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METHODS FOR REDUCED TRENCH 
ISOLATION STEP HEIGHT 

FIELD OF INVENTION 

The present invention relates generally to semiconductor 
device fabrication and more particularly to improved trench 
isolation techniques for reducing step heights in the manu 
facture of semiconductor devices. 

BACKGROUND OF THE INVENTION 

Integrated circuits are fabricated by forming electrical 
devices on or in a semiconductor substrate and intercon 
necting these devices to form electrical circuits. In the 
design and manufacture of such semiconductor devices, it is 
necessary to isolate the individual electrical devices from 
one another, for example, to avoid parasitic transistor opera 
tion in adjacent MOSFET devices. Thusfar, a variety of 
techniques have been developed for electrically isolating 
devices in integrated circuit fabrication. One such technique 
is knoWn as local oxidation of silicon (LOCOS), Which 
involves selectively groWing oxide in non-active or ?eld 
regions of a substrate using a nitride mask overlying active 
regions thereof. HoWever, as device geometries have been 
reduced beyond submicron siZes, conventional LOCOS iso 
lation technologies have become ineffective, due to bird’s 
beak and other shortcomings. Accordingly alternate isola 
tion processes for CMOS and bipolar technologies have 
been developed for semiconductor devices such as logic 
and/or memory. One such technique includes shalloW trench 
isolation (STI), in Which isolation trenches are provided 
vertically into the substrate, Which are then ?lled With 
electrically isolating materials such as silicon dioxide 
(SiOZ). The resulting (e.g., ?lled trench) isolation structures 
separate and provide electrical isolation betWeen electric 
devices such as transistors and/or memory cells subse 
quently formed on either side of the trench. 

Electrical devices, such as transistors and memory cells 
are formed in a series of process steps, including the 
patterning process steps by Which circuit patterns are trans 
ferred onto the surface layers of semiconductor Wafers. Of 
particular importance is the patterning of polysilicon struc 
tures used to form gate contacts in transistor devices, Where 
the gate dimensions are largely determinative of channel 
length and associated device performance characteristics. In 
this regard, it is knoWn that patterning accuracy is facilitated 
by surface ?atness. Accordingly it is desirable to provide a 
smooth, substantially planar surface While patterning a semi 
conductor Wafer, particularly for small dimension patterning 
in high density devices. Lithographic techniques are 
employed in patterning semiconductor devices, Which 
involve optically projecting patterns onto the Wafer’s sur 
face. HoWever, Where the surface is not ?at, the projected 
image Will be distorted, causing undesirable effects includ 
ing variance in critical device dimensions, such as transistor 
channel length corresponding to gate contact dimensions. 

Referring to FIGS. 1A—1G, conventional STI processing 
of a semiconductor Wafer 2 is illustrated, beginning in FIG. 
1A With a thermal oxidation process to groW a barrier or pad 
oxide layer 4 having a thickness 4‘ of about 200—400 A over 
a semiconductor substrate 6. A nitride layer 8 (e.g., Si3N4) 
is then deposited in FIG. 1B, such as by loW pressure 
chemical vapor deposition (LPCVD). The nitride layer 8 is 
used to protect the active regions of the substrate 6 from 
adverse effects of the subsequent formation of isolation 
trenches betWeen the active regions. In addition, the nitride 
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2 
layer thickness is set so as to alloW process control margin 
for non-self-stopping planariZation folloWing trench ?ll. 
Thus, the conventional nitride layer 8 is deposited to a 
thickness 8‘ of about 2,000 A. The active regions of the 
device 2 are then masked in FIG. 1C using a patterned etch 
mask 10, leaving the isolation region of the nitride layer 8 
exposed. 

Thereafter an etch process 12 is employed to etch through 
the nitride layer 8, the barrier oxide 4, and into the substrate 
6 to form a trench 14 in the exposed isolation region. As 
illustrated in FIG. 1D, the active mask 10 is removed and a 
liner 16 is formed in the trench 14, such as through thermal 
oxidation of the exposed portions of the trench 14, in order 
to remove damage from the silicon etch process 12. SiO2 or 
other ?ll material 18 is then deposited in FIG. 1E via a 
deposition process 20 to ?ll the trench 14 and also to cover 
the nitride layer 8 in the active substrate regions. Achemical 
mechanical polishing (CMP) process 22 is then employed in 
FIG. 1F, to planariZe the Wafer surface, Which exposes the 
upper surface of the nitride layer 8. FolloWing planariZation, 
the nitride layer 8 is then removed via an etch process 24 in 
FIG. 1G, leaving a step betWeen the barrier oxide 4 and the 
top of the remaining trench ?ll material 18 having a step 
height 26 generally equal to the post-CMP thickness 8‘ of the 
removed nitride layer 8. In FIGS. 1F and 1G, a someWhat 
ideal case is illustrated, Wherein the conventional CMP 
process 22 is stopped once the nitride layer 8 is exposed. In 
such a situation, the pre and post-CMP nitride layer heights 
8‘ are essentially equal (e.g., FIGS. 1B and IF). HoWever, 
referring to FIGS. 1H and 11, conventional CMP processing, 
such as using polyurethane polishing pads and abrasive 
slurries, are not self-stopping processes, and thus the post 
CMP height 8“ (FIG. 1H) is seldom equal to the pre-CMP 
nitride thickness 8‘ (FIG. 1B). In FIG. 1H, for example, the 
CMP process 22 removes the oxide material 18 over the 
nitride layer 8, and continues thereafter, removing an upper 
portion of the nitride layer 8 (e.g., over-polishing). Thus, the 
illustrated post-CMP nitride layer thickness 8“ is much 
different than the initial thickness 8‘ of FIG. 1B. 
As can be seen in FIG. 11, the over-polishing associated 

With the CMP process 22 results in a step height 26‘ much 
loWer than the step height 26 in FIG. 1G. The existence of 
the step heights 26, 26‘ in FIGS. 1G and 11 has been found 
to cause inaccuracies in subsequent gate contact formation 
in the active regions adjacent the trench 14, resulting in 
variance in the critical gate dimensions. The variance in such 
step heights, due to the non-self-stopping nature of conven 
tional CMP planariZation techniques, further hinders efforts 
at controlling such critical dimensions. For instance, the step 
heights 26, 26‘ have been found to vary from about 300 to 
about 2000 Consequently, it is dif?cult to control the step 
heights 26, 26‘ Where conventional CMP planariZation pro 
cesses are employed. 

The conventional CMP processing 22 typically involves 
rotation of the silicon Wafer 2 against a polishing pad in the 
presence of an abrasive slurry (not shoWn) While applying 
pressure. The polishing pad, generally a polyurethane-based 
material, includes polymeric foam cell Walls, Which aid in 
removal of the reaction products at the Wafer interface. The 
controlled pressure forces the abrasive particles of the slurry 
into intimate contact With the Wafer surface, Whereas the 
velocity of rotation controls mechanical removal rate as the 
abrasive slurry particles are transported to the Wafer surface. 
HoWever, the conventional CMP 22 is not a self-stopping 
process. Accordingly, the nitride layer 8 is typically made 
thick, for example about 2000 A, in order to alloW process 
margin to prevent the CMP processing 22 from damaging 
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the underlying substrate. Thus, the initial nitride layer thick 
ness 8‘ is typically tailored to accommodate over-polishing 
associated With the conventional CMP process 22. FolloW 
ing the CMP process 22, the nitride layer 8 is removed and 
the underlying barrier or pad oxide layer 4 may be regroWn 
or reformed to provide a gate oxide layer of predetermined 
thickness in the active regions. Thereafter, the electrical 
devices, such as transistors and/or memory cells (not shoWn) 
are formed in or on the substrate, and dielectric and con 
nection (metal) layers are processed to interconnect the 
devices. 

During formation of such electrical devices, photo litho 
graphic techniques are used to pattern various features to 
create structures thereof. For example, etch masks are pat 
terned to de?ne the length of polysilicon gate structures 
Which are etched from a polysilicon layer deposited over the 
gate oxide layer. HoWever, such photolithography processes 
are less accurate in the presence of non-planar surface 
features. One such non-planar surface characteristic is the 
step resulting from the removal of the nitride layer 8 
folloWing CMP planariZation 22 (e.g., step heights 26 and 
26‘ of FIGS. 1G and 11, respectively). In the conventional 
STI processing described above, the step heights 26, 26‘ of 
the trench ?ll material 18 at the edges of the isolation trench 
14 are largely determined by the thickness of the nitride 
layer 8 after termination of the CMP polishing 22. 

HoWever, as illustrated above, the CMP process 22 is not 
controllable to a high degree of accuracy, and therefore, the 
post-CMP nitride layer thickness (e.g., 8‘, 8“), as Well as the 
resulting step heights 26, 26‘ may vary greatly. As a result, 
the corresponding misalignment inaccuracies in the subse 
quent poly gate patterning are variable as Well, leading to 
undesirable variances in the critical dimensions (CDs) of 
subsequently formed electrical devices. Thus, there remains 
a need for improved techniques for isolating electrical 
devices in semiconductor devices by Which these and other 
critical dimensions may be better controlled by reducing STI 
related step heights and mitigating the variance in these step 
heights. 

SUMMARY OF THE INVENTION 

The folloWing presents a simpli?ed summary of the 
invention in order to provide a basic understanding of some 
aspects of the invention. This summary is not an extensive 
overvieW of the invention. It is intended neither to identify 
key or critical elements of the invention nor to delineate the 
scope of the invention. Its primary purpose is to present 
some concepts of the invention in a simpli?ed form as a 
prelude to the more detailed description that is presented 
later. The present invention relates to methodologies alloW 
ing reduction of step heights associated With trench isolation 
generally in semiconductor devices, such as shalloW trench 
isolation (STI) processing, by Which the above mentioned 
and other difficulties encountered in the prior art may be 
mitigated. 

ToWard that end, the invention may be employed to 
improve or facilitate critical dimension (CD) control and/or 
repeatability in the manufacture of semiconductor devices. 
Fixed-abrasive CMP or other substantially self-stopping 
planariZation techniques are employed, by Which a post 
planariZation nitride layer thickness can be controlled to be 
close to or the same as the pre-planariZation thickness. 
Consequently, the nitride layer is no longer required to 
function as a CMP stop layer, Whereby the initial nitride 
layer thickness may be reduced compared With prior STI 
processes. This, in turn, facilitates reduction and repeatabil 
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4 
ity in post-planariZation step heights betWeen trench ?ll 
material and active regions of a substrate. As a result, step 
height related inaccuracies and variances in patterning 
device features, such as gate structures, may be reduced. 

According to one aspect of the invention, a method is 
provided for fabricating an isolation structure in a semicon 
ductor Wafer. The method comprises forming a nitride layer 
over a substrate, Which is signi?cantly thinner than Was 
previously used. In one implementation, the initial nitride 
layer is formed to a thickness of about 100 A or more and 
about 500 A or less. One or more isolation trenches are then 
formed through the nitride layer and into isolation regions of 
the substrate. The trenches are then ?lled With isolating 
material such as oxide, Which also covers the remaining 
nitride layer overlying the active regions of the Wafer. The 
Wafer is then planariZed using a substantially self-stopping 
material removal process to provide a substantially planar 
top surface comprising the exposed portion of the nitride 
layer and a remaining portion of the ?ll material in the 
trenches. In one example, ?xed-abrasive CMP processing 
can be employed, using ?xed-abrasive polishing pads and 
slurries substantially free of abrasives. Thereafter, the 
remaining nitride layer is removed. 

Another aspect of the invention provides for formation of 
a someWhat thicker initial nitride layer, With a portion 
thereof being removed folloWing trench formation and prior 
to trench ?lling. In this manner, the ?nal step height may be 
reduced because the remaining nitride thickness over Which 
the ?ll material is deposited is reduced compared With prior 
techniques. In accordance With this aspect of the invention, 
a method is provided for fabricating an isolation structure in 
a semiconductor Wafer, comprising forming a nitride layer to 
an initial thickness, for example, of about 500 A or more 
over the substrate, and forming trenches through the nitride 
layer and into an isolation region of the substrate. A ?rst 
portion of the nitride layer is then removed to leave a second 
portion thereof remaining over the active regions. The 
trenches are then ?lled and the Wafer is planariZed using a 
substantially self-stopping material removal process, such as 
?xed-abrasive CMP, after Which the remaining nitride layer 
is removed. 

To the accomplishment of the foregoing and related ends, 
the folloWing description and annexed draWings set forth in 
detail certain illustrative aspects and implementations of the 
invention. These are indicative of but a feW of the various 
Ways in Which the principles of the invention may be 
employed. Other objects, advantages and novel features of 
the invention Will become apparent from the folloWing 
detailed description of the invention When considered in 
conjunction With the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A—1I are partial side elevation vieWs in section 
illustrating a conventional shalloW trench isolation process 
for providing isolation betWeen adjacent electrical devices in 
an upper portion of a semiconductor Wafer; 

FIG. 2 is a How diagram illustrating an exemplary method 
of fabricating isolation structures in a semiconductor Wafer 
in accordance With an aspect of the present invention; 

FIG. 3 is a partial side elevation vieW in section illustrat 
ing a barrier oxide layer being formed over an exemplary 
semiconductor Wafer processed according to the invention; 

FIG. 4 is a partial side elevation vieW in section illustrat 
ing formation of a thin nitride layer over the semiconductor 
Wafer of FIG. 3 in accordance With one aspect of the 
invention; 
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FIG. 5 is a partial side elevation vieW in section illustrat 
ing an active mask used to de?ne active and isolation regions 
in the Wafer of FIGS. 3 and 4; 

FIG. 6 is a partial side elevation vieW in section illustrat 
ing formation of isolation trenches in the Wafer of FIGS. 
3—5; 

FIG. 7 is a partial side elevation vieW in section illustrat 
ing formation of a trench liner in the Wafer of FIGS. 3—6; 

FIG. 8 is a partial side elevation vieW in section illustrat 
ing deposition of trench ?ll material over the Wafer of FIGS. 
3—7; 

FIG. 9 is a partial side elevation vieW in section illustrat 
ing a ?xed-abrasive chemical mechanical polishing process 
for planariZing the Wafer of FIGS. 3—8; 

FIG. 10 is a partial side elevation vieW in section illus 
trating the Wafer of FIGS. 3—9 following removal of the 
nitride layer; 

FIG. 11 is a How diagram illustrating another exemplary 
method of fabricating isolation structures in a semiconductor 
Wafer in accordance With another aspect of the present 
invention; 

FIG. 12 is a partial side elevation vieW in section illus 
trating a barrier oxide layer being formed over another 
exemplary semiconductor Wafer processed according to the 
invention; 

FIG. 13 is a partial side elevation vieW in section illus 
trating formation of a nitride layer over the semiconductor 
Wafer of FIG. 12; 

FIG. 14 is a partial side elevation vieW in section illus 
trating an active mask used to de?ne active and isolation 
regions in the Wafer of FIGS. 12 and 13; 

FIG. 15 is a partial side elevation vieW in section illus 
trating formation of isolation trenches in the Wafer of FIGS. 
12—14; 

FIG. 16 is a partial side elevation vieW in section illus 
trating the Wafer of FIGS. 12—15 folloWing removal of a 
portion of the nitride layer prior to trench ?lling in accor 
dance With an aspect of the invention; 

FIG. 17 is a partial side elevation vieW in section illus 
trating formation of a trench liner in the Wafer of FIGS. 
12—16; 

FIG. 18 is a partial side elevation vieW in section illus 
trating deposition of trench ?ll material over the Wafer of 
FIGS. 12—17; 

FIG. 19 is a partial side elevation vieW in section illus 
trating a ?xed-abrasive chemical mechanical polishing pro 
cess for planariZing the Wafer of FIGS. 12—18; 

FIG. 20 is a partial side elevation vieW in section illus 
trating the Wafer of FIGS. 12—19 folloWing removal of the 
remaining portion of the nitride layer; 

FIG. 21A is a partial side elevation vieW illustrating a 
?xed-abrasive CMP processing system according to an 
aspect of the present invention; and 

FIG. 21B is a partial top plan vieW further illustrating the 
CMP system of FIG. 21A. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention Will noW be described With refer 
ence to the draWings Wherein like reference numerals are 
used to refer to like elements throughout. The invention may 
be employed to reduce or mitigate STI trench ?ll material 
step heights associated With previous isolation processes, 
and/or to reduce the variance therein. This, in turn, facilitates 
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6 
improved control over critical dimensions (CDs) associated 
With lithographically patterned features in subsequently 
formed electrical devices, such as transistors and/or memory 
cells in a semiconductor product. The invention advanta 
geously employs substantially self-stopping planariZation 
techniques such as ?xed-abrasive CMP techniques or the 
like, Which alloW the employment of thinner nitride layers. 
FolloWing planariZation and removal of the thin nitride, 
relatively small step heights remain With little or no variance 
therein, compared With prior trench isolation processes. 
Subsequent patterning, such as polysilicon gate structures, 
can then be done With reduced misalignment and other 
inaccuracies or variances previously caused by such steps 
and variances therein. The processes and methodologies of 
the invention may be advantageously employed in order to 
isolate any type of electrical devices in a semiconductor 
Wafer, including but not limited to memory cells, transistors, 
and/or the like. 

Referring initially to FIG. 2, an exemplary method 50 is 
illustrated for fabricating isolation structures in semiconduc 
tor Wafers in accordance With one or more aspects of the 
present invention, in Which isolation trenches may be 
formed betWeen active areas or regions in a semiconductor 
substrate. Although the method 50 is illustrated and 
described hereinafter as a series of acts or events, it Will be 
appreciated that the present invention is not limited by the 
illustrated ordering of such acts or events. For example, 
some acts may occur in different orders and/or concurrently 
With other acts or events apart from those illustrated and/or 
described herein, in accordance With the invention. In 
addition, not all illustrated steps may be required to imple 
ment a methodology in accordance With the present inven 
tion. Furthermore, the methods according to the present 
invention may be implemented in association With the 
formation and/or processing of structures illustrated and 
described herein as Well as in association With other struc 
tures not illustrated. 

The isolation process or method 50 begins at 52, With a 
layer of nitride being formed over a substrate at 54 to a 
thickness of about 100 A or more and about 500 A or less. 
The nitride layer may be formed at 54 over an initial pad or 
barrier oxide formed over the substrate, for example, such as 
silicon dioxide (SiO2) previously groWn to a thickness of 
about 200—400 A over the substrate. The nitride layer 
formed at 54 may comprise a single layer, for example, 
100—500 A of Si3N4, or alternatively tWo layers such as a 
back anti-re?ective coating (BARC) layer of SiON over a 
layer of SiN, With a total thickness of about 100 A or more 
and about 500 A or less. In one implementation, a nitride 
thickness of about 100 A or more and about 300 A or less 
is provided, Wherein it is to be appreciated that Where the 
nitride layer is made thinner, the step height folloWing STI 
isolation Will be correspondingly smaller. Yet another imple 
mentation contemplates a nitride layer deposition at 54 to a 
thickness of about 200 A or more and about 300 A or less. 

It is noted that nitride layer deposition at 54 to thicknesses 
approaching 500 A may be useful in providing protection for 
the active regions during isolation trench formation. 
HoWever, the invention advantageously provides for thinner 
nitride layers, such as 100 to 300 A Where adequate protec 
tion is provided during trench etch (e.g., at 58), While at the 
same time facilitating post-STI step height reduction or 
minimiZation. Thus, one particular implementation provides 
nitride layer deposition at 54 to a thickness of about 200 A 
or more and about 300 A or less. The nitride layer may 
comprise any suitable nitride material, such as SiN, Si3N4, 
silicon rich nitride, SiON, or others, by Which protection can 
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be afforded to the underlying substrate in active regions of 
the Wafer during isolation trench formation. In one example, 
the nitride layer may be deposited at 54 using SiON in order 
to provide an anti-re?ective coating for reliable patterning of 
the active regions. Formation of the nitride layer at 54 may 
be accomplished using any knoWn deposition technique, 
such as by loW pressure chemical vapor deposition 
(LPCVD). 

FolloWing the formation of the nitride layer at 54, isola 
tion trenches are formed at 56—60 through the barrier oxide 
and nitride layers, and into the ?eld or non-active regions of 
the substrate. At 56, active regions of the Wafer are selec 
tively masked, leaving the ?eld or isolation regions exposed. 
The masking at 56 may be done according to knoWn 
photolithography methodologies, such as depositing a resist 
layer over the nitride layer, exposing select portions of the 
resist to a radiation source through a photomask, and remov 
ing either the exposed or the unexposed portions of the resist 
material so as to expose a portion of the nitride layer in the 
?eld regions and to leave the active regions covered. 
At 58, the isolation trench is etched using the patterned 

mask. The trench etch at 58 may be a multi-step etch 
process, by Which material is removed in the exposed 
isolation regions so as to etch through the nitride layer, the 
underlying barrier oxide layer, and into the semiconductor 
substrate so as to form a trench. For instance, a ?rst dry etch 
step may be employed at 58 to remove the nitride and oxide 
material in the isolation regions so as to expose the silicon 
Wafer surface, after Which a second dry etch step is per 
formed to remove the silicon surface area through the 
openings in the mask, creating the desired isolation trenches. 
Any appropriate single or multi-step trench formation pro 
cess may be employed at 58 in accordance With the present 
invention. 

At 60, an oxide liner is formed over the exposed portions 
of the trench. The oxide liner can be formed in any appro 
priate manner, such as through thermal oxide groWth at the 
exposed substrate surfaces of the base and sideWalls of the 
etched trench, Wherein the remainder of the nitride layer 
prevents oxidation in the active regions While oxide is groWn 
in the exposed trench of the isolation regions to form the 
liner. An additional isolation implant (e.g., channel stop 
implant) can optionally be performed at the base of trench. 
For example, Where the bulk substrate includes p-type 
silicon in Which Where n-channel transistor devices are to be 
formed, a p+implant may be employed to provide further 
electrical isolation betWeen electrical devices subsequently 
formed in active regions on either side of the resulting 
isolation trench, Wherein such an implant Would preferably 
be performed prior to removal of the trench etch mask. 

Thereafter at 62, an electrically isolating trench ?ll mate 
rial is formed over the Wafer, covering the nitride layer in the 
active regions and ?lling the trenches in the isolation 
regions. The trench ?ll operation at 62 may be performed 
using any appropriate deposition process, such as depositing 
SiO2, or other appropriate isolating material using a high 
density plasma (HDP) oxide deposition process, loW pres 
sure chemical vapor deposition (LPCVD) employing a tet 
raethylorthosilicate (TEOS) gas, or plasma enhanced chemi 
cal vapor deposition (PECVD) of silicon dioxide from 
TEOS and oxygen mixtures (PETEOS). HoWever, it is to be 
appreciated that any deposition process may be employed at 
62, and that other ?ll materials and deposition processes are 
contemplated as falling Within the scope of the invention. 

The method 50 continues at 64, Where the Wafer is 
planariZed to expose a portion of the nitride layer in active 
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regions, and to provide a substantially planar top surface 
comprising the exposed nitride and a remaining portion of 
the ?ll material in the trench. In this manner, the remaining 
portion of the ?ll material forms an electrical isolation 
region or structure in the trench. The remaining nitride is 
then removed at 66, for instance, using a Wet etch process, 
before the isolation process 50 ends at 68. FolloWing the 
isolation process 50, electrical devices such as transistors, 
memory cells, or others may be formed in the active regions 
according to knoWn semiconductor processing methodolo 
gies. 

In accordance With another aspect of the invention, sub 
stantially self-stopping material removal techniques may be 
advantageously employed in the method 50 at 64 so as to 
planariZe the Wafer. In one implementation, the planariZation 
comprises removing a top portion of the ?ll material using 
a substantially self-stopping material removal process so as 
to expose the nitride material in the active regions and a 
remaining portion of the ?ll material in the trenches. For 
example, the planariZation at 64 may comprise chemical 
mechanical polishing the ?ll material using a ?xed-abrasive 
polishing pad and a slurry substantially free of abrasives, 
such as using processes and equipment supplied or devel 
oped by the 3M company and Rodel of NeWark, Del. and/or 
equivalents thereof. 

Such techniques have been found to provide useful mate 
rial removal (e.g., polishing) rates for topography, Which 
drops off signi?cantly as the Wafer surface becomes planar. 
Consequently, the high selectivity of such ?xed-abrasive 
CMP processes to topography provides a forgiving overpol 
ish process WindoW, Whereby the nitride layer does not need 
to be thickened to act as a stop layer. Rather, the planariZa 
tion at 64 facilitates reduction in the nitride layer thickness 
at 54, Which in turn reduces the post-STI step height and 
variance therein experienced in the prior art. As a result, 
improvements in critical dimensions of subsequently pat 
terned electrical device features (e.g., poly gate structures, 
etc.) may be realiZed through employment of the present 
invention. 

FIGS. 3—10 further illustrate one implementation of the 
techniques provided by the method 50, Wherein a semicon 
ductor Wafer 102 is processed to fabricate isolation struc 
tures therein. It is noted at this point that the illustrations 
provided in FIGS. 3—10 are not necessarily draWn to scale. 
In addition, it is to be appreciated that the exemplary method 
50 may be employed in processing structures other than 
those illustrated in the folloWing FIGS. 3—10, and further 
that the structures of FIGS. 3—10 may be fabricated by other 
techniques. Referring initially to FIG. 3, the Wafer 102 
comprises a semiconductor substrate 106, such as silicon 
partitioned into active regions 103 in Which electrical 
devices (e.g., transistors, memory cells, or the like) are to be 
fabricated, and ?eld or isolation regions 105 in Which STI 
isolation structures are to be formed to isolate the electrical 
devices from one another. In FIG. 3, a thermal oxidation 
process (not shoWn) is initially employed to groW a barrier 
or pad oxide layer 104 to a thickness 104‘ of about 200—400 
A over the top surface of the substrate 106. 
A thin nitride layer 108 is then is then deposited in FIG. 

4, such as by loW pressure chemical vapor deposition 
(LPCVD) or other appropriate deposition process to form 
the layer 108 of SiN, Si3N4, silicon rich nitride, SiON, or 
others having a thickness 108‘ of about 200 A or more and 
about 300 A or less, so as to protect the underlying substrate 
106 in the active regions 103 during trench formation, While 
at the same time minimiZing post-STI step height and the 
problems associated thereWith. The nitride layer 108 may 
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also provide anti-re?ective coating so as to facilitate pat 
terned masking of the active regions 103 for trench etching 
steps. Other implementations may alternatively provide any 
nitride thickness 108‘ in the range of about 100 A or more 
and about 500 A or less, for example, Wherein thicknesses 
108‘ approaching 500 A may be useful in providing more 
protection for the active regions, including improved anti 
re?ective characteristics, as Well as other protection during 
isolation trench formation in certain implementations. 

In other situations, thinner nitride layer thicknesses 108‘ 
may be employed in accordance With the invention, for 
example, in a range of about 100 A or more and about 300 
A or less, so as to both provide active region protection 
during trench formation, as Well as to reduce post-STI step 
height. The exemplary nitride layer 108 comprises a single 
layer structure, although multi-layer structures may alterna 
tively be employed. It is noted that Whereas prior STI 
techniques employing conventional CMP planariZation pro 
cesses resulted in post-STI step heights ranging to as high as 
1000—2000 A or more With potentially large variances 
therein, the implementation of FIGS. 3—10 advantageously 
reduces the step height to about 500 A or less, generally 
depending upon the initial nitride layer deposition thickness 
108‘. Further, the invention reduces the variance in the 
post-STI step height, and accordingly facilitates reduced 
variance in critical dimensions of later formed electrical 
device structures. 

In FIG. 5, the active regions 103 of the device 102 are 
masked using a patterned etch mask 110 such as an exposed 
and developed photoresist, leaving the nitride layer 108 
exposed in the isolation regions 105. Thereafter in FIG. 6, a 
dry etch process 112 is employed to etch through the nitride 
layer 108, the pad oxide 104, and into the substrate 106 to 
form trenches 114 in the exposed isolation regions 105. As 
discussed above With respect to step 58 of the method 50 in 
FIG. 2, the etch process 112 may comprise a multi-step etch 
process, by Which material is removed in the exposed 
isolation regions 105 so as to etch through layers 108 and 
104, and into the semiconductor substrate 106 to form the 
trenches 114. In one example, a ?rst etch may be employed 
in process 112 to remove portions of the nitride and oxide 
layers 108 and 104, respectively, in the isolation regions 
105. The process 112 may further comprise a second etch to 
remove the silicon from the substrate 106 so as to create the 
isolation trenches 114 in the regions 105. 

In FIG. 7, the active mask 110 is removed and a liner 116 
is formed in the trenches 114, such as through thermal 
oxidation of the exposed portions of the trenches 114. The 
trenches 114 are then ?lled in FIG. 8 With electrically 
isolating material 118 such as via a deposition process 120. 
The process 120 may involve any appropriate deposition 
methodologies as are knoWn, such as depositing SiO2 or 
other isolating material 118 using a high density plasma 
(HDP) oxide deposition process, loW pressure chemical 
vapor deposition (LPCVD) employing a tetraethylorthosili 
cate (TEOS) gas, or plasma enhanced chemical vapor depo 
sition (PECVD) of silicon dioxide from TEOS and oxygen 
mixtures (PETEOS), although other ?ll materials 118 and 
deposition processes 120 are contemplated as falling Within 
the scope of the appended claims. 

In FIG. 9, a substantially self-stopping material removal 
process 122 is performed, such as ?xed-abrasive CMP 
polishing using a substantially abrasive-free slurry to 
remove at least a top portion of the ?ll material 118. The 
inventors have appreciated that ?xed-abrasive CMP process 
ing as developed by the 3M company and Rodel of NeWark, 
Del. or the like provides substantially self-stopping pla 
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nariZation compared With conventional CMP techniques 
using slurries With abrasive particles therein. In conven 
tional CMP using slurries having abrasive particles, the 
relatively thick nitride layers on the order of 2000 A Were 
maintained throughout planariZation to act as a CMP stop 
layer. As illustrated above in FIGS. 1F—1I, the non-self 
stopping nature of abrasive-slurry CMP processes leads to 
potentially large variance in the post-STI step heights, 
because movement of the abrasive particles continues to 
polish even Where the polishing pad is no longer forced 
toWard the Wafer, because the abrasive particles keep mov 
ing around in the slurry. 

HoWever, the employment of ?xed-abrasive CMP polish 
ing With abrasive-free slurries in the process 122 alloWs 
planariZation With a much thinner nitride layer 108. The 
exemplary process 122 advantageously employs ?xed 
abrasive polishing pads, Wherein abrasive particles are ?xed 
in the pad, rather than dispensed Within a slurry, as illus 
trated and described further beloW With respect to FIGS. 21A 
and 21B. In particular, it is believed that in ?xed-abrasive 
CMP processing, the chemical contribution to material 
removal is much less than Was the case in abrasive-slurry 
CMP. As a result, it is believed that the amount of polishing 
can be controlled to a degree not previously achievable, by 
Which a thick nitride stop layer is no longer needed during 
planariZation. Consequently, the nitride layer thickness 108‘ 
is signi?cantly less in the present invention (e.g., about 100 
A or more and about 500 A or less) than Was previously 
feasible With conventional CMP planariZation. It is noted 
that although the implementations illustrated and described 
herein take advantage of the self-stopping nature of ?xed 
abrasive type CMP processes, other substantially self 
stopping material removal processes can be employed for 
planariZation in accordance With the present invention and 
that all such processes and equivalents thereof are contem 
plated as falling Within the scope of the appended claims. 
The process 122 may be used to complete the 

planariZation, or alternatively may be employed to remove 
the top portion of the ?ll material 118, With a second portion 
of the ?ll material 118 being removed in a subsequent Wet 
etch step (not shoWn) so as to expose the nitride layer 108. 
Thus, once the nitride layer 108 is exposed via the process 
122, the resulting, generally planar structure 102 is illus 
trated in FIG. 9, Wherein the thickness 108“ of the remaining 
nitride layer 108 is substantially commensurate of the pre 
CMP thickness 108‘ (e.g., about 200 A or more and about 
300 A or less as in FIG. 4). Referring also to FIG. 10, once 
the planariZation process 122 is completed, the nitride layer 
108 is removed, such as via a Wet etch process, leaving a 
post-STI step height 126 substantially the same as the ?nal 
nitride layer thickness 108“. Thus, the step height 126 is 
fairly small and more controllable than Was the case in the 
prior art, not being subject to the fairly large variance 
previously experienced. This, in turn, alloWs for improved 
control over patterned feature dimensions in subsequently 
formed electrical devices (e.g., memory devices, transistors, 
or the like) in the active regions 103. 

Another aspect of the invention provides for formation of 
a someWhat thicker initial nitride layer, for example, Where 
more protection is initially desired for the active regions of 
the substrate during isolation trench formation. The inven 
tion provides for forming such a nitride layer, such as having 
a thickness of about 500 A or more, performing trench 
formation, and then removing a portion of the nitride prior 
to trench ?lling. In this Way, the post-planariZation nitride 
thickness, and hence the post-STI step height, can be con 
trolled in a repeatable manner so as to mitigate critical 



US 6,613,646 B1 
11 

dimension inaccuracies and/or variances in subsequently 
fabricated electrical devices. For instance, as With the above 
implementations of FIGS. 2—10, the following exemplary 
implementations of FIGS. 11—20 facilitate reduction in the 
?nal (e.g., post-STI) step height compared With prior 
techniques, because the remaining nitride thickness over 
Which the ?ll material is depositedo is reduced. Thus, initial 
nitride thicknesses of about 500 A or more can be main 
tained during trench formation, Which are then reduced, for 
example, to about 100 A or more and about 300 A or less 
prior to trench ?lling. 

FIG. 11 illustrates one exemplary method 150 for imple 
menting this and other aspects of the invention, Wherein 
some of the processing steps are similar to those previously 
illustrated and described With respect to the above imple 
mentations. Although the method 150 is illustrated and 
described hereinafter as a series of acts or events, it Will be 
appreciated that the present invention is not limited by the 
illustrated ordering of such acts or events. For example, 
some acts may occur in different orders and/or concurrently 
With other acts or events apart from those illustrated and/or 
described herein, in accordance With the invention. In 
addition, not all illustrated steps may be required to imple 
ment a methodology in accordance With the present inven 
tion. Furthermore, the methods according to the present 
invention may be implemented in association With the 
formation and/or processing of structures illustrated and 
described herein as Well as in association With other struc 
tures not illustrated. 

The isolation method 150 begins at 152, With a layer of 
nitride being formed over a substrate at 154 having a 
thickness of about 500 A or more. The nitride layer may be 
formed at 154 over an initial pad or barrier oxide formed 
over the substrate, and may comprise a single layer, for 
example, 500—800 A of Si3N4, or alternatively tWo layers 
such as a back anti-re?ective coating (BARC) layer of SiON 
over a layer of SiN, With a total thickness of about 500 A or 
more and about 800 A or less in one implementation. The 
nitride layer deposition at 154 to thicknesses above 500 A 
may be useful in providing added protection for the active 
regions during isolation trench formation. HoWever, the 
invention advantageously provides substantially self 
stopping planariZation techniques as illustrated and 
described hereinafter, Whereby the nitride layer formed at 
154 need not be as thick as those of the prior art (e.g., 2000 

The nitride layer, moreover, may comprise any suitable 
nitride material, such as SiN, Si3N4, silicon rich nitride, or 
others, by Which protection can be afforded to the underlying 
substrate in active regions of the Wafer during isolation 
trench formation. Formation of the nitride layer at 154 may 
be accomplished using any knoWn deposition technique, 
such as by loW pressure chemical vapor deposition 
(LPCVD). 

Thereafter, isolation trenches are formed at 156—162 
through the barrier oxide and nitride layers, and into the 
isolation regions of the substrate. At 156, active regions of 
the Wafer are selectively masked, leaving the ?eld or isola 
tion regions exposed, such as using knoWn photolithography 
techniques. At 158, the isolation trench is etched using the 
patterned mask, for example, using a single or a multi-step 
etching process by Which material is removed in the exposed 
isolation regions so as to etch through the nitride layer, the 
underlying barrier oxide layer and into the semiconductor 
substrate, thereby forming a trench. 
At 160, a ?rst portion of the nitride layer material is 

removed, such as about 200 A or more and about 400 A or 
less. This nitride removal at 160 is accomplished using a Wet 
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etch process, but other material removal methodologies can 
be employed. In order to reduce the ?nal post-isolation step 
height (e.g., Which is related to the nitride layer thickness), 
the removal of a ?rst portion of nitride at 160 advanta 
geously leaves a second, relatively thin portion of the nitride 
layer remaining over the active regions of the semiconductor 
substrate. As described above, the nitride layer thickness 
Which is covered With oxide during subsequent trench ?lling 
is largely determinative of the post-STI step height of 
interest. Thus, the removal of a portion of the nitride at 160 
can leave the remaining second portion having a thickness 
Which provides enough protection against overpolish in the 
subsequent planariZation, While being thin enough to miti 
gate the step height related critical dimension problems 
associated With the prior art. Thus in one example, the 
removal of the ?rst portion of nitride at 160 may be done so 
as to leave the remaining second oportion of the nitride layer 
having a thickness of about 100 A or more and about 300 A 
or less. In another example, the remaining second portion 
may have a thickness of about 200 A or more and about 300 
A or less. 

Thereafter, at 162, an oxide liner is formed over the 
exposed portions of the trench in similar fashion to those 
trench liners illustrated and described above, and channel 
stop implantations can optionally be performed at 162. At 
164, the trenches are ?lled With an electrically isolating 
trench ?ll material, covering the remaining second portion 
of the nitride layer in the active regions and ?lling the 
trenches in the isolation regions. The trench ?ll operation at 
164 may be done using any appropriate materials and 
processes such as those described above. The Wafer is then 
planariZed at 166 to expose the second portion of the nitride 
layer in active regions, and to provide a substantially planar 
top surface comprising the exposed nitride and a remaining 
portion of the ?ll material in the trench. The remaining 
nitride is then removed at 168 before the method 150 ends 
at 170. Electrical devices may thereafter be formed in the 
active regions according to knoWn semiconductor process 
ing methodologies. 
As With the above implementations of FIGS. 3—10, sub 

stantially self-stopping material removal techniques may be 
employed in the planariZation of 166, for example, including 
chemical mechanical polishing the ?ll material using a 
?xed-abrasive polishing pad and a slurry substantially free 
of abrasives, such as using processes and equipment sup 
plied or developed by the 3M company and Rodel of 
NeWark, Del. and/or equivalents thereof. The self-stopping 
nature of such processes alloWs the thinning of the nitride 
layer at 160, by Which the advantages of reduced post-STI 
step heights can be realiZed (e.g., improved CD accuracy 
and repeatability for subsequently formed electrical device 
features). FIGS. 12—20 illustrate one implementation of this 
aspect of the invention, generally in accordance With the 
exemplary method 150. It Will be appreciated that variants 
of the illustrated structures and isolation methodologies are 
contemplated as falling Within the scope of the invention, 
and it is also noted at this point that the structures illustrated 
in FIGS. 12—20 are not necessarily draWn to scale. 

In FIG. 12, a Wafer 202 is illustrated comprising a 
substrate 206, such as silicon partitioned into active regions 
203 in Which electrical devices are to be fabricated, as Well 
as isolation regions 205 in Which STI isolation structures are 
to be formed. In FIG. 12, a barrier or pad oxide layer 204 is 
formed to a thickness 204‘ of about 200—400 A over the top 
surface of the substrate 206. A nitride layer 208 is then is 
then deposited in FIG. 13 to a thickness of about 500 A or 
more, via the techniques and materials described above or 
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equivalents thereof. The initial nitride thickness 208‘ may 
be, for example, 500—800 A Where it is desired to provide 
greater protection to the underlying active regions of the 
substrate 206 during subsequent trench formation. HoWever, 
once the trench formation is completed, the thickness of the 
layer 208 is advantageously reduced, as described beloW 
With respect to FIG. 16. The nitride layer 208, moreover, 
may comprise a single or a multi-layer structure, for 
example, Where the total thickness 208‘ is about 500 A or 
more. 

In FIG. 14, the active regions 203 of the device 202 are 
masked using a patterned etch mask 210, leaving the nitride 
layer 208 exposed in the isolation regions 205. In FIG. 15, 
an etch process 212 is employed to etch through the nitride 
layer 208, the pad oxide 204, and into the substrate 206 to 
form trenches 214 in the exposed isolation regions 205. As 
discussed above, the process 212 may comprise a multi-step 
etch process, for example, a ?rst etch to remove portions of 
the nitride and oxide layers 208 and 204, respectively, and 
a second etch to remove the silicon from the substrate 206 
so as to create the isolation trenches 214. FolloWing trench 
formation in FIG. 15, the active mask 210 is removed. 

In accordance With this aspect of the invention, a ?rst 
portion of the nitride layer 208 is removed via a Wet etch 
process 215, as illustrated in FIG. 16, folloWing formation of 
the trenches 214, and prior to trench ?lling. Thus, as 
illustrated in FIG. 16, about 200 A or more and about 400 
A or less nitride may be removed via the process 215, 
leaving a second remaining portion having a thickness 208“. 
The nitride removal by the process 215 may be accom 
plished using Wet etching or any other appropriate tech 
niques as are knoWn. Thus, in order to reduce the ?nal 
post-isolation step height (e. g., Which is related to the nitride 
layer thickness after planariZation), the thickness 208“ of the 
remaining nitride in the illustrated implementation is about 
100 A or more and about 300 A or less. In another example, 
the remaining second portion may have a thickness 208“ of 
about 200 A or more and about 300 A or less. 

In FIG. 17, a liner 216 is formed in the trench 214, such 
as through thermal oxidation of the exposed portions of the 
trench 214. The trenches 214 are then ?lled in FIG. 18 With 
electrically isolating material 218 such as via a deposition 
process 220. The process 220 may involve any appropriate 
deposition methodologies as are knoWn, such as those 
illustrated and described above and equivalents thereof In 
FIG. 19, a substantially self-stopping material removal or 
planariZation process 222 is performed, such as the ?xed 
abrasive CMP polishing techniques set forth above and/or 
equivalents thereof, for example, employing a substantially 
abrasive-free slurry to remove at least a top portion of the ?ll 
material 218. The process 222 may be used to complete the 
planariZation, or alternatively may be employed to remove 
the top portion of the ?ll material 218, With a second portion 
of the ?ll material 218 being removed in a subsequent Wet 
etch step (not shoWn) so as to expose the nitride layer 208. 

Once the remaining portion of the nitride layer 208 is 
exposed via the process 222, the resulting, generally planar 
structure 202 is illustrated in FIG. 19, Wherein the thickness 
208“ of the remaining nitride layer 208 is substantially 
commensurate of the pre-CMP thickness of FIG. 16 (e.g., 
about 200 A or more and about 300 A or less in this 
implementation). Referring also to FIG. 20, once the pla 
nariZation process 222 is completed, the remaining nitride 
208 is removed, such as via a Wet etch process, leaving a 
post-STI step height 226 substantially the same as the ?nal 
nitride layer thickness 208“. Thus, the step height 226 is 
fairly small and more controllable than Was the case in the 
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prior art, Which in turn, alloWs for improved control over 
patterned feature dimensions in subsequently formed elec 
trical devices (e.g., memory devices, transistors, or the like) 
in the active regions 203. 

Referring noW to FIGS. 21A and 21B, a typical CMP 
apparatus or system 300 is illustrated in Which the self 
stopping ?xed-abrasive CMP processing described above 
may be carried out for STI processing of Wafers, such as the 
exemplary Wafers 102 and 202 illustrated and described 
above. The system 300 comprises a rotatable platen 301 and 
a polishing pad 304 mounted on the platen 301, Which may 
be rotatably driven by a control motor (not shoWn) to rotate 
at a controlled speed, for example, about 10 to about 100 
RPM. The pad 304 advantageously comprises abrasive 
particles ?xed therein for polishing in association With 
essentially abrasive-free slurries. The Wafer 102 is mounted 
on the bottom of a rotatable carrier assembly 308 so that a 
major surface of the Wafer 102 to be polished is positionable 
to contact the underlying polishing pad 304. The Wafer 102 
and the carrier assembly 308 are attached to a vertical 
spindle 310 Which is rotatably mounted in a lateral arm 312. 
The spindle 310 operates to rotate the carrier assembly 

308 at a controlled speed, such as about 10 to about 75 RPM, 
in the same direction as that of the platen 301, and further 
radially positions the carrier assembly 308 on the platen 301. 
The arm 312 also vertically positions carrier assembly 308 
so as to position the Wafer 102 in contact With the polishing 
pad 304, and maintains an appropriate polishing contact 
pressure. Once the pressure subsides, the process essentially 
stops removing material from the Wafer 102, as the slurry 
contains no abrasive particles. Thus, the primary material 
removal is due to contact betWeen the pad 304 and the Wafer 
102. Atube 314 is located opposite the carrier assembly 308 
and above the polishing pad 304 to dispense and evenly 
saturate the pad 304 With an appropriate cleaning agent 316, 
such as an abrasive-free slurry. As further illustrated in FIG. 
21B, the polishing pad 304 rotates in the direction of arroW 
320, While the carrier assembly 308 rotates in the direction 
of arroW 322, similar to the direction of arroW 320, but at a 
different speed than the polishing pad 304, While a doWn 
Ward force is applied to the carrier assembly 308 via the 
spindle 310 in a direction perpendicular to carrier assembly 
308. 

Although the invention has been shoWn and described 
With respect to one or more implementations, equivalent 
alterations and modi?cations Will occur to others skilled in 
the art upon the reading and understanding of this speci? 
cation and the annexed draWings. In particular regard to the 
various functions performed by the above described com 
ponents (assemblies, devices, circuits, etc.), the terms 
(including a reference to a “means”) used to describe such 
components are intended to correspond, unless otherWise 
indicated, to any component Which performs the speci?ed 
function of the described component (i.e., that is function 
ally equivalent), even though not structurally equivalent to 
the disclosed structure Which performs the function in the 
herein illustrated exemplary implementations of the inven 
tion. In addition, While a particular feature of the invention 
may have been disclosed With respect to only one of several 
implementations, such feature may be combined With one or 
more other features of the other implementations as may be 
desired and advantageous for any given or particular appli 
cation. Furthermore, to the extent that the terms “includes”, 
“having”, “has”, “With”, or variants thereof are used in either 
the detailed description and the claims, such terms are 
intended to be inclusive in a manner similar to the term 
“comprising.” 








