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(57) ABSTRACT 

A method is provided for forming an improved planar 
structure of a semiconductor integrated circuit, and an 
integrated circuit formed according to the same. A ?eld 
oxide is groWn across the integrated circuit patterned and 
etched to form an opening With substantially vertical side 
Walls exposing a portion of an upper surface of a substrate 
underlying the ?eld oxide Where an active area Will be 
formed. A gate electrode comprising a polysilicon gate 
electrode and a gate oxide are formed over the exposed 
portion of the substrate. The polysilicon gate has a height at 
its upper surface above the substrate at or above the height 
of the upper surface of the ?eld oxide. The gate electrode 
preferably also comprises a silicide above the polysilicon 
and an oxide capping layer above the silicide. LDD regions 
are formed in the substrate adjacent the gate electrode and 
sidewall spacers are formed along the sides of the gate 
electrode including the silicide and the capping layer. 
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METHOD OF FORMING PLANARIZED 
STRUCTURES IN AN INTEGRATED CIRCUIT 

[0001] This application is related to co-pending applica 
tion Ser. No. , (Attorney Docket No. 95-c-079), ?led 
on the same day herewith, Jun. 7, 1995, both assigned t 
SGS-Thomson Microelectronics, Inc. and incorporated 
herein by reference. 

1. FIELD OF THE INVENTION 

[0002] The present invention relates generally to semicon 
ductor integrated circuit processing, and more speci?cally to 
an improved method of forming more planariZed structures 
in an integrated circuit. 

2. BACKGROUND OF THE INVENTION 

[0003] As is Well knoWn in the ?eld of integrated circuit 
design, layout and fabrication, the manufacturing cost of a 
given integrated circuit is largely dependent upon the chip 
area required to implement desired functions. The chip area, 
in turn, is de?ned by the geometries and siZes of the active 
components such as gate electrodes in metal-oxide-semi 
conductor (MOS) technology, and diffused regions such as 
MOS source and drain regions and bipolar emitters and base 
regions. 
[0004] Device structures are constantly being proposed 
With the objective of producing higher response speeds, 
higher device yields and reliability, loWer poWer consump 
tion and higher poWer handling capability. Many of the 
device improvements are achieved by scaling doWn or 
miniaturiZing the devices. One approach is to simply scale 
doWn all process variables, dimensions and voltages. This 
approach includes, among other factors, for example for the 
typical MOS device, scaling dielectric thicknesses, channel 
lengths and Widths, junction Widths and doping levels. With 
this approach, the number of devices per unit area increases, 
threshold voltages decrease, delay time across channels 
decreases and poWer dissipated per area decreases. All 
device parameters, hoWever, do not need to be scaled by the 
same constant. Adesign or process engineer may scale some 
device parameters independently of others Which Would 
optimiZe device operation. This more ?exible approach 
Would alloW for a choice in geometries to ?t With various 
tradeoffs for device optimiZation, rather than choosing a 
more strict scaling approach. 

[0005] In addition to the geometries and siZes of active 
components and the ability to scale process variables, the 
chip area also depends on the isolation technology used. 
Suf?cient electrical isolation must be provided betWeen 
active circuit elements so that leakage current and loW ?eld 
device threshold voltages do not cause functional or speci 
?cation failures. Increasingly more stringent speci?cations, 
together With the demand, for example, for smaller memory 
cells in denser memory arrays, places signi?cant pressure on 
the isolation technology in memory devices, as Well as in 
other modern integrated circuits. 

[0006] AWell-knoWn and Widely-used isolation technique 
is the local oxidation of silicon, commonly referred to as 
LOCOS, to form a ?eld oxide region separating various 
active areas of an integrated circuit. The LOCOS process 
Was a great technological improvement in reducing the area 
needed for the isolation regions and decreasing some para 
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sitic capacitances. This technique involves forming a silicon 
nitride over a deposited polysilicon, patterning the nitride 
and polysilicon, and then etching aWay the regions uncov 
ered by the pattern. The exposed regions are then oxidiZed 
to form the ?eld oxide. This process though is subject to 
certain Well-knoWn limitations, such as the lateral encroach 
ment of the oxide into the active areas, knoWn as “bird 
beaking” Wherein the oxygen diffuses laterally under the 
polysilicon/nitride mask and in the silicon. The birds’ beak 
increases the isolation area thereby decreasing the available 
active area for devices. Other limitations include additional 
topography added to the integrated circuit surface and 
undesired nitride spots forming along the interface of the 
silicon substrate and silicon oxide regions, knoWn as the 
“Kooi” effect. Thermally groWn gate oxides formed subse 
quent to the formation of the ?eld oxide are impeded in the 
region of these nitride spots. Typically, these nitride spots 
are removed before gate oxides are formed, as With the 
Well-knoWn sacri?cial oxide process as described more fully 
in US. Pat. No. 4,553,314 issued on Nov. 19, 1985 to Chan 
et al. HoWever, the process of removing the nitride spots 
increases complexity and thus additional manufacturing 
costs as Well as adding additional topography to the Wafer 
causing step coverage problems at later stages. 

[0007] Another Well-knoWn isolation technique is to form 
a standard ?eld oxide by depositing silicon dioxide on the 
surface of the substrate, patterning and etching the ?eld 
oxide to expose the active regions, leaving the oxide in the 
desired isolation regions. There is a knoWn limitation With 
this approach, also. The etch step produces steep sideWalls 
causing step coverage problems for subsequently formed 
layers. Steps have been proposed to taper or round the steep 
sideWalls of the ?eld oxide, but these may not be reproduc 
ible. In active regions Where gate electrodes are to be formed 
from a ?rst layer of polysilicon, the conformal nature of 
polysilicon causes undesired polysilicon sticks that When 
etched to expose the silicon substrate betWeen the isolation 
regions forms along the steep ?eld oxide sideWalls. These 
sticks are strips of polysilicon Which remain after etching 
adjacent the ?eld oxide at the substrate surface due to the 
height of the sideWalls and the conformality of polysilicon 
as deposited. In addition, undesired increases in the Width of 
the etched regions may result, reducing the number of active 
areas on the die, thereby reducing the number of devices that 
can be formed. The semiconductor industry has been striv 
ing for ever smaller feature siZes for denser structures for 
manufacturing. A corollary to this goal is to achieve planar 
structures. It Would therefore be desirable to have a pla 
nariZed surface Which utiliZes standard processing steps to 
yield denser structures. 

[0008] It is therefore an object of the present invention to 
provide a method of forming planariZed structures for scal 
ing semiconductor devices. 

[0009] It is a further object of the present invention to 
provide a method of forming improved transistors While 
increasing the planarity of the surface of the Wafer thereby 
minimiZing subsequent step coverage problems. 

[0010] It is a further object of the present invention to 
provide a standard ?eld oxide to improve the scaling and 
planarity of the devices. 

[0011] It is a further object of the present invention to 
provide a method of forming the devices adjacent to isola 
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tion regions Which requires signi?cantly feWer subsequent 
processing steps thereby decreasing the manufacturing com 
plexity and producing higher yields and reliability. 

[0012] It is yet a further object of the present invention to 
provide a method Which reduces the formation of the 
polysilicon sticks. 

[0013] Other objects and advantages of the present inven 
tion Will be apparent to those of ordinary skill in the art 
having reference to the folloWing speci?cation together With 
the draWings. 

SUMMARY OF THE INVENTION 

[0014] The invention may be incorporated into a method 
for forming a semiconductor device structure, and the semi 
conductor device structure formed thereby. A ?eld oxide is 
groWn across the integrated circuit, patterned and etched to 
form an opening With substantially vertical sideWalls expos 
ing a portion of an upper surface of a substrate underlying 
the ?eld oxide Where an active area Will alloW for devices to 
be formed. A gate oxide is groWn over the exposed portion 
of the substrate. A polysilicon layer is deposited over the 
?eld oxide and gate oxide to a thickness Wherein the loWest 
most portion of the upper surface of the polysilicon is above 
the upper surface of the ?eld oxide. The polysilicon layer is 
planariZed and etched. Preferably, a silicide layer is formed 
over the polysilicon layer and a dielectric capping layer is 
formed over the silicide layer. Aphotoresist mask is formed 
over a portion of the capping layer overlying at least a 
portion of the substrate not covered by the ?eld oxide. The 
capping layer, silicide, polysilicon layer and gate oxide are 
etched to form a transistor gate electrode. The photoresist is 
removed and LDD regions are formed in the substrate 
adjacent the gate electrode. SideWall spacers are formed 
along the sides of the gate electrode. In a preferred embodi 
ment, raised source/drain regions are formed adjacent the 
sideWall spacers to increase the planarity of the device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The novel features believed characteristic of the 
invention are set forth in the appended claims. Referring 
noW to FIGS. 1A-6B, a method of fabricating a planariZed 
circuit according to the present invention Will noW be 
described in detail. The invention itself, hoWever, as Well as 
a preferred mode of use, and further objects and advantages 
thereof, Will best be understood by reference to the folloW 
ing detailed description of illustrative embodiments When 
read in conjunction With the accompanying draWings, 
Wherein: 

[0016] FIGS. 1A-1C, 2B-5B are cross-sectional vieWs of 
the fabrication of a semiconductor integrated circuit accord 
ing to one embodiment of the present invention. 

[0017] FIG. 2A is a cross-sectional vieW of the fabrication 
of a semiconductor integrated circuit according to an alter 
native embodiment of the present invention. 

[0018] FIGS. 6A-6B are cross-sectional vieWs of the fab 
rication of a semiconductor integrated circuit according to 
another alternative embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0019] Referring noW to FIGS. 1A-6B, a method of fab 
ricating a planariZed integrated circuit according to the 
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present invention Will noW be described in detail. The 
cross-sections of these Figures illustrate this method as a 
portion of an overall process How for fabricating the inte 
grated circuit. As Will be apparent to those of ordinary skill 
in the art, the partial process How to be described herein may 
be applied in the fabrication of many types of integrated 
circuits, in Which the full process How Will include many 
other process steps conventional in the art. 

[0020] Referring noW to FIG. 1A illustrating a portion of 
a Wafer, in cross-section, Which has been partially fabri 
cated. According to the example described herein, the 
present invention is directed to forming a CMOS planariZed 
structure. It is contemplated, of course, that the present 
invention Will also be applicable to the formation of other 
structures Where planariZation is important. 

[0021] FIG. 1A illustrates a portion of a Wafer Which has 
a surface at Which isolation structures and devices in adja 
cent active areas are to be formed. As shoWn in FIG. 1A, an 
integrated circuit is to be formed on a silicon substrate 10. 
The silicon substrate may be p- or n-doped silicon depend 
ing upon the location in the Wafer Where the isolation and 
active devices are to be formed. A ?eld oxide layer is 
thermally groWn across the integrated circuit preferably to a 
depth of betWeen approximately 4000 to 5000 angstroms, 
then patterned and etched to form ?eld oxide regions 12. 
Field oxide regions 12 are formed on various portions of the 
Wafer to isolate the active areas Where devices Will be 
formed. The ?eld oxide regions are preferably etched aniso 
tropically to achieve vertical sideWalls in the openings 17. 
Prior to the formation of the ?eld oxide regions, depending 
upon the location of the substrate Where the openings Will be 
subsequently made through the ?eld oxide regions, a Well 
implant may be made. For example, if the substrate is p-type 
beloW the ?eld oxide and an n-Well is desired for the active 
area, an n-Well 14 can be formed by implantation and 
drivel-zin of phosphorous at a dosage of approximately 
5x10 /cm2 at 150 KeV or other suitable means and dopant 
type to achieve the desired doping pro?le. 

[0022] After various conventional processing steps have 
been performed if necessary to repair any damage caused to 
the substrate surface, such as a strip or healing oxide 
thermally groWn formed and etched aWay, a gate oxide layer 
16 is formed, typically by thermal oxidation over the silicon 
substrate 10 to a depth of approximately 70 to 100 ang 
stroms. In addition to the implant performed to form the 
n-Well described above, prior to the formation of the gate 
oxide, a blanket implant may be done to adjust the doping 
levels of the various portions of the integrated circuit not 
covered by the ?eld oxide regions. For example, the blanket 
implant may comprise boron implanted at a dosage of 
approximately 1.5><1012/cm2 at 30 KeV. Additional implants 
may be performed into the n-Wells by masking off the p-type 
regions to adjust for the appropriate threshold voltages. An 
implant, for example, may be boron implanted at a dosage 
of approximately 1.7><1012/cm2 at a relatively loW energy 
level of 30 KeV. A further punch-through implant may be 
made into the n-Well regions by implanting, for example, 
boron at a dosage of approximately 1><1012/cm2 at a higher 
energy level of 75 KeV. Additional implants can also be 
made into the p-type regions by masking off the n-Wells to 
further adjust the doping levels, for example, by implanting 
boron at a dosage of approximately 6><1012/cm2 and at 180 
KeV. 
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[0023] A polysilicon layer 18 is formed over the gate 
oxide layer 16. The polysilicon is generally conformal Which 
Will cause it to folloW the contour of the surface of the Wafer 
as it is deposited. The polysilicon is therefore, in the present 
invention, preferably deposited to a depth Wherein the 
loWest most portion of the upper surface 20 of the polysili 
con layer 18 lies above the upper surface 22 of the ?eld 
oxide regions. The polysilicon layer 18 is deposited to a 
depth of betWeen approximately 7000 to 9000 angstroms. 
With the ?eld oxide at 4000-5000 angstroms, the polysilicon 
Will tend to be more planar When its overall thickness is 
greater than the underlying layer. The polysilicon layer 18 
may be in-situ doped or doped after deposition to a desired 
doping level. 

[0024] Polysilicon layer 18 is next planariZed and then 
etched to form the gates of various devices. One advantage 
of forming the polysilicon in this manner is the ability to 
minimiZe the formation of polysilicon sticks or strips of 
polysilicon Which remain in the bottom edges of contacts, 
vias or loW lying areas as a result of etching a very 
conformal polysilicon layer that dips beloW the surface of 
the material covered. One embodiment illustrating the pla 
nariZation of the polysilicon layer 18 is shoWn With refer 
ence to FIG. 1B. A non-conformal layer 24 is formed over 
the polysilicon layer 18 to a level Which tends to form a 
planar upper surface. The layer 24 may be any suitable 
planariZing material, for example, spin-on-glass or a sacri 
?cial photoresist, Which preferably has an etch ratio of 1:1 
With the polysilicon. Having an etch ratio of 1:1 Will enable 
an etch step to uniformly etch the planariZing and polysili 
con layers at the same rate. Alternatively, an etch stop layer 
26, as shoWn in FIG. 1C, may be formed under the poly 
silicon over the ?eld oxide regions. The etch stop layer may 
again be any suitable material such as nitride or a refractory 
metal. The planar layer 24 and polysilicon layer 18 are then 
etched before subsequent processing steps occur. The etch 
may comprise a Wet etch or a combination Wet/dry etch or 
a chemical mechanical polishing (CMP). FIG. 2A illustrates 
that the polysilicon layer 18 may be etched to the top of 
opening 17 exposing the upper surface of the ?eld oxide 
regions. If a Wet etch is used, the polysilicon may dip beloW 
the upper surface of the ?eld oxide regions as indicated by 
the dotted line in FIG. 2A. Alternatively, the polysilicon 
layer 18 may remain uniformly across the top of the ?eld 
oxide regions 12 and the opening 17, to a depth of betWeen 
approximately 1500 to 2000 angstroms, as shoWn in FIG. 
2B. An alternative method of planariZation is to etch by 
chemical mechanical polishing (CMP) With or Without the 
planar dielectric formed across the polysilicon. 

[0025] Referring to FIG. 2B, 21 silicide layer 28 may be 
formed over the polysilicon layer 18, preferably from the 
group consisting of tantalum, tungsten, titanium and molyb 
denum to a thickness of betWeen approximately 1200 to 
1700 angstroms. If the polysilicon layer 18 is etched expos 
ing the upper surface of the ?eld oxide regions 12, the 
silicide Would be formed over the polysilicon in the opening 
17 and over the ?eld oxide regions 12. The silicide Will 
insure suf?cient conductivity of the polysilicon, particularly 
Where the polysilicon forms an interconnect over ?eld oxide 
regions. A capping layer 30 may be formed over the silicide 
layer 28. The capping layer is preferably formed of an oxide, 
nitride or oxynitride, having a thickness of betWeen approxi 
mately 1200 to 1700 angstroms. A photoresist layer is 
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formed over capping layer 30 and patterned to form the 
photoresist region 32 Which overlies the substrate in opening 
17. 

[0026] Referring to FIG. 3, the gate oxide 16, polysilicon 
layer 18, silicide layer 28 and capping layer 30 are etched to 
form a transistor gate. The height of the polysilicon layer 18 
above the substrate surface Will depend on Whether the 
polysilicon Was etched exposing the upper surface of the 
?eld oxide regions or Whether it remained over the ?eld 
oxide before it Was etched to form the transistor gate. 
Therefore, the overall height of the transistor gate Will be 
above the upper surface of the ?eld oxide regions 12 due to 
the combined height of the multiple layers forming the 
transistor gate. 

[0027] Referring to FIG. 4, lightly doped drain regions 36 
are formed in the substrate adjacent the transistor gate by 
knoWn methods, for example, implanting phosphorous at a 
dosage of approximately 3><1013 at 80 KeV for the n-channel 
transistor and boron at a dosage of 3><1013 at 50 KeV for the 
p-channel transistor. SideWall oxide spacers 34 are then 
formed by knoWn methods along the sides of the transistor 
gate including the silicide 28 and the capping layer 30, if 
formed. In addition, a sideWall spacer Will form along the 
vertical sides of the ?eld oxide regions 12. The sideWall 
spacers are typically formed of oxide or nitride and Will form 
on both the gate and the ?eld oxide Which Will narroW the 
opening 17 making it important to form adequate source/ 
drain regions as Well as contacts to the source/drain regions 
despite the high aspect ratio of the opening 17. More heavily 
doped source/drain regions 38 are then formed in the sub 
strate adjacent the sideWall spacers. 

[0028] The typical process in the prior art of forming 
transistor gates and LOCOS ?eld oxide regions has been 
simpli?ed by forming standard ?eld oxide regions and a 
transistor gate With little or no polysilicon sticks. Once the 
transistor gate has been formed With the standard ?eld, it is 
important to minimiZe the impact of the aspect ratio as it 
relates to the ?lling of the contact opening 17 to contact the 
source/drain regions 38. The preferred embodiment Which 
provides for a more planar transistor is to form raised 
source/drain regions in the opening 17 adjacent the transistor 
gate Which Will adequately ?ll the opening. 

[0029] Referring to FIG. 5A, one embodiment of forming 
the raised source/drain regions is illustrated. Epitaxial 
regions 40 are selectively groWn above the exposed sub 
strate surface and implanted With an appropriate dopant to 
achieve a desired conductivity level. The epitaxial regions 
40 may, for example, be doped by implanting phosphorous 
at a dosage of approximately 6><1015 and at 40 KeV for the 
n-channel transistor and BF2 at a dosage of 6><1015 and at 40 
KeV. Typically, the epitaxy groWs vertically from the sub 
strate surface, therefore, the epitaxial regions 40 may not 
shoW as much faceting at the sides or corners of the epitaxy 
as may be seen adjacent a standard LOCOS process since the 
sideWalls of the standard ?eld oxide regions are substantially 
vertical. 

[0030] Referring to FIG. 5B, the epitaxy is preferably 
silicided by knoWn methods, for example, by depositing a 
refractory metal over the integrated circuit folloWed by a 
thermal step to react the refractory metal With the silicon in 
the epitaxial regions to form a silicide 42. The silicide 
regions 42 Will loWer the resistivity of the raised source/ 
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drain regions 40, While the raised source/drain regions 40 
Will prevent any undesired amount of the substrate silicon 
from being consumed, thereby reducing the possibility of 
junction leakage and punchthrough. Depending upon the 
depth of the LDD regions and the Weight of the epitaxial 
regions 40, there may not be a need for the more heavily 
doped source/drain regions 38. The sideWall spacers 34 and 
capping layer 30 Will help to electrically isolate the raised 
source/drain regions 40 from the gate electrode 18 of the 
transistor. Although the capping layer is not necessary at this 
stage, the electrical isolation is improved With the capping 
layer in place, particularly When the sideWall spacer begins 
at the capping layer. The raised source/drain regions 40 Will 
provide for more thermal stability for subsequent high 
temperature processing steps as compared to a conventional 
salicide process Which forms a silicide over the substrate 
source/drain regions and over the gate electrode. 

[0031] Referring to FIG. 6A, an alternative embodiment 
for forming the raised source/drain regions is illustrated. A 
polysilicon layer 44 is deposited over the transistor gate, 
exposed substrate and the ?eld oxide regions. As described 
With the deposition of the ?rst polysilicon layer 18 above, 
the polysilicon layer 44 Will be conformally deposited. It is 
preferably doped after it is deposited to a desired doping 
level to alloW for separate doping of n- and p-type regions. 
Because of its conformality, in order to ?ll the opening 17 
to form the raised source/drain regions, the polysilicon layer 
44 is deposited to a thickness Wherein the loWermost portion 
46 of the polysilicon layer 44 is above the upper surface 22 
of the ?eld oxide regions 12 and preferably above the upper 
surface of the capping layer 30. Aplanar sacri?cial layer 48, 
for example spin-on-glass or photoresist having an etch rate 
of 1:1 With the polysilicon layer 44 may be formed over the 
polysilicon layer 44. 
[0032] Referring to FIG. 6B, an etch of the sacri?cial 
layer 48 and the polysilicon layer 44 is performed to expose 
an upper surface of the ?eld oxide regions 12 forming the 
raised source/drain regions 50 in opening 17. It is important 
to note that for a polysilicon raised source/drain, the etch 
chemistry used must be selective to the polysilicon so that 
the underlying layers are not etched. The etch may be a Wet 
etch, dry etch, CMP or conbination of these three, Which are 
selective to the sacri?cial layer 48 and polysilicon layer 44, 
etching the sacri?cial layer and the polysilicon layer at the 
same rate but Which does not substantially etch the sideWall 
spacers 34, the capping layer 30 or the silicide layer 28, if 
the capping layer is not formed, and the ?eld oxide regions 
12, including any etch stop layer formed. The polysilicon 
raised source/drain regions 50 may also be silicided as 
described above for both the transistor gate and the epitaxial 
raised source/drain regions. The silicide regions 52 of the 
polysilicon raised source/drain regions 50 Will also loWer the 
resistivity of the raised source/drain regions, While the raised 
source/drain regions 50 help to prevent any undesired 
amount of the substrate silicon from being consumed, again 
reducing the possibility of junction leakage and punch 
through. The sideWall spacers 34 and capping layer 30 Will 
help to electrically isolate the raised source/drain regions 50 
from the gate electrode 18 of the transistor. In addition, the 
capping layer 30, if formed, may be removed before the 
raised source/drain regions are silicided, thereby alloWing 
the polysilicon gate electrode 28 to be silicided at the same 
time as the raised source/drain regions simplifying the 
process further. This method may alloW for easier manufac 
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turing of devices that have only one polysilicon layer, for 
example microprocessors, instead of multiple polysilicon 
layers, such as in SRAMs. 

[0033] As With the groWn epitaxial regions described 
above, the raised source/drain regions provide for more 
thermal stability for subsequent high temperature processing 
steps as compared to a conventional salicide process. As 
With the groWn epitaxy, this alternative embodiment Will 
provide for a more planar device for subsequent processing 
steps While simplifying the formation of the ?eld oxide 
regions and transistor gate. With each embodiment 
described, there needs to be a minimum thickness of the 
capping layer and sideWall oxide spacers to maintain 
adequate distance betWeen any conductive material formed 
in the opening and the transistor gate electrode. This dis 
tance Will insure the necessary electrical isolation of the 
devices and maintain device integrity. 

[0034] While the invention has been described herein 
relative to its preferred embodiments, it is of course con 
templated that modi?cations of, and alternatives to, these 
embodiments, such modi?cations and alternatives obtaining 
the advantages and bene?ts of this invention, Will be appar 
ent to those of ordinary skill in the art having reference to 
this speci?cation and its draWings. It is contemplated that 
such modi?cations and alternatives are Within the scope of 
this invention as subsequently claimed herein. 

What is claimed is: 
1. A method of forming a portion of a semiconductor 

integrated circuit; comprising the steps of: 

groWing a ?eld oxide across the integrated circuit; 

patterning and etching the ?eld oxide to form an opening 
With substantially vertical sideWalls exposing a portion 
of an upper surface of a substrate underlying the ?eld 
oxide Where an active area Will be formed; 

groWing a gate oxide over the exposed portion of the 
substrate; 

depositing a polysilicon layer over the ?eld oxide and gate 
oxide to a thickness Wherein the loWest most portion of 
the upper surface of the polysilicon is above the upper 
surface of the ?eld oxide; 

planariZing the polysilicon layer; 

forming a photoresist mask over a portion of the poly 
silicon layer overlying at least a portion of the substrate 
not covered by the ?eld oxide; 

patterning and etching the polysilicon and gate oxide to 
form a gate electrode; 

removing the photoresist; and 

forming sideWall spacers along the sides of the gate 
electrode. 

2. The method of claim 1, Wherein the ?eld oxide has a 
thickness of betWeen approximately 4000-5000 angstroms. 

3. The method of claim 1, further comprising the steps of: 

forming an n-Well in the substrate before the ?eld oxide 
is formed in areas Where the ?eld oxide Will be 
removed. 

4. The method of claim 3, Wherein the n-Well is formed by 
implantation and drive-in of phosphorous 
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5. The method of claim 1, further comprising the step of: 

performing a blanket implant in the substrate to adjust to 
desired doping levels before forming the gate oxide 
layer. 

6. The method of claim 5, Wherein the blanket implant 
comprilszes boron implanted at a dosage of approximately 
1.5><10 /cm2 at 30 KeV. 

7. The method of claim 6, further comprising the steps of: 

masking off the p-type regions; and 

performing a punch-through implant into the n-Well 
regions. 

8. The method of claim 7, Wherein the punch-through 
implant comprises boron implanted at a dosage of approxi 
mately 1><1012/cm2 at approximately 75 KeV. 

9. The method of claim 5, further comprising the steps of: 

masking off selected p-type regions in the substrate; and 

implanting dopants into selected n-Wells to further adjust 
the doping levels of the n-Wells and not the selected 
p-type regions in the substrate. 

10. The method of claim 9, Wherein the dopant comprises 
boron implanted at a dosage of approximately 1.7><1012/cm2 
and at approximately 30 KeV. 

11. The method of claim 1, further comprising the steps 
of: 

masking off selected n-Well regions in the substrate; and 

implanting a dopant into the p-type regions to adjust to a 
desired doping level. 

12. The method of claim 11, Wherein the dopant com; 
prises boron implanted at a dosage of approximately 6><10 / 
cm2 and at approximately 180 KeV. 

13. The method of claim 1, Wherein the gate oxide has 
thickness of betWeen approximately 70-100 angstroms. 

14. The method of claim 1, Wherein the polysilicon layer 
is formed to a thickness of betWeen approximately 7000 
9000 angstroms. 

15. The method of claim 1, Wherein the polysilicon is 
in-situ doped as deposited. 

16. The method of claim 1, further comprising the step of: 

doping the polysilicon to a desired doping level after 
deposition. 

17. The method of claim 1, Wherein the step of planariZing 
the polysilicon comprises CMP. 

18. The method of claim 1, Wherein the step of planariZing 
the polysilicon comprises the steps of: 

forming a planar layer over the polysilicon layer having 
an etch ratio of 1:1 With the polysilicon; 

performing an etchback of the planar layer and polysili 
con. 

19. The method of claim 18, Wherein the planar layer is 
spin-on-glass. 

20. The method of claim 18, Wherein the planar layer is 
photoresist. 

21. The method of claim 18, Wherein the etchback com 
prises a Wet etch. 

22. The method of claim 18, Wherein the etchback com 
prises chemical mechanical polishing. 

23. The method of claim 18, Wherein there remains a layer 
of polysilicon above the surface of the ?eld oxide and in the 
opening after the polysilicon is etched. 
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24. The method claim 23, Wherein the remaining poly 
silicon is approximately 1500-2000 angstroms over the ?eld 
oxide. 

25. The method of claim 18, Wherein the upper surface of 
the polysilicon is substantially planar With an upper surface 
of the ?eld oxide. 

26. The method of claim 1, further comprising the step of: 

forming an etch stop layer over the ?eld oxide before the 
polysilicon layer is formed. 

27. The method of claim 24, Wherein the etch stop layer 
comprises nitride. 

28. The method of claim 1, further comprising the step of: 

forming a silicide layer over the polysilicon, the substrate 
and the ?eld oxide before the photoresist is formed; and 

etching the silicide With polysilicon. 
29. The method of claim 28, Wherein the silicide is formed 

from the group consisting of tantalum, tungsten, titanium 
and molybdenum. 

30. The method of claim 28, Wherein the silicide has a 
thickness of betWeen approximately 1200-1700 angstroms. 

31. The method of claim 1, further comprising the step of: 

forming a capping layer over the polysilicon layer before 
the photoresist is formed; and 

etching the silicide along With the polysilicon. 
32. The method of claim 31, Wherein the capping layer 

comprises oxide. 
33. The method of claim 31, Wherein the capping oxide 

has a thickness of betWeen approximately 1200-1700 ang 
stroms. 

34. The method of claim 1, further comprising the step of: 

forming lightly doped drain regions in the substrate 
adjacent the gate electrode before the sideWall spacers 
are formed. 

35. The method of claim 1, further comprising the step of: 

forming source/drain regions in the substrate adjacent the 
gate electrode after the sideWall spacers are formed. 

36. The method of claim 1, further comprising the steps 
of: 

forming a raised source/drain region adjacent the gate 
electrode and overlying the exposed substrate. 

37. The method of claim 36, Wherein the step of forming 
a raised source/drain further comprises the steps of: 

forming a capping layer over the polysilicon layer before 
the photoresist is formed; 

etching the capping layer With the polysilicon layer; 

depositing a polysilicon layer over the transistor gate 
electrode, exposed substrate and the ?eld oxide 
Wherein the loWest most portion of the upper surface of 
the polysilicon layer is above the upper surface of the 
gate electrode; 

forming a planar sacri?cial layer over the polysilicon 
layer having a 1:1 etch rate With the polysilicon layer; 

etching the sacri?cial layer and the polysilicon layers 
exposing the upper surface of the ?eld oxide; 

doping the polysilicon layer to a desired doping level. 
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38. The method of claim 37, wherein the lowest most 
portion of the upper surface of the polysilicon layer is above 
the upper surface of the gate electrode. 

39. The method of claim 37, further comprising the step 
of: 

forming a silicide under the capping layer and over the 
polysilicon before the polysilicon is deposited. 

40. The method of claim 36, Wherein the step of forming 
a raised source/drain further comprises the steps of: 

selectively groWing epitaxy above the exposed substrate 
surface; 

implanting the epitaxy With an appropriate dopant to 
achieve a desired conductivity level; and 

siliciding an upper portion of the selectively groWn epi 
taxy. 

41. A method of forming a portion of a semiconductor 
integrated circuit; comprising the steps of: 

groWing a ?eld oxide across the integrated circuit; 

patterning and etching the ?eld oxide to form an opening 
With substantially vertical sideWalls exposing a portion 
of an upper surface of a substrate underlying the ?eld 
oxide Where an active area Will be formed; 

groWing a gate oxide over the exposed portion of the 
substrate; 

depositing a doped polysilicon layer over the ?eld oxide 
and gate oxide to a thickness Wherein the loWest most 
portion of the upper surface of the polysilicon is above 
the upper surface of the ?eld oxide; 

planariZing and etching the polysilicon layer such that the 
upper surface of the polysilicon layer remains at or 
above the upper surface of the ?eld oxide; 

forming a silicide over the polysilicon layer; 

forming a capping layer over the silicide; 

forming a photoresist mask over a portion of the capping 
layer overlying at least a portion of the substrate not 
covered by the ?eld oxide; 

patterning and etching the capping layer, the silicide, the 
polysilicon and gate oxide to form a gate electrode of 
a transistor; 

removing the photoresist; 

forming LDD regions in the substrate adjacent the gate 
electrode; 

forming sideWall spacers along the sides of the gate 
electrode; and 

forming source/drain regions adjacent the gate electrode. 
42. The method of claim 41, further comprising the step 

of: 

forming n-Wells in the substrate before the ?eld oxide is 
formed in areas Where the ?eld oxide Will be removed. 

43. The method of claim 41, Wherein the polysilicon layer 
is formed to a thickness of betWeen approximately 7000 
9000 angstroms. 

44. The method of claim 41, Wherein the silicide is formed 
from the group consisting of tantalum, tungsten, titanium 
and molybdenum. 
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45. The method of claim 41, Wherein the silicide has a 
thickness of betWeen approximately 1200-1700 angstroms. 

46. The method of claim 41, Wherein the capping layer 
has a thickness of betWeen approximately 1200-1700 ang 
stroms. 

47. The method of claim 41, further comprising the step 
of: 

forming a raised source/drain region adjacent the gate 
electrode and overlying the exposed substrate. 

48. A structure consisting of a portion of a semiconductor 
integrated circuit, comprising: 

a ?eld oxide formed across the integrated circuit having 
an opening therethrough With substantially vertical 
sideWalls exposing a portion of an upper surface of a 
substrate underlying the ?eld oxide; 

a gate oxide over a portion of the exposed portion of the 
substrate; 

a polysilicon gate electrode overlying the gate oxide and 
having an upper surface planar With or above an upper 
surface of the ?eld oxide; 

LDD regions in the substrate adjacent the gate electrode; 
and 

sideWall spacers along the sides of the polysilicon gate 
electrode. 

49. The structure of claim 48, Wherein the ?eld oxide has 
a thickness of betWeen approximately 4000-5000 angstroms. 

50. The structure of claim 48, further comprising: 

an n-Well in the active area in the substrate. 
51. The structure of claim 48, Wherein the gate oxide has 

a thickness of betWeen approximately 70-100 angstroms. 
52. The structure of claim 48, Wherein the polysilicon gate 

electrode has a thickness of betWeen approximately 7000 
9000 angstroms. 

53. The structure of claim 48, further comprising: 

a silicide layer over the polysilicon gate electrode. 
54. The structure of claim 53, Wherein the silicide is from 

the group consisting of tantalum, tungsten, titanium and 
molybdenum. 

55. The method of claim 53, Wherein the silicide has a 
thickness of betWeen approximately 1200-1700 angstroms. 

56. The structure of claim 48, further comprising: 

a capping layer over the silicide. 
57. The structure of claim 56, Wherein the capping layer 

comprises oxide. 
58. The structure of claim 56, Wherein the capping layer 

has a thickness of betWeen approximately 1200-1700 ang 
stroms. 

59. The structure of claim 48, further comprising: 

LDD regions in the substrate adjacent the gate electrode. 
60. The structure of claim 48, further comprising: 

source/drain regions adjacent the gate electrode in the 
substrate. 

61. The structure of claim 48, further comprising: 

raised source/drain regions adjacent the gate electrode and 
overlying the exposed substrate. 

62. The structure of claim 61, Wherein the raised source/ 
drain regions comprise: 

doped polysilicon; and 
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silicide over the upper surface of the doped polysilicon. 
63. The structure of claim 61, Wherein the raised source/ 

drain regions comprise: 

doped selectively grown epitaxy; and 

silicide over an upper portion of the selectively groWn 
epitaxy. 

64. Astructure consisting of a portion of a semiconductor 
integrated circuit, comprising: 

a ?eld oxide formed across the integrated circuit having 
an opening therethrough With substantially vertical 
sideWalls exposing an active area in a portion of an 
upper surface of a substrate underlying the ?eld oxide; 

a gate oxide over a portion of the exposed substrate; 

a polysilicon gate electrode overlying the gate oxide and 
having an upper surface planar With or above the upper 
surface of the ?eld oxide; 

a silicide layer over the polysilicon layer; 

a capping layer over the silicide layer; 
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LDD regions in the substrate adjacent the gate electrode; 
and 

sideWall spacers along the sides of the polysilicon gate 
electrode. 

65. The structure of claim 64, further comprising: 

source/drain regions adjacent the gate electrode. 
66. The structure of claim 65, Wherein the source/drain 

regions are in the substrate. 
67. The structure of claim 64, Wherein the source/drain 

regions comprise: 
a raised doped polysilicon layer over the exposed sub 

strate and adjacent to the gate electrode. 
68. The structure of claim 64, Wherein the source/drain 

regions comprise: 
a raised doped selectively groWn epitaxial region over the 

exposed substrate surface and adjacent to the gate 
electrode; and 

a silicide over an upper portion of the epitaxial region. 

* * * * * 


