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(57) ABSTRACT 

In one implementation, a method of forming a field effect 
transistor includes etching an opening into Source/drain area 
of a semiconductor Substrate. The opening has a base 
comprising semiconductive material. After the etching, insu 
lative material is formed within the opening over the semi 
conductive material base. The insulative material less than 
completely fills the opening and has a Substantially uniform 
thickness across the opening. Semiconductive source/drain 
material is formed within the opening over the insulative 
material within the opening. A transistor gate is provided 
operatively proximate the semiconductive source/drain 
material. Other aspects and implementations are contem 
plated. 
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METHODS OF FORMING FIELD EFFECT 
TRANSISTORS AND METHODS OF FORMING 
FIELD EFFECT TRANSISTOR GATES AND GATE 

LINES 

TECHNICAL FIELD 

0001. This invention relates to methods of forming field 
effect transistors, and to methods of forming field effect 
transistor gates and gate lines. 

BACKGROUND OF THE INVENTION 

0002 Semiconductor processors continue to strive to 
reduce the size of individual electronic components, thereby 
enabling Smaller and denser integrated circuitry. One typical 
circuitry device is a field effect transistor. Typically, such 
includes opposing semiconductive source/drain regions of 
one conductivity type having a semiconductive channel 
region of opposite conductivity type therebetween. A gate 
construction is received over the channel region. Such 
includes a conductive region having a thin dielectric layer 
positioned between the conductive region and the channel 
region. Current can be caused to flow between the source/ 
drain regions through the channel region by applying a 
Suitable Voltage to the gate. 
0003. In some cases, the channel region is composed of 
a background doped semiconductive Substrate, including 
doped well material thereof, which is also received imme 
diately beneath the opposite type doped source/drain 
regions. This results in a parasitic capacitance developing 
between the bulk substrate? well and the source? drain 
regions. This can adversely affect speed and device opera 
tion, and becomes an increasingly adverse factor as device 
dimensions continue to decrease. Further adverse factors 
associated with smaller and denser field effect transistor 
fabrication include Source/drain leakage to the Substrate, 
conducting etch stops on verythin gate dielectric layers, and 
forming contacts with multi-level alignment. 
0004 While the invention was motivated in addressing 
the above issues, it is in no way so limited. The invention is 
only limited by the accompanying claims as literally worded 
(without interpretative or other limiting reference to the 
above background art description, remaining portions of the 
specification or the drawings) and in accordance with the 
doctrine of equivalents. 

SUMMARY 

0005 The invention includes methods of forming field 
effect transistors and methods of forming field effect tran 
sistor gates and gate lines. In one implementation, a method 
of forming a field effect transistor includes etching an 
opening into Source/drain area of a semiconductor Substrate. 
The opening has a base comprising semiconductive mate 
rial. After the etching, insulative material is formed within 
the opening over the semiconductive material base. The 
insulative material less than completely fills the opening and 
has a Substantially uniform thickness across the opening. 
Semiconductive source? drain material is formed within the 
opening over the insulative material within the opening. A 
transistor gate is provided operatively proximate the semi 
conductive source/drain material. 

0006. In one implementation, a method of forming a field 
effect transistor having a conductive gate received over a 
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gate dielectric and having lightly doped drain regions 
formed within semiconductive material includes doping the 
semiconductive material effective to form the lightly doped 
drain regions prior to forming any conductive gate material 
for the transistor gate. 
0007. In one implementation, a method of forming a field 
effect transistor having a conductive gate received over a 
gate dielectric and having lightly doped drain regions 
formed within semiconductive material includes doping the 
semiconductive material effective to form the lightly doped 
drain regions prior to forming any gate dielectric material 
for the transistor gate. 
0008. In one implementation, a method of forming field 
effect transistor gate lines over a semiconductor Substrate 
includes forming active area and field isolation trenches 
within semiconductive material of a semiconductor Sub 
strate. Trench isolation material is deposited over the sub 
strate within the trenches. The trench isolation material 
includes portions that project outwardly of the isolation 
trenches. A plurality of gate line trenches are etched into at 
least those portions of the trench isolation material that 
project outwardly of the isolation trenches. Conductive gate 
material is formed within the gate line trenches and over the 
active area. 

0009. In one implementation, a method of forming a field 
effect transistorgate over a semiconductor Substrate includes 
forming an active area and a field isolation trench within 
semiconductive material of a semiconductor Substrate. 
Trench isolation material is deposited over the substrate 
within the trench. The trench isolation material includes a 
portion that projects outwardly of the isolation trench. The 
portion has an outermost planar Surface. A transistor gate 
construction if formed operably over the active area. The 
gate construction includes conductive material having an 
outermost planar Surface at least over said active area and 
which is coplanar with that of the trench isolation material. 
0010. In one implementation, a method of forming a field 
effect transistor having elevated Source? drains on a substrate 
constituting part of a final circuit construction includes 
forming elevated source/drain material of the transistor prior 
to depositing an outermost portion of trench isolation mate 
rial received within an isolation trench and constituting a 
portion of the final circuit construction. 
0011. In one implementation, a method of forming a field 
effect transistor having elevated Source? drains on a substrate 
includes forming elevated source/drain material of the tran 
sistor prior to final patterning which defines outlines of the 
active area and field isolation. 

0012. Other aspects and implementations are contem 
plated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 Preferred embodiments of the invention are 
described below with reference to the following accompa 
nying drawings. 

0014 FIG. 1 is a diagrammatic sectional view of a 
semiconductor wafer fragment in process in accordance with 
an aspect of the invention. 
0.015 FIG. 2 is a view of the FIG. 1 wafer fragment at 
a processing step Subsequent to that shown by FIG. 1. 
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0016 FIG. 3 is a top view of the FIG. 2 wafer fragment. 
0017 FIG. 4 is a view of the FIG. 2 wafer fragment at 
a processing step Subsequent to that shown by FIG. 2. 
0.018 
0019 FIG. 6 is a view of the FIG. 4 wafer fragment at 
a processing step Subsequent to that shown by FIG. 4. 
0020 FIG. 7 is a view of the FIG. 6 wafer fragment at 
a processing step Subsequent to that shown by FIG. 6. 
0021 FIG. 8 is a view of the FIG. 7 wafer fragment at 
a processing step subsequent to that shown by FIG. 7. 
0022 FIG. 9 is a view of the FIG. 8 wafer fragment at 
a processing step subsequent to that shown by FIG. 8. 
0023 FIG. 10 is a top view of the FIG.9 wafer fragment. 
0024 FIG. 11 is a view of the FIG.9 wafer fragment at 
a processing step subsequent to that shown by FIG. 9. 
0025 FIG. 12 is a view of the FIG. 11 wafer fragment at 
a processing step Subsequent to that shown by FIG. 11. 
0026 FIG. 13 is a view of the FIG. 12 wafer fragment 
at a processing step Subsequent to that shown by FIG. 12. 
0027 FIG. 14 is a top view of the FIG. 13 wafer 
fragment. 

0028 FIG. 15 is a view of the FIG. 13 wafer fragment 
at a processing step subsequent to that shown by FIG. 13. 
0029 FIG. 16 is a view of the FIG. 15 wafer fragment 
at a processing step subsequent to that shown by FIG. 15. 

FIG. 5 is a top view of the FIG. 4 wafer fragment. 

0030 FIG. 17 is a top view of the FIG. 16 wafer 
fragment. 

0031 FIG. 18 is a view of the FIG. 16 wafer fragment 
at a processing step Subsequent to that shown by FIG. 16. 
0032 FIG. 19 is a view of the FIG. 18 wafer fragment 
at a processing step subsequent to that shown by FIG. 18. 
0033 FIG. 20 is a view of the FIG. 19 wafer fragment 
at a processing step subsequent to that shown by FIG. 19. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0034. This disclosure of the invention is submitted in 
furtherance of the constitutional purposes of the U.S. Patent 
Laws “to promote the progress of Science and useful arts' 
(Article 1, Section 8). 
0035) Preferred methods of forming field effect transis 
tors are described with reference to FIGS. 1-20. FIG. 1 
depicts a semiconductor Substrate 10 comprising a bulk 
monocrystalline silicon substrate 12. In the context of this 
document, the term "semiconductor substrate' or “semicon 
ductive substrate' is defined to mean any construction 
comprising semiconductive material, including, but not lim 
ited to, bulk semiconductive materials such as a semicon 
ductive wafer (either alone or in assemblies comprising 
other materials thereon), and semiconductive material layers 
(either alone or in assemblies comprising other materials). 
The term “substrate” refers to any supporting structure, 
including, but not limited to, the semiconductive Substrates 
described above. Also in the context of this document, the 
term “layer encompasses both the singular and the plural 
unless otherwise indicated. 
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0036) An oxide layer 14, such as silicon dioxide, is 
formed over bulk silicon substrate 12 to form a pad/protec 
tion oxide layer. Such could be formed by any technique, 
such as thermally oxidizing the outer surface of substrate 12 
in a steam ambient at 800° C. to 1100° C. for from one 
minute to 120 minutes to form a substantially undoped 
silicon dioxide layer 14 to an exemplary thickness of from 
40 Angstroms to 200 Angstroms. Another layer 16 is formed 
thereover, for instance silicon nitride, by chemical vapor 
deposition, for example. Collectively, layers 14 and 16 can 
be considered as a sacrificial masking layer formed as part 
of semiconductor substrate 10. 

0037 Referring to FIGS. 2 and 3, sacrificial masking 
layer 14/16 has been patterned, preferably to define source/ 
drain areas 20 of substrate 10 and channel areas 18 ther 
ebetween. Such also depicts a substrate expanse 22 the 
majority of which will ultimately constitute field trench 
isolation, as will become clear in the following description 
of but one preferred embodiment. Preferred patterning to 
produce the exemplary FIGS. 2 and 3 construction is by 
photoresist masking and etch. Layer 16 can be etched 
Substantially selective to underlying oxide layer 14, or 
completely etched therethrough to the semiconductive mate 
rial of Substrate 12. Lightly doped drain regions 24 are 
formed within source? drain areas 20 of semiconductive 
material 12 using patterned sacrificial masking layer 16/14 
to mask channel areas 18. Such can of course be formed by 
implant or other doping methods, for example using phos 
phorous, arsenic or boron. 

0038 Referring to FIGS. 4 and 5, sacrificial anisotropi 
cally etched sidewall spacers 25 are formed over the 
exposed sidewalls of sacrificial masking layer 14/16. Mate 
rial for spacers 25 might be the same as or different from 
materials 14 and 16. An exemplary preferred thickness for 
depositing the layer which produces the anisotropically 
etched sidewalls is from 100 Angstroms to 200 Angstroms. 
Thereafter, first trenches or openings 26, 28 are etched into 
semiconductive material 12 of semiconductor substrate 10, 
and which includes source? drain area 20. Patterned sacrifi 
cial masking layer 14/16 masks channel areas 18 during 
such etching. Trenches 26, 28 have semiconductive material 
comprising bases 30 which are received elevationally lower 
than lightly doped drain regions 24. Any suitable, preferably 
highly anisotropic, timed etch can be utilized to produce the 
FIG. 4 depiction. An exemplary depth for trenches/openings 
26, 28 relative to an outermost surface of material 12 is from 
2,000 Angstroms to 5,000 Angstroms. Preferred openings/ 
trenches 26, 28 are in the form of channels spanning 
source/drain areas of a plurality of field effect transistors 
being formed, such as shown in FIG. 5. 

0039) Referring to FIG. 6, insulative material 32 is 
formed within first trenches 26, 28 over bases 30, and 
preferably on bases 30 as shown. An exemplary and pre 
ferred material is high density plasma deposited silicon 
dioxide from the decomposition of tetraethylorthosilicate 
(TEOS). By way of example only, alternate materials such 
as silicon nitride are also of course contemplated. Typically, 
such provision of insulative material 32 will, at least ini 
tially, overfill (not shown) first trenches 26, 28. In the 
depicted example, such material 32 has been planarized 
back, preferably by CMP to selectively stop on the outer 
Surface of sacrificial masking layer 14/16. 

0040. Referring to FIG. 7, insulative material 32 has 
been etched back to leave lower portions 33 of first trenches 
26, 28 filled with insulative material 32 while leaving outer 



US 2006/02581 07 A1 

portions 34 of trenches 26, 28 open. Portions 33 of trenches 
26, 28, and accordingly, insulative material 32 received 
therein, preferably have a thickness of less than 1000 
Angstroms, and more preferably less than 600 Angstroms. 
An exemplary preferred thickness range is from 300 Ang 
stroms to 600 Angstroms for the material 32 remaining in 
trenches 26, 28 in FIG. 7. Further in the FIG. 7 illustrated 
preferred embodiment, such insulative material has a Sub 
stantially uniform thickness across the openings. Such pro 
vides but one exemplary method of forming insulative 
material within openings 26, 28 to less than completely fill 
Such openings, here for example by depositing insulative 
material and etching it back. Further in accordance with a 
preferred aspect and as described, such etching of insulative 
material 32 occurs in a blanket manner, without using any 
photoresist masking during the etching. 

0041. The exposed semiconductive material surfaces in 
FIG. 7 are preferably wet cleaned, for example with HF, to 
remove any remaining oxide and repair any damage to Such 
Surfaces. 

0.042 Referring to FIG. 8, semiconductive elevated 
source/drain material 36 is formed within upper portions 34 
of first openingS/trenches 26, 28 over, and on as shown, 
insulative material 32 received within Such openings. An 
exemplary preferred material 36 is conductively doped 
polysilicon, for example deposited by chemical vapor depo 
sition. Typically, such would be deposited to overfill the 
illustrated FIG. 7 openings, and subsequently planarized 
back by an exemplary polishing or etch back method. In 
such preferred embodiment, this leaves elevated source? 
drain material projecting outwardly of first trenches 26, 28 
relative to semiconductive material 12. 

0043 Referring to FIGS. 9 and 10, a photoresist com 
prising layer 40 has been deposited and patterned to mask 
desired active area 41 and expose desired trench isolation 
area 42. Photoresist comprising masking layer 40 is shown 
as being formed over sacrificial masking layer 14/16, spac 
ers 25 and elevated source? drain material 36. 

0044) Referring to FIG. 11, exposed portions of sacrifi 
cial masking layer 14/16, sacrificial spacers 25, elevated 
source? drain material 36 and semiconductive material 12 of 
substrate 10 have been etched effective to form isolation 
trenches 44 within substrate semiconductive material 12 
using photoresist comprising masking layer 40, and then 
Such has been removed. The above-described processing 
provides but one exemplary method of forming active area 
and field isolation trenches within semiconductive material 
of a semiconductive Substrate. Any suitable etching chem 
istries, preferably anisotropic chemistries and methods, can 
be employed to remove the various materials. 
0045 Referring to FIG. 12, trenches 44 have been filled 
with insulative isolation material 46. Such might be the same 
or different in composition as material 32 therebeneath. 
Typically and preferably, such formation will be by a 
deposition which overfills the isolation trenches, followed 
by a planarizing or polishing etch back to produce the 
illustrated FIG. 12 construction. Preferably as shown, such 
will produce isolation material 46 to include portions 47 that 
project outwardly of isolation trenches 26, 28. Further 
preferably as shown, projecting portions 47 include outer 
most planar Surfaces 48. 
0046 Referring to FIGS. 13 and 14, a plurality of gate 
line trenches 50 are etched into outermost planer surfaces 48 
into at least those portions 47 of trench isolation material 46 
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that project outwardly of isolation trenches 44. Preferably, 
Such is conducted by photoresist masking and any Suitable 
anisotropic, timed etch. Trenches 50 are also preferably 
configured to align relative to sacrificial masking layer 14, 
16 for the ultimate formation of transistor gate lines, as will 
be apparent from the continuing discussion. 
0047 Referring to FIG. 15, all remaining portions of 
sacrificial masking layer 14, 16 have been removed from the 
Substrate, preferably by any Suitable etching process or 
processes. 

0.048 Referring to FIGS. 16 and 17, anisotropically 
etched insulative spacers 54 are formed within gate line 
trenches 50. Exemplary materials include silicon dioxide 
and silicon nitride. Optimum spacer thickness can be 
selected based upon anticipated gate induced drain leakage 
in comparison with desired minimum conductive gate mate 
rial width. 

0049 Referring to FIG. 18, a first material 56 of a first 
conductivity has been deposited within gate line trenches 50. 
An exemplary material is conductively doped polysilicon 
deposited by CVD, and planarized back by CMP. If comple 
mentary p-type and n-type transistors are being fabricated, 
n+ gate, n+ source/drain, p+ gate and p+ source? drain doping 
would preferably occur to the FIG. 18 construction. Any 
desired well implants might be conducted at this point, also, 
prior to or after the depicted FIG. 18 processing. 
0050 Referring to FIG. 19, first material 56 has been 
partially blanketly etched back within gate line trenches 50. 
Masked etching of only some of first material 56 could also 
of course occur, or no etching of any first material 56. 
0051 Referring to FIG. 20, a second material 58 of a 
second conductivity greater than the first conductivity has 
been formed onto first material 56 within gate line trenches 
50. Exemplary preferred materials include refractory metal 
silicides. Such as tungsten silicide, cobalt silicide and nickel 
silicide. Such could occur by direct CVD of the same, or 
refractory metal deposition followed by salicidation anneal. 
Thus in the depicted and described preferred embodiment, 
conductive portions of the gates are formed from materials 
56/58. 

0052 Preferably as shown, such forms gates 60 within 
gate line trenches 50 which have outermost planar conduc 
tive surfaces 62 which are coplanar with outermost planar 
surfaces 48 of projecting portions 47 of insulative isolation 
material 46. Such also forms the conductive material of 
gates 60 to have a thickness “A” over immediately under 
lying material which is greater over active area 41 than a 
thickness “B” over trench isolation material 46. 

0053 Such provides but one example of providing a 
transistor gate operatively proximate conductive source? 
drain material 36, and as shown between such material for 
individual transistors. Such also provides an example where 
the source/drain material forms preferred elevated source/ 
drains of the field effect transistors being fabricated. Such 
also provides but one example of forming a transistor gate 
construction operably over the active area for the field effect 
transistor, with the gate construction comprising conductive 
material having an outermost planar Surface at least over the 
active area which is coplanar with that of the trench isolation 
material. 

0054. In accordance with but one aspect of the invention, 
the above processing describes but one exemplary method of 
forming a field effect transistor having a conductive gate 
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received over a gate dielectric and having lightly doped 
drain regions formed within semiconductive material. Such 
method includes doping the semiconductive material effec 
tive to form the lightly doped drain regions prior to forming 
any conductive gate material for the transistor gate being 
formed. Of course, any of the above or subsequently 
described processing can be conducted relative to both bulk 
semiconductive material or relative to other semiconductor 
constructions, for example semiconductor-on-insulator cir 
cuitry, as well as any other circuitry, whether existing or 
yet-to-be developed. Further, unless literally precluded by 
specific claim language for a claim under analysis, various 
aspects of the above and below described processing can be 
conducted with any sort of field isolation, and not limited 
necessarily to trench field isolation. 
0055. In accordance with one preferred aspect of the 
invention, at least some of the field isolation material is 
formed after doping to form the lightly doped drain regions, 
for example the material 46 described above. Further pref 
erably, Source/drain material is provided in contact with 
insulating material thereunder after doping to form the 
lightly doped drain regions, preferably by depositing Such 
source? drain material. However, the formation of insulative 
material by other techniques, for example ion implantation, 
is contemplated also, unless otherwise precluded from claim 
language of a claim under analysis. 
0056. In another considered aspect, the invention consti 
tutes a method of forming a field effect transistor having a 
conductive gate received over a gate dielectric and having 
lightly doped drain regions formed within semiconductive 
material, where the method includes doping the semicon 
ductive material effective to form the lightly doped drain 
regions prior to forming any gate dielectric material for the 
transistor gate. 
0057. Further in but one aspect of the invention, the 
invention contemplates a method of forming a field effect 
transistor having elevated Source/drains on a Substrate con 
stituting part of a final circuit construction. Such a method 
includes forming elevated source/drain material of the tran 
sistor prior to depositing an outermost portion of trench 
isolation material received within an isolation trench and 
constituting a portion of the final circuit construction. By 
way of example only, an exemplary outermost portion of 
trench isolation material includes material 46, as initially 
described in FIG. 12. Further preferably, the trench isolation 
material is formed by at least two time spaced depositings, 
for example the depositings to form materials 32 and 46. 
Further preferably in such method, a later-in-time of the 
depositings comprises the forming of the outermost portion 
(i.e., material 46), while an earlier-in-time of the depositings 
occurs prior to forming the elevated source/drain material 
(i.e., formation of material/portions 33). 
0.058. Further by way of example only, the invention 
contemplates a method of forming a field effect transistor 
having elevated Source/drains on a Substrate, which includes 
forming, elevated Source? drain material of the transistor 
prior to the final patterning that defines outlines of the active 
area and field isolation. By way of example only, Such final 
patterning is depicted in FIGS. 9 and 10 of the above 
preferred described embodiment. Further preferably, the 
field isolation is formed to comprise trench isolation, and the 
elevated source/drain material is formed within openings in 
the semiconductive material of a semiconductor Substrate. 
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Further and in accordance with this aspect, a preferred 
method includes forming insulative material within the 
semiconductive material openings prior to forming the 
elevated source? drain material within the semiconductive 
material openings. 
0059 Further in another preferred aspect with respect to 
the above, the elevated source? drain material is formed 
within the openings in the bulk semiconductive material of 
a bulk semiconductor Substrate, as described in connection 
with the preferred embodiment. 
0060. In compliance with the statute, the invention has 
been described in language more or less specific as to 
structural and methodical features. It is to be understood, 
however, that the invention is not limited to the specific 
features shown and described, since the means herein dis 
closed comprise preferred forms of putting the invention 
into effect. The invention is, therefore, claimed in any of its 
forms or modifications within the proper scope of the 
appended claims appropriately interpreted in accordance 
with the doctrine of equivalents. 

1-61. (canceled) 
62. A method of forming a field effect transistor having a 

conductive gate received over a gate dielectric and having 
lightly doped drain regions formed within semiconductive 
material, the method comprising: 

doping the semiconductive material effective to form the 
lightly doped drain regions prior to forming any con 
ductive gate material for the transistor gate; 

after forming the lightly doped drain regions and prior to 
forming any conductive gate material for the transistor 
gate, forming anisotropically etched sidewall spacers 
over the lightly doped drain regions; and 

removing the anisotropically etched sidewall spacers 
from over the lightly doped drain regions prior to 
forming any conductive gate material for the transistor 
gate. 

63. The method of claim 62 wherein the spacers are 
electrically insulative. 

64. A method of forming a field effect transistor having a 
conductive gate received over a gate dielectric and having a 
lightly doped drain formed within semiconductive material, 
the method sequentially comprising: 

doping semiconductive material effective to form lightly 
doped drain material prior to forming any conductive 
gate material for the transistor gate, the lightly doped 
drain material being received within a region of the 
Substrate within which semiconductive source? drain 
material for the transistor gate will be subsequently 
deposited; 

etching an opening into said region; 

depositing semiconductive source/drain material within 
the opening in said region; and 

forming conductive gate material for the transistor gate. 
65. The method of claim 64 wherein the semiconductive 

Source/drain material comprises polysilicon. 


