
METHOD FOR PLANARIZATION ETCH WITH  IN-SITU MONITORING BY INTERFEROMETRY
PRIOR TO RECESS ETCH 5 10 BACKGROUND OF THE INVENTION 1. Field of the
Invention The present invention relates to wafer processing methods and,
more particularly, to efficient and cost effective planarization etch
operations for wafers. 15 2. Description of the Related Art In the
fabrication of semiconductor devices, there is a need to perform wafer
planarization operations. Typically, integrated circuit devices are in the
form of multi- level structures. Planarization and recess etch are
important processes for the integration  of embedded devices which are
becoming more common. One of the intermediate steps in 20 integration of
embedded devices is to fill a previously etched medium to deep trench (or
contact) with polysilicon, and to etch it back down to a certain depth. To
insure a uniform  fill, an excess layer of polysilicon (up to 3000A) is
deposited above a silicon nitride mask.  As a result, the removal of
polysilicon fill to a certain depth, has two main steps:  planarization and
recess etch. The planarization step is removing the excess polysilicon 25
layer down to the mask level, and the recess etch step is removal of
deposited polysilicon  inside the trenches down to a certain depth. In a
typical embedded device integration  scheme, there are several recess etch
steps. The third recess etch application (usually  called Recess 3) is
extremely challenging because the desired depth below the mask is  very
shallow. To ensure a controllable and uniform shallow depth in all trenches
(or 30 contacts) across the wafer, a very uniform planarization step is
typically utilized. In  .particular, chemical mechanical planarization
(CMP) operations are generally used to  planarize polysilicon fillings
between recess etch processes. Without planarization, 2 8 APR 2006
fabrication of further polysilicon. layers becomes substantially more
difficult due to the  variations in the surface topography. A chemical
mechanical planarization (CMP) system as is typically utilized to polish  a
wafer includes system components for handling and physically polishing the
surface of a  



5 wafer. Such components can be, for example, an orbital polishing pad, or
a linear belt polishing pad. Unfortunately, use of such a system can be
extremely problematic. To  planarize wafers in between etch operations
typically requires transporting wafers from an  etch machine to a CMP
apparatus. Consequently, time is lost when wafers are being  transported
between the CMP apparatus and an etch apparatus. In addition, transporting
10 wafers can increase the risk of contamination and may require additional
cost and expense  to minimize contamination during transport. Moreover, a
device to transport the wafer  between the CMP apparatus and the etch
apparatus may be needed. Furthermore, utilization of the CMP apparatus can
have additional troublesome  issues with respect to the wafer processing
operations. For example, typical CMP  15 apparatuses may be able to
planarize a layer of a wafer by polishing away excess polysilicon, but in
this process, endpoint of the polishing (or planarizing) process is
typically detected by sensing contact with a different layer of the wafer
after the first layer  has been polished away. Unfortunately, this method
may have difficulty in stopping the  planarizing process before a part of
the second layer is removed by the polishing. 20 Consequently, this may
present problems in multiple etching procedures because a single  SiN
protective layer is often utilized for all of the etches. In such a
circumstance, CMP  processes may strip away some or all of the SiN layer
before the etching process is  completed resulting in inconsistent wafer
processing and possibly causing damage to the  wafer. 25 Therefore, there
is a need for an apparatus that overcomes the problems of the prior  art by
having a method of accurately planarizing a wafer in an etching chamber
without  taking the wafer out of the etching chamber where the extent of
wafer polishing may be  monitored accurately. SUMMARY OF THE INVENTION 30
Broadly speaking, the present invention fills these needs by providing a
method for  etching and accurately planarizing wafers in one apparatus. It
should be appreciated that the present invention can be implemented in
numerous ways, including as a process, an  apparatus, a system, a device or
a method. Several inventive embodiments of the present  invention are
described below. In one embodiment, a method for processing recess etch
operations in substrates is  



5 provided. The method includes forming a hard mask over the substrate and
etching a trench in the substrate using the hard mask. The method also
includes a dielectric layer is  formed over the hard mask and in the
trench, where the dielectric layer lines the trench. A  conductive material
is then applied over the dielectric layer such that a blanket of the
conductive material lies over the hard mask and fills the trench. The
method further 10 includes etching the conductive material to substantially
planarize the conductive material  where the etching of the conductive
material triggers an end point just before all of the  conductive material
is removed from over the dielectric layer that overlies the hard mask.
Then the conductive material is recess etched so as to remove the
conductive material over  the dielectric layer that overlies the hard mask
and removes at least part of the conductive  15 material from within the
trench. In another embodiment, a method for processing recess etch
operations in  substrates is provided. The methods includes: (a) forming a
hard mask over the substrate;  (b) etching a trench in the substrate using
the hard mask; (c) forming a dielectric layer  over the hard mask and in
the trench where the dielectric lines the trench; (d) applying a 20
conductive material over the dielectric layer such that a blanket of the
conductive material  lies over the hard mask and fills the trench; (e)
etching the conductive material using a first  chemistry to substantially
planarize the conductive material where the etching of the  conductive
material triggers an endpoint just before all of the conductive material is
removed from over the dielectric layer that overlies the hard mask, and the
endpoint is  25 triggered using interferometry monitoring; (f) recess
etching the conductive material using a second chemistry and one of the
interferometry monitoring and a timed etch so as to  remove the conductive
material over the dielectric layer that overlies the hard mask and removes
at least part of the conductive material from within the trench; and (g)
repeating  operations (c) through (f) one or more times to form multiple
layers of the conductive 30 material in the trench. In yet another
embodiment, a method for processing recess etch operations in  substrates
is provided. The method includes forming a hard mask over the substrate and
etching a trench in the substrate using the hard mask. The method also
includes forming a  silicon dioxide layer over the hard mask and in the
trench where the silicon dioxide layer 5 lines the trench. The method
further includes applying a polysilicon material over the  



dielectric layer such that a blanket of the polysilicon material lies over
the hard mask and.  fills the trench. Then the polysilicon material is
etched to substantially planarize the  polysilicon material where the
etching of the polysilicon material triggers an endpoint just  before all
of the polysilicon material is removed from over the silicon dioxide layer
that 10 overlies the hard mask. The endpoint is triggered using
interferometry monitoring, and the  etching of the conductive material uses
a first chemistry including C12, He, and SF6. The method then recess etches
the polysilicon material using one of the interferometry  monitoring and a
timed etch so as to remove the polysilicon material over the silicon
dioxide layer that overlies the hard mask and removes at least part of the
polysilicon 15 material from within the trench. The recess etching uses a
second chemistry including C12,  He, and SF6. The advantages of the present
invention are numerous. Most notably, by creating a  method of planarizing
a wafer by utilizing etching and in-situ interferometry, wafer  production
may be made more uniform and may take less time which can result in greater
20 wafer yields and lower wafer production costs. The method involves the
use of multiple  etching chemistries and etch chamber conditions so
different etching operations may be  used for recess etching and for
planarization etching. In addition, for the planarization  process (and in
some embodiments for recess etching), interferometry is utilized so
accurate endpoint of polishing may be monitored in situ. In this way, both
etching and 25 planarization may be accurately conducted in an etching
apparatus without having to  transport the wafer to a CMP apparatus.
Moreover, the planarization may be done in a  more accurate manner than is
typically available by utilizing CMP. This may result in a  more controlled
planarization process whereby a single hard mask may be utilized for
multiple recess etches without fear that the hard mask may be removed by a
CMP process. 30 Additionally, because wafer does not have to be taken out
of the etch apparatus and  transported to the CMP apparatus for
planarization, wafer may be significantly reduced -5 2 8 APR 2006 and wafer
throughput may be significantly increased. Consequently, by utilizing the
methods of the present invention wafer production and wafer yield may be
increased. Other aspects and advantages of the present, invention will
become apparent from  



the following detailed description, taken in conjunction with the
accompanying drawings,  5 illustrating by way of example the principles of
the present invention. BRIEF DESCRIPTION OF THE DRAWINGS The present
invention will be readily understood by the following detailed  description
in conjunction with the -accompanying drawings. To facilitate this
description,  like reference numerals designate like structural elements.
10 Figure 1 shows a cross sectional view of a trench that has been etched
into a wafer  in accordance with one embodiment of the present invention.
Figure 2 shows a view of the substrate after an dielectric layer has been
applied to a  surface of the trench, and the trench has been. filled with
polysilicon in accordance with  one embodiment of the present invention. 15
Figure 3 illustrates the trench of Figure 2 after the planarization etch
has been  conducted in accordance with one embodiment of the present
invention. Figure 4 shows an exemplary structure of the trench after the
recess etch is  completed in accordance with one embodiment of the present
invention. Figure 5 shows an exemplary structure of the trench after the
structure such as one  20 shown in Figure 4 has been lined with the
dielectric layer and filled with polysilicon in accordance with one
embodiment of the present invention. Figure 6 shows an exemplary structure
of the trench after a planarization etch is  utilized for a recess-2
structure in accordance with one embodiment of the present  invention. 25
Figure 7 shows an exemplary structure of the trench after the recess-2 etch
as been  completed in accordance with one embodiment of the present
invention. Figure 8 shows an exemplary structure of the trench where the
trench structure as  shown in Figure 7 is lined with the silicon dioxode
and is filled with polysilicon in  accordance with one embodiment of the
present invention. 30 Figure 9 shows a structure of the trench during a
recess-3 etch operation in  accordance with one embodiment of the present
invention. Figure 10 shows the structure of the trench of Figure 9 after
the recess etch-3 has removed a portion of the polysilicon and after the
hard mask has been removed in accordance with one embodiment of the present
invention. 



Figure 11 shows the trench after three recess etches as shown in Figure 10
with the dielectric layer added to the trench and with an interlayer
dielectric (ILD) covering over Figure 12 shows the structure of the trench
where conductive lines enter into three  layers of polysilicon in
accordance with one. embodiment of the present invention. Figure 13 shows
an interferometry graph where a y-axis measures the intensity of the trench
in accordance with the one embodiment of the present invention. 10 two
light signals and an x-axis measures an etch time during the planarization
etches in  accordance with one embodiment of the present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS An invention is disclosed
for a method to intelligently and accurately planarize  wafers in between
recess etch procedures without having to move the wafer out of an etch  15
apparatus. In the following description, numerous specific details are set
forth in order to provide a thorough understanding of the present
invention. It will be understood,  however, by one of ordinary skill in the
art, that the present invention may be practiced  without some or all of
these specific details. In other instances, well known process  operations
have not been described in detail in order not to unnecessarily obscure the
20 present invention. In general terms, the present invention is directed
toward a method whereby an  etch process may be utilized in conjunction
with in-situ interferometry to efficiently and  accurately planarize wafers
in between recess etch operations without the need to take the wafers out
of etching apparatuses. By using such a method, wafer processing operations
25 may be made more accurate and efficient because a CMP apparatus does not
have to be  utilized. Figure 1 shows a cross sectional view of a trench 100
that has been etched into a  substrate 106 of a wafer in accordance with
one embodiment of the present invention. In Figure 1, the trench 100 has
been etched into a substrate 106. The substrate 106 is, in one  30
embodiment, a silicon material. Typically, the trench 100 may be formed
within the  substrate 106 by use of an initial etching operation 108. It
should be understood that the trench 100 may be any depth depending on the
specifications desired for the device produced from the wafer. In one
embodiment, the  trench 100 is from about 10,000 A (Angstroms) to about
20,000 A in depth, and in a 



preferable embodiment, the trench 100 is about 15,000 A deep. As one
skilled in the art  would appreciated, the methods of the present invention
may be utilized in any type or size  of transistor technology such as for
example, 0.10  technology, 0.13  technology, 0.1811 technology,. 0.25 .t
technology, etc. To produce the trench 100, a hard mask 104 is first formed
over the substrate 106.  Openings may be made in the hard mask 104 in
locations where a trench is to be made.  10 The openings may be made in any
suitable operation such as, for example, photolithography and etching. For
example, when photolithography is utilized, a resist  film may be spin
coated over the hard mask 104. Then a reticle having a pattern showing the
location of the opening(s) is utilized. Light can then be projected through
reticle after which the exposed regions of resist are removed. 15 Portions
of the hard mask 104 shown by the exposed regions of the resist are then
etched down to the substrate 106. Then the resist may be removed and the
portion(s) of the  substrate 106 exposed by the opening(s) in the hard mask
104 may be etched by an initial  etching operation 108. It should be
understood that the initial etching operation 108 may  be any type of
etching process which selectively etches into silicon but does not 20
substantially etch into the hard mask 104. In one embodiment, the initial
etching operation 108 into the substrate 106 may be a recess etch 130-1 as
described below in reference to  Figure 3. The hard mask 104 covers regions
of the substrate 106 where trenching is not  desired. In this way, trenches
may be selectively formed in the substrate 106. Although  25 any type of
material may be utilized for the hard mask 104, in one embodiment, a
silicon nitride material is used. In one embodiment, the hard mask 104 is
from about 1,000 A to  about 2,000 A in thickness, and in a preferred
embodiment, the hard mask 104 is about  1,500 A in thickness. Figure 2
shows a view of the substrate .106 after a dielectric layer 120 has been
30 applied to a surface of the trench 100, and the trench 100 has been
filled with polysilicon  122-1 in accordance with one embodiment of the
present invention. It should be  understood that although a polysilicon
material is utilized in the exemplary embodiments 2 B APR 2006 contained
herein, any other type of. conductive material may be utilized instead of  



polysilicon. The dielectric layer 120 may be any type of oxide layer that
has a relatively  low dielectric constant. In one embodiment, the
dielectric layer 120 is a silicon dioxide  layer and is between about 50 A
to about 100 A in thickness. 5 The polysilicon 122-1 may fill and cover the
trench 100 to any thickness above the hard mask 104 as long as the accuracy
or speed of the wafer processing is not substantially  compromised. In one
embodiment, the thickness of the polysilicon 122-1 above the hard  mask may
be between about 1000 A and about 5000 A. Because of topological
differences of the substrate 106,. an excess amount of the polysilicon
122-1 is applied to 10 ensure uniform fill. In this embodiment, a
planarization etch 124-1 is utilized to planarize  the polysilicon 122-1
down to a level above the hard mask 104 as shown by line 132. In one
embodiment, the planarization etch 124-1 is an ion assisted etch and
utilizes  the chemistries and etch apparatus conditions as shown in Table
A. Exemplary Planarization Etch TABLE A. Chemistry Implementing IEPFirst
Alternative Chemistry Etch EndpointCl2/He/SF6 Detection RangesTopBottomFlow
Rates (sccms)PressureTemp PowerPowerC12HeSF6(mTorr)(C) (watts)(watts)
Range300 to30 to 30020 to20 to2 to 503 to 20-10 to 80 1200200500
Preferred10006610010010530 15 In one embodiment of the planarization etch
124-1, the top power in an etch  chamber is from about 300 watts to about
1200 watts, and in a preferred embodiment, the  top power is about 1000
watts. The bottom power of the etch chamber in one embodiment is from about
30 watts to about 300 watts with a preferred embodiment utilizing about 66
watts. With respect to the flow. rates of the chemicals utilized in the
etch chamber, C12 and 



He have a flow rate of about 20 sccms to about 200 sccms with the most
preferred flow rate being about 100 sccms. SF6 has a flow rate:of about 2
sccms to about 50 sccms, and  in a preferred embodiment, SF6 has about a 10
sccms flow rate. The pressure in the etch chamber is from about 3 mTorr to
about 20 mTorr in one embodiment, and the pressure is. about 5 mTorr in a
preferred embodiment. The temperature in the etch chamber in one embodiment
is from about -10 C (degrees Celsius) to about 80 C while the temperature
is about 30 C in a preferred embodiment. It should be appreciated that
other chemicals may be utilized in place of the exemplary chemicals in the
embodiment as shown in Figure A. For example, any noble  gas may replace He
such as for example, Ar, etc. In another embodiment, any flourine
containing compound may replace SF6 such as, for example, NF3, CF4, CHF3,
etc. In yet  another embodiment, other chemicals may be substituted for C12
such as, for example, HBr 15 and HCI, etc. The planarization etch 124-1 is
used along with interferometry to achieve in-situ  monitoring of how much
of the polysilicon 122-1 above the hard mask 104 is planarized.  It should
be understood that any type of interferometry may be utilized to monitor
etching  processes as long as the monitoring of the planarization can be
done accurately. In one 20 embodiment, as discussed in further detail in
reference to Figure 13, with use  interferometric endpoint (IEP) detection,
two light signals with different wavelengths are  utilized to determine
when the.. planarization etch 124-1 has removed enough of the  polysilicon
122-1 from the surface of the substrate 106 to achieve a substantially
planarized surface. In one embodiment, the planarization etch 124-1
planarizes just 25 enough of the polysilicon 122-1 so the hard mask 104
and. the dielectric layer 120 are  untouched. In this embodiment, about 10
A to about 300 A in thickness of the polysilicon  122-1 remains over the
hard mask 104 and the dielectric layer 120 after the planarization  etch
124-1 has been completed. In a preferred embodiment, between about 50 A to
about  200 A of the polysilicon 122-1 remain over the hard mask 104 and the
dieletric layer 120  30 after the planarization etch 124-1. Figure 3
illustrates the trench 100 of Figure 2 after the planarization etch 124-1
has  been conducted in accordance with one embodiment of the present
invention. At this 



-10 point, a recess etch 130-1, which in one embodiment is an ion assisted
etch, may be  utilized to partially etch the polysilicon.122-1 in the
trench 100. Table B shows one  embodiment of the chemical conditions and
etch apparatus conditions defining an example  of the recess etch 130-1.
ExemplaryTABLE B EtchSecond Chemistry Chemistry Ar/SF6 RangesTopBottomFlow
Rates (sccms)PressureTemp PowerPower(mTorr)(C) (watts)(watts)ArSF6 Range130
to0 to 300 to 30010 to 1005 to 20.10 to 60 500 Preferred1750200151030 As
indicated in Table B an Ar/SF6 is utilized in one embodiment. It should be
appreciated  that any noble gas may be substituted for Ar such as for
example helium, etc. Any other  fluorine containing compound may be
utilized in place of SF6 such as, for example, CF4.  In this embodiment,
the top power range is from about 130 to about 300 watts. In a 10 preferred
embodiment, the top power is about 175 watts. The bottom power, in one
embodiment, may be between about 0 watts and about 30 watts. In one
embodiment, the  flow rate for Ar may be between about 0 and 300 sccms. A
preferred flow rate for Ar is  about 200 sccms. The flow rate, in one
embodiment, for SF6 is between about 10 sccms  and about 100 sccms. A
preferred flow rate for SF6 is about 15 sccms. The pressure of 15 the gases
(i.e. Ar/SF6 ) is from about 5 to about 20 mTorr, and a preferred pressure
is  about 10 mTorr. The preferred temperature of the gases is from about 10
to about 60 C,  and the most preferred temperature is about 30 C. By use of
the embodiment in the  "recipe" of Table 1, selective etching of the
polysilicon 122-1 in substrate 106 may be  controlled so the right amount
of recess etching may be conducted. In one embodiment, -11 



the amount of etching may be done by varying the time of etching (e.g.
timed etching). In another embodiment, interferometry (as described in
reference to Figure 13) may be  utilized. Additionally, the recess etch
130-1 is selective so the hard mask 104 remains  substantially intact and
loses little, if any, thickness during the recess etch 130-1 process. 5 In
one embodiment, the recipe of Table A for the recess etch 130-1 removes
less than 200  A of the hard mask 104. Figure 4 shows an exemplary
structure of the trench 100 after the recess etch 130-1  is completed in
accordance with one embodiment of the present invention. In this
embodiment, a first recess etch (also known as recess-1 etch) leaves a
portion of the trench 10, 100 filled with the polysilicon 122-1. It should
be appreciated that the recess-1 etch may  leave any amount of polysilicon
122-1 in the trench 100 depending on the desired  thickness of the layer
formed by the polysilicon 122-1. Figure 5 shows an exemplary structure of
the trench 100 after the structure such as  one shown in Figure 4 has been
lined with the dielectric layer and filled with polysilicon  15 122-2 in
accordance with one embodiment of the present invention. In one embodiment,
the planarization etch 124-2 is utilized to planarize a top surface of the
polysilicon 122-2  down to just above the dielectric layer 120 that is over
the hard mask 104. The  planarization etch 124-2 may utilize the chemistry
and etch apparatus conditions such as  one discussed in reference to Figure
2. In addition, interferometry as discussed in 20 reference to Figure 13
may be utilized to accurately planarize the polysilicon 122-2. After  the
planarization etch 124-2, the thickness of the polysilicon 122-2 over the
dielectric layer  120 and the hard mask 104 may be between about 50 to
about 200 A. Figure 6 shows an exemplary structure of the trench 100 after
a planarization etch  124-2 is utilized for a recess-2 structure in
accordance with one embodiment of the present  25 invention. After the
planarization etch 124-2 is finished on the structure as described in
Figure 5, the recess etch 130-2 may be used to conduct a recess-2 etch. The
recess-2 etch  is a second recess etch that defines a second polysilicon
structure within the trench 100. In  this embodiment, the chemistries and
the etch chamber conditions utilized in the recess  etch as described in
reference to Figure 3 may be utilized to conduct the recess-2 etch. 30 The
recess-2 etch may be done in conjunction with interferometry- as described
in  reference to Figure 13 to remove the polysilicon 122-2 in the trench
100 down to a certain 



-12 APR 2006 depth. It should be understood that the recess-2 etch may etch
down to any depth of the polysilicon 122-2 depending on the desires for the
thickness of the polysilicon 122-2. Figure 7 shows an exemplary structure
of the trench 100 after the recess-2 etch as  been completed in accordance
with one embodiment of the present invention. The 5 polysilicon 122-2 has
been etched by a selective etch such as the recess etch 130-2. Figure 8
shows an exemplary structure of the trench 100 where the trench structure
as shown in Figure 7 is lined with the silicon dioxode 120 and is filled
with polysilicon  122-3 in accordance with one embodiment of the present
invention. In this embodiment,  the planarization etch 124-3 is utilized
with the chemistries and etch apparatus conditions 10 as described in
reference to Figure 2. Therefore, the polysilicon 122-3 is planarized so a
thin layer of polysilicon 122-3 remains over the hard mask 104. Again, the
hard mask 104  is left intact and the planarization etch 124-3 is stopped
using interferometry end point detection as described in further detail in
reference Figure 13. The thickness of the dielectric layer 120 and the
polysilicon 122-3 over the hard mask 104 is in one  15 embodiment, as
described with reference to the polysilicon 122-1 and 122-2 in Figures 3
and 5. Consequently, the hard mask 104 remains intact through multiple
recess etchings because CMP does not have to be utilized and the
planarization etch 124-3 is stopped  before all polysilicon above the hard
mask 104 and the dielectric layer 120 is removed in  the planarization etch
124-3. In one embodiment, hard mask 104 remaining after all three  20
recess etches is about 500A in thickness. Figure 9 shows a structure of the
trench 100 during a recess-3 etch operation in  accordance with one
embodiment of the present invention. In this embodiment, the recess etch.
130-3 is conducted in a third recess etch operation (i.e., recess etch-3).
In one  embodiment, the recess etch 130-3 is conducted with the chemistries
and etch apparatus 25 conditions as described in Table B in reference to
Figure 3. Recess etching (i.e. the recess  etches 130-1, 130-2, and 130-3)
of the present invention may be utilized in recess-1,  recess-2, and
recess-3 etches to produce any type of polysilicon 122-1, 122-2, and 122-3
thicknesses such as, for example, where all of the polysilicon 122-1,
122-2, and 122-3  



layers are the same in thickness, or where one or two of the polysilicon
122-1, 122-2, and 30 122-3 are thicker than the other layer(s). In one
embodiment, the recess etch 130-3 is  utilized with interferometric
endpoint (IEP) detection to produce a lesser amount of  etching of the
polysilicon 122-3 than with the etching for polysilicon 122-1 and 122-2. In
-13 one embodiment, the polysilicon 122-3 is etched until a top surface of
the polysilicon 122 3 is about 300A below a bottom surface of the hard mask
104. Figure 10 shows the structure of the trench 100 of Figure 9 after the
recess etch-3  has removed a portion of the polysilicon 122-3 and after the
hard mask 104 has been 5 removed in accordance with one embodiment of the
present invention. In this  embodiment, a gap 280 has been left between a
top surface of the substrate 106 and a top  surface of the polysilicon
122-3. It should be appreciated that the gap 280 may be any size  depending
on the desired trench structure. In one embodiment the gap 280 is from
about  100 A to about 800 A in depth. In a preferred embodiment, the gap
280 is about 300, A. 10 In addition the hard mask 104 may be removed with
any appropriate hard mask removal agent such as, for example, HF solution.
Figure 11 shows the trench 100 after three recess etches as shown in Figure
10 with  the dielectric layer 120 added to the trench 100 and with an
interlayer dielectric (ILD)  covering over the: trench 100 in accordance
with the one embodiment of the present 15 invention. In this embodiment,
the gap 280 above the polysilicon 122-3 in the trench  structure as shown
in Figure 10 maybe filled with a dielectric such as, for example, silicon
dioxide. After the filling, the trench 100 may be covered with an
interlayer dielectric  (ILD) 290. The ILD 290 may be any type of material
with a low dielectric constant such  as, for example, silicon dioxide,
silicon nitride, etc. 20 The polysilicon 122-1, 122-2, and 122-3, in one
embodiment, have thicknesses as  shown by T292, T294, and T296
respectively. In this embodiment, T292 may be between about 10000 A to
about 100000 A in thickness, T294 may be between about 2000 A to  about
10000 A in thickness, and T296 may be between about 300 and 2000 A in
thickness. Figure 12 shows the structure of the trench 100' where
conductive lines 342, 344,  25 and 346 enter into three layers of
polysilicon in accordance with one embodiment of the present invention. In
this embodiment, the polysilicon 122-1,.122-2, 122-3 may serve as  



plates (or layers) for capacitors. The type of structure as shown in trench
100' with  multiple levels of polysilicon separated by a dielectric layer
may be utilized for a variety of  purposes such as, for example, using the
multilevel polysilicon capacitors as storage nodes  30 in a DRAM or eDRAM
(embedded DRAM). Figure 13 shows an interferometry graph 400 where a y-axis
measures the intensity  of two light signals and an x-axis measures an etch
time during the planarization etches -14 124-1, 124-2, and 124-3 in
accordance with one embodiment of the present invention. As  described
above in reference to Figures 2,. 5, and 8, interferometric endpoint
detection  (IEP) is utilized to determine the stop point of the
planarization etches 124-1, 124-2, and  124-3. IEP utilizes a beam of
photons at a particular wavelength that a material being 5 planarized is at
partially transparent. The beam is applied to the material, and a portion
of  the beam is reflected back by an upper surface of the material and a
portion of the beam is  reflected back by a lower portion of the material.
The reflected portions of the beam may  be detected by any type of
photodetector that can detect the wavelengths being utilized.  The
reflected portions of the beam optically interfere with each other in
accordance with 10 the equation 2d=N(X/n), where X is a wavelength of the
beam, d is the thickness of the  material, and n is the refractive index of
the material. Integral values of N produce  intensity maximum values and
half values of N produce intensity minimum values when  phase reversal does
not occur at the interface (e.g. top and bottom surfaces of the  material).
If phase reversal does occur at one of the interfaces, integral values of N
result 15 in intensity minimums and half integral values of N result in
intensity maximums. When  the thickness of the material nears 0, the
sinusoidal curve fluctuates in an irregular manner.  The difference in
adjacent maximums and the difference in adjacent minimums may be  discerned
by the equation 1/a.(7,,/n). Therefore, by observing the intensity curve,
the. amount  of the material that has been removed may be calculated. In
addition, a more accurate 20 reading of the material etched may be obtained
by using multiple light beams with the  above method and by monitoring
multiple. sinusoidal curves and the related amount of the material etched.'
As a result, by using two light beams of differing wavelengths, graphs
depicting  the sinusoidal curves of the multiple reflected light signals
may be produced such as, for  



25 example, the interferometric graph 400. The graph 400 shows two
different light signals 402 and 404 oscillating as etch time increases. It
should be appreciated that the light  signals 402 and 404 may be any
wavelength that would enable accurate measurement of  endpoint detection.
In addition, any number of wavelengths may be utilized to obtain  endpoint
detection. In one embodiment, the light signals 402 and 404 are 500 ntn and
800 30 nm respectively. As etching continues, the graph 400 will show peaks
and valleys for the  two light signals. By knowing how much etching takes
place at the peaks and valleys as  discussed above, the oscillations of the
light signals may be monitored to determine when a desired amount of
polysilicon has been removed. Consequently, the planarization etch  124 may
be stopped at point just before all of a polysilicon layer has been removed
such as shown by line 406. Where etching time progresses past the line 406,
the sinusoidal  character of the light signals 402 and 404 become irregular
showing that all of the material 5 that was being etched has been removed
and the removal process is entering into the next  layer. Therefore, by
utilizing differing chemistries for recess etching and planarization
etching along with IEP, accurate endpoint detection may be conducted
without having to use a CMP apparatus. While this invention has been
described in terms of several preferred  10 embodiments, it will be
appreciated. that those skilled in the art upon reading the preceding
specifications and studying the drawings will realize various .
alterations; additions,  permutations and equivalents thereof. It is
therefore intended that the present invention  includes all such
alterations, additions, permutations, and equivalents as.fall within the
true spirit and scope of the invention. 15 What is claimed is: 2 8 APR 2006
16 CLAIMS Claim 1: A method for processing recess etch operations in
substrates, comprising:  a) forming a hard mask over the substrate; b)
etching a trench in the substrate using the hard mask; c) forming a
dielectric layer over the hard mask and in the trench, the dielectric layer
configured to line the trench; 



d) applying a conductive material over the dielectric layer such that a
blanket of the  conductive material lies over the hard mask and fills the
trench; e) etching the conductive material to substantially planarize the
conductive material,  the etching of the conductive material being
configured to trigger an end point just before all of  the conductive
material is removed from over the dielectric layer that overlies the hard
mask; and f) recess etching the conductive material so as to remove the
conductive material  over the dielectric layer that overlies the hard mask
and removes at least part of the conductive  material from within the
trench. Claim 2 : A method for processing recess etch operations in
substrates as recited in  claim 1, further comprising: repeating operations
(c) through (f) one or more times to form multiple layers of the
conductive material in the trench. Claim 3 : A method for processing recess
etch operations in substrates as recited in  claim 1, wherein the endpoint
is triggered using interferometry monitoring. Claim 4 : A method for
processing recess etch operations in substrates as recited in  claim 3,
wherein the hardmask is protected by utilizing the interferometry
monitoring of the  etching of the conductive material. Claim 5 : A method
for processing recess etch operations in substrates as recited in  claim 1,
wherein the substantial planarization and the recess etching occurs in an
etch chamber  thereby increasing wafer production throughput. Claim 6: A
method for processing recess etch operations in substrates as recited in
claim 1, wherein the etching of the conductive material utilizes a first
chemistry including C12,  He, and SF6. 2 8 APR 2006 17 Claim 7: A method
for processing recess etch operations in substrates as recited in  claim 6,
wherein a C12 flow rate is between about 20 seems and about 200 seems, a He
flow rate  is between about 20 seems and about 500 seems, and a SF6 flow
rate is between about 2 seems  and about 50 seems. Claim 8: A method for
processing recess etch operations in substrates as recited in  claim 1,
wherein the recess etching utilizes a second chemistry including At and
SF6. 



Claim 9: A method for processing recess etch operations in substrates as
recited in  claim 8, wherein an Ar flow rate is between about 0 seems and
about 300 seems, and a SF6 flow  rate is between about 10 seems and about
100 seems. Claim 10: A method for processing recess etch operations in
substrates as recited in  claim 1, wherein the recess etching is used with
one of an interferometric endpoint (IEP)  detection and a timed etching to
monitor the removal of the conductive material. Claim 11: A method for
processing recess etch operations in substrates, comprising:  a) forming a
hard mask over the substrate; b) etching a trench in the substrate using
the hard mask; c) forming a dielectric layer over the hard mask and in the
trench, the dielectric layer  configured to line the trench; d) applying a
conductive material over the dielectric layer such that a blanket of the
conductive material lies over the hard mask and fills the trench; e)'
etching the conductive material using a first chemistry to substantially
planarize  the conductive material, the etching of the conductive material
being configured to trigger an  endpoint just before all of the conductive
material is removed from over the dielectric layer that  overlies the bard
mask, the endpoint being triggered using interferometry monitoring; t)
recess etching the conductive material using a second chemistry and one of
the  interferometry monitoring and a timed etch so as to remove the
conductive material over the  dielectric layer that overlies the hard mask
and removes at least part of the conductive material  from within the
trench; and g) repeating operations (c) through (t) one or more times to
form multiple layers of  the conductive material in the trench. 2 8 APR
2006 .1s Claim 12 : A method for processing recess etch operations in
substrates as recited in  claim 11, wherein the hardmask is protected by
utilizing the interferometry monitoring of the  etching of the conductive
material. Claim 13 : A method for processing recess etch operations in
substrates as recited in  claim 11, wherein the substantial planarization
and the recess etching occurs in an etch chamber  thereby increasing wafer
production throughput. 



Claim 14 : A method for processing recess etch operations in substrates as
recited in claim 11, wherein the first chemistry includes C12, He, and SF6.
Claim 15 : A method for processing recess etch operations in substrates as
recited in  claim 14, wherein a C12 flow rate is between about 20 seems and
about 200 seems, a He flow rate  is between about 20 seems and about 500
stems, and a SF6 flow rate is between about 2 seems  and about 50 stems.
Claim 16 : A method for processing recess etch operations in substrates  as
recited in claim 11, wherein the second chemistry includes Ar and SF6.
Claim 17 : A method for processing recess etch operations in substrates as
recited in  claim 16, wherein an Ar flow rate is between about 0 seems and
about 300 seems, and a SF6 flow  rate is between about 10 seems and about
100 seems. Claim 18 : A method for processing recess etch operations in
substrates, comprising:  a) forming a hard mask over the substrate; b)
etching a trench in the substrate using the hard mask; c) forming a silicon
dioxide layer over the hard mask and in the trench, the silicon  dioxide
layer configured to line the trench; d) applying a polysilicon material
over the dielectric layer such that a blanket of the  polysilicon material
lies over the hard mask and fills the trench; e) etching the polysilicon
material to substantially planarize the polysilicon material,  the etching
of the polysilicon material being configured to trigger an endpoint just
before all of  the polysilicon material is removed from over the silicon
dioxide layer that overlies the hard  mask, the endpoint is triggered using
interferometry monitoring, the etching of the polysilicon  material using a
first chemistry including C12, He, and SF6; and 2 8 APR 2006 19 1) recess
etching the polysilicon material using one of the interferometry monitoring
and a timed etch so as to remove the polysilicon material over the silicon
dioxide layer that  overlies the hard mask and removes at least part of the
polysilicon material from within the  trench, the recess etching using a
second chemistry including C12, He, and SF6. 



Claim 19: A method for processing recess etch operations in substrates  as
recited in claim 18, wherein a Cl2 flow rate is about 100 seems, a he flow
rate is about 100  seems, and a SF6 flow rate is about 10 seems. Claim 20:
A method for processing recess etch operations in substrates as recited in
claim 19, wherein an Ar flow rate is about 200 scams and a SF6 flow rate is
about 15 scams.  Claim 21: A method for processing recess etch operations
in substrates  as recited in claim 18, wherein the planarization etching
occurs in an etching chamber which  utilizes a top power between 800 watts
to about 1200 watts, a bottom power between 40 watts to  about 100 watts, a
gas pressure ofbetween about 3 mTorr to about 10 mTorr, and a temperature
of between about 10 degrees C and about 60 degrees C. Claim 22: A method
for processing recess etch operations in substrates  as recited in claim
18, wherein the planarization etching occurs in an etching chamber which
utilizes a top power of about 1000 watts, a bottom power of about 66 watts,
a gas pressure of  about 5 ruTorr, and a temperature of about 30 degrees C.
Claim 23: A method for processing recess etch operations in substrates as
recited in  claim 18, wherein the interferometry monitoring includes using
a first light signal with a first  wavelength, and a second light signal
with a second wavelength, the first wavelength being  different than the
second wavelength. Claim 24: A method for processing recess etch operations
in substrates as recited in  claim 18, further comprising: repeating
operations (c) through (f) one or more times to form multiple layers of the
conductive material in the trench. 


