silicon
substrate with an oxide layer formed thereon; forming
a polysilicon layer on the oxide layer; forming a
trench isolation material over the polysilicon layer;
forming a patterned photoresist having an opening
therein over the trench isolation material; etching a
trench into the trench isolation material through the
opening and exposing a portion of the underlying
polysilicon layer; growing epitaxial silicon into the
bottom of the trench on the exposed portion of the
underlying polysilicon layer; depositing a metal layer
along the sidewalls of the trench and on the epitaxial
silicon; performing a first anneal on the
semiconductor assembly to cause the metal layer to
react with the epitaxial silicon to form metal
suicide; removing any un-reacted metal layer;
performing a second anneal step to continue the
formation of metal suicide;depositing an isolation
capping material into the trench and over the metal
suicide; removing the lateral component of the
isolation capping material; etching selectively to the
isolation capping material to form a transistor gate
stack comprising a transistor isolation cap, the metal
suicide, a portion of the silicon layer and the
transistor gate oxide; implanting conductive dopants
into the conductive silicon substrate to form
self-aligned lightly doped source/drain regions of the
transistor; forming transistor gate sidewall isolation
spacers; and implanting conductive dopants into the
conductive silicon substrate to form source/drain
regions of the transistor. 24. The method of claim 23,
wherein the metal layer comprises cobalt or nickel.
25. The method of claim 23, further comprising: prior
to growing epitaxial silicon into the bottom of the
trench, forming inner trench spacers on sidewalls of
the trench isolation material formed by the trench.
26. The method of claim 25, further comprising:
removing the inner trench spacers during the removal
the isolation capping 



material. 27. The method of claim 23, further
comprising: depositing a conductive layer on the metal
layer to control metal suicide grain formation; and
removing the conductive layer during the removing of
any un-reacted metal suicide. 28. A method of forming
a transistor gate for a field effect transistor
comprising: providing a substrate having isolation
regions formed into a conductive silicon substrate
with an oxide layer formed thereon; forming a
polysilicon layer on the oxide layer;forming a trench
isolation material over the polysilicon layer; forming
a patterned photoresist having an opening therein over
the trench isolation material; etching a trench into
the trench isolation material through the opening to
form trench sidewalls in the trench isolation material
and to expose a portion of the underlying polysilicon
layer; growing epitaxial silicon having a thickness of
approximately 400- 500Angstroms into the bottom of the
trench and on the exposed portion of the underlying
polysilicon layer; depositing a cobalt layer along the
sidewalls of the trench and on the epitaxial silicon;
depositing a titanium layer on the cobalt layer;
performing a first anneal on the semiconductor
assembly at a temperature range of approximately
500-600 C, for approximately 30 to 60 to cause the
metal layer to react with the epitaxial silicon to
form cobalt suicide; removing of any un-reacted metal
layer and cobalt layer; performing a second anneal by
subjecting the semiconductor assembly to a rapid
thermal processing step at a temperature range of
approximately 800-900 C for approximately 30 to 60
seconds to further the formation of cobalt suicide
such that the cobalt suicide is approximately 100-
350Angstroms in thickness but does not encroach the
portion of the underlying polysilicon layer;
depositing an isolation capping material into the
trench and over the cobalt suicide; etching
selectively to remove the lateral component of the
isolation capping material; etching selectively to the
isolation capping material to form a transistor gate
stack comprising a transistor isolation cap, the
cobalt suicide, a portion of the polysilicon layer and
the transistor gate oxide; implanting conductive
dopants to form self-aligned lightly doped
source/drain regions of the transistor; forming
transistor gate sidewall isolation spacers; and
implanting conductive dopants to form source/drain
regions of the transistor.29. The method of claim 28,
further comprising: prior to growing epitaxial silicon
into the bottom of the trench, forming inner trench
spacers on sidewalls of the trench isolation material
formed by the trench. 30. The method of claim 29,
further comprising: removing the inner trench spacers
during the removal the isolation capping material. 


