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(57) ABSTRACT 

A method of etching a silicon layer in a plasma etching 
reactor to form an ultra deep opening is disclosed. The 
method includes the steps of providing a semiconductor 
substrate including the silicon layer into the plasma etching 
reactor and ?owing an etching gas that includes an oxygen 
reactant gas, a helium gas, and an inert bombardment 
enhancing gas into the plasma etching reactor. The method 
further includes striking a plasma using the etchant gas 
chemistry, and then providing an additive gas having SF6 
into the plasma etching reactor subsequent to striking the 
plasma. The method continues With etching an opening at 
least partially through the silicon layer using this plasma. 
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MECHANISM FOR ETCHING A SILICON LAYER 
IN A PLASMA PROCESSING CHAMBER TO 

FORM DEEP OPENINGS 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to the fabrication of semi 
conductor integrated circuits (ICs). More particularly, the 
present invention relates to improved methods for etching a 
silicon layer in a plasma processing chamber to form deep 
openings having high aspect ratios. 

[0002] In semiconductor IC fabrication, devices such as 
component transistors may be formed on a semiconductor 
Wafer or substrate, Which is typically made of silicon. Deep 
openings, Which may have aspect ratios higher than 35:1, 
may be etched in the silicon for the purposes of, by Way of 
example, storage, forming isolated capacitors or in MEM 
device applications. Openings having etch depths of about 3 
pm to about 10 pm may be termed as deep openings, 
Whereas openings having etch depths of more than about 10 
pm may be termed as ultra deep openings. These ranges are 
provided as a guide to explaining the invention, and are not 
intended to de?ne any limitations to the invention. For 
example, it is assumed that a method for etching an ultra 
deep opening Would be equally effective for etching a more 
shalloW opening. 

[0003] To facilitate this discussion, FIG. 1 shoWs the steps 
involved in a prior art method of etching deep openings that 
utiliZes a prior art etching gas chemistry. This prior art 
method starts at 102 When a substrate is provided in a plasma 
processing chamber and begins With an initial breakthrough 
etch using a ?uorine chemistry in 104, Which may be, by 
Way of example, CF4. This initial etch phase is folloWed by 
preparations for the main etch step, Which starts at 106 by 
providing an SF?/Oz/He etchant gas chemistry and striking 
a plasma using this gas chemistry in 108. Then the main etch 
starts in 110 by using the plasma to etch a deep opening in 
a silicon layer, for example, a trench having a depth of 
approximately 5.5 pm. Once etching of the deep trench is 
accomplished, the process is complete as shoWn in 112. 

[0004] FIG. 2 illustrates a cross-sectional vieW of an 
exemplary deep opening having an etch depth of approxi 
mately 5.5 pm in a silicon layer With a masking layer over 
it that Was etched using the prior art etching method pre 
sented in FIG. 1. A silicon layer 202, Which has a masking 
layer 204 disposed over it, is etched to form a deep trench 
206. Masking layer 204 may be a layer of conventional 
photoresist material, Which may be patterned for etching, 
e.g., through exposure to ultraviolet rays. An etch rate of 
approximately 1.5 pm/min is achieved. Deep trench 206, 
Which Was etched using the etching method described in 
FIG. 1, has a number of structural ?aWs, for example, 
boWed features 208 in the sideWalls as Well as notch-like 
features 210, Which resulted from undercutting of the hard 
mask. 

[0005] Other issues that are not directly illustrated in FIG. 
2 but may be encountered in the etching of deep trenches 
involve non-vertical etch pro?les, loW etch rates, inadequate 
etch depths, RIE lag, loW TEOS/Si selectivity, critical 
dimension bias, and silicon nonuniformity. Some of these 
problems may not appear or become severe enough to pose 
dif?culties until attempts are made to etch openings having 
greater etch depths and higher aspect ratios. It should be 
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appreciated by those skilled in the art that the aforemen 
tioned issues Will arise as rapid improvements in the indus 
try call for the use of even deeper and narroWer openings 
than are commonly used in today’s state of the art technol 

[0006] In vieW of the foregoing, there are desired 
improved techniques of etching deep and narroW openings 
in a silicon layer While avoiding some or all of the numerous 
problems described above. 

SUMMARY OF THE INVENTION 

[0007] To achieve the foregoing and other objects and 
according to the purpose of the present invention, a method 
of etching deep openings in a silicon layer in a plasma 
etching reactor is disclosed. The method includes the steps 
of providing a semiconductor substrate including the silicon 
layer into the plasma etching reactor and flowing a gas 
chemistry for the main etch that includes an oxygen reactant 
gas, and a helium gas into the plasma etching reactor. The 
method further includes striking a plasma using the etchant 
gas chemistry, and then providing a ?uorine-containing 
additive gas, Which may include, by Way of example, SE6, 
into the plasma etching reactor subsequent to striking the 
plasma. The method continues With etching an opening at 
least partially through the silicon layer using this plasma. In 
a preferred embodiment, a chlorine-containing chemistry is 
provided prior to ?oWing the main etch gas chemistry to etch 
through a native oxide layer that may be disposed over the 
silicon layer. 

[0008] In another embodiment of the present invention, a 
method of etching ultra deep openings in a silicon layer in 
a plasma etching reactor is disclosed. The method includes 
the steps of providing a semiconductor substrate including 
the silicon layer into the plasma etching reactor and flowing 
a gas chemistry for the main etch that includes an oxygen 
reactant gas, a helium gas, and an inert bombardment 
enhancing gas into the plasma etching reactor. The method 
further includes striking a plasma using the etchant gas 
chemistry, and then providing a ?uorine-containing additive 
gas, Which may include, for example, SE6, into the plasma 
etching reactor subsequent to striking the plasma. The 
method continues With etching an opening at least partially 
through the silicon layer using this plasma. In a preferred 
embodiment, argon is selected as the inert bombardment 
enhancing gas and a chlorine-containing chemistry is pro 
vided prior to ?oWing the main etch gas chemistry to etch 
through a native oxide layer that may be disposed over the 
silicon layer. 

[0009] Other aspects and advantages of the invention Will 
become apparent from the folloWing detailed description 
taken in conjunction With the accompanying draWings, 
illustrating by Way of example the principles of the inven 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 shoWs the steps involved in a prior art 
method of etching deep openings that utiliZes a prior art 
etching gas chemistry. 

[0011] FIG. 2 illustrates a cross-sectional vieW of a deep 
opening in a silicon layer that Was etched using the prior art 
etching method. 
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[0012] FIG. 3 is a simpli?ed diagram of a plasma reactor 
that may be suitably employed With the improved gas 
chemistry in accordance With one aspect of the invention. 

[0013] FIG. 4 shoWs the steps involved in a ?rst inventive 
method of etching deep openings in accordance With one 
aspect of the present invention. 

[0014] FIG. 5(a) illustrates a cross-sectional vieW of a 
deep opening in a silicon layer that Was etched using an 
inventive etching method in accordance With one embodi 
ment of the present invention. 

[0015] FIG. 5(b) illustrates a cross-sectional vieW of the 
result obtained by attempting to etch an ultra deep opening 
in a silicon layer using the same inventive etching method as 
FIG. 5(a). 

[0016] FIG. 6 shoWs the steps involved in a second 
inventive method of etching ultra deep openings using a 
second etching gas chemistry in accordance With another 
aspect of the invention. 

[0017] FIG. 7 illustrates a cross-sectional vieW of an ultra 
deep opening in a silicon layer that Was etched using the 
second inventive etching method in accordance With one 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0018] The present invention Will noW be described in 
detail With reference to a feW preferred embodiments thereof 
as illustrated in the accompanying draWings. The inventive 
etching process in accordance With one aspect of this 
invention is a complex application that produces deep, high 
aspect ratio openings With precisely controlled sideWall 
angles. Etch depths achieved using the inventive process 
may reach approximately 30 pm or more, With aspect ratios 
of greater than about 10:1, some as high as about 35:1. 
SideWall angles may generally be greater than approxi 
mately 87 degrees. 

[0019] A preferred result of applying this invention is to 
achieve a deep opening in the silicon layer having all the 
desired characteristics such as a substantially vertical pro 
?le, high etch rate/depth, minimal RIE lag and critical 
dimension bias, and high TEOS/Si selectivity and silicon 
uniformity. In the folloWing description, numerous speci?c 
details are set forth in order to provide a thorough under 
standing of the present invention. It Will be apparent, hoW 
ever, to one skilled in the art, that the present invention may 
be practiced Without some or all of these speci?c details. In 
other instances, Well knoWn process steps have not been 
described in detail in order to not unnecessarily obscure the 
present invention. 

[0020] In accordance With one aspect of the present inven 
tion, a method of etching deep openings in a silicon layer in 
a plasma etching reactor is disclosed. The method includes 
the steps of providing a semiconductor substrate including 
the silicon layer into the plasma etching reactor and ?oWing 
a gas chemistry for the main etch that includes an oxygen 
reactant gas, and a helium gas into the plasma etching 
reactor. The method further includes striking a plasma using 
the etchant gas chemistry, and then providing a ?uorine 
containing additive gas that may include, by Way of 
example, SE6, into the plasma etching reactor subsequent to 
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striking the plasma. The method continues With etching an 
opening at least partially through the silicon layer using this 
plasma. In a preferred embodiment, a chlorine-containing 
chemistry is provided prior to ?oWing the main etch gas 
chemistry to etch through a native oxide layer that may be 
above the silicon layer. 

[0021] In another embodiment of the present invention, a 
method of etching ultra deep openings in a silicon layer in 
a plasma etching reactor is disclosed. The method includes 
the steps of providing a semiconductor substrate including 
the silicon layer into the plasma etching reactor and ?oWing 
a gas chemistry for the main etch that includes an oxygen 
reactant gas, a helium gas, and an inert bombardment 
enhancing gas into the plasma etching reactor. The method 
further includes striking a plasma using the etchant gas 
chemistry, and then providing a ?uorine-containing additive 
gas, Which may include, by Way of example, SE6, into the 
plasma etching reactor subsequent to striking the plasma. 
The method continues With etching an opening at least 
partially through the silicon layer using this plasma. In a 
preferred embodiment, argon is selected as the inert bom 
bardment-enhancing gas and a chlorine-containing chemis 
try is provided prior to ?oWing the main etch gas chemistry 
to etch through a native oxide layer that may be above the 
silicon layer. 

[0022] In a preferred embodiment, the present invention is 
employed in an inductively coupled plasma reactor, for 
example, the TCPTM brand plasma reactors such as the 
9400PTXTM plasma reactor, Which are available from Lam 
Research Corporation of Fremont, Calif. FIG. 3 illustrates a 
simpli?ed schematic of an inductively coupled plasma reac 
tor Which represents the preferred plasma processing reactor 
for practicing the invention. Referring to FIG. 3, a Wafer 
reactor 302 includes a plasma processing chamber 304. On 
the top surface of the chamber 304, there is disposed a quartZ 
WindoW 306, Which serves as a transparent medium to alloW 
RF energy to enter the chamber. Acoil 308 positioned above 
plasma processing chamber 304 emits the RF energy, Which 
is supplied by a poWer generator 310 that generates poWer 
that may range from about 300 W to about 2000 W, 
preferably betWeen about 400 W and about 1200 W, and 
more preferably at about 1000 W in one embodiment. 

[0023] Within chamber 304, the etching gas chemistry is 
released through a gas inlet 312 into the RF-induced plasma 
region 314 betWeen quartZ WindoW 306 and a Wafer 316. 
The etching gas chemistry may also be released from other 
ports built into the Walls of the chamber itself. Wafer 316 is 
introduced into chamber 304 and disposed on an electro 
static chuck 318, Which acts as the bottom electrode that is 
driven by a poWer generator 320. PoWer generator 320 
generates poWer that may range from about 20 W to about 
100 W, preferably betWeen about 20 W and about 30 W, and 
more preferably at about 25 W in one embodiment. Helium 
cooling gas may be introduced under pressure (e.g., about 
4-14 Torr, preferably about 6-10 Torr, and more preferably 
at about 8 Torr, for example, in one embodiment) betWeen 
electrostatic chuck 318 and Wafer 316 to act as a heat 
transfer medium for accurately controlling the Wafer’s tem 
perature during processing to ensure uniform and repeatable 
etching results. The temperature of electrostatic chuck 318 
may be kept betWeen about 0° C. and about 70° C., prefer 
ably betWeen about 15° C. and about 60° C., more preferably 
about 20° C. in one embodiment, Whereas the chamber 
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temperature may be kept betWeen about 20° C. and 70° C., 
preferably betWeen about 40° C. and about 70° C., more 
preferably at about 50° C. in one embodiment. During 
plasma etching, the pressure Within plasma processing 
chamber 304 is preferably kept loW, e.g., betWeen about 40 
mTorr to about 110 mTorr, preferably betWeen about 50 
mTorr to about 100 mTorr, more preferably at about 60 
mTorr in one embodiment. 

[0024] FIG. 4 shoWs the steps involved in a ?rst inventive 
method of etching deep openings in accordance With one 
aspect of the present invention. This inventive method starts 
at 402 When a substrate is placed upon a loWer electrode, 
Which may be an electrostatic chuck, in a plasma processing 
chamber. The loWer electrode temperature is maintained at 
approximately 30° C., Which is substantially less than the 
loWer electrode temperature of approximately 50° C. that is 
provided in the prior art method. A reduced loWer electrode 
temperature is believed to minimiZe critical dimension bias, 
Which results in a more uniform cross-sectional area along 
the entire depth of the etched opening, in this example, a CD 
bias of less than approximately 0.03 is achieved. 

[0025] A chlorine-containing chemistry is provided for an 
initial breakthrough etch in 404. This chlorine-containing 
chemistry Was found to be more effective than the ?uorine 
containing chemistry used in the prior art in achieving the 
purpose of this initial breakthrough etch, Which is to etch 
through a native oxide layer that is usually formed on the 
silicon layer When the silicon reacts With the oxygen in the 
air. The use of a chlorine-containing chemistry is also 
believed to eliminate the boWed features 208 Which Were 
present in the results shoWn in FIG. 2. In 406, a gas 
chemistry having oxygen and helium is provided, folloWed 
by the striking of a plasma using this gas chemistry in 408. 
Although a ?uorine-containing gas such as SF6 does play a 
role in this etchant chemistry, this reactive gas element is 
deliberately excluded during the striking of the plasma to 
avoid a vertical ?ash effect that may cause an undercutting 
of the hard mask and the silicon interface, Which in turn may 
cause a notch-like structure to form along the sideWalls of 
the opening. The act of striking the plasma absent the 
presence of SF6 may be sustained for a given time period, for 
example, seven seconds. After striking the plasma, SF6 is 
added into the plasma processing chamber in 410, folloWed 
by the start of the main etch. This process ends in 414 When 
the etching of a deep opening is complete. Other gases that 
may be substituted for SF6 include C4138, CF4, NF3, and 
CHF3. 

[0026] FIG. 5(a) illustrates a cross-sectional vieW of a 
deep opening 502 in a silicon layer 504 that Was etched 
using this inventive etching method in accordance With one 
embodiment of the present invention. These results indicate 
that this novel method can achieve an increased etch rate of 
approximately 3.5 pm/min, and is effective for etching 
openings With etching depths as deep as about 10 pm to 
about 15 pm Without the problems encountered using the 
prior art methods. For example, deep opening 502, Which 
has an etch depth of approximately 5.5 pm, has a straight 
vertical pro?le, Without the problematic characteristics such 
as the boWed features and the notch-like features that result 
from undercutting the hard mask that Were present in a deep 
opening etched using the prior art method as depicted in 
FIG. 2. 
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[0027] FIG. 5(b) illustrates a cross-sectional vieW of the 
result obtained by attempting to etch an ultra deep opening 
in a silicon layer using largely the same inventive etching 
method and parameters as FIG. 5(a) except the loWer 
electrode temperature is further reduced to 20° C. in an 
attempt to further improve the critical dimension control. A 
deep opening 512 in a silicon layer 514 having an etch depth 
of approximately 13 pm is shoWn in this ?gure. The average 
etch rate achieved Was approximately 1.6 pm/min. It is 
questionable Whether the average etch rate calculated in this 
instance is at all re?ective of the actual etch rate, since the 
etching failed to reach the targeted etch depth of 30 pm, in 
fact there Was an etch stop at an etch depth of approximately 
15 pm Which occurred prior to the end of the designated etch 
time of 500 seconds. Deep opening 512 still has a largely 
vertical pro?le, except near the top surface Where sideWalls 
of the opening is pulled back due to the reoccurrence of the 
undercutting of the hard mask, Which causes a sloped pro?le 
516 from a level Where the pulling back begins to the top 
edge of the etched opening. Therefore, there is a need for 
another improved method for etching deep openings having 
large aspect ratios With the capability for etching openings 
having a depth greater than 15 pm and having the desired 
characteristics such as a substantially vertical pro?le, high 
etch rate/depth, loW critical dimension bias, high TEOS/Si 
selectivity, minimal RIE lag, and high silicon uniformity. 

[0028] FIG. 6 shoWs the steps involved in a second 
inventive method of etching deep openings using a second 
etching gas chemistry in accordance With another aspect of 
the invention that begins in 602. A chlorine chemistry is 
provided for an initial breakthrough etch in 604. In 606, a 
gas chemistry having an oxygen reactant, helium, and an 
inert bombardment-enhancing gas such as argon is provided. 
After ?oWing this gas chemistry, a plasma is struck using 
this etchant gas chemistry in 608. Like the previous inven 
tive method, a ?uorine-containing reactive gas element does 
play a role in this etchant chemistry but is deliberately 
excluded during the striking of the plasma to avoid a vertical 
?ash effect that may cause an undercutting of the hard mask 
and the silicon interface, Which in turn may cause a notch 
like structure to form along the sideWalls of the opening. The 
act of striking the plasma absent the presence of a ?uorine 
containing chemistry such as SF6 may be sustained for a 
certain amount of time, for example, seven seconds. After 
striking the plasma, SF6 is added into the plasma processing 
chamber in 610, folloWed by the start of the main etch in 
612. This process ends in 614 When the etching of a deep 
opening is complete. 

[0029] FIG. 7 illustrates a cross-sectional vieW of an 
opening in a silicon layer that Was etched using the second 
inventive etching method in accordance With one embodi 
ment of the present invention. To achieve commercially 
acceptable etch results, the top poWer Was increased and the 
chamber pressure Was decreased in one embodiment to 
bolster the etching process and therefore minimiZe the 
possibility of an etch stop. The addition of argon also played 
a contributory role in enhancing the ion bombardment. In 
this ?gure, an ultra deep opening 702, approximately 30 pm, 
having a high aspect ratio greater than approximately 30:1, 
has been etched into a silicon layer 704. An etch rate of 3.6 
pm/min Was reached in this instance. Moreover, the sideWall 
pro?le Was substantially vertical With good critical dimen 
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sion control, as can be seen in this ?gure, Which is very 
dif?cult to achieve in etching openings of comparable depths 
and aspect ratios. 

[0030] An important feature of this inventive method of 
etching ultra deep openings is the inclusion of an inert 
bombardment-enhancing gas such as argon or xenon. It is 
believed that the addition of this inert bombardment-enhanc 
ing gas might possibly play a role in eliminating the under 
cutting of the hard mask, Which in turn helps in controlling 
the sideWall pro?le. Adding a heavy inert gas such as argon 
to the total gas How is also believed to contribute to the 
improvement of the RIE lag problem. RIE lag is the etch rate 
difference betWeen different openings that are being etched. 
Usually RIE lag occurs in openings having different feature 
siZes, but in some cases, RIE lag occurs in features of the 
same siZe. The latter situation is believed to occur When 
there are not enough reactive ions in the openings to 
continue the etching. The addition of an inert bombardment 
enhancing gas to the total ?oW alleviates that problem by 
enhancing ion bombardment in the etching process, thereby 
reducing an etch stop condition While not affecting the 
polymer formation and pro?le. 

[0031] Although heavy gases such as argon are used in 
oxide etching, they are not often used in silicon etching. The 
addition of a heavy inert gas such as argon to enhance the ion 
bombardment is nonobvious because in etching openings of 
high etch depths and aspect ratios, it is evident that enhanc 
ing ion bombardment Would not be an obvious approach, 
especially given that the thickness of the masking layer that 
can be put on the silicon layer decreases With the reduction 
in feature siZe and stronger bombardment that Would Wear 
aWay the masking layer before etching is complete Would 
not be a desired effect of the process. 

[0032] NotWithstanding the effects of enhanced ion bom 
bardment, another advantage of these improved etching 
methods is its surprising selectivity to a masking material 
such as TEOS that is used to mask the silicon layer for the 
purpose of etching. Given that the thickness of the masking 
layer that can be put on the silicon layer decreases With the 
reduction in feature siZe, the selectivity of the silicon to 
TEOS becomes a very important factor in the etching 
process. It is imperative that the TEOS layer does not 
completely Wear aWay before the etching of a deep and 
narroW opening in the silicon layer is completed, in fact, 
high selectivity to masking material is required to achieve 
openings With the proper geometrical aspect. Even With the 
addition of a bombarding agent (such as Ar), it has been 
found that the improved etching gas chemistry provides a 
siliconzTEOS selectivity ratio of greater than approximately 
60:1, Which is much higher than the selectivity ratio of 
approximately 25:1 or less provided by the prior art etching 
gas chemistry (Which does not employ an inert bombard 
ment-enhancing gas such as 

[0033] Besides having high etch rates, superior etch pro 
?le control, and high selectivity to the masking layer, 
another inherent advantage to these improved etching meth 
ods is that the inventive methods each involve only one main 
etch step Without a polymeriZing step, and therefore are 
more direct and cleaner processes in comparison With meth 
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ods commonly used in the industry to etch deep openings 
Which involve etching doWn a predetermined depth, fol 
loWed by a polymeriZing step for passivation, and then 
repeating this alternating sequence until the desired etch 
depth is reached. In contrast, these improved etching meth 
ods advantageously alloW for the etching of an opening With 
a desired etch depth in one main etch. 

EXAMPLES 

[0034] In the tables that folloW, suitable parameters for 
etching through an exemplar silicon Wafer are shoWn. Pro 
vided for each parameter are the preferred approximate 
range, the more preferred approximate range, and the exem 
plary values for four separate processes A, B, C, and D. The 
results obtained through processes A, B, C, and D are shoWn 
respectively in FIGS. 2, 5(a), 5(b) and 7. Process A is the 
prior art process. 

[0035] The approximate process parameters shoWn therein 
are generally suitable for etching a 6-inch Wafer on the 
aforementioned TCPTM brand 9400PTXTM plasma reactor. It 
should be readily apparent and Within the skills of one 
skilled in the art that the parameters may be scaled and/or 
modi?ed as appropriate to etch a substrate having a different 
dimension or pattern density or to conform to the require 
ments of a speci?c plasma reactor. 

[0036] Table 1 provides approximate ranges of suitable 
parameters for use in the plasma reactor such as the chamber 

pressure (in mTorr), the top poWer and bias poWer (in W), 
the chamber temperature and loWer electrode tempera 
tures(in degrees Celsius), the helium pressure at the elec 
trostatic chuck(in Torr), as Well exemplary parameters used 
to obtain the etching results shoWn in the FIGS. 2, 5(a), 5(b), 
and 7. Table 2 provides the approximate preferred and 
approximate more preferred ranges of How rates (in sccm) of 
some of the basic components of an exemplar etching gas 
chemistry used in the inventive method, e.g., C12, SP6, 02, 
He, and Ar, as Well as exemplar recipes for the speci?c gas 
chemistries used to obtain the etching results shoWn in the 
?gures. Table 3 provides the approximate preferred and 
approximate more preferred ranges and exemplar param 
eters of How rates of some basic components such as C12, 
02, He, and Ar in an exemplar etching chemistry used in the 
inventive method, relative to the SP6 ?oW rate in percentage 
form. 

[0037] It is understood that some of the gas components 
may or may not be present in certain speci?c gas chemis 
tries, for example, Cl2 is used to substantially replace the 
CF4 used for the initial breakthrough etch in the prior art 
process, so it is not a primary component of the break 
through etch gas chemistry used in process A. Moreover, this 
gas chemistry components listed in Table 2 are by no means 
all-inclusive, other types of gases may also be included in a 
gas chemistry to achieve certain purposes or to meet the 
particular needs of the speci?c type of etching equipment 
used. HoWever, the most preferred gas chemistry used in the 
main etch for etching an ultra deep opening does not include 
any signi?cant amount of additional gases other than those 
provided in Table 2, namely, SP6, 02, He, and Ar. 
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TABLE 1 

Approximate Approximate Exemplary 
Approximate More Parameters 

Etching Parameters Preferred Preferred A B C D 

Chamber Pressure (mTorr) 40-110 50-100 80 80 80 60 
Top Power (W) 300-2000 400-1200 500 500 500 1000 
Bias Power 10-100 20-30 25 25 25 25 
Backside Helium Pressure 4-14 6-10 8 8 8 8 

(Torr) 
Lower Electrode 0-70 15-60 50 30 20 20 

Temperature (O C.) 
Chamber Temperature (O C.) 20-70 40-70 60 50 50 50 

[0038] What is claimed is: 
1. A method of etching a silicon layer in an inductively 

TABLE 2 coupled plasma etching reactor to form an ultra deep trench, 
E h_ G said ultra deep trench having an etch depth of at least 10 pm 
tc ing as - ~ ~ _ 

Chemistry , said method comprising. 

Component/ . Approxlmate Approxlmate Exemplary providing a semiconductor substrate into said inductively 
Flow Approximate More Parameters . . . 

coupled plasma etching reactor, said semiconductor 
Rates (seem) Preferred Preferred A B c D substrate including said silicon layer; 

(312 (Scam) 50_200 80_120 N/A 100 100 100 ?owing an etchant gas chemistry consisting essentially of 
SF6(sccm) 20-90 35-55 45 45 45 45 a helium gas, an 02 gas, and an argon gas into said 
O2(SCCIY1) 10—70 25-45 35 35 35 35 inductively coupled plasma etching reactor; 
He (sccm) 100-400 150-250 200 200 200 200 _ _ _ _ _ 

Ar (sccm) 100-400 150-250 N/A N/A N/A 200 strlking a plasma using said etchant gas chemistry; 

providing an SF6 gas into said inductively coupled plasma 
etching reactor subsequent to said striking said plasma, 

[0039] wherein a ?ow ratio of said helium gas to said SF6 gas 
is about 350% to about 550%, a ?ow ratio of O2 to said 

TABLE 3 SF6 gas is about 60% to about 90%, and a ?ow ratio of 
said argon gas to said SF6 gas is about 350% to about 

Etching Gas Chemistry Approximate 550%- and 
Component Flow (% Approximate Approximate Exemplary , 
Relative to SP6 Flow) Preferred More Preferred Parameters etching Said ultra deep trench at least partially through 

c12 (%) 110-330 180-270 222 Sald slhcon lay“ _ _ _ _ _ _ 

O2 (%) 40-120 60-90 80 2. The method of etching a silicon layer in an inductively 
He (07”) 200-650 350-550 444 coupled plasma etching reactor to form an ultra deep open 
Ar (%) 200-650 350-550 444 

[0040] While this invention has been described in terms of 
several preferred embodiments, there are alterations, per 
mutations, and equivalents which fall within the scope of 
this invention. It should also be noted that there are many 
alternative ways of implementing the methods and appara 
tuses of the present invention. For example, this method may 
be utilized to etch a deep opening in a polysilicon layer as 
well as a pure silicon wafer. Also, the etch depth of an 
opening that is etched using the inventive method is by no 
means limited to the examples given in the preferred 
embodiments. By utilizing the method of the present inven 
tion and making proper adjustments to some of the etching 
parameters, it is expected that openings with greater etch 
depths having other desirable characteristics such as a 
vertical pro?le among others will be achieved. It is therefore 
intended that the following appended claims be interpreted 
as including all such alterations, permutations, and equiva 
lents as fall within the true spirit and scope of the present 
invention. 

ing as in claim 1, wherein a native oxide layer is disposed 
over said silicon layer and a chlorine-containing gas chem 
istry is ?owed into said inductively coupled plasma etching 
reactor, said chlorine-containing gas chemistry being used to 
etch through said native oxide layer prior to said ?owing of 
said etchant gas chemistry for said etching said silicon layer. 

3. The method of etching a silicon layer in an inductively 
coupled plasma etching reactor to form an ultra deep open 
ing as in claim 1, wherein a ?ow ratio of said argon gas to 
said SF6 gas is about 350% to about 550%. 

4. The method of etching a silicon layer in an inductively 
coupled plasma etching reactor to form an ultra deep open 
ing as in claim 1, wherein said etching of said ultra deep 
opening continues down to an etch depth of between about 
30 pm and about 60 pm. 

5. The method of etching a silicon layer in an inductively 
coupled plasma etching reactor to form an ultra deep open 
ing as in claim 1, wherein said striking of said plasma is 
sustained for a time period between about 5 seconds and 
about 10 seconds. 

6. Amethod of etching a silicon layer in a plasma etching 
reactor to form an ultra deep opening, said method com 
prising: 
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providing a semiconductor substrate into said plasma 
etching reactor, said semiconductor substrate including 
said silicon layer; 

?oWing an etchant gas chemistry having a helium gas, an 
oxygen reactant gas, and an inert bombardment-en 
hancing gas into said plasma etching reactor; 

striking a plasma using said etchant gas chemistry; 

providing a ?uorine-containing additive gas into said 
plasma etching reactor subsequent to said striking said 
plasma; and 

etching said ultra deep opening at least partially through 
said silicon layer. 

7. The method of etching a silicon layer in a plasma 
etching reactor to form an ultra deep opening as in claim 6, 
Wherein a native oXide layer is disposed over said silicon 
layer and a chlorine-containing gas chemistry is ?oWed into 
said plasma etching reactor, said chlorine-containing gas 
chemistry being used to etch through said native oXide layer 
prior to said ?oWing of said etchant gas chemistry for said 
etching said silicon layer. 

8. The method of etching a silicon layer in a plasma 
etching reactor to form an ultra deep opening as in claim 6, 
Wherein said inert bombardment-enhancing gas is argon. 

9. The method of etching a silicon layer in a plasma 
etching reactor to form an ultra deep opening as in claim 6, 
Wherein said inert bombardment-enhancing gas is Xenon. 

10. The method of etching a silicon layer in a plasma 
etching reactor to form an ultra deep opening as in claim 6, 
Wherein said semiconductor substrate is a silicon Wafer. 

11. The method of etching a silicon layer in a plasma 
etching reactor to form an ultra deep opening as in claim 6, 
Wherein said ultra deep opening is a trench. 

12. The method of etching a silicon layer in a plasma 
etching reactor to form an ultra deep opening as in claim 6, 
Wherein a How ratio of said inert bombardment-enhancing 
gas to said SF6 gas is about 350% to about 550%. 

13. The method of etching a silicon layer in a plasma 
etching reactor to form an ultra deep opening as in claim 6, 
Wherein said ?uorine-containing additive gas is SP6. 

14. The method of etching a silicon layer in a plasma 
etching reactor to form an ultra deep opening as in claim 6, 
Wherein said ?uorine-containing additive gas is one of C4138, 
CF4, NF3, and CHF3. 

15. The method of etching a silicon layer in a plasma 
etching reactor to form an ultra deep opening as in claim 6, 
Wherein said etching of said ultra deep opening continues 
doWn to an etch depth of betWeen about 30 pm and about 60 
m. 

16. The method of etching a silicon layer in a plasma 
etching reactor to form an ultra deep opening as in claim 6, 
Wherein a loWer electrode temperature in said plasma etch 
ing reactor is betWeen about 15° C. and about 60° C. 

17. The method of etching a silicon layer in a plasma 
etching reactor to form an ultra deep opening as in claim 6, 
Wherein a chamber pressure in said plasma etching reactor 
is betWeen about 50 mTorr and about 60 mTorr. 

18. The method of etching a silicon layer in a plasma 
etching reactor to form an ultra deep opening as in claim 6, 
Wherein said striking of said plasma is sustained for a time 
period betWeen about 5 seconds and about 10 seconds. 

19. The method of etching a silicon layer in a plasma 
etching reactor to form an ultra deep opening as in claim 6, 
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Wherein a top poWer in said plasma etching reactor is 
betWeen about 400 W and about 1000 W. 

20. The method of etching a silicon layer in a plasma 
etching reactor to form an ultra deep opening as in claim 6, 
Wherein said plasma etching reactor is an inductively 
coupled plasma etching reactor. 

21. Amethod of etching a silicon layer in a plasma etching 
reactor to form a deep opening, said method comprising: 

providing a semiconductor substrate into said plasma 
etching reactor, said semiconductor substrate including 
said silicon layer; 

?oWing an etchant gas chemistry having a helium gas, and 
an oXygen reactant gas into said plasma etching reactor; 

striking a plasma using said etchant gas chemistry; 
providing a ?uorine-containing additive gas into said 

plasma etching reactor subsequent to said striking said 
plasma; and 

etching said deep opening at least partially through said 
silicon layer, said etching of said silicon layer being 
performed using said plasma. 

22. The method of etching a silicon layer in a plasma 
etching reactor to form a deep opening as in claim 21, 
Wherein a native oXide layer is disposed over said silicon 
layer and a chlorine-containing gas chemistry is ?oWed into 
said plasma etching reactor, said chlorine-containing gas 
chemistry being used to etch through said native oXide layer 
prior to said ?oWing of said etchant gas chemistry for said 
etching said silicon layer. 

23. The method of etching a silicon layer in a plasma 
etching reactor to form a deep opening as in claim 21, 
Wherein said semiconductor substrate is a silicon Wafer. 

24. The method of etching a silicon layer in a plasma 
etching reactor to form a deep opening as in claim 21, 
Wherein said deep opening is a trench. 

25. The method of etching a silicon layer in a plasma 
etching reactor to form a deep opening as in claim 21, 
Wherein said ?uorine-containing additive gas is SP6. 

26. The method of etching a silicon layer in a plasma 
etching reactor to form a deep opening as in claim 21, 
Wherein said ?uorine-containing additive gas is one of C4138, 
CF4, NF3, and CHF3. 

28. The method of etching a silicon layer in a plasma 
etching reactor to form a deep opening as in claim 21, 
Wherein said etching of said deep opening continues doWn 
to an etch depth of betWeen about 10 pm and about 15 pm. 

29. The method of etching a silicon layer in a plasma 
etching reactor to form an ultra deep opening as in claim 21, 
Wherein a How ratio of said helium gas to said SF6 gas is 
about 350% to about 550%. 

30. The method of etching a silicon layer in a plasma 
etching reactor to form a deep opening as in claim 21, 
Wherein a chamber pressure in said plasma etching reactor 
is betWeen about 40 mTorr and about 100 mTorr. 

31. The method of etching a silicon layer in a plasma 
etching reactor to form a deep opening as in claim 21, 
Wherein said striking of said plasma is sustained for a time 
period betWeen about 5 seconds and about 10 seconds. 

32. The method of etching a silicon layer in a plasma 
etching reactor to form a deep opening as in claim 21, 
Wherein a top poWer in said plasma etching reactor is 
betWeen about 300 W and about 2000 W. 

* * * * * 


