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(57) ABSTRACT 

Disclosed are methods and systems for etching dielectric 
layers in a high density plasma etcher. A method includes 
providing a Wafer having a photoresist mask over a dielec 
tric layer in order to de?ne at least one contact via hole or 
open area that is electrically interconnected doWn to the 
silicon substrate of the Wafer. The method then proceeds to 
inserting the Wafer into the high density plasma etcher and 
pulsed application a TCP poWer source of the high density 
plasma etcher. The pulsed application includes ascertaining 
a desired etch performance characteristic, Which includes 
photoresist selectivity and etch rate Which is associated With 
a continuous Wave application of the TCP source. Then, 
selecting a duty cycle of the pulsed application of the TCP 
source and scaling a peak poWer of the pulsed application of 
the TCP source in order to match a cycle-averaged poWer 
that Would be delivered by the continuous Wave application 
of the TCP source. The pulsed application of the TCP poWer 
source is con?gured to etch through the dielectric layer to at 
least one contact via hole or open area While substantially 
reducing damage to the transistor gate oxides of the tran 
sistor devices. 
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METHODS FOR RUNNING A HIGH DENSITY 
PLASMA ETCHER TO ACHIEVE REDUCED 

TRANSISTOR DEVICE DAMAGE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to the fabrication of 
semiconductor integrated circuits (IC’s). More particularly, 
the present invention relates to improved methods and 
systems for etching dielectric layers of semiconductor 
devices With reduced damage to transistor device gate 
oXides. 

[0003] 2. Description of the Related Art 

[0004] In semiconductor IC fabrication, devices such as 
component transistors are formed on a semiconductor Wafer 
substrate, Which is typically made of silicon. During the 
fabrication process, various materials are deposited on dif 
ferent layers in order to build a desired IC. Typically, 
conductive layers, Which may include patterned metalliZa 
tion lines, polysilicon transistor gates and the like, are 
insulated from one another by dielectric material layers. 
Such dielectric layers typically include thennally groWn 
silicon dioxide (SiOZ), tetraethyl-ortho-silicate (TEOS), 
phosphosilicate glass (PSG), borophosphosilicate glass 
(BPSG), USG (undoped spin-on-glass), LTO, etc. Because 
semiconductor ICs are fabricated as multi-layered struc 
tures, there is a common need to interconnect IC features 
that are patterned on one layer to IC features of other layers. 
To accomplish these interconnections, via holes are typically 
etched through the dielectric materials doWn to underlying 
features. 

[0005] Once the via holes are etched, the via holes are 
?lled With a conductive material (e.g., tungsten, aluminum, 
etc.) to establish conductive vias betWeen features of the 
underlayer and a subsequently deposited and patterned met 
alliZation layer. In other cases, via holes are etched doWn to 
an underlying polysilicon transistor gate or silicon Wafer 
diffusion region. Once these vias are etched, the via holes are 
conductively ?lled to form electrical “contacts” betWeen the 
underlying devices and a subsequently deposited and pat 
terned metalliZation layer. 

[0006] FIG. 1 is a cross-sectional vieW of a partially 
fabricated semiconductor device 100. As shoWn, a semicon 
ductor substrate 102 has eXemplary diffusion regions 104, a 
gate oXide 110, and a polysilicon gate 112, Which de?ne a 
transistor device. As mentioned above, a dielectric material 
106 is commonly formed over the transistor devices to 
insulate them from subsequently deposited and patterned 
metalliZation lines (not shoWn). As device features continue 
to be designed smaller and smaller, vias etched through the 
dielectric material 106 Will have higher aspect ratios (i.e., 
deeper and narroWer vias). To facilitate etching of these high 
aspect ratio via holes, fabrication engineers have been more 
frequently implementing high density plasma etchers. High 
density plasma etchers are also noW preferred over capaci 
tively coupled source etchers due to their unique ability to 
provide substantially improved etch rates. 

[0007] Although high density etchers have these bene?ts, 
they also have the doWnside of introducing a substantial 
amount of charge into the substrate When contact via holes 
are etched doWn to diffusion regions 104. As is Well knoWn, 
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the plasma etch 114 operation is typically performed after a 
photoresist layer 108 is spin-coated over the surface of the 
dielectric layer 106 and then patterned using conventional 
photolithography techniques. In the eXample of FIG. 1, 
upon breaking through the dielectric layer 106 to a diffusion 
region 104, a potential difference Will typically develop 
betWeen the top surface of the polysilicon gate 112 (P1) and 
the top surface of the diffusion region 104 (P2). 

[0008] FIG. 1 also shoWs an open area 116, Which arises 
due to a relatively large opening in the photoresist mask 108. 
The open area 116 may represent the Wafer edge region, in 
the case that photoresist edge bead removal has been 
employed prior to etching. The open area 116 may also 
represent scribe lines, or any other opening Which has a 
Width substantially greater than the dielectric ?lm thickness. 
Upon breaking through the dielectric layer 106 to the open 
area 116, a potential difference Will typically develop 
betWeen the top surface of the polysilicon gate 112 (P1) and 
the open area 116 (P3). 

[0009] A potential difference across the gate oXide 110 
may also be induced in the case Which is similar to that of 
FIG. 1, but Where the contact via to the polysilicon gate 112 
has already been etched and subsequently ?lled With a 
conductive material such as tungsten. In this case, the 
potential of the photoresist layer 108 (P4) Will be roughly 
equal to the potential at the top surface of the polysilicon 
gate 112 (P1), and Will differ from the potential of the top 
surface of the diffusion region 104 (P2) or at the top surface 
of the open area 116 (P3). 

[0010] Due to the different geometries of the etched fea 
tures, the charged particles impacting the Wafer ?lms and 
Wafer substrate from the plasma may induce potential dif 
ferences. The continuing ?uX of charged particles alloWs a 
substantial current “I” to develop across the potential gra 
dients. This current I is unfortunately much greater than the 
level of current the gate oXide 110 Was designed to handle. 
As a result of the plasma-induced current through the gate 
structure, fabrication and reliability engineers have observed 
a great deal of damage to the gate oXides 110 throughout 
transistor devices of a silicon Wafer. In many cases, the 
potential difference across the gate oXides 110 Will be so 
large that the oXide material Will degrade to the point Where 
the particular transistor devices Will no longer Work in their 
intended mode of operation. In other cases, the damage to 
the gate oXides 110 Will be such that the transistor devices 
Will fail to meet speci?c reliability and operational require 
ments. 

[0011] In vieW of the foregoing, What is needed are 
methods and systems for etching vias that make electrical 
contact With the silicon substrate using high density plasma 
etchers, While reducing damage to sensitive gate oXides of 
transistor devices throughout the silicon substrate. 

SUMMARY OF THE INVENTION 

[0012] The present invention ?lls these needs by providing 
methods and systems for reducing gate oXide damage during 
dielectric etch operations in high density plasma etchers. It 
should be appreciated that the present invention can be 
implemented in numerous Ways, including as a process, an 
apparatus, a system, a device, and a method. Several inven 
tive embodiments of the present invention are described 
beloW. 
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[0013] In one embodiment, a method for etching dielectric 
layers in a high density plasma etcher is disclosed. The 
method includes providing a Wafer having a dielectric layer 
disposed over transistor devices. The transistor devices 
include transistor gate oXides and gate electrodes, and dif 
fusion regions. The method then includes forming a photo 
resist mask over the dielectric layer in order to de?ne at least 
one contact via hole over one of the diffusion regions, and 
inserting the Wafer into the high density plasma etcher. Then, 
the method moves to setting up chemistry conditions, tem 
perature conditions and pressure conditions Within the high 
density plasma etcher. Once the conditions are proper, the 
method moves to pulsed application of a Transformer 
Coupled Plasma (TCP) RF poWer source of the high density 
plasma etcher and applying RF bias poWer to a bottom 
electrode of the high density plasma etcher. The pulsed 
application of the TCP source is con?gured to etch through 
the dielectric layer to de?ne the at least one contact via hole 
over a diffusion region While substantially reducing damage 
to the transistor gate oXides of the transistor devices. 

[0014] In another embodiment, a method for etching 
dielectric layers in a high density plasma etcher is disclosed. 
The method includes providing a Wafer having a photoresist 
mask over a dielectric layer in order to de?ne at least one 
contact via hole over at least one transistor diffusion region. 
The method then proceeds to insertion of the Wafer into the 
high density plasma etcher and pulsed application of a TCP 
source of the high density plasma etcher. The pulsed appli 
cation includes ascertaining a desired etch performance 
characteristic, Which includes photoresist oXide selectivity 
and oXide etch rate, Which is associated With a continuous 
Wave application of the TCP source. Then, selecting a duty 
cycle of the pulsed application of the TCP source and scaling 
a peak poWer of the pulsed application of the TCP source in 
order to match a cycle-averaged poWer that Would be 
delivered by the continuous Wave application of the TCP 
source. The pulsed application of the TCP source is con?g 
ured to etch through the dielectric layer doWn to the at least 
one transistor diffusion region While substantially reducing 
damage to the transistor gate oXides of the transistor devices. 

[0015] In yet another embodiment, a high density etching 
system for etching layers of a semiconductor Wafer is 
disclosed. The system includes a chamber that has a TCP 
source and a bias source. The bias source has a surface for 

supporting the semiconductor Wafer. The system further 
includes RF generators for applying poWer to the TCP 
source and the bias source. The TCP RF generator is 
con?gured to pulse the poWer applied through the TCP 
source of the chamber. 

[0016] In still another embodiment, a method for etching 
dielectric layers of any level of an integrated circuit device, 
in a high density plasma etcher, is disclosed. This method 
includes providing a Wafer having a photoresist mask over 
a dielectric layer in order to de?ne at least one via hole that 
is electrically interconnected doWn to a silicon substrate of 
the Wafer. Thus, the dielectric layer can be the insulative 
layer of any level of the Wafer being processed. The Wafer 
is then inserted into the high density plasma etcher. Once 
inserted, the method proceeds to pulse applying a TCP 
source of the high density plasma etcher. The pulsed appli 
cation includes: (a) ascertaining a desired etch performance 
characteristic, including photoresist selectivity and etch rate 
Which is associated With a continuous Wave application of 
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the TCP source; (b) selecting a duty cycle of the pulsed 
application of the TCP source; and (c) scaling a peak poWer 
of the pulsed application of the TCP source in order to match 
a cycle-averaged poWer that Would be delivered by the 
continuous Wave application of the TCP source. The pulsed 
application of the TCP source, in this embodiment, is 
con?gured to etch the via hole through the dielectric layer 
While substantially reducing damage to transistor gate 
oXides of transistor devices formed over the Wafer. 

[0017] By pulsing the application of the TCP source, it is 
believed that the time-averaged electron temperature during 
etching is loWered due to the off-time (TOFF) of the pulse 
period T. This reduced mean electron temperature (and 
reduced average sheath potential) therefore reduces the 
plasma induced potentials Within features being etched (e. g., 
contact vias etched into the dielectric layer doWn to the 
silicon diffusion regions of a semiconductor Wafer). The 
reduced potentials result in reduced plasma-induced current, 
and therefore assist in reducing damage to transistor gate 
oXides, Which is a common problem during contact via hole 
etching operations that are performed through dielectric 
materials in high density etchers. These and other advan 
tages of the present invention Will become apparent upon 
reading the folloWing detailed descriptions and studying the 
various ?gures of the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The invention, together With further advantages 
thereof, may best be understood by reference to the folloW 
ing description taken in conjunction With the accompanying 
draWings. 
[0019] FIG. 1 is a cross-sectional vieW of a partially 
fabricated semiconductor device. 

[0020] FIG. 2A illustrates a simpli?ed diagram of a high 
density plasma etcher, including an inductively coupled 
plasma source, in accordance With one embodiment of the 
present invention. 

[0021] FIG. 2B illustrates a high level diagram of a TCP 
source and bias poWer controller that is con?gured to 
communicate With the high density plasma etcher of FIG. 
2A, in accordance With one embodiment of the present 
invention. 

[0022] FIG. 3 illustrates an idealiZed plot of time verses 
poWer of the applied TCP poWer source, in accordance With 
one embodiment of the present invention. 

[0023] FIG. 4 illustrates an idealiZed representation of the 
RF voltage Which is applied via a TCP RF generator, in 
accordance With one embodiment of the present invention. 

[0024] FIG. 5 pictorially illustrates hoW the cycle 
avcraged poWer delivered to the plasma is maintained sub 
stantially constant by varying the peak poWer of the on-time 
TON relative to a continuous Wave poWer level, in accor 
dance With one embodiment of the present invention. 

[0025] FIG. 6 illustrates an eXample in Which the TCP 
poWer during TOFF is not completely off, but at a reduced 
poWer level relative to a continuous Wave poWer level, in 
accordance With an alternative embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0026] An invention is described for reducing gate oXide 
damage during dielectric etch operations in high density 
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plasma etchers. In the following description, numerous 
speci?c details are set forth in order to provide a thorough 
understanding of the present invention. It Will be obvious, 
hoWever, 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 not to unnecessarily 
obscure the present invention. 

[0027] FIG. 2A illustrates a simpli?ed diagram of a high 
density plasma etcher 200, including an inductively coupled 
plasma source, in accordance With one embodiment of the 
present invention. By Way of eXample, the high density 
plasma etcher 200 may be a TCPTM 9100 etch system, Which 
is available from Lam Research Corporation of Fremont, 
Calif. This exemplary diagram illustrates a chamber 202 
Which is poWered by a TCP (transformer coupled plasma) 
source 202 and a RF bias 206. The TCP source 202 includes 
an RF generator 214 that couples to a matching netWork 212 
and then to an RF coil 208. The RF coil 208 is coupled to 
a dielectric RF WindoW 210 that is coupled to a top portion 
of the chamber 202. The RF bias 206 includes an RF 
generator 224 that is coupled to a matching netWork 222. 
Generally, the RF bias 206 is implemented to create a DC 
bias, Which assists in directing charged plasma particles 
toWard the Wafer 220. The matching netWork 222 is thus 
coupled to a bottom electrode 216, Which typically includes 
an electrostatic chuck (ESC) 218 for securing the Wafer 220 
Within the chamber 202. Of course, other types of techniques 
for securing the Wafer 220, such as mechanical clamps may 
also be used. 

[0028] FIG. 2B illustrates a high level diagram of a TCP 
source and bias poWer controller 201 that is con?gured to 
communicate With the high density plasma etcher 200, in 
accordance With one embodiment of the present invention. 
In general, the controller 201 may be coupled to or may be 
part of a computer station that is designed to communicate 
etch controlling parameters to the etcher 200. Typically, the 
computer station is used as an interface to enable process 
engineers to communicate and set temperature parameters, 
introduce Well knoWn etching chemistries at desired ?oW 
rates, establish pressures Within the chamber, adjust or 
modify the poWer levels applied via the TCP source and bias 
of FIG. 2A, and control other process parameters. 

[0029] In conventionally operated high density plasma 
etchers 200, the TCP generator 204 applies a constant 
amount of continuous poWer (i.e., via a continuous Wave 
“CW”) during the entire time a discrete step of the dielectric 
etching operation is performed. In one embodiment of the 
present invention, the TCP generator 204 is controlled such 
that a type of periodic poWer pulsing is applied during 
dielectric etching operations, especially When performing 
contact etch operations doWn to a silicon substrate. In this 
embodiment, the pulsed application of poWer is con?gured 
such that the ON time is not necessarily equal to the OFF 
time. 

[0030] Reference is noW draWn to FIG. 3, Where an 
idealiZed plot 300 of poWer verses time is shoWn in accor 
dance With one embodiment of the present invention. In this 
illustration, the poWer aXis is a representation (Which can 
also be referred to as the poWer set point of the generator) 
of the pulsed application of poWer for the TCP source 204. 
The pulsed application of poWer can be de?ned over any 
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given period “T,” in Which over part of the period T the TCP 
poWer is off “TOFF”302 and the remaining part of the period 
T the TCP poWer is on “TON”304. The duty cycle, in this 
embodiment, is de?ned by TON/T. In a most preferred 
embodiment of the present invention, the TCP source 204 is 
set to operate at a frequency ranging from about 200 KHZ to 
about 40 MHZ, and more preferably, betWeen about 2 MHZ 
and about 15 MHZ, and most preferably, is set to operate at 
a frequency of about 13.56 MHZ. The bias RF is preferably 
set to operate at a frequency ranging from about 200 KHZ to 
about 30 MHZ, and more preferably betWeen about 400 KHZ 
and about 13.56 MHZ, and is most preferably set to operate 
at a frequency of about 4 MHZ. 

[0031] When the above described operating frequencies 
are implemented in the high density plasma etcher 200, the 
period T is preferably set to a value ranging betWeen about 
2 microseconds and about 2 milliseconds. Most preferably, 
the period T can range betWeen about 10 microseconds and 
about 200 microseconds. In accordance With the preferred 
period T ranges, the preferred range for the duty cycle Will 
be betWeen about 10% and about 80%. The loWer side of this 
preferred range is de?ned in order to ensure that the plasma 
Will not become extinguished because the off-time TOFF is 
too long. Aside from this limitation, the duty cycle can be 
less than 10% so long as the TON is longer than several 
cycles of the RF source 214. On the upper limit, the goal is 
such that the TON does not approach being a non-pulsed 
continuous Wave In addition, as the duty cycle is 
decreased, it Will generally be more difficult to shift from a 
state in Which the TCP poWer is substantially off to a state 
in Which the TCP poWer is at a substantially full level. 

[0032] FIG. 4 illustrates an idealiZed representation of the 
output of the RF generator 214 Which is applied through the 
TCP source 204, in accordance With one embodiment of the 
present invention. In this plot, positive and negative voltage 
sWings (i.e., +V/—V) are represented over time periods T. 
The RF generator 214 is generally con?gured to produce 
sinusoidal voltage sWings at the desired RF operating fre 
quency, and its output Will ramp up from a substantially off 
poWer state 302‘ to a state in Which the poWer is at a peak 
poWer state 304‘. In the off poWer state 302‘, the sine Wave 
308 Will correspond to a very loW peak poWer that 
approaches about Zero, While at 306, the sine Wave Will 
correspond to a poWer that approaches the peak poWer after 
an initial ramp up time. Therefore, in this preferred embodi 
ment, the peak poWer level applied by the RF generator 214 
is varied such that the cycle-averaged poWer delivered to the 
plasma is kept constant. As a result, the poWer level Will be 
higher during the on-time TON, as compared to the poWer 
level delivered by a non-pulsed continuous Wave (CW) case. 

[0033] While not being bound by theory, the folloWing 
model is presented to eXplain the mechanisms Which are 
likely in the embodiments of the present invention. Accord 
ingly, during the off-time TOFF of the pulse cycle, the high 
energy electrons rapidly leave the plasma. Therefore the 
electron temperature is much loWer during the off-time 
TOFF than the on-time TON. At a loWer electron tempera 
ture, the induced potential differences (e.g., P1 and P2 of 
FIG. 1) at etched feature pro?les at the substrate Will be 
reduced, Which results in a loWer time-averaged differential 
charging of the silicon substrate. The reduction in differen 
tial charging Will therefore decrease the cumulative current 
through the device gates and thus diminishes the eXtent of 
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the plasma charging effects that cause transistor gate oxide 
damaging currents. More speci?cally, the pulsed power 
application technique Will have the bene?t of reducing the 
average electron temperature, Which means that the average 
plasma sheath potential Will also be reduced. As a result, the 
loWer potentials reduce the total amount of current that can 
be draWn through the gate oXides of the transistor devices 
that are fabricated throughout a silicon Wafer, thereby reduc 
ing damage. 

[0034] In other Words, during the off-time TOFF, the 
amount of high energy electrons in the plasma is reduced, 
Which reduces the average energy of the electrons in the 
plasma. Reducing the amount of high energy electrons Will 
not, hoWever, reduce the effectiveness of the etching pro 
cess. This is because the remaining ions and neutrals are 
primarily responsible for driving the etching process. 
Accordingly, the ef?cient etch process of high density 
plasma etchers Will still be in effect, hoWever, the high 
energy electrons that are believed to indirectly induce much 
of the gate oXide damage Will be substantially diminished. 

[0035] In experimental results, an etching process Was run 
in both the pulsed poWer application method of the present 
invention and the continuous Wave (CW) case. In this 
experiment, contact vias measuring about 0.35 microns Were 
etched in a TEOS oXide ?lm. Because conventional high 
density etchers running a continuous Wave (CW) are knoWn 
for their ability to deliver good combinations of photoresist 
to-oXide selectivity and oXide etch rate, it is a goal of the 
present invention to provide a reduction in device damage 
Without hampering etch performance. In one pulsed poWer 
application experimental test, the duty cycle Was set to about 
25%, and the off-time TOFF Was set to about 100 micro 
seconds, Which de?nes a period T of about 133 microsec 
onds. The resulting etch rate measured about 0.49 micron/ 
minute, With a photoresist selectivity of about 1.94. In the 
CW case, the resulting etch rate measured about 0.51 
micron/second, With a photoresist selectivity of about 1.72. 
These experimental results therefore illustrate that the 
pulsed TCP application Will produce about the same ben 
e?cial etching results desired of high density etchers, albeit, 
With substantially reduced transistor device damage. 

[0036] FIG. 5 pictorially illustrates hoW the cycle-aver 
aged poWer delivered to the plasma is maintained substan 
tially constant by varying the peak poWer of the on-time 
TON 304 relative to the continuous Wave poWer level. For 
instance, in the exemplary period T A, the duty cycle (DC) is 
set to about 50%. In order to maintain the cycle-averaged 
poWer substantially constant, the peak poWer may be set to 
be about 2 times that of the CW case. In an eXemplary period 
TB, the duty cycle is set to about 25%, Which necessitates the 
peak poWer to be about 4 times that of the CW case. Finally, 
in an eXample period Tc, the duty cycle is set to be about 
75%, Which necessitates the peak poWer to be about 1.33 
times higher than the CW case. 

[0037] In these representative eXamples, the CW poWer 
(i.e., mean TCP poWer) is preferably set to range betWeen 
about 100 Watts to about 6,000 Watts, and more preferably 
betWeen about 500 Watts to about 2,500 Watts. The peak TCP 
poWer can thus range betWeen 100 Watts and about 30,000 
Watts, and more preferably betWeen about 500 Watts and 
about 15,000 Watts. In practice, the strategy of matching the 
pulsed poWer application by varying the peak poWer of the 
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on-time TON is folloWed in order to match an etch rate and 
photoresist selectivity knoWn to be possible under a con 
tinuous Wave (CW) etching operation. 

[0038] FIG. 6 illustrates an example in Which the poWer 
during TOFF is not completely off, but is instead at a 
reduced poWer level 402 (i.e., <CW). As in the above 
described embodiments, the high poWer level 404 is then set 
such that the cycle-averaged poWer delivered to the plasma 
is maintained substantially constant by varying the peak 
poWer relative to the continuous Wave poWer level. It should 
therefore be understood that the pulsed TCP source embodi 
ments of the present invention are only exemplary, and 
modi?cations in duty cycle, peak poWer application, as Well 
as the poWer level of the off-time, may be varied Without 
departing from the scope and spirit of this invention. 

[0039] Once etching is complete, post-etch processing that 
is conventional in nature is commonly performed. Thereaf 
ter, the ?nished Wafer may be cut into dies, Which may then 
be made into IC chips. The resulting IC chips can then be 
incorporated in an electronic device, e.g., any of the Well 
knoWn commercial or consumer electronic devices, includ 
ing digital computers. Furthermore, although the TCPTM 
9100 has been described in detail herein, it should be borne 
in mind that the invention is not necessarily limited to any 
particular system and may in fact be implemented in other 
high density etchers that may be manufactured by compa 
nies other than Lam Research. 

[0040] In additional embodiments of the invention, the 
Wafer being etched may be farther along in the integrated 
circuit processing procedure. Speci?cally, after the contact 
vias for transistor devices have been etched, and those vias 
?lled With a conductive material, subsequent dielectric ?lms 
are deposited, etched, and ?lled With conductive material to 
provide portions of the electrical connections betWeen 
devices, bond pads, and other components of the circuit. 
During these interconnect via or damascene etch procedures, 
a potential difference may again be induced across the 
sensitive gate oXide of the transistor device. In particular, the 
potential at the bottom of a small feature such as a trench or 
via may be applied to the top of the gate through the eXisting 
conductor lines and vias, While a differing potential at the 
bottom of an open area may be applied through the silicon 
substrate to the bottom of the gate. In the case of these etch 
procedures, the pulsed application of TCP poWer is utiliZed 
to reduce the plasma-induced damage, in essentially the 
same manner as described above. 

[0041] 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 may 
alternative Ways of implementing the methods and appara 
tuses of the present invention. It is therefore intended that 
the folloWing appended claims be interpreted as including 
all such alterations, permutations, and equivalents as fall 
Within the true spirit and scope of the present invention. 

What is claimed is: 
1. Amethod for etching dielectric layers in a high density 

plasma etcher, comprising: 
providing a Wafer having a dielectric layer disposed over 

transistor devices, the transistor devices including tran 
sistor gate oXides and gate electrodes, and diffusion 
regions; 
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forming a photoresist mask over the dielectric layer in 
order to de?ne at least one contact via hole over one of 
the diffusion regions; 

inserting the Wafer into the high density plasma etcher; 

setting up gas ?oW conditions, temperature conditions and 
pressure conditions Within the high density plasma 
etcher; 

pulse applying a TCP poWer source of the high density 
plasma etcher; and 

applying an RF bias to a bottom electrode of the high 
density plasma etcher; 

Wherein the pulse applying of the TCP poWer source is 
con?gured to etch through the dielectric layer to de?ne 
the at least one contact via hole over one of the 
diffusion regions While substantially reducing damage 
to the transistor gate oXides of the transistor devices. 

2. Amethod for etching dielectric layers in a high density 
plasma etcher as recited in claim 1, Wherein the pulse 
applying of the TCP poWer source is de?ned over a period 
T. 

3. Amethod for etching dielectric layers in a high density 
plasma etcher as recited in claim 2, Wherein the period T has 
an on-time TON and an off-time TOFF, and the period T is 
equal to a sum of the on-time TON plus the off-time TOFF. 

4. Amethod for etching dielectric layers in a high density 
plasma etcher as recited in claim 3, Wherein the pulse of the 
TCP poWer source has a duty cycle de?ned by TON/T. 

5. Amethod for etching dielectric layers in a high density 
plasma etcher as recited in claim 4, further comprising: 

setting the duty cycle to be betWeen about 10 percent and 
about 80 percent. 

6. Amethod for etching dielectric layers in a high density 
plasma etcher as recited in claim 4, further comprising: 

setting the period T to be betWeen above 10 microseconds 
and about 2 milliseconds. 

7. Amethod for etching dielectric layers in a high density 
plasma etcher as recited in claim 1, further comprising: 

ascertaining a desired etch performance characteristic, 
including photoresist selectivity and etch rate Which is 
associated With a continuous Wave application of the 
TCP source; 

selecting a duty cycle of the pulse application of the TCP 
source; and 

scaling a peak poWer of the pulse application of the TCP 
source in order to match a cycle-averaged poWer that 
Would be delivered by the continuous Wave application 
of the TCP source. 

8. Amethod for etching dielectric layers in a high density 
plasma etcher as recited in claim 7, Wherein the scaling is 
designed to increase the peak poWer of the pulse application 
of the TCP source When the duty cycle is decreased. 

9. Amethod for etching dielectric layers in a high density 
plasma etcher as recited in claim 7, Wherein the scaling is 
designed to decrease the peak poWer of the pulse application 
of the TCP source When the duty cycle is increased. 

10. Amethod for etching dielectric layers in a high density 
plasma etcher as recited in claim 7, Wherein the peak poWer 
can vary betWeen about 100 Watts and about 30,000 Watts. 
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11. Amethod for etching dielectric layers in a high density 
plasma etcher as recited in claim 3, Wherein the TCP poWer 
during the off-time TOFF can range betWeen being substan 
tially off to being at a reduced poWer level that is less than 
a poWer level of a continuous Wave poWer level. 

12. Amethod for etching dielectric layers in a high density 
plasma etcher as recited in claim 1, Wherein the high density 
etcher is a TCP etching system. 

13. Amethod for etching dielectric layers in a high density 
plasma etcher, comprising: 

providing a Wafer having a photoresist mask over a 
dielectric layer in order to de?ne at least one contact via 
hole over at least one transistor diffusion region; 

inserting the Wafer into the high density plasma etcher; 

pulse applying a TCP source of the high density plasma 
etcher, Wherein the pulse applying includes, 

ascertaining a desired etch performance characteristic, 
including photoresist selectivity and etch rate Which 
is associated With a continuous Wave application of 
the TCP source; 

selecting a duty cycle of the pulsed application of the 
TCP source; and 

scaling a peak poWer of the pulsed application of the 
TCP source in order to match a cycle-averaged 
poWer that Would be delivered by the continuous 
Wave application of the TCP source; 

Wherein the pulsed application of the TCP source is 
con?gured to etch through the dielectric layer doWn to 
the at least one transistor diffusion region While sub 
stantially reducing damage to transistor gate oXides of 
transistor devices that are de?ned on the Wafer. 

14. Amethod for etching dielectric layers in a high density 
plasma etcher as recited in claim 13, Wherein the pulsed 
application of the TCP source is de?ned over a period T. 

15. Amethod for etching dielectric layers in a high density 
plasma etcher as recited in claim 14, Wherein the period T 
has an on-time TON and an off-time TOFF, and the period 
T is equal to a sum of the on-time TON plus the off-time 
TOFF. 

16. Amethod for etching dielectric layers in a high density 
plasma etcher as recited in claim 15, Wherein the duty cycle 
of the pulse of the TCP source is de?ned by TON/T. 

17. Amethod for etching dielectric layers in a high density 
plasma etcher as recited in claim 15, further comprising: 

setting the duty cycle to be betWeen about 10 percent and 
about 80 percent, 

18. Amethod for etching dielectric layers in a high density 
plasma etcher as recited in claim 17, further comprising: 

setting the period T to be betWeen about 10 microseconds 
and about 2 milliseconds. 

19. Amethod for etching dielectric layers in a high density 
plasma etcher as recited in claim 13, Wherein the peak poWer 
can vary betWeen about 100 Watts and about 30,000 Watts. 

20. Amethod for etching dielectric layers in a high density 
plasma etcher as recited in claim 15, Wherein the TCP poWer 
during the off-time TOFF can range betWeen being substan 
tially off to being at a reduced poWer level that is less than 
a poWer level of a continuous Wave poWer level. 
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21. Amethod for etching dielectric layers in a high density 
plasma etcher as recited in claim 13, Wherein the high 
density etcher is a TCP etching system. 

22. A high density etching system for etching layers of a 
semiconductor Wafer, the system comprising: 

a chamber, the chamber including, 

a TCP source; 

a bias source, the bias source having a surface for 
supporting the semiconductor Wafer; 

a TCP source and bias poWer controller for applying 
poWer to the TCP source and the bias source, such that 
the controller is con?gured to pulse apply poWer 
through the TCP source of the chamber. 

23. A high density etching system for etching layers of 
semiconductor Wafer as recited in claim 22, Wherein the 
pulsed application of the poWer through the TCP source is 
de?ned over a period T. 

24. A high density etching system for etching layers of 
semiconductor Wafer as recited in claim 23, Wherein the 
period T has an on-time TON and an off-time TOFF, and the 
period T is equal to a sum of the on-time TON plus the 
off-time TOFF. 

25. A high density etching system for etching layers of 
semiconductor Wafer as recited in claim 24, Wherein the 
pulse of the TCP source has a duty cycle de?ned by TON/T. 

26. A high density etching system for etching layers of 
semiconductor Wafer as recited in claim 25, Wherein the duty 
cycle is con?gured to be betWeen about 10 percent and about 
80 percent. 

27. A high density etching system for etching layers of 
semiconductor Wafer as recited in claim 26, Wherein the 
period T is con?gured to be betWeen about 10 microseconds 
and about 2 milliseconds. 

28. Amethod for etching dielectric layers in a high density 
plasma etcher, comprising: 

providing a Wafer having a photoresist mask over a 
dielectric layer in order to de?ne at least one via hole 
or open area that is electrically interconnected doWn to 
a silicon substrate of the Wafer, the dielectric layer 
being any layer of Wafer; 

inserting the Wafer into the high density plasma etcher; 

pulse applying a TCP source of the high density plasma 
etcher, Wherein the pulse applying includes, 

ascertaining a desired etch performance characteristic, 
including photoresist selectivity and etch rate Which 
is associated With a continuous Wave application of 
the TCP source; 
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selecting a duty cycle of the pulsed application of the 
TCP source; and 

scaling a peak poWer of the pulsed application of the 
TCP source in order to match a cycle-averaged 

poWer that Would be delivered by the continuous 
Wave application of the TCP source; 

Wherein the pulsed application of the TCP source is 
con?gured to etch the via hole through the dielectric 
layer While substantially reducing damage to transistor 
gate oXides of transistor devices formed over the Wafer. 

29. Amethod for etching dielectric layers in a high density 
plasma etcher as recited in claim 28, Wherein the pulsed 
application of the TCP source is de?ned over a period T. 

30. Amethod for etching dielectric layers in a high density 
plasma etcher as recited in claim 29, Wherein the period T 
has an on-time TON and an off-time TOFF, and the period 
T is equal to a sum of the on-time TON plus the off-time 
TOFF. 

31. Amethod for etching dielectric layers in a high density 
plasma etcher as recited in claim 30, Wherein the duty cycle 
of the pulse of the TCP source is de?ned by TON/T. 

32. Amethod for etching dielectric layers in a high density 
plasma etcher as recited in claim 30, further comprising: 

setting the duty cycle to be betWeen about 10 percent and 
about 80 percent. 

33. Amethod for etching dielectric layers in a high density 
plasma etcher as recited in claim 32, further comprising: 

setting the period T to be betWeen about 10 microseconds 
and about 2 milliseconds. 

34. Amethod for etching dielectric layers in a high density 
plasma etcher as recited in claim 28, Wherein the peak poWer 
can vary betWeen about 100 Watts and about 30,000 Watts. 

35. Amethod for etching dielectric layers in a high density 
plasma etcher as recited in claim 30, Wherein the TCP poWer 
during the off-time TOFF can range betWeen being substan 
tially off to being at a reduced poWer level that is less than 
a poWer level of a continuous Wave poWer level. 

36. Amethod for etching dielectric layers in a high density 
plasma etcher as recited in claim 28, Wherein the high 
density etcher is a TCP etching system. 


