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(57) ABSTRACT 

A method of forming a semiconductor device on a substrate 
comprising the steps of: forming a ?rst recess in the sub 
strate; depositing an insulator in the ?rst recess so that an 
isolation region is formed When the ?rst recess is ?lled With 
the insulator; forming a second recess in a predetermined 
area of the substrate; forming a recess insulation layer on the 
surface of the second recess; depositing a conductive mate 
rial on the recess insulation layer and in the second recess so 
that a gate region is formed When the second recess is ?lled 
With the conductive material; removing a suf?cient amount 
of the insulator and the conductive material so that the top 
surfaces of the insulator, the conductive material and the 
substrate are substantially at the same level. 
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SEMICONDUCTOR DEVICE HAVING A 
RECESSED GATE STRUCTURE AND METHOD OF 

MANUFACTURING THE SAME 

BACKGROUND 

[0001] 1. Field of the Invention 

[0002] This invention relates generally to the ?eld of 
semiconductor device fabrication and more speci?cally to 
the fabrication of a semiconductor device having a recessed 
gate. 

[0003] 2. Background of the Invention 

[0004] As integrated circuit technology advances and inte 
grated circuit device dimensions decreases, it has become 
increasingly common to employ trench isolation methods to 
form trench isolation regions betWeen active regions of a 
semiconductor device. Such trench isolation methods may 
employ chemical mechanical polishing (CMP) to provide a 
nominally planariZed surface for an isolation trench that has 
been ?lled With an insulator. Typically, a CMP planariZation 
of a Wafer involves holding the Wafer against a rotating 
polishing pad that is subjected to a silica-based alkaline 
slurry. The polishing pad also applies pressure against the 
Wafer. 

[0005] While it is desirable to use CMP planariZation 
during the fabrication of semiconductor devices, the CMP 
planariZation step may present some problems and draW 
backs. For eXample, each additional CMP step leads to 
additional costs and additional processing time in the semi 
conductor fabrication process. 

[0006] Additionally, a CMP step on a neWly formed layer 
on the Wafer may cause alignment targets thereon to lose 
their steps after the CMP method is performed. The CMP 
planariZation step may also lead to “over polishing” (i.e., 
removal of material that Was not intended to be removed). 
All of the above results may contribute to defective devices, 
loss of device yield, and lack of device reliability. 

[0007] In prior art semiconductor devices having the 
elevated source/drain con?guration, a CMP step is typically 
required to planariZe the isolation regions. Furthermore, an 
additional CMP step (i.e., a pre-contact CMP step) is 
required to planariZe the surfaces of the gates in these prior 
art devices before forming the contacts on the gate and 
source/drain region surfaces. This additional CMP step can 
lead to the problems mentioned above. 

[0008] Thus, there is a need for a semiconductor device 
that can be fabricated With a reduction in the number of CMP 
planariZation steps. What is further needed is a method of 
fabricating a semiconductor device With a reduction in the 
number of CMP planariZation steps in the fabrication pro 
cess. 

SUMMARY OF THE INVENTION 

[0009] The present invention advantageously provides a 
method of manufacturing a semiconductor device Wherein 
the method eliminates the pre-contact chemical mechanical 
polishing (CMP) step that is required in the prior art. 

[0010] The present invention provides an additional 
advantage of being able to planariZe both the surfaces of 
isolation regions and the surfaces of gate regions in a single 
CMP step. 
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[0011] By reducing the number of CMP steps, the present 
invention further permits a reduction in cost and in process 
ing time. The invention can also avoid or reduce CMP step 
problems that lead to defective devices, loss of device yield, 
and lack of device reliability. 

[0012] The invention also advantageously provides a gate 
surface that is substantially at the same level as the surfaces 
of the source/drain regions, thereby facilitating the forma 
tion of electrical connections during the contact etching and 
formation process. 

[0013] The invention also advantageously provides a 
structure that permits the source/drain regions to be doped at 
a suf?cient level so as to reduce the fusion impurities that 
degrade the transistor characteristics. 

[0014] The present invention provides the above advan 
tages, as Well as others, through a method of forming a 
semiconductor device on a substrate. The method comprises 
the steps of: forming a ?rst recess in the substrate; depositing 
an insulator in the ?rst recess so that an isolation region is 
formed When the ?rst recess is ?lled With the insulator; 
forming a second recess in a predetermined area of the 
substrate; forming a recess insulation layer on the surface of 
the second recess; depositing a conductive material on the 
recess insulation layer and in the second recess so that a gate 
region is formed When the second recess is ?lled With the 
conductive material; removing a sufficient amount of the 
insulator and the conductive material so that the top surfaces 
of the insulator, the conductive material and the substrate are 
substantially at the same level. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a partial side vieW of a Wafer cross 
section (including a substrate) prior to the formation of 
shalloW trench isolation regions in the substrate according to 
the present invention; 

[0016] FIG. 2 is a partial side vieW of the Wafer in FIG. 
1 Whereby a resist layer de?nes the locations and dimensions 
of shalloW trench isolation regions that are to be formed in 
the substrate according to the present invention; 

[0017] FIG. 3 is a partial side vieW of the Wafer in FIG. 
1 Whereby a trench is formed Within the substrate so that a 
shalloW trench isolation region is formed in the substrate 
according to the present invention; 

[0018] FIG. 4 is a partial side vieW of the Wafer in FIG. 
1 Whereby an insulation layer is formed in a trench for 
forming an isolation region according to the present inven 
tion; 

[0019] FIG. 5 is a partial side vieW of the Wafer in FIG. 
1 Whereby spacers are formed on the sideWalls of a trench 
for forming an isolation region according to the present 
invention; 

[0020] FIG. 6 is a partial side vieW of the Wafer in FIG. 
1 Whereby the trench is ?lled With an insulator (shalloW 
trench isolation material) according to the present invention; 

[0021] FIG. 7 is a partial side vieW of the Wafer in FIG. 
1 Whereby a resist layer is formed for de?ning the location 
of a recessed gate structure in accordance With a preferred 
embodiment of the present invention; 
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[0022] FIG. 8 is a partial side vieW of the Wafer in FIG. 
1 whereby a gate trench region is formed in the substrate so 
that the gate trench region Will provide a recessed gate 
structure in accordance With a preferred embodiment of the 
present invention; 

[0023] FIG. 9 is a partial side vieW of the Wafer in FIG. 
1 Whereby an insulation layer is formed on the surface of a 
gate trench region according to the present invention; 

[0024] FIG. 10 is a partial side vieW of the Wafer in FIG. 
1 Whereby a gate trench region is ?lled With a gate electrode 
(conductive) material according to the present invention; 

[0025] FIG. 11 is a partial side vieW of the Wafer in FIG. 
1 Whereby the surfaces of a shalloW trench isolation region 
and a recessed gate are planariZed by chemical mechanical 
polishing according to the present invention; 

[0026] FIG. 12 is a side vieW of a chemical mechanical 
polishing system for planariZing the surface of the Wafer in 
FIG. 11; 

[0027] FIG. 12A is a partial vieW of a prior art semicon 
ductor device With an elevated gate structure; 

[0028] FIG. 13A is a partial side vieW of the Wafer in FIG. 
1 Whereby ions are implanted in a recessed gate and in the 
substrate so that conductive regions are formed in the 
recessed gate and in the substrate according to the present 
invention; 
[0029] FIG. 13B is a top vieW of a portion of the Wafer in 
FIG. 13A; and 

[0030] FIG. 14 is a partial side elevational vieW of the 
Wafer in FIG. 13A Whereby conductive contacts are coupled 
to a recessed gate and to source/drain regions in the substrate 
according to the present invention. 

[0031] FIG. 15 is a partial side vieW of a Wafer cross 
section (including a substrate With isolation regions) prior to 
the formation of a recessed capacitor according to the 
present invention; 

[0032] FIG. 16 is a partial side vieW of the Wafer in FIG. 
15 Whereby capacitor electrodes and a capacitor dielectric 
layer are formed Within the substrate trench according to a 
method of the present invention; 

[0033] FIG. 17 is a partial side vieW of the Wafer in FIG. 
16 Whereby the surfaces of the shalloW trench isolation 
regions and the recessed capacitor are planariZed by chemi 
cal mechanical polishing according to a method of the 
present invention; and 

[0034] FIG. 18 is a partial side vieW of the Wafer in FIG. 
17 after the formation of the recessed capacitor and after the 
removal of the protective layer and the buffer layer on the 
substrate. 

Detailed Description of the Preferred Embodiments 

[0035] Referring in detail noW to the draWings Wherein 
similar parts or steps of the present invention are identi?ed 
by like reference numerals, FIG. 1 illustrates a cross section 
of a Wafer 50 that includes a semiconductor substrate 100 
With a surface 105. Upon completion of the fabrication 
process, the Wafer 50 Will ultimately contain many inte 
grated circuit chips. A buffer layer 110 is groWn on the 
surface 105 of the substrate 100, and a protective layer 115 
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is deposited on the buffer layer 110. The buffer layer 110 
serves as an adhesive and as a stress-reducing layer betWeen 
the substrate 100 and the protective layer 115. Therefore, the 
buffer layer 110 serves to protect the substrate 100 from the 
protective layer 115 if the protective layer 115 is a material 
that Will cause damage to the substrate 100 upon contact 
With the substrate 100. Alternatively, the buffer layer 110 is 
not required betWeen the protective layer 115 and the 
substrate 100 if the protective layer 115 is formed from 
oXynitride. 

[0036] The buffer layer 110 can be a doped or undoped 
oXide layer, and is typically formed by thermal oxidation 
under high pressure conditions ranging from about 1 e-6 
atmospheres to about 1e-8 atmospheres, preferably from 
about 5e-7 atmospheres to about 8e-7atmospheres. The 
oXide groWth takes place at a temperature ranging from 
about 300 C. to about 500 C., preferably about 400 C., and 
lasts for a duration ranging from about 0.5 minutes to about 
2 minutes, preferably from about 50 seconds to about 55 
seconds. Typically, the thickness of the oXide layer 110 
ranges from about 5000 Angstroms to about 7000 Ang 
stroms, preferably from about 6000 Angstroms to about 
6500 Angstroms. The buffer layer 110 may also be formed 
from an organically-based material such as spin-on glass. 

[0037] Alternatively, the buffer layer 110 may be depos 
ited on the surface 105 by other Well knoWn methods such 
as chemical vapor deposition (CVD), physical vapor depo 
sition (PVD) sputtering methods, or by a photolithographic 
patterning of a blanket of pad oXide layer that is deposited 
on the surface 105. 

[0038] The protective layer 115 is capable of blocking 
oXide and serving as a polish stop during a chemical 
mechanical polishing step, as described hereinbeloW. The 
protective layer 115 is typically formed from silicon nitride. 
HoWever, other suitable materials may be used as Well to 
form the protective layer 115, including dielectric materials 
such as boron nitride, boron oXynitride, oXynitride, silicon 
rich silicon nitride, polysilicon, and/or other suitable mate 
rials or combinations of materials. A protective layer 115 
formed from silicon nitride may be deposited by chemical 
vapor deposition (CVD) under pressure conditions ranging 
from about 1e-4 atmospheres to about 1e-6 atmospheres, 
preferably from about 5e-4 atmospheres to about 5e-5 
atmospheres, at a temperature ranging from about 300 C. to 
about 500 C., preferably about 400 C. The thickness of the 
protective layer 115 ranges from about 500 Angstroms to 
about 1500 Angstroms, preferably from about 1000 Ang 
stroms to about 1200 Angstroms. 

[0039] As shoWn in FIG. 2, a resist layer 120 (i.e., a 
photoresist or photomask) is selectively formed on the 
protective layer 115 and thus serves as an etch mask. The 
resist layer 120 is ?rst deposited on the protective layer 115 
and then eXposed to light through a photolithographic mask 
(reticle) that de?nes a pattern of trench (recess) regions, 
including trench region (recess) 200. The resist layer 120 is 
thus selectively formed on the protective layer 115, as shoWn 
in FIG. 2. A narroW hole opening 125 is formed in the resist 
layer 120 Wherein the narroW hole opening 125 has a Width 
W1 of, for eXample, about 0.5 micron-meters. The narroW 
hole opening 125 corresponds to an intended isolation 
region to be formed in the substrate 100, as described 
hereinbeloW. It is understood that the narroW hole opening 
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125 and other openings of various sizes are formed on the 
resist layer 120 as a result of the pattern of trench regions 
that are de?ned in the photolithographic mask (reticle). As 
shoWn in FIG. 3, the Width W1 Will also be the Width of a 
corresponding trench region 200 to be formed in the sub 
strate 100. 

[0040] The resist layer 120 may be any suitable layer of 
material(s) capable of protecting any underlying material 
(e.g., the protective layer 115) from being etched during an 
etching process. Suitable materials for the resist layer 120 
include materials having novolac resin and a photoactive 
dissolution inhibitor. The resist layer 120 may have any 
suitable thickness. The thickness of the resist layer 120 
typically ranges from about 0.8 micron-meters to about 1.5 
micron-meters, and preferably ranges from about 1 micron 
meters to about 1.15 micron-meters. The resist layer 120 is 
preferably disposed on the protective layer 115 by the spin 
coating method. 

[0041] An etching process is then carried out to form a 
plurality of trench regions in substrate 100 areas that are not 
covered by the resist layer 120. In FIG. 3, only the trench 
region 200 is shoWn for purposes of explaining the func 
tionality of the present invention. The trench region 200 Will 
eventually form an isolation region betWeen active areas on 
the substrate 100, and may have a depth D1 in the substrate 
100 ranging from about 3000 Angstroms to about 5000 
Angstroms, preferably from about 3500 Angstroms to about 
3900 Angstroms. Preferably, the sideWalls 205 and 210 of 
the trench region 200 are substantially vertical. 

[0042] Adry anisotropic etch, for example, may be used to 
form the precise pattern of the trench region 200 in the 
substrate 100. An etchant comprising CF4 gas may be used, 
With the etch rate ranging from about 3000 Angstroms/ 
minute to about 6000 Angstroms/minute, preferably from 
about 4500 Angstroms/minute to about 5000 Angstroms/ 
minute. The How rate of the above CF4 etchant gas ranges 
from about 100 standard cubic centimeters per minute 
(sccm) to about 500 sccm, preferably from about 200 sccm 
to about 300 sccm. A preferred ion density for a plasma of 
the above etchant gas is about 1E 10 atoms/cm3. Other 
suitable etchants may also be selected from the folloWing 
gases or mixtures thereof, such as CHF3, NF3 or a mixture 
of CHF3 and CF4. 

[0043] In FIG. 4, the resist layer 120 has been removed. 
The resist layer 120 is removed in any suitable manner, for 
example, by using oxygen plasma ashing and careful Wet 
cleans. In removing the resist layer 120, a suitable plasma 
processing apparatus for performing the plasma etching may 
employ a microWave doWnstream O2/N2 plasma With the 
folloWing parameters: 120 seconds, 250 degrees Celsius, 
1400 Watts, 3000 cc O2, 300 cc N2, and 2.0 Torr. 

[0044] With continuing reference to FIG. 4, after forming 
the trench region 200, a dielectric liner 250 is formed 
overlying the surface of the trench region 200. As an 
example, the dielectric liner 250 is a high-density silicon 
dioxide material formed by thermal oxidation and is capable 
of preventing the encroachment into the substrate 100 by a 
material (e.g., oxide) to be deposited in the trench region 
200. For example, a dielectric liner 250 is formed by thermal 
oxidation under pressure conditions ranging from about 1e-4 
atmospheres to about 1e-8 atmospheres, preferably from 
about 1e-5 atmospheres to about 1e-7 atmospheres. The 
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thermal oxidation takes place at a temperature ranging from 
about 300 C. to about 700 C., preferably about 500 C. and 
lasts for a duration ranging from about 30 seconds to about 
120 seconds, preferably from about 45 seconds to about 55 
seconds. 

[0045] The dielectric liner 250 can have a thickness rang 
ing from about 700 Angstroms to about 2000 Angstroms and 
have a preferred thickness of about 1000 Angstroms. 
Assuming the dielectric liner 250 is a material formed from 
a high-density silicon dioxide layer, the dielectric liner 250 
is etched initially by any suitable method, such as 
anisotrophic etching, so that the dielectric liner 250 is 
disposed along the surfaces of the trench regions 200, as best 
shoWn in FIG. 4. If anisotropic etching is used to shape a 
dielectric liner 250 formed from the above material, then an 
etchant comprising CF4 gas is preferably used, at a preferred 
?oW rate ranging from about 50 sccm to about 200 sccm. A 
preferred ion density for a plasma of the above etchant gas 
is about 1E 10 atoms/cm3. 

[0046] Alternatively and as best shoWn in FIG. 5, dielec 
tric spacers 270 are formed in the sideWalls of the trench 
region 200 to prevent lateral encroachment into the substrate 
100 by a material (e.g., oxide) to be deposited in the trench 
region 200. Typically, the dielectric spacers 270 are formed 
from nitride Which is ?rst deposited in the trench region 200 
and then etched into the dielectric spacers 270 shoWn in 
FIG. 5 by use of a reactive ion etch using nitrogen tri?uoride 
(NF3) plasma. The NF3 etchant Will have a preferred ?oW 
rate ranging from about 50 sccm to about 75 sccm, and have 
a preferred plasma ion density of about 1E 15 atoms/cm3. 
The dielectric spacers 270 can each have a thickness ranging 
from about 1000A to about 2000 and have a preferred 
thickness of about 1500A. Alternatively, the dielectric liner 
250 (and/or the dielectric spacers 270) may be omitted from 
the trench region 200. 

[0047] In FIG. 6, the trench region 200 is ?lled With a 
shalloW trench isolation (STI) material 300. The STI mate 
rial 300 is a ?eld oxide that is groWn by thermal oxidation 
under pressure conditions ranging from about 1e-4 atmo 
spheres to about 1e-7 atmospheres, preferably from about 
1e-5 atmospheres to about 1e-6 atmospheres, at a tempera 
ture ranging from about 300 C. to about 500 C., preferably 
about 400 C. The duration of the thermal oxidation process 
lasts for a duration betWeen about 30 seconds to about 60 
seconds preferably betWeen about 40 seconds to about 50 
seconds. The chosen temperature and thermal oxidation time 
length are dependent on the desired thickness, physical 
results and electrical results of the STI material 300. 

[0048] Other conditions that must be controlled during the 
above thermal oxidation process are the gas ?oWs and the 
gas ratios. For example, the ratio of O2 to SiH4 at 5 is 
preferred, While the How rates of O2 and SiH4 are preferably 
30 sccm and 100 sccm, respectively. 

[0049] Alternatively, the STI material 300 may be formed 
from a dielectric such as silicon dioxide deposited by, for 
example, CVD using a tetraethylorthosilane (TEOS) source 
gas. The STI material 300 may alternatively be formed from 
silicon dioxide that is deposited by an atmospheric deposi 
tion process. Other suitable materials (e.g., polyimide) may 
be used for the STI material 300 so that the trench region 200 
is capable of serving as an isolation region. 

[0050] The STI material 300 may be of any suitable 
thickness so that the trench region 200 is ?lled With the STI 
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material 300. The thickness of the STI material 300 typically 
ranges from about 4000 to about 8000, and preferably ranges 
from about 6000 to about 7000. 

[0051] As shoWn in FIG. 7, a resist layer 350 is selectively 
formed on the STI material 300 and thus serves as an etch 
mask that de?nes an etching pattern and location for the 
recessed gate structure 615 (FIG. 11) in accordance With the 
present invention. Similar to the resist layer 120 (FIG. 3), 
the resist layer 350 may be any suitable layer of material(s) 
capable of protecting any underlying material (e.g., the STI 
material 300) from being etched during an etching process. 
A narroW hole opening 355 is formed in the resist layer 350 
by use of photolithographic methods Wherein the narroW 
hole opening 355 corresponds to an intended location of a 
gate trench 400 (see FIG. 8) to be formed in the substrate 
100, as described hereinbeloW. The narroW hole opening 355 
has a Width W2 of, for example, about 0.25 micron-meters. 
As shoWn in FIG. 8, the Width W2 Will also be the Width of 
a corresponding gate trench region (recess) 400 to be formed 
in the substrate 100. 

[0052] The resist layer 350 may have any suitable thick 
ness. The thickness of the resist layer 350 typically ranges 
from about 0.6 micron-meters to about 1 micron-meters, and 
preferably ranges from about 0.7 micron-meters to about 0.8 
micron-meters. The resist layer 350 is preferably disposed 
on the STI material 300 by the spin coating method. 

[0053] As shoWn in FIG. 8, the gate trench region 400 
(and other gate trench regions) are etched in areas that are 
not covered by the resist layer 350. For example, the gate 
trench region 400 in FIG. 8 may have a depth D2 in the 
substrate 100 ranging from about 0.15 micron-meters to 
about 0.3 micron-meters and a length ranging from about 0.2 
micron-meters to about 0.275 micron-meters. Preferably, the 
gate trench region 400 is formed so that the sideWalls 405 
and 410 are substantially vertical Within the substrate 100. 
To etch everything except region 100, gases CF4, CHF3 and 
Ar can be used. To etch region 100, use HCl and HBr. 

[0054] Based on the teachings of the present invention 
herein, it Will be appreciated by those skilled in the art that 
the materials that form the substrate 100, the buffer layer 
110, the protective layer 115, and the STI material 300 may 
vary. Accordingly, a suitable etchant is chosen When forming 
the gate trench region 400, based upon the compositions of 
the substrate 100, the buffer layer 110, the protective layer 
115, and the STI material 300. For example, in Table 1 
assume that each of the folloWing layers is formed by the 
corresponding material. 

TABLE 1 

LAYER MATERIAL 

100 silicon With a (100) 
crystallographic orientation 

110 oxide 
115 nitride 
300 oxide 

[0055] It is understood that the compositions of the layers 
100, 10, 115 and 300 Will dictate the proper etchant to be 
used and, in some instances, the poWer provided to the 
etcher. Based on the compositions of the layers indicated in 
Table 1, an etchant comprising about 50% volume of CF4 
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gas and 50% volume of CHF3 gas is used With the etch rate 
on layers 100, 110, 115, and 300 ranging from about 3000 
Angstroms/minute to about 7000 Angstroms/minute, pref 
erably from about 4000 Angstroms/minute to about 5000 
Angstroms/minute. A preferred ion density for a plasma of 
the above etchant gases is about 1E 10 atoms/cm3. The How 
rate of the above ?rst etchant gas CF4 ranges from about 100 
sccm to about 300 sccm, preferably from about 150 sccm to 
about 250 sccm. The How rate of the above second etchant 
gas CHF3 ranges from about 25 sccm to about 100 sccm, 
preferably from about 50 sccm to about 75 sccm. The above 
etching process is further preferably performed based on the 
reactor conditions listed in Table 2. 

TABLE 2 

reactor 

parameter Broad Preferred Optimum 

pressure 1 to 10000 mT 100 to 5000 mT 1000 to 
2000 mT 

RF poWer 200 to 1000 Watts 500 to 900 Watts 750 Watts 
RF frequency 1000 to 5000 Mhz 3000 to 4000 MHZ 4000 MHZ 
temperature 100 to 300 Celsius 125 to 150 Celsius 150 Celsius 
of Wafer 
rotational 1 to 100 Gauss 10 to 75 Gauss 40 to 
magnetic 60 Gauss 
?eld 
Magnetic 1 HZ to 10 HZ 3-8 HZ 5 HZ. 
Rotational 
Frequency: 

[0056] A suitable plasma processing apparatus for per 
forming the above etching process is available, for example, 
a Centura MxP+Chamber etch tool from Applied Materials, 
Santa Clara, Calif. 

[0057] In FIG. 9, the resist layer 350 has been removed. 
The resist layer 350 may be removed by using oxygen 
plasma ashing and careful Wet cleans or by other suitable 
methods. In removing the resist layer 350, a suitable plasma 
processing apparatus may employ a microWave doWnstream 
O2/N2 plasma With the folloWing parameters: 120 seconds, 
250 degrees Celsius, 1400 Watts, 3000 cc O2, 300 cc N2, 
and 2.0 Torr. 

[0058] With continuing reference to FIG. 9, after forming 
the gate trench region 400, an insulation layer 450 is formed 
on the surface of the gate trench region 400. In FIG. 9, the 
insulation layer 450 is formed in the trench 400 as Well as 
on the STI material 300. 

[0059] Alternatively, the insulation layer 450 may be 
formed entirely Within the trench 400 by use of masking or 
etching methods, as conventionally knoW. The insulation 
layer 450 is, for example, an oxide material formed by 
thermal oxidation and is capable of preventing the encroach 
ment into the substrate 100 by a gate electrode material 500 
(see FIG. 10) to be deposited in the gate trench region 400. 
Thus, the insulation layer 450 Will prevent the gate electrode 
material 500 (see FIG. 10) from encroaching into the 
substrate areas 455 and 460 Wherein the substrate areas 455 
and 460 Will eventually become source/drain regions Within 
the substrate 100. 

[0060] Insulator layer 450 is preferably nitrided silicon 
dioxide, Which is also called nitrided lo oxide for short, and 
is obtained by implanting conventional oxide With nitrogen 
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gas under high vacuum of about 1e-3 Torr in an implant tool 
such as Eaton GSD series implanters. The etchant gases to 
etch this material Will be the same as those for simple oxide. 
As an example, the insulation layer 450 can be formed from 
oxide by use of the thermal oxidation method under pressure 
conditions ranging from about 1e-5 atmospheres to about 
1e-8 atmospheres, preferably from about 1e-6 atmospheres 
to about 1e-7 atmospheres. The thermal oxidation takes 
place at a temperature ranging from about 50 C. to about 90 
C., preferably about 75 C. Alternatively, the insulation layer 
450 can be formed from oxide by use of CVD methods, PVD 
sputtering methods or by providing a blanket of pad oxide 
layer that is then subjected to photolithographic patterning. 
Other suitable materials may be used to form the insulation 
layer 450. 

[0061] The insulation layer 450 is formed on the STI 
material 300 and on the surface of the gate trench region 
400. The preferred thickness of the insulation layer 450 Will 
depend on the spacing betWeen the source/drain regions to 
be formed in the substrate regions 455 and 460, as deter 
mined by scaling laWs Which are discussed in Physics of 
Semiconductor Devices, 2nd Edition, by S. M. SZe, Wiley 
Interscience Publication, Chapter 8, Section 8.5.1. For 
example, the insulation layer 450 can have a thickness 
ranging, for example, from about 35 Angstroms to about 75 
Ansgtroms if the source/drain regions to be formed in 
substrate regions 455 and 460 are spaced apart by a distance 
of 0.25 microns. 

[0062] In FIG. 10, the gate trench region 400 is ?lled With 
a gate electrode (conductive) material 500. The gate elec 
trode material 500 is formed from any number of metals, 
metal alloys, semiconductors or doped semiconductors. 
Examples of suitable gate electrode materials include, but 
are not limited to polysilicon, polycides, polycrystalline, 
germanium, aluminum, aluminum With silicon and/or cop 
per, aluminum With refractory metal compounds, and other 
metals or metal alloys. Other suitable conductive materials 
may also be used to form the gate electrode material 500. 

[0063] Preferably, the gate electrode material 500 is 
formed from amorphous silicon material. The preferred 
material of amorphous silicon is deposited by, for example, 
CVD, under pressure conditions ranging from about 1e-5 
atmospheres to about 1e-7 atmospheres, preferably from 
about 1e-6 atmospheres to about 3e-6 atmospheres, at a 
temperature ranging from about 530 C. to about 575 C., 
preferably about 560 C. The gate electrode material 500 may 
be of any suitable thickness so that the gate trench region 
400 is ?lled With the gate electrode material 500, as shoWn 
in FIG. 10. The thickness of the gate electrode material 500 
above the insulation layer 450 typically ranges from about 
2000 Angstroms to about 3000 Angstroms, and preferably 
ranges from about 2400 A to about 2600 A. 

[0064] Adry anisotropic etch, for example, may be used to 
remove the layers 500 by using C12 and/or HBr gas as an 
etchant. Suitable etchants may be used as Well to strip the 
layers 450, and 300 like the folloWing gases or mixtures: 
CF4, C.HF3, Ar. 

[0065] Based on the teachings of the present invention 
herein, it is appreciated by those skilled in the art that the 
materials that form the gate electrode 500, the insulation 
layer 450, and the STI material 300 may vary. Accordingly, 
a suitable etchant is chosen based upon the compositions of 
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the gate electrode 500, the insulation layer 450, and the STI 
material 300. For example, in Table 3 assume each of the 
folloWing layers are formed by a corresponding material. 

TABLE 3 

LAYER MATERIAL 

300 High density oxide 
450 nitrided oxide 
500 polysilicon 

[0066] It is understood that the compositions of the layers 
300, 450, and 500 Will dictate the proper type of etchant to 
be used and, in some instances, the poWer provided to the 
etcher. It is also noted that although different gases are used 
to etch the gate electrode and the other tWo oxide layers, the 
relative gas ratios and other parameters are about the same 
in the tWo types of etch chemistries, i.e. poly and oxide. 
Based on the compositions of the layers indicated in Table 
3, an etchant comprising about 50% volume of CHE3 gas 
and 50% volume of CF4 gas is used With the etch rate 
ranging from about 500 Angstromsmiinute to about 4000 
Angstroms/minute, preferably from about 800 Angstroms/ 
minute to about 1200 Angstroms/minute. A preferred ion 
density for a plasma of the above etchant gases is about 1E 
10 atoms/cm3. The How rate of the above ?rst etchant gas 
CHF3 ranges from about 25 sccm to about 75 sccm, pref 
erably from about 50 sccm to about 60 sccm. The How rate 
of the above second etchant gas CF4 ranges from about 25 
sccm to about 100 sccm, preferably from about 50 sccm to 
about 75 sccm. The above etching process is further pref 
erably performed based on the reactor conditions listed in 
Table 2 previously. 

[0067] A suitable plasma processing apparatus for per 
forming the above etching process is available, for example, 
a Centura MxP+ Chamber etch tool from Applied Materials, 
Santa Clara, Calif. The layers 500, 450, and 300 are stripped 
by etching, and etching is performed until the STI material 
300 has been stripped from the protective layer 115. The 
result of the above etching step is the Wafer 50 shoWn in 
FIG. 11. 

[0068] In FIG. 11, etching has been performed so that the 
layers 300, 450 and 500 are removed, and the shalloW trench 
isolation (STI) regions 605 and 610 have been formed. The 
STI regions 605 and 610 are ?lled With the STI material 300 
(see, e.g., FIG. 6). The STI region 605 Was formed from the 
trench region 200 (see FIG. 5), While the STI region 610 
Was formed from another trench region during the photo 
lithographic and etching process discussed With reference to 
FIGS. 7 and 8. Arecessed gate 615 is formed after the gate 
trench 400 (FIG. 9) is ?lled With the gate electrode 500. 

[0069] Global planariZation is then performed on the sur 
faces 620 and 625 of the STI regions 605 and 610, respec 
tively, and on the surface 630 of the recessed gate 615. 
Global planariZation is preferably performed by chemical 
mechanical polishing (CMP). Since the protective layer 115 
has a sloWer polish rate than materials formed in the STI 
regions 605 and 610 and in recessed gate 615, the protective 
layer 115 Will act as a polish stop. 

[0070] FIG. 12 shoWs a polishing apparatus 700 for 
performing CMP on the Wafer 50 in FIG. 11. The polishing 
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apparatus 700 includes a table 705 for supporting the Wafer 
50, a pad 710 Which is typically a polyurethane material, and 
a CMP container 715. The table 705 and the pad 710 are 
located Within the container 715. The Wafer 50 is placed on 
the table 705 and cooled to a temperature ranging from about 
70 C. to about SOC, preferably about 75 C. A slurry 720 is 
introduced in the CMP container 715 at a How rate ranging 
from about 3 ml/min to about 300 ml/min depending on the 
sequence of the polishing operation. Normal range of pol 
ishing time is betWeen 2 and 3 minutes per Wafer. 

[0071] The pad 710 (Which is driven by a CMP motor) is 
forced into contact With the Wafer 50 in the direction of 
arroW 725, and is rotated as shoWn by arroW 730 so that the 
surfaces 620, 625 and 630 (FIG. 11) are polished. The 
polishing parameters and the polishing consumable items 
determine the ?nal process characteristics. Table 4 lists 
examples of polishing parameters and consumables that 
permit the desired process characteristics. 

TABLE 4 

platen (pad) pressure: 
platen rotation speed: 
table rotation speed: 
platen temperature: 
slurry composition: 

about 10 psi to about 25 psi 
about 20 rpm to about 75 rpm 
about 10 rpm to about 30 rpm 
about 20 Celsius to about 30 Celsius 
Ammonium Hydroxide (NH4OH) carrier in a 
proprietory composition 

[0072] After performing the CMP step, the protective 
layer 115 is removed using either a Wet chemical etch or a 
dry plasma chemical etch. For example, if the protective 
layer 115 is nitride, then a plasma comprising nitrogen 
tri?uoride (NF3) may be used as an etchant. If the buffer 
layer 110 is oxide, then removal of the buffer layer 110 may 
be performed by, for example, anisotropic etching using 
CHF3/CF4 gas. 

[0073] The advantages of the present invention over con 
ventional processing methods are noW discussed With par 
ticular reference to FIG. 12A. Apartial cross-sectional vieW 
of a conventional semiconductor device on a Wafer 750 is 
shoWn With shalloW trench isolation regions 755 formed in 
the substrate 757. Active regions 760 are formed on the 
substrate 757 Wherein each active region 760 includes a gate 
770 and source/drain regions 775. The prior art method 
requires a CMP step to be performed on the surface 780 of 
an isolation region 755. After formation of the gates 770 and 
after ions are implanted on the gates 770 and source/drain 
regions 775, the prior art method requires another CMP step 
(i.e., a pre-contact CMP step) on the surfaces 785 of the 
gates 770. After performing the pre-contact CMP step on the 
surfaces 785, contacts are then formed on the surfaces of the 
gates 770 and on the surfaces of the source/drain regions 
775. 

[0074] In contrasts, the present invention eliminates the 
pre-contact CMP step that is required in the prior art. In 
accordance With a method according to the present inven 
tion, the planariZation of the STI regions (e.g., STI regions 
605 and 610 in FIG. 11) and the planariZation of the surface 
630 of the recessed gate 615 are advantageously performed 
in a single CMP step, as discussed hereinabove. By elimi 
nating the pre-contact CMP step as required in the prior art, 
the present invention can reduce the cost and processing 
time in the semiconductor fabrication process, and also 
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avoid other problems that may arise as a result of performing 
the CMP step, as mentioned hereinabove. 

[0075] FIG. 13A shoWs the Wafer 50 after the protective 
layer 115 and the buffer layer 110 are removed. FIG. 13A is 
a cross-sectional vieW of the Wafer 50 along the arroWs 840, 
840 as seen in FIG. 13B. Aconventional annealing step may 
be performed as an option to densify the oxide materials in 
the STI regions 605 and 610. 

[0076] The source/drain regions 800 and 805 are then 
formed by employing dopant species (as depicted by arroWs 
810) Whereby the dopant species 810 are ioniZed and 
implanted into the substrate 100 at a sufficient velocity and 
dosage. The desired polarity for the source/drain regions 800 
and 805 Will dictate the polarity of the dopant species. 
Arsenic dopant species, boron dopant species, and phospho 
rous dopant species are commonly used for forming source/ 
drain regions in a substrate. For example, to form N+ 
source/drain regions, N-type impurities (such as arsenic ions 
from As gas) may be implanted into the substrate 100 With 
an energy of about 80 KeV and With a dosage of about 2E 
15 atoms/cm3. P+ source/drain regions may be formed by 
implantation of P-type impurities (such as boron ions from 
BF2 gas) With an energy of about 70 KeV and With a dosage 
of about 3E15 atoms/cm3. Additionally, ions 815 (such as 
Phosphorus type ions) are implanted into the recessed gate 
615 at an energy of about 60 KeV and With a dosage of about 
6E15 atoms/cm3. Thus, the recessed gate 615 and the 
source/drain regions 800 and 805 Will form an active region 
on the Wafer 50. The thickness of the source/drain region 
800 (or 805) is, for example, betWeen about 1000 to about 
5000 Angstroms. 

[0077] The present invention provides an additional 
advantage during the contact etch process (i.e., contact 
formation process) (see FIG. 15), since the gate surface 630 
is substantially at the same level as the surfaces 825 and 830 
of the source/drain regions 800 and 805, respectively. 

[0078] The requirements to maintain good lineWidth con 
trol at different focal planes in the non-planar (prior art) case 
for source/drain and gate regions during contact lithography 
are eliminated. Also since the gate and source/drain regions 
are at the same level, the requirements for maintaining 
different etch rates to account for difference in step heights 
(prior art) are also eliminated, thus making the etch process 
also a lot simpler. The structure of the transistor 835 in FIG. 
13A permits the source/drain regions 800 and 805 to be 
doped at a sufficient level so as to reduce the fusion 
impurities that degrade the transistor characteristics. By 
exposing only the top surface of the gate electrode (as 
opposed to top and side surfaces in prior art) the amount of 
surface area exposed to possible contamination by impuri 
ties is limited. This results in a “cleaner” manufacturing 
process. 

[0079] FIG. 13B is a top elevational vieW of a portion of 
the Wafer 50 after the protective layer 115 and the buffer 
layer 110 are removed. Only one gate region is shoWn in 
FIG. 13B for purposes of explaining the functionality of the 
present invention. 

[0080] In FIG. 14, a thick dielectric layer 850, such as 
borophosphosilicate glass (BPSG), (or Tetra Ethyl Ortho 
Silane—TEOS) is deposited by, for example, CVD, as 
conventionally knoWn. The thickness of the dielectric layer 
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850 is, for example, between about 10000 Angstrorns to 
about 15000 Angstrorns. Contact openings 855 are then 
formed through the dielectric layer 850 Where electrical 
connections are desired. Achernical or reactive ion etch may 
be used to form the contact openings 855, depending on the 
material that is used to form the dielectric layer 850. 
Conduction layers 860 are deposited to ?ll the contact 
openings 855 and are coupled to the source/drain regions 
800 and 805 and/or the recessed gate 615. Therefore, the 
conduction layers 860 are patterned to complete the electri 
cal connections of the electronic components formed on the 
Wafer 50. Preferably, the conduction layers 860 are formed 
from the material of Tunsgten by the Chemical Vapor 
deposition method, as conventionally knoWn. 

[0081] As shoWn in FIG. 14, the surface 630 of gate 615 
and the surfaces 825 and 830 of the source/drain regions 800 
and 805, respectively, are substantially at the same level. 
Thus, the structure of the transistor 835 is fully or substan 
tially planar With a “darnascene-like” gate feature. Since, the 
surfaces 630, 825, and 830 are substantially at the same level 
or substantially planar, the formation of the electrical con 
nections betWeen the conductors 860 and the surfaces 630, 
825 and 830 is facilitated during the contact etching and 
formation steps 

[0082] Referring to FIG., 12A (prior art), the surfaces 785 
(gate electrode) and 780 (S/D regions) are at different 
heights. During contact etch, this would mean making 
contact hole openings of different depths through the dielec 
tric layer 850 in FIG. 15. That Would necessitate rnaintain 
ing different etch rates over the gate and source/drain regions 
so that the etch “stops” exactly over those regions after 
etching through different oXide thicknesses (With oXide 
thickness over source/drain region being greater than that 
over the gate electrode). This makes for a very dif?cult 
process and requires careful tuning of etch rates, and fre 
quently results in either over etch or under etch. The present 
invention, by virtue of the fact that the gate and source/drain 
regions are at the same level, provides identical thicknesses 
of the dielectric layer 850 over them, thus eliminating the 
need to maintain different etch rates and protects the surfaces 
from over etch. 

[0083] FIGS. 15-17 illustrate a method of forming a 
recessed capacitor on a Wafer 890, in accordance With the 
present invention. Referring initially to FIG. 15, a plurality 
of isolation trenches (regions) 900 and 905 are formed and 
?lled With STI material 300 in the same manner as described 
hereinabove. A resist layer 910 is then selectively formed on 
the STI material 300 and thus serves as an etch mask that 
de?nes an etching pattern for the recessed capacitor 1000 
(FIG. 19) to be formed. Atrench 915 is etched in an area not 
covered by the resist layer 910 and may have a depth D3 
Within the substrate 100 of, for example, about 0.5 micron 
and a Width W3 of, for example, about 0.5 micron. The 
trench 915 may be formed by etching methods as discussed 
hereinabove, depending on the composition of the layers 
100, 110, 115, and 300. 

[0084] Referring noW to FIG. 16, after removing the resist 
layer 910, a dielectric layer 930 is deposited in the trench 
915. The dielectric layer 930 is preferably an oXide layer 
formed by thermal oxidation under pressure conditions 
typically ranging from about 1e-3 atrnospheres to about 1e-5 
atrnospheres, preferably from about 1e-4 atrnospheres to 
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about 5e-4 atrnospheres. The oXide groWth takes place at a 
temperature typically ranging from about 300 C. to about 
600 C., preferably about 450 C. and lasts for a duration 
typically ranging from about 0.5 minutes to about 1.0 
minutes, preferably about 0.75 minutes. The thickness of a 
dielectric layer 930 formed from oXide typically ranges from 
about 4000 Angstrorns to about 7000 Angstrorns, preferably 
from about 4500 Angstrorns to about 5500 Angstrorns. 
Alternatively, a dielectric layer 930 formed from oXide may 
be deposited by use of CVD rnethods, PVD sputtering 
methods or by providing a blanket of pad oXide layer that is 
then subjected to photolithographic patterning. 

[0085] Other suitable materials may be used to form the 
dielectric layer 930. For example, any of the following 
materials or combinations thereof may be used to form the 
dielectric layer 930: TEOS, or BPTEOS (Boron-phosphorus 
TEOS). 
[0086] A bottom electrode 935 is then deposited over the 
dielectric layer 930 and will form one of the electrodes of the 
recessed capacitor in accordance With the present invention. 
The bottom electrode 935 is preferably formed from poly 
silicon or metal. Other suitable conductive materials may be 
used as Well, such as metal alloys. A bottom electrode 935 
that is formed from polysilicon may be deposited by CVD 
under pressure conditions typically ranging from about 1e-5 
atrnospheres to about 1e-8 atrnospheres, preferably from 
about 5e-6 atrnospheres to about 5e-7 atrnospheres, at a 
temperature ranging from about 600 C. to about 800 C., 
preferably from about 650 C. to about 700 C. If the bottom 
electrode 935 is formed from polysilicon, then the bottom 
electrode 935 may be deposited by a CVD process ernploy 
ing silane as the silicon source material along With a suitable 
quantity and type of dopant to make the bottom electrode 
935 suf?ciently conductive to serve as an electrode for the 
recessed capacitor 1000 (see FIG. 18). The thickness of the 
bottom electrode 935 typically ranges from about 2000A to 
about 4000A, preferably from about 2500A to about 3500A. 

[0087] A capacitor dielectric 940 is then formed over the 
bottom electrode 935. The capacitor dielectric 940 is pref 
erably a high dielectric constant insulator such as tantalurn 
pentoXide (TaO5). HoWever, other insulators could be used 
as Well such as silicon nitride, plasrna oXides, and other 
suitable insulators. The thickness of the capacitor dielectric 
940 ranges, for example, from about 800 Angstrorns to about 
1500 Angstrorns, although the thickness Will vary according 
to the desired capacitive characteristics for the recessed 
capacitor 1000 (see FIG. 18) to be formed in accordance 
With the present invention. Acapacitor dielectric 940 formed 
from TaO5 may be deposited by CVD under pressure 
conditions typically ranging from about 1e-4 atrnospheres to 
about 1e-7 atrnospheres, preferably from about 5e-5 atrno 
spheres to about 5e-6 atrnospheres, at a temperature typi 
cally ranging from about 500 C. to about 1000 C., preferably 
from about 600 C. to about 850 C. 

[0088] A top electrode 945 is then deposited over the 
capacitor dielectric 940 and will form the top electrode of 
the recessed capacitor 1000 (see FIG. 18) in accordance 
With the present invention. The top electrode 945 is prefer 
ably forrned frorn polysilicon or metal. Other suitable con 
ductive materials may be used as Well, such as metal alloys. 
A top electrode 945 that is formed from polysilicon is 
preferably deposited by CVD deposition under pressure 
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conditions typically ranging from about 1e-4 atmospheres to 
about 1e-7 atmospheres, preferably from about Se-S atmo 
spheres to about 5e-6 atmospheres, at a temperature typi 
cally ranging from about 600 C to about 750 C., preferably 
from about 620 C. to about 650 C. If the top electrode 945 
is formed from polysilicon, then the top electrode 945 may 
be deposited by a CVD process employing silane as the 
silicon source material along With a suitable quantity and 
type of dopant to make the top electrode 945 suf?ciently 
conductive to serve as an electrode for the recessed capacitor 
1000 (see FIG. 18). Alternatively, the top electrode 945 may 
be made suf?ciently conductive by ion implantation after the 
top electrode 945 is planariZed. The thickness of the top 
electrode 945 typically ranges from about 2000A to about 
3000A, preferably from about 2200 A to about 2600 A. 

[0089] Polysilicon electrode layers are etched With Cl2 and 
HBr. Oxide (and other dielectric) layers are etched using a 
mixture of one or more of the folloWing gases: CHF3, CF4 
and Ar. Other suitable etchants may be used as Well. For 
example, the folloWing etchant gases or mixtures thereof 
may be used to etch the layers 945, 940, 935 and 300:. 

[0090] Based on the teachings of the present invention 
herein, it is appreciated by those skilled in the art that the 
materials that form the layers 945, 940, 935, 930, and 300 
may vary. Accordingly, a suitable etchant is chosen based 
upon the compositions of the layers 945, 940, 935, 930, and 
300. Layer 300 may be oxide, layer 935 implanted poly or 
amorphous silicon, layer 940 Tantalum Pentoxide or TEOS, 
and layer 945 implanted polysilicon, and the etchant is 
selected based upon the these material compositions. The 
above etching process is further preferably performed based 
on the reactor conditions listed in Table 2 previously. 

[0091] A suitable plasma processing apparatus for per 
forming the above etching process is available, for example, 
a Centura MxP+Chamber etch tool from Applied Materials, 
Santa Clara, Calif. The layers 945, 940, 935, 930, and 300 
are stripped by etching, and etching is performed until the 
STI material 300 has been stripped from the protective layer 
115. The result of the above etching step is the Wafer 890 in 
FIG. 17. 

[0092] Global planariZation is then performed on the 
Wafer 890. For example, planariZation is performed on the 
surfaces 982 and 984 of the STI regions 900 and 905, 
respectively, and on the surface 990 of the recessed capacitor 
1000. The protective layer 115 and the buffer layer 110 serve 
as a polish stop if the above planariZation step is performed 
by CMP. 

[0093] In FIG. 18, the protective layer 115 and the buffer 
layer 110 have been removed in the same manner as dis 
cussed hereinabove. Additionally, a thick dielectric layer 
such as borophosphosilicate glass (BPSG), and contact 
openings and contacts, are then formed above the recessed 
capacitor 1000 to complete the electrical connections for the 
recessed capacitor 1000. 

[0094] While the invention has been described in connec 
tion With What is presently considered to be the preferred 
embodiments, it is understood that the invention is not 
limited to the disclosed embodiments. For example, each of 
the features described above can be used singly or in 
combination, as set forth beloW in the claims, Without other 
features described above Which are patentably signi?cant by 
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themselves. Accordingly, the present invention is intended to 
cover various modi?cations and equivalent arrangements 
included Within the spirit and scope of the appended claims. 

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

substrate, comprising the steps of: 

forming a ?rst recess in the substrate; 

depositing an insulator on the substrate and in the ?rst 
recess so that an isolation region is formed When the 
?rst recess is ?lled With the insulator; 

forming a second recess in a predetermined area of the 
substrate and in the insulator disposed over the prede 
termined area; 

forming a recess insulation layer on the surface of the 
second recess; 

depositing a conductive material on the recess insulation 
layer and in the second recess so that a gate region is 
formed When the second recess is ?lled With the 
conductive material; 

removing a suf?cient amount of the insulator and the 
conductive material so that top surfaces of the insulator, 
the conductive material and the substrate are substan 
tially at the same level. 

2. A method according to claim 1 Wherein the step of 
forming the ?rst recess comprises: 

etching the substrate With a plasma of etchant gas. 
3. A method according to claim 2 Wherein the plasma of 

etchant gas comprises C12, CHF3, CF4, HBr or Ar. 
4. A method according to claim 1 Wherein the step of 

forming the second recess comprises: 

etching the predetermined area of the substrate With a 
plasma of etchant gas. 

5. A method according to claim 4 Wherein the plasma of 
etchant gas comprises C12, CHF3, CF4, HBr or Ar. 

6. A method according to claim 1 Wherein the step of 
depositing the conductive material is performed by chemical 
vapor deposition. 

7. A method according to claim 1 Wherein the step of 
removing the suf?cient amount of the insulator and the 
conductive material comprises the steps of: 

etching the insulator and the conductive material With a 
plasma of etchant gas; and 

planariZing the top surface of the insulator and the top 
surface of the conductive material. 

8. A method according to claim 7 Wherein the plasma of 
etchant gas comprises C12, CHF3, CF4, HBr or Ar. 

9. A method according to claim 1 Wherein the step of 
planariZing comprises: 

performing chemical mechanical polishing on the top 
surface of the insulator and the top surface of the 
conductive material. 

10. Amethod according to claim 9 Wherein the top surface 
of the insulator and the top surface of the conductive 
material are polished concurrently. 

11. A method according to claim 1 Wherein the recess 
insulation layer comprises TEOS. 
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12. A method according to claim 1 further comprising: 

doping the gate region and at least one source/drain region 
near the gate region after the planariZing step. 

13. A method according to claim 12 further comprising: 

forming a contact on the source/drain region after the 
doping step. 

14. A method of forming a forming a semiconductor 
device on a substrate having a top surface, comprising the 
steps of: 

forming an isolation region containing an insulator in the 
substrate and a recessed conductor insulated from and 
disposed Within the substrate, said step of forming 
leaving residual materials disposed above said sub 
strate; and 

removing said residual materials so that said insulator and 
said conductor are substantially aligned With the top 
surface of the substrate. 

15. A method according to claim 14 Wherein said step of 
forming comprises the steps of: 

forming a protective layer on the top surface of the 
substrate; 

forming a ?rst recess in a ?rst predetermined region of the 
substrate including removing the protective layer above 
the ?rst predetermined region of the substrate; 

forming the isolation region insulator above the protective 
layer and in the ?rst recess so that a top portion of the 
isolation region insulator is formed at least up to a level 
aligned With the top surface of the substrate; 

forming a second recess in a second predetermined region 
of the substrate including removing the protective layer 
and the isolation region insulator above the second 
predetermined region of the substrate; 

forming a recess insulation layer above the insulator and 
on the surface of the second recess; 

forming a conductive material on the recess insulation 
layer and in the second recess so that a top portion of 
the conductive material is formed at least up to a level 
aligned With the top surface of the substrate; and 

Wherein the step of removing removes a suf?cient amount 
of the isolation region insulator, the recess insulation 
layer and the conductive material so that their remains 
a top surface of the insulator and a top surface of the 
conductive material that are substantially aligned With 
the top surface of the substrate. 

16. A method according to claim 15 Wherein the step of 
forming the ?rst recess comprises: 

etching the substrate and the protective layer With a 
plasma of etchant gas. 

17. A method according to claim 16 Wherein the plasma 
of etchant gas comprises C12, CHF3, CF4, HBr or Ar. 

18. A method according to claim 15 Wherein the step of 
forming the second recess comprises: 

etching the substrate, the protective layer and the insulator 
With a plasma of etchant gas. 

19. A method according to claim 18 Wherein the plasma 
of etchant gas comprises. 

20. A method according to claim 15 Wherein the step of 
removing the suf?cient amount of the insulator and the 
conductive material comprises the steps of: 
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etching the insulator and the conductive material With a 
plasma of etchant gas; and 

planariZing the top surface of the insulator and the top 
surface of the conductive material. 

21. A method according to claim 20 Wherein the plasma 
of etchant gas comprises C12, CHF3, CF4, HBr or Ar. 

22. A method according to claim 21 Wherein step of 
planariZing comprises: 

performing chemical mechanical polishing on the top 
surfaces of the insulator and the conductive material. 

23. A method according to claim 15 further comprising: 

doping the conductive material in the second recess and a 
predetermined region in the substrate near the second 
recess after the step of planariZing. 

24. A method according to claim 15 further comprising: 

removing the protective layer after the step of planariZing. 
25. A semiconductor device produced in accordance With 

the method of claim 15. 
26. Amethod of forming an electrical device on an active 

area of a substrate having a top surface, the active area being 
Within an isolation region in the substrate, the isolation 
region containing an insulator, the method comprising the 
steps of: 

etching a trench in a predetermined area in the substrate 
Within the isolation region; 

forming an insulating layer on the surface of the trench; 

forming a conductive layer on top of the insulating layer 
and in the trench so that a top portion of the conductive 
layer is formed at least up to a level aligned With the top 
surface of the substrate; and 

removing a suf?cient amount of the insulator and the 
conductive layer so that the top surface of the conduc 
tive layer is at a level that is substantially aligned With 
the top surface of the substrate. 

27. A method according to claim 26 Wherein the step of 
etching the trench comprises: 

using a plasma of C12 or HBr gas to etch the trench. 
28. A method according to claim 26 Wherein the step of 

removing the suf?cient amount of the insulator and the 
conductive layer comprises the steps of: 

etching the insulator and the conductive layer With a 
plasma of etchant gas; and 

planariZing the top surface of the insulator and the top 
surface of the conductive layer. 

29. A method according to claim 28 Wherein the plasma 
of etchant gas comprises C12, CHF3, CF4, HBr or Ar. 

30. A method according to claim 28 Wherein the step of 
planariZing comprises: 

performing chemical mechanical polishing on the top 
surfaces of the insulator and the conductive layer. 

31. An electrical device produced in accordance With the 
method of claim 26. 

32. A semiconductor device formed on a semiconductor 
substrate having a top surface, comprising: 

an isolation region formed of an insulator Within the 
semiconductor substrate, the isolation region including 
a top surface; 
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a recessed conductor formed of a conductive material 
Within the isolation region and in the semiconductor 
substrate, the recessed conductor including a top sur 
face, the top surface of the recessed conductor being 
substantially aligned With the top surface of the semi 
conductor substrate; 

a semiconductor region formed in the semiconductor 
substrate and disposed betWeen the isolation region and 
the recessed conductor; and 

an insulator disposed betWeen said recessed conductor 
and said semiconductor region. 

33. A semiconductor device according to claim 32 
Wherein the top surface of the isolation region is substan 
tially at the same level as the top surface of the sernicon 
ductor substrate. 

34. A semiconductor device according to claim 32 
Wherein the recessed conductor has a thickness of 2500 
Angstrorns. 
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35. A semiconductor device according to claim 32 
Wherein the conductive material Within the semiconductor 
substrate cornprises arnorphous polysilicon irnplanted sub 
sequently. 

36. A semiconductor device according to claim 35 
Wherein the insulation layer Within the semiconductor sub 
strate cornprises TEOS. 

37. A semiconductor device according to claim 32 
Wherein said semiconductor region is conductive, and said 
semiconductor region, said insulator and said recessed con 
ductor form a capacitor. 

38. A semiconductor device according to claim 32 
Wherein said semiconductor region is doped to form a source 
and a drain, and said doped serniconductor region, said 
insulator, and said recessed conductor form a transistor. 


