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(57) ABSTRACT 

Large-scale trimming for forming ultra-narrow gates for 
semiconductor devices is disclosed. A hard mask layer on a 
semiconductor Wafer beloW a patterned soft mask layer on 
the semiconductor Wafer is etched to narroW a Width of the 
hard mask layer. The hard mask layer is trimmed to further 
narroW the Width of the hard mask layer, Where the soft mask 
layer has been removed. At least a gate electrode layer beloW 
the hard mask layer on the semiconductor Wafer is etched, 
resulting in the gate electrode layer having a Width substan 
tially identical to the Width of the hard mask layer as 
trimmed. The gate electrode layer as etched forms the 
ultra-narrow gate electrode on the semiconductor Wafer, 
Where the hard mask layer has been removed. 
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LARGE-SCALE TRIMMING FOR 
ULTRA-NARROW GATES 

FIELD OF THE INVENTION 

[0001] This invention relates generally to semiconductor 
device fabrication, and more particularly to fabrication of 
such devices that have narroW and ultra-narroW gates. 

BACKGROUND OF THE INVENTION 

[0002] Since the invention of the integrated circuit (IC), 
semiconductor chip features have become exponentially 
smaller and the number of transistors per device exponen 
tially larger. Advanced IC’s With hundreds of millions of 
transistors at feature siZes of 0.25 micron, 0.18 micron, and 
less are becoming routine. Improvement in overlay toler 
ances in photolithography, and the introduction of neW light 
sources With progressively shorter Wavelengths, have 
alloWed optical steppers to signi?cantly reduce the resolu 
tion limit for semiconductor fabrication far beyond one 
micron. To continue to make chip features smaller, and 
increase the transistor density of semiconductor devices, 
IC’s have begun to be manufactured that have features 
smaller than the lithographic Wavelength. 

[0003] One feature that has particularly decreased in siZe 
is the transistor gate. A gate is the control electrode in a 
?eld-effect transistor (FET). A voltage applied to the gate 
regulates the conducting properties of the semiconductor 
channel region, Which is usually located directly beneath the 
gate. In a MESFET (metal semiconductor ?eld effect tran 
sistor), the gate is in intimate contact With the semiconduc 
tor. In a MOSFET (metal oxide semiconductor ?eld effect 
transistor), it is separated from the semiconductor by a thin 
oxide, typically 100-1000 angstroms thick. 

[0004] Most current semiconductor fabrication processes 
can achieve gates that have a Width no smaller than 0.05 
micron. These processes may use photoresist dry trimming 
to achieve so-called narroW gates of this Width. Photoresist 
trimming is the process by Which photoresist that has been 
applied to a semiconductor substrate is exposed to an 
exposure light source according to a pattern, developed to 
remove the part of the photoresist that Was exposed, and 
?nally further trimmed to remove even more of the photo 
resist. The part of the photoresist that Was not exposed 
because it Was beneath under opaque regions of the pattern 
during exposure usually remains. The polysilicon or other 
material deposited on the substrate beloW the photoresist is 
then trimmed to form gates and other features Within the 
polysilicon. 
[0005] Patterning and trimming can be dry etching or Wet 
etching processes. Wet etching refers to the use of Wet 
chemical processing to selectively remove the material from 
the Wafer. The chemicals are placed on the surface of the 
Wafer, or the Wafer itself is submerged in the chemicals. Dry 
etching refers to the use of plasma stripping, using a gas such 
as oxygen (02), CZF6 and 02, or another gas. Whereas Wet 
etching is a loW-temperature process, dry etching is typically 
a high-temperature process. 

[0006] Us. Pat. No. 6,174,818 describes one approach to 
photoresist trimming to achieve narroW gate electrodes. As 
shoWn in FIG. 1A, on top of a silicon Wafer substrate 102 
is deposited, in order, a stop layer 104, a polysilicon layer 
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106 from Which ultimately a gate Will be formed, a hard 
mask layer 108, and a (soft) photoresist layer 110. The stop 
layer 104 is typically a type of oxide, and prevents etchant 
from removing material beyond the stop layer 104. The hard 
mask layer 108 may be silicon dioxide, silicon nitride, an 
inorganic anti-re?ecting coating (ARC), or another type of 
hard mask. 

[0007] The photoresist layer 110 is exposed to a light 
source through a pattern, and then etched by a development 
process to remove those parts of the layer 110 that Were 
exposed to the light source, so that only those parts of the 
layer 110 that Were not exposed to the light source remain. 
The resulting photoresist layer 110 is then further trimmed 
to remove more of the layer 110. This is shoWn in FIG. 1B. 
The photoresist layer 110 has a smaller Width in FIG. 1B as 
compared to in FIG. 1A, and also has some decrease in its 
height. The smaller Width results from the parts of the layer 
110 that Were exposed to the light source being completely 
removed via development, and then trimming some of the 
remaining photoresist layer 110 to achieve a still narroWer 
part of the layer 110 that remains. Trimming removes some 
of the height of the photoresist layer 110, Which is Why the 
layer 110 has a smaller height in FIG. 1B than in FIG. 1A. 

[0008] The hard mask layer 108 is next etched to remove 
the exposed parts of the hard mask layer 108 that are not 
beneath the remaining photoresist layer 110. This is shoWn 
in FIG. 1C. The hard mask layer 108 has a Width substan 
tially equal to that of the photoresist layer 110. The etching 
that removes the exposed parts of the hard mask layer 108 
also removes some more of the remaining photoresist layer 
110. The layer 110 in FIG. 1C therefore has a smaller height 
than it does in FIG. 1B. The remaining photoresist layer 110 
is then removed, as shoWn in FIG. 1D, such as by a 
photoresist stripping process. 

[0009] The polysilicon layer 106 is next etched via a gate 
etching process to remove the exposed parts of the layer 106 
that are not beneath the remaining hard mask layer 108. This 
is shoWn in FIG. 1E. The etching forms the gate Within the 
polysilicon layer 106, so that the layer 106 has a Width 
corresponding to the Width of the hard mask layer 108 that 
remains. The stop layer 104 is also etched to substantially 
the silicon substrate 102. The stop layer 104 acts to stop the 
etching process from etching the substrate 102 itself, Where 
etching of the thin layer 104 is sloWer than the thicker layer 
106. Finally, the hard mask layer 108 is removed, as shoWn 
in FIG. 1F, resulting in the ?nished gate as the remaining 
polysilicon layer 106, on top of the stop layer 104 and the 
substrate 102. 

[0010] The photoresist trimming that results in FIG. 1B is 
referred to as critical dimension (CD) trimming. This is 
because it is the process that de?nes the CD of the semi 
conductor device being fabricated, the gate in the remaining 
polysilicon layer 106 in FIG. 1F. That is, the Width of the 
polysilicon layer 106 in FIG. 1F is substantially identical to 
the Width of the hard mask layer 108 in FIG. 1E, Which itself 
is substantially identical to the Width of the photoresist layer 
110 in FIG. 1B. Controlling the Width of the photoresist 
layer 110 during photoresist trimming from FIG. 1A to FIG. 
1B thus ultimately controls the Width of the gate in the 
polysilicon layer 106 in FIG. 1F. The gate Width is a CD of 
the semiconductor device being fabricated, Where a CD is 
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generally de?ned as a geometry or space used as a gauge to 
monitor the pattern siZe and ensure that it is Within a 
customer’s speci?cation. 

[0011] However, photoresist trimming can only trim about 
0.05 micron from the Width of a photoresist layer, limiting 
hoW narroW the Width of a gate can be fabricated. Where the 
Width of the photoresist layer is initially 0.11 micron, for 
instance, this means that the narroWest the CD Width of a 
gate that can be fabricated is 0.06 micron. This is problem 
atic, because neW semiconductor device designs may require 
a gate With a much smaller Width. For example, some neW 
semiconductor device designs may require a gate having a 
Width of 0.035 micron. Furthermore, even achieving pho 
toresist trimming of about 0.05 micron is dif?cult, because 
local pattern density and other effects may cause defects in 
the semiconductor devices resulting from such large-scale 
trimming. 
[0012] Local pattern density effects are those that result 
from some semiconductor features being less or more dense 
in a desired pattern than other features. For example, in an 
etch process that forms metal lines by etching all but narroW 
strips of a blanket metal layer, isolated lines of a given 
designed Width may end up Wider on the Wafer than densely 
packed lines of the same designed Width due to etch-loading. 
This results in variation of similarly designed features on the 
resulting semiconductor device depending on the density of 
those features in the desired pattern. Other pattern density 
effects include metal, such as copper and aluminum, reces 
sion, dielectric erosion, feature edge rounding, and large 
scale feature non-uniformities. 

[0013] The limit to Which photoresist trimming can be 
achieved is thus substantially 0.05 micron, assuming that 
local pattern density and other effects can be otherWise 
controlled. This is shoWn in the graph 200 of FIG. 2. The 
x-axis 202 measures trimming time in seconds, Whereas the 
y-axis 204 measures CD bias, Which corresponds to in 
absolute terms the amount of photoresist Width that can be 
trimmed, in nanometers (nm). As indicated by the line 206, 
acceptable photoresist trimming can be accomplished for a 
duration betWeen 40 seconds, as denoted by the point 208, 
and 100 seconds, as denoted by the point 210. At 40 seconds, 
at the point 208, photoresist trimming results in a CD bias 
of little less than —20 nm, Which corresponds to 0.02 micron 
of the photoresist Width being trimmed. The CD bias 
increases in absolute terms until it reaches 100 seconds, at 
the point 210, at Which photoresist trimming results in a CD 
bias of nearly —50 nm. This corresponds to 0.05 micron of 
the photoresist Width being trimmed. 

[0014] US. Pat. No. 6,013,570 describes a solution to 
avoid the local pattern density effects that can result from the 
Wide-scale photoresist trimming of US. Pat. No. 6,174,818 
that has been described With reference to FIGS. 1A-1F. 
First, as shoWn in FIG. 3A, on top of a silicon Wafer 
substrate 302 is deposited, in order, a stop layer 304, a 
polysilicon layer 306 from Which ultimately a gate Will be 
formed, a hard mask layer 308, and a (soft) photoresist layer 
310. The stop layer 304 is typically a type of oxide, and 
prevents etchant from removing material beyond the stop 
layer 304. The hard mask layer 308 may be silicon dioxide, 
silicon nitride, an inorganic ARC, or another type of hard 
mask. 

[0015] The photoresist layer 310 is exposed to a light 
source through a pattern, and then developed to remove 
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those parts of the layer 310 that Were exposed to the light 
source, so that only those parts of the layer 310 that Were not 
exposed to the light source remain. This is shoWn in FIG. 
3B. The photoresist layer 310 has a smaller Width in FIG. 
3B as compared to in FIG. 3A. The smaller Width results 
from the parts of the layer 310 that Were exposed to the light 
source being completely removed. 

[0016] The hard mask layer 308 is next etched to remove 
the exposed parts of the hard mask layer 308 that are not 
beneath the remaining photoresist layer 310. This is shoWn 
in FIG. 3C. The hard mask layer 308 has a Width substan 
tially equal to that of the photoresist layer 310. The etching 
that removes the exposed parts of the hard mask layer 308 
also removes some of the remaining photoresist layer 310. 
The layer 310 in FIG. 3C therefore has a smaller height than 
it does in FIG. 3B. 

[0017] The polysilicon layer 306 is next etched via a gate 
etching process to remove the exposed parts of the layer 306 
that are not beneath the remaining polysilicon layer 310 and 
the remaining hard mask layer 308. This is shoWn in FIG. 
3D. The etching forms the gate Within the polysilicon layer 
306, so that the layer 306 has a Width corresponding to the 
Width of the hard mask layer 308 that remains. The stop 
layer 304 acts to stop the etching process from etching the 
substrate 302 itself. The etching that removes the exposed 
parts of the polysilicon layer 306 also removes some more 
of the remaining photoresist layer 310, Which is Why the 
layer 306 has a smaller height in FIG. 3D than in FIG. 3C. 

[0018] The remaining photoresist 306 is then removed, 
such as by using a photoresist stripping process, and the 
Width of the polysilicon layer 306 is further decreased by 
isotropic etching. This is shoWn in FIG. 3E. The isotropic 
etching does not affect the Width of the stop layer 304, 
hoWever, such that the stop layer 304 serves to prevent the 
isotropic etching from etching the substrate 302. Finally, the 
hard mask layer 308 is removed, as shoWn in FIG. 3F, 
resulting in the ?nished gate as the remaining polysilicon 
layer 306, on top of the stop layer 304 and the substrate 302. 
The removal of the hard mask layer 308 may also remove 
the parts of the stop layer 304 that are not directly beneath 
the layer 306, such that the stop layer 304 again serves to 
protect the substrate 302 from being removed. 

[0019] The Width of the resulting gate formed in the 
polysilicon layer 306 in FIG. 3F is substantially the same as 
that of the resulting gate formed in the polysilicon layer 106 
in FIG. 1F. The photoresist patterning resulting in FIG. 3B 
results in less Width of the photoresist layer 310 being 
removed than the Width of the photoresist layer 110 in FIG. 
1B resulting from photoresist trimming. To achieve the same 
resulting gate Width, the approach that has been immediately 
described performs its CD process by the isotropic etching 
of the polysilicon layer 306 that results in FIG. 3E. The 
isotropic etching resulting in FIG. 3E is thus referred to as 
CD etching, because it is the process that de?nes the CD of 
the semiconductor device being fabricated, the gate in the 
remaining polysilicon layer 306 in FIG. 3F. 

[0020] The approach ofU.S. Pat. No. 6,013,570 described 
With reference to FIGS. 3A-3F avoids the local pattern 
density effects that can result from large-scale photoresist 
removal, such as that Which the approach of US. Pat. No. 
6,174,818 described With reference to FIGS. 1A-1F accom 
plishes. This is because the former approach avoids having 
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to remove as much photoresist by the patterning that results 
in FIG. 3B as the latter approach does by the patterning and 
trimming that results in FIG. 1B. However, the approach of 
US. Pat. No. 6,013,570 is still disadvantageous, oWing to its 
reliance on isotropic etching the polysilicon layer 306 as the 
CD process that results in FIG. 3E. 

[0021] Isotropic etching, in the context of FIG. 3E, is the 
removal by etchant of the polysilicon layer 306 even beneath 
the hard mask layer 308. Isotropic etching is controlled only 
With dif?culty. Over etching may result, Which is more 
isotropic etching than desired. Furthermore, too much iso 
tropic etching can result in lifting of the hard mask layer 308, 
such that the polysilicon layer 306 is signi?cantly etched 
even directly beneath the hard mask layer 308, as a result of 
the layer 308 peeling upWard. Isotropic etching uses a 
non-selective etchant, Which in high-density devices having 
multiple layer stacks can result in microloading. Microload 
ing is a change in the local etch rate relative to the area of 
material being removed, Which also causes the isotropic 
etching resulting in FIG. 3E to be dif?cult to control. To this 
end, using isotropic etching to avoid the local pattern density 
e?fects of large-scale photoresist trimming e?fectively 
replaces one set of problems and dif?culties With another. 

[0022] In any case, neither the approach of US. Pat. No. 
6,174,818, nor the approach ofU.S. Pat. No. 6,013,570, can 
achieve a gate Width of substantially less than 0.06 micron 
When beginning With a photoresist layer having an initial 
Width of 0.11 micron. Whereas the former approach may 
experience local pattern density effects, the latter approach 
may experience isotropic etching dif?culties. Neither 
approach, hoWever, typically provides for the fabrication of 
ultra-narroW transistor gates, generally de?ned as gates 
resulting from (soft) photoresist and/ or hard mask trimming 
in excess of 0.05 micron. For example, starting With pho 
toresist and hard layers having an initial Width of 0.11 
micron, such ultra-narroW gates may have a Width less than 
0.06 micron, and perhaps as narroW 0.035 micron. For this 
and other reasons, therefore, there is a need for the present 
invention. 

SUMMARY OF THE INVENTION 

[0023] The invention relates to large-scale trimming to 
form ultra-narroW gates in semiconductor devices. A semi 
conductor Wafer has, in order from bottom to top, a gate 
dielectric layer, a gate electrode layer, a hard mask layer, and 
a soft mask layer. The soft mask layer is patterned. The hard 
mask layer is etched, resulting in the hard mask layer having 
a Width substantially identical to the Width of the soft mask 
layer as patterned. The soft mask layer is removed. The hard 
mask layer is trimmed to further narroW its Width. The gate 
electrode layer, and optionally the gate dielectric layer, are 
etched, so that the gate electrode layer has a Width substan 
tially identical to the Width of the hard mask layer as 
trimmed. The gate electrode layer as etched is the ultra 
narroW gate electrode on the semiconductor Wafer. The hard 
mask layer is ?nally removed. 

[0024] Embodiments of the invention provide for advan 
tages over the prior art. Greater than 0.05 micron, and 
preferably 0.075 micron, of Width in the gate electrode layer 
is removed as a result of etching the gate electrode layer 
after a substantially identical Width of the hard mask layer is 
removed by etching and trimming. This large-scale trim 
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ming results in an ultra-narroW gate being formed in the gate 
electrode layer. Where the gate electrode layer before etch 
ing has a Width of 0.11 micron, after etching it can have a 
narroW Width of 0.035 micron, substantially narroWer than 
that provided by the prior art. The local pattern density 
e?fects of US. Pat. No. 6,174,818 are avoided because 
large-scale soft (photoresist) layer patterning is avoided. The 
problems associated With US. Pat. No. 6,013,570 are 
avoided, because substantial isotropic etching of the gate 
electrode (polysilicon) layer is also avoided. 

[0025] Other advantages, embodiments, and aspects of the 
invention Will become apparent by reading the detailed 
description that folloWs, and by referencing the attached 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIGS. 1A, 1B, 1C, 1D, 1E, and IF are diagrams 
shoWing the performance of the approach described in US. 
Pat. No. 6,174,818 to achieve a narroW transistor gate. 

[0027] FIG. 2 is a graph shoWing the limits to Which 
large-scale photoresist trimming can be accomplished. 

[0028] FIGS. 3A, 3B, 3C, 3D, 3E, and 3F are diagrams 
shoWing the performance of the approach described in US. 
Pat. No. 6,013,570 to achieve a narroW transistor gate. 

[0029] FIG. 4 is a ?owchart of a method to achieve an 
ultra-narroW transistor gate, according to an embodiment of 
the invention. 

[0030] FIGS. 5A, 5B, 5C, SD, 5E, 5F, and 5G are dia 
grams shoWing the performance of the method of FIG. 4 to 
achieve an ultra-narroW transistor gate, according to an 
embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0031] In the folloWing detailed description of exemplary 
embodiments of the invention, reference is made to the 
accompanying draWings that form a part hereof, and in 
Which is shoWn by Way of illustration speci?c exemplary 
embodiments in Which the invention may be practiced. 
These embodiments are described in sufficient detail to 
enable those skilled in the art to practice the invention. Other 
embodiments may be utiliZed, and logical, mechanical, and 
other changes may be made Without departing from the spirit 
or scope of the present invention. The folloWing detailed 
description is, therefore, not to be taken in a limiting sense, 
and the scope of the present invention is de?ned only by the 
appended claims. 

[0032] FIG. 4 shoWs a method 400 according to Which an 
embodiment of the invention can form an ultra-narroW gate 
on a semiconductor device. The method 400 starts With a 
semiconductor Wafer having deposited thereon from bottom 
to top, a gate dielectric layer, a gate electrode layer, a hard 
mask layer, and a soft mask layer (402). This may be 
accomplished by depositing or otherWise providing each of 
these layers in succession on the Wafer. The resulting Wafer 
is shoWn in FIG. 5A, Where the Wafer substrate 502 has a 
gate dielectric layer 504, a gate electrode layer 506, a hard 
mask layer 508, and a soft mask layer 510. The gate 
dielectric layer 504 may be an oxide or nitride layer, and 
may optionally have an inorganic anti-re?ective coating 
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(ARC) thereon. The gate electrode layer 506 may be a doped 
or undoped polysilicon layer. The hard mask layer 508 may 
be a silicon dioxide, silicon nitride, or an inorganic ARC 
layer. The soft mask layer 510 may be a photoresist layer. 

[0033] Referring back to FIG. 4, the soft mask layer is 
patterned (404). Patterning may be accomplished by a 
photolithographic process, such as one that ?rst exposes the 
soft mask layer to a light source through a photomask, such 
as a reticle, and then develops the soft mask layer to remove 
the layer as exposed to the light source, and leaving the layer 
as unexposed to the light source. The result of the patterning 
is shoWn in FIG. 5B, in Which the soft mask layer 510 has 
been patterned to have a narroWer Width than before it Was 
patterned. 
[0034] Referring back to FIG. 4, the hard mask layer is 
etched (406). This results in the hard mask layer having a 
Width substantially identical to the Width of the soft mask 
layer as patterned. Etching may be performed by reactive 
ion etching (RIE), using an inductive coupled plasma (ICP) 
process. Some oxygen ashing may result. The result of the 
etching is shoWn in FIG. SC, in Which the hard mask layer 
508 has been etched to have the same Width as the soft mask 
layer 510. Furthermore, the etching process may remove 
some of the height of the soft mask layer 510, as shoWn in 
FIG. SC. 

[0035] Referring back to FIG. 4, the soft mask layer is 
removed (408). This may be accomplished by photoresist 
stripping the soft mask layer, Where the soft mask layer is 
photoresist. The result of the soft mask layer removal is 
shoWn in FIG. 5D, in Which the soft mask layer 510 of FIG. 
5C is no longer present. 

[0036] Referring back to FIG. 4, the hard mask layer is 
trimmed (410). Trimming further narroWs the Width of the 
hard mask layer, Where the etching of the hard mask layer 
had previously initially trimmed the Width of the hard mask 
layer. Trimming may be accomplished by Wet etching, such 
as by using a H3PO4 solution, or dry etching. Trimming may 
remove some of the height of the hard mask layer, in 
addition to its Width. For this reason, the hard mask layer 
may initially have a thickness, or height, betWeen 700 and 
800 angstrom, as compared to a thickness of 400 angstrom 
as in the prior art. Wet etching can result in the Width of the 
hard mask layer being as narroW as 30 nanometers. The 
etching is primarily anistropic, Where only the sides of the 
hard mask layer are etched, but preferably also includes 
some isotropic etching, Where the top of the layer is etched. 
This can be accomplished by having a bias poWer betWeen 
Zero and ten Watts. The result of the hard mask layer 
trimming is shoWn in FIG. SE, in Which the hard mask layer 
508 has a narroWer Width than in FIG. 5D, and further has 
some decrease in height. 

[0037] Referring back to FIG. 4, the gate electrode, and 
optionally the gate dielectric, layers are etched (412). This 
results in the gate electrode layer and optionally the gate 
dielectric layer having a Width substantially identical to the 
Width of the hard mask layer as trimmed. The gate electrode 
layer as etched is the ultra-narroW gate electrode of the 
semiconductor device being fabricated. The gate dielectric 
layer may also be etched, Where this layer serves as a stop 
layer so that the underlying substrate is not etched. Some of 
the height of hard mask layer, such as one-half thereof, may 
also be removed by this etching process. HoWever, a mini 
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mum of 100 angstrom in height of the hard mask layer 
preferably remains, to avoid shouldering, or comer round 
ing, of the gate. The etching process may be performed by 
a lithographic and/or another process. The result of the gate 
electrode layer etching is shoWn in FIG. SF, in Which the 
gate electrode layer 506 and the gate dielectric layer 504 
each have a Width substantially identical to that of the hard 
mask layer 508, and the height of the hard mask layer 508 
has been reduced as compared to in FIG. SE. 

[0038] Referring back to FIG. 4, the hard mask layer is 
?nally removed (414). This results in only the gate electrode 
layer and the gate dielectric layer remaining on the semi 
conductor Wafer substrate, Where the gate electrode layer has 
been formed into the gate electrode of the semiconductor 
device being fabricated. This is shoWn in FIG. 5G, in Which 
the ultra-narroW gate electrode of the device is the gate 
electrode layer 506, Which is over the gate dielectric layer 
504 on the substrate 502. The hard mask layer 508 remaining 
in FIG. 5F has been removed in FIG. 5G. 

[0039] The resulting ultra-narroW gate electrode formed 
by performance of the method 400 of FIG. 4 is such that 
greater than 50 nanometers in Width of the gate electrode 
layer can be removed. More than 70 nanometers in Width in 
fact can be removed by the method 400. For example, 
starting With an initial Width of 110 nanometers, 75 nanom 
eters of the gate electrode layer can be removed to form an 
ultra-narroW gate electrode having a Width of only 35 
nanometers. The removal is speci?cally provided by the gate 
etching of 412 as shoWn in FIG. 5F, Where the part of the 
gate electrode layer not beneath the hard mask layer is 
removed. The narroW Width of the hard mask layer, to Which 
the Width of the gate electrode layer is substantially identi 
cally etched, is achieved by the hard mask trimming of 410 
shoWn in FIG. 5E, and the hard mask etching of 406 shoWn 
in FIG. 5C. The hard mask etching speci?cally results in 
narroWing of the hard mask layer to a Width substantially 
identical to that of a patterned soft mask layer, resulting from 
the patterning of 404 shoWn in FIG. 5B. 

[0040] It is noted that, although speci?c embodiments 
have been illustrated and described herein, it Will be appre 
ciated by those of ordinary skill in the art that any arrange 
ment is calculated to achieve the same purpose may be 
substituted for the speci?c embodiments shoWn. This appli 
cation is intended to cover any adaptations or variations of 
the present invention. For example, cleaning processes may 
be performed before and/ or after the various steps, acts, and 
actions of the method 400 of FIG. 4, as can be appreciated 
by those of ordinary skill Within the art. Therefore, it is 
manifestly intended that this invention be limited only by the 
claims and equivalents thereof. 

What is claimed is: 
1. A method for forming an ultra-narroW gate electrode on 

a semiconductor Wafer comprising: 

patterning a soft mask layer on the semiconductor Wafer 
also having a hard mask layer beneath the soft mask 
layer, a gate electrode layer beneath the hard mask 
layer, and a gate dielectric layer beneath the gate 
electrode layer; 

etching the hard mask layer, resulting in the hard mask 
layer having a Width substantially identical to a Width 
of the soft mask layer as patterned; 
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removing the soft mask layer; 

trimming the hard mask layer to further narrow the Width 
of the hard mask layer; 

etching at least the gate electrode layer, such that at least 
the gate electrode layer has a Width substantially iden 
tical to the Width of the hard mask layer as trimmed, the 
gate electrode layer as etched being the ultra-narroW 
gate electrode on the semiconductor Wafer; and, 

removing the hard mask layer. 
2. The method of claim 1, further initially comprising: 

providing the gate dielectric layer on the semiconductor 
Wafer; 

providing the gate electrode layer over the gate dielectric 
layer; 

providing the hard mask layer over the gate electrode 
layer; and, 

providing the soft mask layer over the hard mask layer. 
3. The method of claim 1, Wherein patterning the soft 

mask layer comprises: 

exposing the soft mask layer to a light source through a 
photomask; and, 

developing the soft mask layer to remove the soft mask 
layer as exposed to the light source, such that the soft 
mask layer as unexposed to the light source remains. 

4. The method of claim 1, Wherein etching the hard mask 
layer comprises at least one of reactive-ion etching (RIE) the 
hard mask layer and using an inductive coupled plasma 
(ICP) process to etch the hard mask layer. 

5. The method of claim 1, Wherein removing the soft mask 
layer comprises stripping the soft mask layer. 

6. The method of claim 1, Wherein trimming the hard 
mask layer comprises one of Wet etching and dry etching the 
hard mask layer. 

7. The method of claim 1, Wherein etching at least the gate 
electrode layer comprises also etching the gate dielectric 
layer to the semiconductor Wafer. 

8. The method of claim 1, Wherein etching at least the gate 
electrode layer comprises also removing some height of the 
hard mask layer. 

9. The method of claim 1, Wherein the soft mask layer 
comprises a photoresist layer. 

10. The method of claim 1, Wherein the hard mask layer 
comprises one of silicon dioxide, silicon nitride, and an 
inorganic anti-re?ecting coating (ARC). 

11. The method of claim 1, Wherein the gate electrode 
layer comprises a polysilicon layer. 

12. The method of claim 1, Wherein the gate dielectric 
layer comprises an oxide layer. 
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13. A semiconductor device having an ultra-narroW gate 
formed at least in part by a method comprising: 

etching a hard mask layer on a semiconductor Wafer 
beloW a patterned soft mask layer on the semiconductor 
Wafer to narroW a Width of the hard mask layer; 

trimming the hard mask layer to further narroW the Width 
of the hard mask layer Where the soft mask layer has 
been removed; 

etching at least a gate electrode layer beloW the hard mask 
layer on the semiconductor Wafer, resulting in the gate 
electrode layer having a Width substantially identical to 
the Width of the hard mask layer as trimmed, 

such that the gate electrode layer as etched forming the 
ultra-narroW gate electrode on the semiconductor Wafer 
Where the hard mask layer has been removed. 

14. The semiconductor device of claim 13, Wherein etch 
ing at least the gate electrode layer further etches a gate 
dielectric layer beloW the gate electrode layer on the semi 
conductor Wafer acting as a stop layer. 

15. The semiconductor device of claim 13, Wherein etch 
ing and trimming the hard mask layer removes at least 50 
nanometers of the Width of the hard mask layer. 

16. The semiconductor device of claim 15, Wherein etch 
ing and trimming the hard mask layer removes substantially 
75 nanometers of the Width of the hard mask layer. 

17. A semiconductor device comprising: 

a semiconductor substrate; 

a gate dielectric layer on the semiconductor substrate; 
and, 

a gate electrode layer above the gate dielectric layer 
forming an ultra-narroW gate of the semiconductor 
device Where greater than 50 nanometers in Width has 
been removed from the gate electrode layer by at least 
hard mask trimming and gate etching. 

18. The semiconductor device of claim 17, Wherein the 
greater than 50 nanometers in Width having been removed 
from the gate electrode comprises greater than 70 nanom 
eters in Width having been removed from the gate electrode 
layer. 

19. The semiconductor device of claim 17, Wherein the 
greater than 50 nanometers in Width having been removed 
from the gate electrode comprises substantially 75 nanom 
eters in Width having been removed from the gate electrode 
layer. 

20. The semiconductor device of claim 17, Wherein the at 
least hard mask trimming further comprises one or more of: 
hard mask etching and soft mask patterning. 

* * * * * 


