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(57) ABSTRACT 

A Substrate etching method and apparatus are disclosed. In 
one embodiment, a method for etching is provided that 
includes, in a plasma processing chamber, etching a feature in 
a silicon layer using an etch recipe that includes cyclical 
etching and deposition Substeps until an endpoint is reached, 
wherein an aspect ratio of the feature increases with a number 
of cyclical etching and deposition Substeps performed over 
time until the end point is reached; and adjusting a recipe 
variable of the etch recipe in response to the current aspect 
ratio of the feature during etching to manage thickness of 
sidewall polymers when the feature becomes deeper to avoid 
closing the feature and preventing Subsequent etching. 
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ETCH PROCESSING CHAMBER 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is a continuation of U.S. patent 
application Ser. No. 12/696.773, filed Jan. 29, 2010 (Attorney 
Docket No. APPM/14045), which claims benefit of U.S. Pro 
visional Application Ser. No. 61/148,928, filed Jan. 31, 2009 
(Attorney Docket No. APPM/14045L), which is incorporated 
by reference in its entirety. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003 Embodiments of the invention generally relate a 
method and apparatus for etching, and more particularly, a 
method and apparatus suitable for etching Micro-Electro 
Mechanical Systems (MEMS) devices and the like. 
0004 2. Description of the Related Art 
0005. The demand for Micro-Electro-Mechanical Sys 
tems (MEMS) devices has introduced new challenges for 
processing equipment companies. One challenge is providing 
equipment Suitable for efficient plasma etching of materials 
utilized to fabricate MEMS structures. For example, process 
ing equipment utilized for etching must be able to maintain 
good critical dimension control and mask selectivity in order 
to successfully manufacture MEMS structures on a commer 
cially viable scale. Additionally for MEMS structures 
intended for optical devices, the processing equipment must 
produce sufficiently smooth sidewalls as not to inhibit obtain 
ing performance goals. 
0006 Silicon is a material commonly used for MEMS 
structures. Silicon etching for MEMS fabrication is typically 
carried out in a reactive ion etch (RIE) reactor. Typical RIE 
reactors generally have limited Small plasma generation areas 
and limited power capability. This makes it difficult to 
achieve good etching uniformity in larger Substrate formats 
and also limits the etch rate. Moreover, RIE reactors generally 
etch faster in the center relative the edge of a substrate, which 
limits potential product yields and quality. 
0007 Some RIE etch reactors employ a cyclical etch pro 
cess that includes several recipe steps, such as etch and depo 
sition, or etch, flash, and deposition. The cyclical etch process 
may use a time multiplexed gas modulation (“TMGM) sys 
tem or a Bosch System to sequentially provide etchants and 
deposition species. The deposition species provides a protec 
tive film upon the previously etched surface to protect the 
surface, typically the sidewalls of the trench, from further 
etching. These two steps are repeated as a deeper and deeper 
trench is formed. Poor control of the cyclical etch process 
disadvantageously increases the roughness of the sidewalls, 
which may render a microelectronic device defective. 
0008. Therefore, there is a need for an improved method 
and apparatus of for etching. 

SUMMARY OF THE INVENTION 

0009 Embodiments of the invention relate to a substrate 
etching method and apparatus. In one embodiment, a method 
for etching is provided that includes, in a plasma processing 
chamber, etching a feature in a silicon layer using an etch 
recipe that includes cyclical etching and deposition Substeps 
until an end point is reached, wherein an aspect ratio of the 
feature increases with a number of cyclical etching and depo 
sition substeps performed over time until the end point is 
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reached; and adjusting a recipe variable of the etch recipe in 
response to the current aspect ratio of the feature during 
etching to manage thickness of sidewall polymers when the 
feature becomes deeper to avoid closing the feature and pre 
venting Subsequent etching. 
0010. In another embodiment, a method for etching a sub 
strate in a plasma etch reactoris provided that include flowing 
a backside process gas between a Substrate and a substrate 
Support assembly, and cyclically etching a layer on the Sub 
Strate. 

0011. In another embodiment, a method for etching a sub 
strate in a plasma etch reactor is provided that includes cycli 
cally etching a target layer on the Substrate, adjusting a recipe 
variable during the cyclical etch in response to the current 
aspect ratio of the feature being etch. 
0012. In another embodiment, a plasma etch reactor is 
provided that includes a chamber body, a Substrate Support 
assembly, a ceiling and an interchangeable spacer. The Sub 
strate Support assembly is in a process Volume of the chamber 
body. The ceiling is disposed on the chamber body and covers 
the process Volume. The interchangeable spacer is disposed 
the ceiling and chamber body. The interchangeable spacer is 
chosen from a plurality of interchangeable spacers which set 
at least one of the inclination and height of the ceiling relative 
to the Substrate Support assembly. 
0013. In another embodiment, a plasma etch reactor is 
provided that includes a chamber body, a Substrate Support 
assembly, a ceiling and a baffle plate. The chamber body has 
a pumping conduit. The Substrate Support assembly is dis 
posed in a process Volume of the chamber body. The ceiling is 
disposed on the chamber body and covers the process Volume. 
The baffle plate is disposed in the pumping conduit and has a 
plurality of holes to allow gases to pass through the baffle 
plate and down the pumping conduit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014 So that the manner in which the above recited fea 
tures of the invention can be understood in detail, a more 
particular description of the invention, briefly summarized 
above, may be had by reference to embodiments, some of 
which are illustrated in the appended drawings. It is to be 
noted, however, that the appended drawings illustrate only 
typical embodiments of this invention and are therefore not to 
be considered limiting of its scope, for the invention may 
admit to other equally effective embodiments. 
0015 FIG. 1 is a sectional schematic of one embodiment 
of a substrate etching reactor. 
0016 FIG. 2A shows a fast gas exchange system accord 
ing to one embodiment of the invention. 
0017 FIG. 2B shows another fast gas exchange system 
according to one embodiment of the invention. 
0018 FIG. 3 is a partial sectional schematic of one 
embodiment of a Substrate Support assembly. 
0019 FIGS. 4A-C are various partial side views of a sub 
strate etching reactor illustrating different spacers. 
0020 FIGS. 5A-E are bottom views of alternative 
embodiment of a spacers. 
0021 FIG. 6 is a sectional view of one embodiment of a 
baffle plate. 
(0022 FIG. 7 is a back elevation of the baffle plate of FIG. 
6 

0023 FIG. 8 is a sectional view of one embodiment of a 
baffle plate. 
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0024 
8. 
0025 FIG. 10 is a flow diagram of one embodiment of an 
etching process. 
0026 FIG. 11 is a flow diagram of another embodiment of 
an etching process. 
0027. To facilitate understanding, identical reference 
numerals have been used, where possible, to designate iden 
tical elements that are common to the figures. It is to be noted, 
however, that the appended drawings illustrate only typical 
embodiments of this invention and are therefore not to be 
considered limiting of its scope, for the invention may admit 
to other equally effective embodiments. 

FIG.9 is a back elevation of the baffle plate of FIG. 

DETAILED DESCRIPTION 

0028. The invention generally relates to an apparatus and 
method of for etching. Although the apparatus and methods 
described herein are particularly advantageous for etching 
silicon for MEMS applications, it is contemplated that the 
embodiments of the invention are not limited to use with 
silicon etching, but may be beneficially utilized to etch other 
types of materials and/or be utilized in other etch reactors. To 
better understand the novelty of the apparatus of the invention 
and the methods of use thereof, reference is hereafter made to 
the accompanying drawings. 
0029 FIG. 1 is a sectional view of one embodiment of an 
etch reactor 100. The etch reactor 100 includes a lower cham 
ber body 102, an upper chamber body 104, and a ceiling 106 
which enclose a process volume 108. The ceiling 106 may be 
flat or have other geometry. In one embodiment, the ceiling 
106 is a dome. An interchangeable spacer 110 is provided 
between the ceiling 106 and the upper chamber body 104 so 
that the inclination and/or height of the ceiling relative to the 
upper chamber body 104 may be selectively changed, as 
further described below. 
0030. An RF coil 112 is disposed above the ceiling 106 
and coupled to an RF Source 114 through a matching circuit 
116. The ceiling 106 is transmissive to the RF power such that 
power applied to the coil 112 may be inductively coupled to 
and energize gases disposed in the process Volume 108 of the 
reactor 100 to maintain a plasma 170. Conventionally, the 
power applied to the coil 112 is known as source power. 
0031. The source power may be provided at a radio fre 
quency within a range from about 12 Mhz. to about 13.5 MHz 
at a power within a range from about 10 watts to about 5000 
watts. The source power may be pulsed. 
0032. The upper chamber body 104 includes a pumping 
channel 118 that connects the process volume 108 of the 
reactor 100 to a pump 120 through a throttle valve 122. The 
pump 120 and throttle valve 122 may be operated to control 
the pressure within the process volume 108 of the reactor 100. 
The pump 120 also removes etch by-products. A baffle plate 
180 is disposed in the pumping channel 118 to minimize 
contamination of the pump 120. 
0033. The reactor 100 has a fast gas exchange system 124 
coupled thereto that provides process and/or other gases to the 
process volume 108 through nozzles 126 positioned around 
the interior of the upper chamber body 104 or other suitable 
location. The fast gas exchange system 124 selectively allows 
any singular gas or combination of gases to be provided to the 
process volume 108. In one embodiment, the fast gas 
exchange system 124 has three delivery lines 128, each 
coupled to a different gas source. The delivery lines 128 may 
be coupled to the same or different nozzles 126. 

Aug. 16, 2012 

0034. In the embodiment depicted in FIG. 1, each delivery 
line 128 includes a first valve 130, a mass flow meter 132, and 
a second valve 134. The second valves 134 are coupled to a 
common tee 138, which is coupled to the nozzles 126. The 
conduits through which gases flow from mass flow meters 
132 to the interior volume is less than about 2.5 m in length, 
there by allowing faster Switching times between gases. The 
fast gas exchange system 124 may be isolated from the pro 
cess volume 108 of the reactor 100 by an isolation valve 136 
disposed between the tee 138 and nozzles 126. 
0035 An exhaust conduit 166 is coupled between the iso 
lation valve 136 and the tee 138 to allow residual gases to be 
purged from the fast gas exchange system 124 without enter 
ing the reactor 100. A shut off valve 164 is provided to close 
the exhaust conduit 166 when gases are delivered to the 
process volume 108 of the reactor 100. 
0036 FIGS. 2A and 2B depict alternative embodiments of 
a fast gas exchange system. In the embodiment of FIG. 2A, a 
fast gas exchange 260 includes a first gas panel 261 with a first 
flow controller 262 and a second gas panel 263 with a second 
flow controller 264, numerous flow restrictors 265 and valves 
266 to direct gases into a first delivery conduit 268 and a 
second delivery conduit 269, and an exit 267 for dumping the 
gas. The first delivery conduit 268 and the second delivery 
conduit 269 are coupled to the same and/or different nozzles 
126 of the reactor 100. Specifically, four flow restrictors 265 
and eight valves 266 are shown in FIG. 2A, but the number of 
flow restrictors 265 and valves 266 may vary. The fast gas 
exchange 260 supplies a first gas, such as sulfur hexafluoride 
(SF), to the reactor 100 during the first etch step and the 
second etch step from the first gas panel 261, and also Supplies 
a second gas, such as perfluorocyclobutane (CFs), to the 
reactor 100 during the deposition step from the second gas 
panel 263. In one example, the first gas panel 261 and the 
second gas panel 263 are operable to deliver SF and CFs at 
about 1000 sccm, helium at about 500 sccm, and oxygen (O) 
and argon at about 200 sccm. In an alternative embodiment, 
the fast gas exchange 260 may further include a third gas 
panel comprising of a plasma Sustaining gas, such as argon, 
and operable to continuously deliver the gas to the reactor 
1OO. 

0037. In operation, as the gas from the first gas panel 261 
is supplied to the process volume 108, the first flow controller 
262 may direct the gas to the first delivery conduit 268, the 
second delivery conduit 269, or both. The flow restrictors 265 
may prevent the gas from re-entering into the first gas panel 
261. As the gas is being supplied to the reactor 100, the valves 
266 are operable to open the flow paths to the reactor 100 and 
close the flow paths to the exit 267. When the etching cycles 
Switch steps, the gas from the second gas panel 263 may be 
supplied to the reactor 100 in a similar manner as the first gas 
panel 261. When the gas from the second gas panel 263 is 
being supplied to the reactor 100, the valves 266 may be 
operable to close the flow paths from the first gas panel to the 
reactor 100 and open the flow paths to the exit 267 to dump the 
gas in the flow lines. In one example, gas may be supplied 
from the first gas panel 261 to the reactor 100 during the 
deposition steps, and gas may be Supplied from the second 
gas panel 263 to the reactor 100 during the etching steps. Both 
gas panels 261 and 263 may be used for both deposition and 
etching steps. In an alternative embodiment, a third gas panel 
may be used to continuously supply a plasma maintaining 
gas, such as argon, to the reactor 100 during both the depo 
sition and etching steps. 
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0038. In the embodiment of FIG. 2B, a fast gas exchange 
300 includes a first gas panel 320 with a first flow controller 
340, a second flow controller 345, and a third flow controller 
347 to direct gases into the process volume 108 of the reactor 
100, a first exhaust 360, and/or a second exhaust 370. The first 
gas panel 320 may include a plurality of gases 322, including 
but not limited to, Sulfur hexafluoride, oxygen, argon, trifluo 
romethane (CHF), and/or helium. Each of the flow control 
lers 340, 345, and 347 may include flow control valves to 
direct the gases to the exhausts 360 and 370 and/or the process 
volume 108 of the reactor 100. The flow control valves may 
include pneumatic operation to allow rapid response and 
provide numerous flow configurations. In addition, the flow 
controllers 340,345, and 347 may be in communication with 
an operating system to control and monitor the operation of 
the valves. Flow restrictors346 and 348 may be coupled to the 
third flow controller 347 to restrict the flow to the first exhaust 
360 and/or the process volume 108 of the reactor 100. 
0039. In one embodiment, the first flow controller 340 
may be configured to direct gas to the first exhaust 360 and/or 
the second flow controller 345. The second flow controller 
345 may be configured to direct gas to the process volume 108 
of the reactor 100 and/or the third flow controller 347. The 
third flow controller347 may be configured to direct gas to the 
second exhaust 370 through the flow restrictor 348 and/or the 
chamber 200 through the flow restrictor 346. 
0040. The fast gas exchange 300 may also include a sec 
ond gas panel 330 with a first flow controller 350, a second 
flow controller 355, and a third flow controller 357 to direct 
gases into the process volume 108 of the reactor 100, the first 
exhaust 360, and/or the second exhaust 370. The second gas 
panel 330 may include a plurality of gases 332, including but 
not limited to perfluorocyclobutane, oxygen, argon, trifluo 
romethane, and/or helium. Each of the flow controllers 350, 
355, and 357 may include flow control valves to direct the 
gases to the exhausts 360 and 370 and/or the process volume 
108 of the reactor 100. The flow control valves may include 
pneumatic operation to allow rapid response and provide 
numerous flow configurations. In addition, the flow control 
lers 350, 355, and 357 may be in communication with an 
operating system to control and monitor the operation of the 
valves. Flow restrictors 356 and 358 may be coupled to the 
third flow controller 347 to restrict the flow to the second 
exhaust 370 and/or the process volume 108 of the reactor 100. 
0041. In one embodiment, the first flow controller 350 
may be configured to direct gas to the first exhaust 360 and/or 
the second flow controller 355. The second flow controller 
355 may be configured to direct gas to the process volume 108 
of the reactor 100 and/or the third flow controller 357. The 
third flow controller357 may be configured to direct gas to the 
second exhaust 370 through the flow restrictor 358 and/or the 
process volume 108 of the reactor 100 through the flow 
restrictor 356. 
0042. In operation, parallel gas lines 325 and 335 are 
configured to deliver gases independently to the process Vol 
ume 108 of the reactor 100 through a series of flow controllers 
and restrictions, such as flow controllers 345, 347 and 355, 
357, and in particular flow restrictors 346 and 356 to allow 
rapid gas switching. The gas lines 325 and 335 are also 
operable to rapidly deliver gases independent and/or directly 
into the process volume 108 of the reactor 100 to eliminate 
any gas delay observed through the flow restrictors 346 and 
356. In an optional embodiment, the gas lines 325 and 335 
may tie-in to each other prior to entering the reactor 100. A 

Aug. 16, 2012 

multitude of gas deliveries and configurations may be pro 
vided with the fast gas exchange 300. In one embodiment, a 
first gas (or combination of gases) may be delivered straight 
into the process volume 108 of the reactor 100, such as 
through gas line 325, and a second gas (or combination of 
gases) may be pulsed through the flow restrictor 356 of gas 
line 335 to allow controlled delivery options. Each of the 
valves in the fast gas exchange 300 may include check valves 
to prevent back diffusion of the gases delivered through the 
gas lines 325 and 335. The flow controllers 340 and 350 are 
operable to direct gases through dump forelines in commu 
nication with the exhaust 360. The flow controllers 347 and 
357 are operable to direct gases through dump lines above 
TGV in communication with the exhaust 370. 

0043. In one embodiment, the fast gas exchange 300 may 
include an optional gas line 386 that is in communication with 
either or both of gas lines 325 and 335. The gas line 386 may 
include an optional flow controller 384 and/or an optional 
flow restrictor 382. The gas line 386 may be operable to direct 
gases to an exhaust 380 to dump the gases from the gas lines. 
0044 Returning to FIG. 1, a substrate support assembly 
140 is disposed in the process volume 108 of the reactor 100. 
The substrate support assembly 140 includes an electrostatic 
chuck 142 mounted on a thermal isolator 144. The thermal 
isolator 144 insulates the electrostatic chuck 142 from a stem 
172 that supports the electrostatic chuck 142 above the bot 
tom of the lower chamber body 102. 
0045 Lift pins 146 are disposed through the substrate 
support assembly 140. A lift plate 148 is disposed below the 
substrate support assembly 140 and may be actuated by a lift 
155 to selectively displace the lift pins 146 to lift and/or place 
a substrate 150 on an upper surface 152 of the electrostatic 
chuck 142. 

0046. The electrostatic chuck 142 includes at least one 
electrode (not shown) which may be energized to electrostati 
cally retain the substrate 150 to the upper surface 152 of the 
electrostatic chuck 142. An electrode of the electrostatic 
chuck 142 is coupled to a bias power source 156 through a 
matching circuit 158. The bias power source 156 may selec 
tively energize the electrode of the electrostatic chuck 142 to 
control the directionality of the ions during etching. 
0047. The bias power may be pulsed, e.g. repeatedly stor 
ing or collecting the energy over a time period and then 
rapidly releasing the energy over another time period to 
deliver an increased instantaneous amount of power, while 
the source power may be continuously applied. In particular, 
the bias power may be pulsed using generator pulsing capa 
bility set by a control system to provide a percentage of time 
that the power is on, which is referred to as the “duty cycle.” 
In one embodiment, the time on and the time off of a pulsed 
bias power may be uniform throughout the etching cycles. For 
example, if the power is on for about 3 msec and off for about 
15 msec, then the duty cycle would be about 16.67%. The 
pulsing frequency in cycles per second or hertz (Hz) is equal 
to 1.0 divided by the sum of the on and off time periods in 
seconds. For example, when the bias power is on for about 3 
msec and off for about 15 msec, for a total of about 18 msec, 
then the pulsing frequency in cycles per second is about 55.55 
HZ. In one embodiment, a specialized pulsing profile where 
the on/off timing changes during the etching cycles may be 
used. In one embodiment, by changing the bias power applied 
to the substrate, the etching cycle may switch between the 
deposition and/or etching steps. The bias power is pulsed to 
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help reduce scalloping of the trench sidewalls, improve resist 
selectivity, improve the etch rate, and prevent material inter 
face undercut. 
0048 Referring additionally to FIG. 3, a backside gas 
source 160 is coupled through the substrate support assembly 
140 to provide one or more gases to a space 302 defined 
between the substrate 150 and the upper surface 152 of the 
electrostatic chuck 142. Gases provided by the backside gas 
Source 160 may include He and/or a backside process gas. 
The backside process gas is a gas delivered from between the 
substrate and the substrate support which effects the rate of 
etch or polymerization during the etch cycle by reacting with 
the materials in the chamber. Such as process gases, etch 
by-products, mask or other layers disposed on the Substrate or 
the material targeted for etching. In one embodiment, the 
backside process gas is an oxygen containing gas, such as O. 
In one embodiment, a ratio of He to O in the backside gas is 
about 50:50 to about 70:30 by volume or by mass for silicon 
etch applications. It is contemplated that other backside pro 
cess gases may be utilized to control the processes near the 
edge of the substrate. It is contemplated that the use of back 
side process gases may be used beneficially for single step 
etch processes as well as cyclical etch processes as described 
below. Moreover, providing the backside process gases from 
under the edge of the Substrate provides a more targeted 
control of the etch process as opposed to providing the back 
side process gases with gases delivered through the nozzles 
126. 

0049. To enable the process gas provided by the backside 
gas source 160 to reach the edge of the substrate 150, the rate 
of backside gas leakage from under the edge of the Substrate 
150 is higher than that of conventional backside gas systems. 
In one embodiment, the leak rate is elevated by maintaining 
the pressure of the gases in the space 302 between the sub 
strate 150 and the upper surface 152 of the electrostatic chuck 
142 between about 4 and 26 Torr. In another embodiment, the 
pressure is maintained between about 10 and 22 Torr. In still 
another embodiment, the pressure is maintained between 
about 14 and 20 Torr. It is contemplated that the leak rate may 
also be achieved by providing notches (304 shown in phan 
tom) or other features in a lip 306 supporting the substrate 150 
and the upper surface 152 of the electrostatic chuck 142. 
0050 FIGS. 4A-C are various partial side views of the 
substrate etch reactor 100 illustrating different embodiments 
of spacers 110. As described above, the spacers 110 may be 
utilized to change the distance and inclination of the ceiling 
106 and coils 112 disposed thereon relative to the electrode 
162 disposed in the substrate support assembly 140. The 
spacer 110 may be fabricated from aluminum. The inside 
surface of the spacer 110 may be anodized for plasma resis 
tance. The spacer 110 may be stackable (with other spacers) 
and be retrofit on existing reactors. 
0051. In the embodiment depicted in FIG. 4A, a spacer 
110 is utilized to set the coil 112 a distanced from the 
electrode 162. The upper and lower surfaces of the spacer 
110 are parallel such that the center line of the coil 112 is 
concentric with the center line 404 of the substrate support. 
0052. In the embodiment depicted in FIG. 4B, the spacer 
110 is provided which has a height H which is different than 
a height H of the spacer 110 of FIG. 4A. This causes the 
distanced between the coil 112 and the electrode 162 of FIG. 
4B to be different than the distanced illustrated in FIG. 4A. 
In one embodiment, the difference between d and d is about 
3cm or multiples thereof. 
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0053. It is believe that increased height (d) will increase 
ion bombardment by providing longer mean free paths, this in 
turn will allow more effective polymer removal during the 
etch cycle and increase etching speed. Another benefit is the 
source coils will be further away from the substrate which 
again, is believed in theory to provide better uniformity. The 
maximum height is determined by the clearance between the 
top of the reactor and the equipment above the reactor, which 
in one case was approximately 11 cm. Thus, the height (d) 
may selected to benefit different etch applications. 
0054. In the embodiment depicted in FIG. 4C, a spacer 
110 is utilized. The spacer 110 has an upper surface 406 
orientated at an angle 410 relative to a lower surface 408 of the 
spacer which rests upon the upper chamber body 104 (not 
shown). This results in a change of the inclination of the coil 
112 relative to the electrode 162. This is illustrated by angle 
412 defined between the centerline 402 of the coil 112 and the 
center line 404 of the substrate support assembly 140. 
0055. By utilizing a spacer selected to place the coil 112 in 
a pre-defined orientation relative to the electrode 162, the 
characteristics, location and/or properties of the plasma 170 
may be altered to tune the etch results. For example, the 
inclination may be selected at an angle 412 greater than Zero 
to compensate for chamber asymmetries such as non-uniform 
electrical characteristics caused by the slit valve location or 
pumping asymmetries caused by the location of the pump 
120. 
0056. The spacers may also be utilized to tune the plasma 
characteristics in other manners. For example, the material of 
the spacer may be selected to influence the processing results. 
Additionally, the inside diameter of the spacer may be 
selected to have certain geometries which influence the pro 
cessing results. 
0057 FIGS. 5A-E depict alternative embodiments of a 
spacer having different inside diameter profiles. In the 
embodiment depicted in FIG. 5A, the spacer 110 is illus 
trated. The spacer 110 includes an outside diameter 502 and 
an inside diameter 504. The inside diameter 504 and the 
outside diameter 502 are concentric. 
0058. In the embodiment depicted in FIG. 5B, the spacer 
510 is shown having an inside diameter 504 which is not 
concentric with the outside diameter 502. This results in the 
spacer 510 having greater mass in one region 508 relative to 
another region 506. The spacer 510 may be orientated such 
that the regions 506, 504 are positioned relative to the slit 
valve door and/or passages leading to the pump 120 to pro 
duce and/or compensate for asymmetries in the etch results. 
0059. In the embodiment depicted in FIG. 5C, a spacer 
520 is illustrated, having an inside diameter 504 and an out 
side diameter 502. The inside diameter 504 is substantially 
concentric with the outside diameter 502. It is also contem 
plated that the inside diameter 504 may be non-concentric to 
the outside diameter 502. The inside diameter 504 has one or 
more projections 512 extending therefrom toward the center 
of the spacer 520. The projection 512 creates a region 514 
having greater mass than another region 516 of the spacer 
520. As discussed above, the region 514 having greater mass 
may be orientated relative to the passages leading to the pump 
and/or slit valve to produce a desired etching effect. It is 
contemplated that the spacer 520 may include more than one 
projection 512 and the distribution of the projections 512 may 
be utilized to create the regions 514 and 516. 
0060. In the embodiment depicted in FIG. 5D, a spacer 
530 is illustrated. The spacer 530 includes an inside diameter 
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504 which is concentric with the outside diameter 502. It is 
also contemplated that the inside diameter 504 may be non 
concentric to the outside diameter 502. A plurality of cut-outs 
522. Such as notches, grooves or other geometry, are formed 
in the inside diameter 504 of the spacer 530. The number, 
distribution and density of the cut-outs 522 may be selected to 
produce a desired etching effect. For example, as depicted in 
FIG.5E, a dense concentration of cut-outs 522 may be located 
on one side of the spacer 540 creating a region 534 having 
greater mass relative to a region 532 having less mass where 
the density of cut-outs 522 is greater. As discussed above, the 
orientation of the region having greater density may be 
selected in the chamber in order to produce a desired etching 
result. 
0061 FIGS. 6 and 7 are sectional and back elevation of 
one embodiment of the baffle plate 180. The baffle plate 180 
is fabricated from a ceramic or other suitable material. In one 
embodiment, the baffle plate 180 is fabricated from Al-O. 
0062. The baffle plate 180 is disposed in the pumping 
channel 118 (shown in phantom in FIG. 6). In one embodi 
ment, the baffle plate 180 is elongated and spans the entire 
cross-section of the pumping channel 118. The baffle plate 
180 includes a front side 702 facing the process volume 108 
of the reactor 100 and a back side 704 facing towards the 
pump 120 (not shown in FIG. 6). The front side 702 may be 
flat or curved. In the embodiment depicted in FIG. 6, the front 
side 702 is curved on a radius having an originat the center of 
the process volume 108 that is aligned with the centerline 404 
of the substrate support (shown in FIGS. 4A-C) (i.e., the front 
side 702 is concave). The back side 704 of the baffle plate 180 
is flat. 
0063 A plurality of holes 706 are formed through the 
baffle plate 180 to allow gases to pass from the process vol 
ume 108 to the pump 120. The holes 706 are configured to 
prevent plasma passing though the baffle plate 180 from 
entering the pumping channel 118, thereby minimizing depo 
sition of material downstream of the baffle plate 180. The 
baffle plate 180 has demonstrated to be particularly effective 
in minimizing deposition of polymers on the pump 120. In 
one embodiment, 15 holes 706 are formed through the baffle 
plate 180. In one embodiment, holes 706 through the baffle 
plate 180 are arranged in three rows, for example, three rows 
of 5 holes. 

0.064 FIGS. 8 and 9 are sectional and back elevation of 
another embodimentofa baffle plate 800. The baffle plate 800 
may be fabricated from a ceramic or other suitable material. 
The baffle plate 800 may be disposed in the pumping channel 
118 to prevent polymers from contaminating the pumping 
component. 
0065. The baffle plate 800 includes a front side 802 facing 
the process volume 108 of the reactor 100 and a back side 804 
facing towards the pump 120 (not shown in FIG. 8). The front 
side 802 may be flat or curved. In the embodiment depicted in 
FIG. 8, the front side 802 is curved on a radius having an 
origin at the center of the process volume 108 that is aligned 
with the centerline 404 of the substrate support (shown in 
FIGS. 4A-C). 
0066. The back side 804 of the baffle plate 180 may also be 
flat or curved. In the embodiment depicted in FIG. 8, the back 
side 804 of the baffle plate 180 is curved and concentric with 
the front side 802. 
0067. A plurality of holes 806 are formed through the 
baffle plate 800 to allow gases to pass from the process vol 
ume 108 to the pump 120. The holes 806 are configured to 
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prevent plasma from entering the pumping channel 118. In 
one embodiment, 15 holes 806 are formed through the baffle 
plate 800. In one embodiment, holes 806 through the baffle 
plate 800 are arranged in three rows, for example, three rows 
of 5 holes. 

0068 FIG. 10 depicts a flow diagram of one embodiment 
of a method for etching a substrate. The method may be 
practiced in the etch reactor 100 or other suitable etch reactor. 
The method begins at step 1002 by transferring a substrate to 
a substrate support assembly 140 disposed in the reactor. 
0069. At step 1004, backside gas is provided to the inter 
stitial space between the substrate and the substrate support 
assembly, and passed into the process volume 108 from under 
the edge of the substrate 150. In one embodiment, the back 
side gas contains a backside process gas. The backside gas 
contains may also contain. He or otherinert gas. The backside 
process gas affects at least one of the etching or deposition 
substep described further below. 
0070. In one embodiment, the backside process gas 
includes a polymer forming gas. In one embodiment, the 
polymer forming gas is an oxygen-containing gas. Such as O2. 
Helium or other inert gas may be present in the backside gas. 
In one embodiment, the ratio of helium to backside process 
gas in the backside gas is between about 50:50 and about 
70:30 by weight or mass. The pressure of backside gas is 
provided in a range of about 4 and 26 Torr or other pressure 
Suitable to ensure a Sufficient leakage of backside gas from 
below the edge of the wafer such that the backside process gas 
affects processing on the Substrate's Surface. 
0071. At step 1006, a cyclical etching process is per 
formed. The cyclical etching process includes at least one 
etch substep 1008 and at least one deposition substep 1010. 
The substeps are repeatedly performed until an endpoint is 
reached. The endpoint may be determined through time, 
effluent monitoring, plasma monitoring, thickness monitor 
ing or other Suitable endpoint detection method. 
0072. In one embodiment suitable for etching silicon, the 
etch substep 1008 includes providing a fluorine-containing 
gas. Suitable fluorine-containing gases include SF, NF, 
CF, CHF, ClF, BrF, IF, or derivatives thereof. The etch 
substep 1008 may have a duration of less than about seven 
seconds. In one embodiment, the etch substep 1008 is 
between one to three seconds. A first portion of the etch 
substep 1008 may include the introduction of an oxygen 
containing gas through the fast gas exchange to preferentially 
etch polymer from the bottom, horizontal surfaces of the 
feature being etch to expose silicon material for Subsequent 
etching during a second portion of the substep 1008. 
0073. The polymer deposition substep 1010 may include 
providing a polymer-forming gas through the fast gas mani 
fold. The polymer-forming gas may include a carbon-con 
taining gas such as CFs. Other suitable polymer-forming 
gases may be utilized. The duration of the substep 1010 is 
similar to that of substep 1008. 
0074 Rapid switching between the substep 1008 to sub 
step 1010 and back is augmented by the use of mass flow 
controller in the fast gas exchange system 124 having 
response times in the range of 300 ms. Faster Switching 
between substeps 1008, 1010 results in faster etch rates and 
less scalloping of the feature sidewalls. 
(0075. The substeps 1008, 1010 are repeated at substep 
1012 until the endpoint or other desired point is reached. It is 
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contemplated that the last substep 1010 in a series of repeti 
tion substeps 1012 may be omitted once the endpoint is 
reached. 
0076 FIG. 11 depicts a flow diagram of one embodiment 
of a method for etching a substrate. The method may be 
practiced in the etch reactor 100 or other suitable etch reactor. 
0077. The method begins at step 1102 by transferring a 
substrate to a substrate support assembly 140 disposed in the 
reactor. At step 1104, backside gas is provided to the intersti 
tial space between the substrate and the substrate support 
assembly, and passed into the process volume 108 from under 
the edge of the substrate 150. In one embodiment, the back 
side gas contains a backside process gas as described above. 
0078. At step 1106, a cyclical etching process is per 
formed. The cyclical etching process includes at least one 
etch substep 1108 and at least one deposition substep 1110. 
The substeps 1108, 1110 are repeated at substep 1112 until 
the endpoint or other desired point is reached. It is contem 
plated that the last substep 1110 in a series of repetition 
substeps 1112 may be omitted once the endpoint is reached. 
0079. During one or more of the repetition substeps 1112, 
a recipe management Substep 1114 is performed. The recipe 
management Substep 1114 adjusts certain recipe variable in 
response to the current aspect ratio of the feature being 
etched. For example, with each repetition substeps 1112, the 
depth of the etch feature increases, thereby increasing the 
aspect ratio of the feature being etched. As the aspect ratio 
increases, etch performance changes if the recipe remains 
static. The recipe management Substep 1114 compensates for 
this by adjusting certain process recipe variables Such that the 
etch performance is maintained and/or optimized for the cur 
rent aspect ratio of the feature. For example, the thickness of 
the sidewall polymers must be managed in deeper trenches to 
avoid closing the trench and preventing Subsequent etching. 
Therefore, as the aspect ratio continually increases over Sub 
sequent cycles, one or more of the variables of the process 
recipe is adjusted (e.g., ramped up or down) to maintain 
and/or optimize the etch performance. Some variables 
include bias power, bias duty cycle, bias power pulsing, Sub 
strate Support assembly temperature, Source power, chamber 
pressure, process gas flow rates and process gas composition, 
among others. 
0080. The forgoing process and equipment has demon 
strated a significant improvement over conventions processes 
and conventions designs. CD bias proximate the edge of the 
Substrate may be controlled using the backside process gas for 
more uniform etch results across the Substrate. 
0081. While the foregoing is directed to embodiments of 
the invention, other and further embodiments of the invention 
may be devised without departing from the basic scope 
thereof, and the scope thereof is determined by the claims that 
follow. 

What is claimed is: 
1. A method for etching, comprising: 
in a plasma processing chamber, etching a feature in a 

silicon layer using an etch recipe that includes cyclical 
etching and deposition Substeps until an end point is 
reached, wherein an aspect ratio of the feature increases 
with a number of cyclical etching and deposition Sub 
steps performed over time until the endpoint is reached; 
and 

adjusting a recipe variable of the etch recipe in response to 
the current aspect ratio of the feature during etching to 
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manage thickness of sidewall polymers when the feature 
becomes deeperto avoid closing the feature and prevent 
ing Subsequent etching. 

2. The method of claim 1, wherein the recipe variable of the 
etch recipe comprises at least one of bias power, bias duty 
cycle, bias power pulsing, Substrate Support assembly tem 
perature, source power, chamber pressure, process gas flow 
rates and process gas composition. 

3. The method of claim 2, wherein adjusting the recipe 
variable of the etch recipe comprises: 

ramping up the variable of the process recipe. 
4. The method of claim 2, wherein adjusting the recipe 

variable of the etch recipe comprises: 
ramping down the variable of the process recipe. 
5. The method of claim 1 further comprising: 
flowing a backside process gas between a Substrate on 

which the silicon layer is disposed and a substrate Sup 
port assembly disposed in the plasma processing cham 
ber, wherein the backside process gas is a gas which 
effects the rate of etch or polymerization during the etch 
cycle by reacting with materials in the plasma process 
ing chamber. 

6. The method of claim 5, wherein the backside process gas 
is an oxygen containing gas. 

7. The method of claim 6 further comprising flowing He 
with the backside process gas between the substrate and the 
Substrate Support assembly. 

8. The method of claim 6, wherein the oxygen containing 
gas is O2. 

9. The method of claim 8, wherein a ratio of He to Ogas 
flowing between the substrate and the substrate support 
assembly is about 50:50 to about 70:30 by volume or by mass. 

10. The method of claim 1, wherein cyclically etching the 
silicon layer further comprises: 

forming a plasma from a fluorine-containing gas during the 
etching Substep; and 

utilizing a carbon-containing gas during the deposition 
Substep. 

11. The method of claim 10, wherein the fluorine-contain 
ing gas further comprises at least one of SF, NF, CFCHF 
ClF, BrF, IF, or derivatives thereof. 

12. The method of claim 10, wherein the carbon-contain 
ing gas further is CFs. 

13. The method of claim 10, wherein the etch substep has 
a duration of less than about seven seconds. 

14. The method of claim 10, wherein the etch substep 
further comprises: 

introducing an oxygen-containing gas with the fluorine 
containing to preferentially etch polymer from a bottom, 
horizontal Surfaces of a feature being etched to expose 
silicon material for Subsequent etching during a second 
portion of the etch substep. 

15. A method for etching, comprising: 
in a plasma processing chamber, etching a feature in a 

silicon layer using an etch recipe that includes cyclical 
etching Substep utilizing a fluorine-containing gas and 
deposition Substep utilizing a carbon-containing gas 
until an end point is reached, wherein an aspect ratio of 
the feature increases with a number of cyclical etching 
and deposition substeps performed over time until the 
end point is reached, wherein the etch Substep has a 
duration of less than about seven seconds; and 

adjusting a recipe variable of the etch recipe in response to 
the current aspect ratio of the feature during etching to 
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manage thickness ofsidewall polymers when the feature 
becomes deeperto avoid closing the feature and prevent 
ing Subsequent etching, wherein the recipe variable of 
the etch recipe comprises at least one of bias power, bias 
duty cycle, bias power pulsing, Substrate Support assem 
bly temperature, source power, chamber pressure, pro 
cess gas flow rates and process gas composition. 

16. The method of claim 15, wherein adjusting the recipe 
variable of the etch recipe comprises: 

At least one of ramping up and ramping down the variable 
of the process recipe. 

17. The method of claim 15 further comprising: 
flowing a backside process gas between a substrate on 
which the silicon layer is disposed and a substrate Sup 
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port assembly disposed in the plasma processing cham 
ber, wherein the backside process gas is a gas which 
effects the rate of etch or polymerization during the etch 
cycle by reacting with materials in the plasma process 
ing chamber. 

18. The method of claim 17, wherein the backside process 
gas is an oxygen containing gas. 

19. The method of claim 15, wherein the fluorine-contain 
ing gas further comprises at least one of SF, NF, CFCHF 
ClF, BrF, IF, or derivatives thereof. 

20. The method of claim 19, wherein the carbon-contain 
ing gas further is CFs. 

c c c c c 


