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(57) ABSTRACT 
Systems, chambers, and processes are provided for control 
ling process defects caused by moisture contamination. The 
systems may provide configurations for chambers to perform 
multiple operations in a vacuum or controlled environment. 
The chambers may include configurations to provide addi 
tional processing capabilities in combination chamber 
designs. The methods may provide for the limiting, preven 
tion, and correction of aging defects that may be caused as a 
result of etching processes performed by System tools. 

105 

  



Patent Application Publication Sep. 18, 2014 Sheet 1 of 25 US 2014/0271097 A1 

107 105 

FIG. 1A 

  



Patent Application Publication Sep. 18, 2014 Sheet 2 of 25 US 2014/0271097 A1 

SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS''' 

SSS 

- 

Ns : 

is 

SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS 

s 
x 
x 
x 
W 
s 
s 
x 
x 
x 
x 
x 
W 
s 

S. 

S s Šiš. 

FIG. 1B 

    

  

      

  

  



Patent Application Publication Sep. 18, 2014 Sheet 3 of 25 US 2014/0271097 A1 

FIG. 2 

  



Patent Application Publication 

SXXXXXX-XXXXXXXXL 

s 
easy F. 
es 

2 

Ž35 

Sep. 18, 2014 Sheet 4 of 25 

e 

32 2 A, 
2 E. 

380 

r 

2EELEULALLY 
SS21 

US 2014/0271097 A1 

2 FFFFFFF 

fAZZZZ2 
/24ZZZZY. 

L 

  



US 2014/0271097 A1 Sep. 18, 2014 Sheet 5 of 25 Patent Application Publication 

997 

997 

saaa. 

are-Mar"re sw. 

S., 

zzzzzzzzzzzzzzzz 
r 

el 1 ~~~~!) 

| 07 

8 || 7 
6 | 7 997 

007 

  

  

  

  

  

  

      

  

  

  

  

    

  

  

    

  

  

  

  

      

  

    

    

  

    

  

  

  

  

  

  



Patent Application Publication Sep. 18, 2014 Sheet 6 of 25 US 2014/0271097 A1 

N. 
r 

r 
  



Patent Application Publication Sep. 18, 2014 Sheet 7 of 25 US 2014/0271097 A1 

502 
530 Y-1 

551 546 - (-) or 545 563 
- 

y^xey IF 
a 

". 

y // - Y - 

&E.E; 
if 

sessssssssssss SSS i 

In a Irrier rite tS a first 540 
Y. N A. 535 *Y. s ^, 529 

N. NS 2 533 
--- 

^^ - y-. 

531 

FIG. 5 

  

  

  

  

  

  

  

  

  

  

  



Patent Application Publication Sep. 18, 2014 Sheet 8 of 25 US 2014/0271097 A1 

SSSSSSSSSSSSSS SS SSSSSSSSSSSSSSS 

FIG. 6 

  



US 2014/0271097 A1 Sep. 18, 2014 Sheet 9 of 25 Patent Application Publication 

765 

§ LO CN N 

§§ 

FIG. 7 

O 

  

  

  

  

  

  

    

  

  



US 2014/0271097 A1 Sep. 18, 2014 Sheet 10 of 25 Patent Application Publication 

800 

865 

FIG. 8 

  

  

  



US 2014/0271097 A1 Sep. 18, 2014 Sheet 11 of 25 Patent Application Publication 

N? 

FIG. 9 

  

  

  

  

  



Patent Application Publication Sep. 18, 2014 Sheet 12 of 25 US 2014/0271097 A1 

FIG. 10 

  



Patent Application Publication Sep. 18, 2014 Sheet 13 of 25 US 2014/0271097 A1 

FIG. 11 

  



US 2014/0271097 A1 Sep. 18, 2014 Sheet 14 of 25 Patent Application Publication 

^ 

)LIIII|| 
S 

} | |||||||| §§|||||||| |-þzzZzZzZzZzZzZzZzZzzzZ) | | | { 

51% 
SC CB CBE 

EAE 

sesssssssssssssssssssssssssss 

  

  

  

  

  





Patent Application Publication Sep. 18, 2014 Sheet 16 of 25 US 2014/0271097 A1 

1225C 

1210 
1212 

1216 

FIG. 12C 



US 2014/0271097 A1 Sep. 18, 2014 Sheet 17 of 25 Patent Application Publication 

2 
S. 

ZZ$ | O || 9 || 

2 ??£ ()|||||||||||||||||||||||||||||||||||||||?ae< E ,&#ÈS, S?NS)57ff), \, 
    

  

  

  

  

  



Patent Application Publication Sep. 18, 2014 Sheet 18 of 25 US 2014/0271097 A1 

1410 Transfer substrate to loading chamber 

1420 Evacuate loading chamber 

1430 Transfer substrate to process chamber 

1460 

1470 

1490 Transfer substrate to holding/storage chamber 

FIG. 14 

  



Patent Application Publication Sep. 18, 2014 Sheet 19 of 25 US 2014/0271097 A1 

1509b 
1500 N 1508a 1508b. 

1510 (CD) (G) 1511 

1509C (S) sea 1509a 

() 1508C 
U 

72 NA 1506a 9.S. ea was at-1 SS Gezay 
1502d 15O2C 15O2b 1502a 

FIG. 15 

  

  



Patent Application Publication Sep. 18, 2014 Sheet 20 of 25 US 2014/0271097 A1 

1620 Etch Oxide material 

1630 Etch silicon/nitride material 

FIG. 16 

  



Patent Application Publication Sep. 18, 2014 Sheet 21 of 25 US 2014/0271097 A1 

Etch oxide layer 

1720 Etch silicon/nitride layer 

1730 Heat Substrate 

1740 Transfer SubStrate to moisture-free environment 

FIG. 17 

  



Patent Application Publication Sep. 18, 2014 Sheet 22 of 25 US 2014/0271097 A1 

1810 Etch Oxide material 

1820 Etch SilicOn/nitride material 

1830 Remove Oxide material 

FIG. 18 

  



Patent Application Publication Sep. 18, 2014 Sheet 23 of 25 US 2014/0271097 A1 
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PROCESSING SYSTEMS AND METHODS 
FOR HALDE SCAVENGING 

PRIORITY CLAIM UNDER 35 U.S.C.S 119 
0001. This application claims the benefit of priority of 
U.S. Provisional Application No. 61/789,259 filed Mar. 15, 
2013, which is herein incorporated by reference in its entirety 
for all purposes. 

TECHNICAL FIELD 

0002 The present technology relates to semiconductor 
systems, processes, and equipment. More specifically, the 
present technology relates to systems and methods for reduc 
ing film contamination and improving device quality. 

BACKGROUND 

0003 Integrated circuits are made possible by processes 
which produce intricately patterned material layers on Sub 
strate surfaces. Producing patterned material on a Substrate 
requires controlled methods for removal of exposed material. 
Chemical etching is used for a variety of purposes including 
transferring a pattern in photoresist into underlying layers, 
thinning layers, or thinning lateral dimensions of features 
already present on the surface. Often it is desirable to have an 
etch process that etches one material faster than another 
facilitating, for example, a pattern transfer process. Such an 
etch process is said to be selective to the first material. As a 
result of the diversity of materials, circuits, and processes, 
etch processes have been developed with a selectivity towards 
a variety of materials. 
0004 Etch processes may be termed wet or dry based on 
the materials used in the process. A wet HFetch preferentially 
removes silicon oxide over other dielectrics and materials. 
However, wet processes may have difficulty penetrating some 
constrained trenches and also may sometimes deform the 
remaining material. Dry etches produced in local plasmas 
formed within the Substrate processing region can penetrate 
more constrained trenches and exhibit less deformation of 
delicate remaining structures. However, local plasmas may 
damage the Substrate through the production of electric arcs 
as they discharge. 
0005 Thus, there is a need for improved systems and 
methods that can be used to produce high quality devices and 
structures. These and other needs are addressed by the present 
technology. 

SUMMARY 

0006 Systems, chambers, and processes are provided for 
controlling process defects caused by moisture contamina 
tion. The systems may provide configurations for chambers to 
perform multiple operations in a vacuum or controlled envi 
ronment. The chambers may include configurations to pro 
vide additional processing capabilities in combination cham 
ber designs. The methods may provide for the limiting, 
prevention, and correction of aging defects that may be 
caused as a result of etching processes performed by System 
tools. 
0007 Substrate processing systems according to the 
present technology may include a plurality of holding cham 
bers, a plurality of loading chambers configured to receive 
Substrates into a vacuum environment, and an interface sec 
tion having at least two interface transfer devices configured 
to deliver substrates between the plurality of holding cham 
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bers coupled with the interface section at a first location of the 
interface section and the plurality of loading chambers 
coupled with the interface section at a second location of the 
interface section opposite the plurality of holding chambers. 
The systems may also include a treatment chamber posi 
tioned invertical alignment to and coupled with at least one of 
the plurality of loading chambers. The systems may include a 
plurality of process chambers, as well as a process transfer 
device configured to deliver a substrate between any of the 
plurality of loading chambers and any of the plurality of 
processing chambers while maintaining the Substrate under 
vacuum conditions. The process transfer device may also be 
configured to deliver substrates vertically to the treatment 
chamber. 

0008. The processing systems may have the loading 
chambers and process chambers all on a first elevational plane 
of the system, and the treatment chamber on a second eleva 
tional plane of the Substrate processing system above the first 
elevational plane of the Substrate processing system. The 
transfer device may be configured to maintain vacuum con 
ditions while delivering substrates vertically to the treatment 
chamber. The systems may include a plurality of treatment 
chambers, wherein each treatment chamber is in vertical 
alignment to and coupled with one of the plurality of loading 
chambers. The systems may also include two loading cham 
bers and two treatment chambers, and the loading chambers 
may be disposed horizontally from one another. 
0009. The systems may further include a treatment plasma 
generating device separate from and coupled with both of the 
treatment chambers. The systems may also include two treat 
ment plasma generating devices, where one of the treatment 
plasma generating devices may be coupled with one of the 
treatment chambers and a second of the treatment plasma 
generating devices may be coupled with a second of the 
treatment chambers. The treatment chamber may include 
components configured to generate a direct plasma within the 
treatment chamber, and the direct plasma may include a 
capacitively-coupled plasma. The treatment chamber may 
also include components configured to generate an ultraviolet 
light treatment within the treatment chamber. The holding 
chambers of the systems may include at least one inlet port 
and may be configured to receive a fluid through the inlet port 
and direct the fluid through the holding chamber and into the 
interface section. The holding chambers may also include at 
least one internal diffuser configured to direct the received 
fluid throughout the holding chamber. The system loading 
chambers may include at least one heating device configured 
to heat the loading chamber up to about 300° C. 
0010. The processing systems may further include a wet 
etching chamber coupled with the interface section at a third 
location of the interface section adjacent the first location and 
second location of the interface section. A storage chamber 
may also be coupled with the interface section at a fourth 
location of the interface section opposite the third location. 
0011. The processing chambers of the processing systems 
may be coupled as pairs of tandem processing chambers 
within the Substrate processing system. The processing cham 
ber may include at least two pairs of tandem processing 
chambers, where a first of the at least two pairs of tandem 
processing chambers may be configured to perform a silicon 
oxide etching operation, and the second of the at least two 
pairs of tandem processing chambers may be configured to 
perform a silicon etching operation. 
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0012 Methods of processing a substrate are also described 
that may include transferring a substrate from a holding 
chamber to a loading chamber with a first transfer device. The 
methods may also include evacuating the loading chamber 
Such that the Substrate is maintained in a vacuum environ 
ment. The methods may include transferring the Substrate 
from the evacuated loading chamber to a process chamber 
with a second transfer device, and then transferring the Sub 
strate from the process chamber to the loading chamber with 
the second transfer device. Once back in the loading chamber, 
the methods may include removing the vacuum conditions 
from the loading chamber, and may finally include transfer 
ring the Substrate from the loading chamber to a storage 
chamber with the first transfer device. 

0013 The methods may also include transferring the sub 
strate to a wet etching station using the first transfer device 
prior to transferring the substrate to the holding chamber. The 
methods may further include transferring the substrate from 
the process chamber to a treatment chamber in Vertical align 
ment to and coupled with the loading chamber with the sec 
ond transfer device prior to transferring the substrate to the 
loading chamber. The treatment chamber of the methods may 
be configured to perform a scavenging operation to remove 
halide species from a silicon oxide material. The scavenging 
operation may include a plasma process, and may also 
include a UV treatment or an e-beam treatment in disclosed 
embodiments. 

0014. The storage chamber may be continuously purged 
with an inert fluid such that the storage chamber comprises an 
inert environment, and in disclosed embodiments the storage 
chamber may be the holding chamber, although the storage 
chamber may also be a separate chamber from the holding 
chamber. The methods may also include heating the Substrate 
to a first temperature for a first period of time subsequently to 
transferring the Substrate to the loading chamber. The process 
chamber may include a first process chamber, and the first 
process chamber may be configured to perform an oxide 
etching process. The methods may also include transferring 
the substrate from the first process chamber to a second pro 
cess chamber prior to transferring the Substrate to the loading 
chamber, and the second process chamber may be configured 
to perform a silicon etching process. 
0015. A computing system electronically coupled with 
and configured to provide operating instructions to a substrate 
processing system is also described. The computing system 
may include one or more processors and a memory device 
communicatively coupled with the one or more processors 
and having sets of instructions for performing operations. 
When the sets of instructions are executed by the one or more 
processors, they may cause the Substrate processing system 
and/or a gas delivery system and the individual chambers may 
be instructed to transfer a substrate from a holding chamberto 
a loading chamber with a first transfer device. The instruc 
tions may further cause the loading chamber to be evacuated 
Such that the Substrate may be maintained in a vacuum envi 
ronment. The instructions may also cause the transfer of the 
Substrate from the evacuated loading chamber to a process 
chamber with a second transfer device, as well as the transfer 
of the substrate from the process chamber to a treatment 
chamber invertical alignment to and coupled with the loading 
chamber with the second transfer device. The executed 
instructions may further cause the transfer of the substrate 
from the treatment chamber to the loading chamber with the 
second transfer device, followed by the removal of the 
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vacuum conditions from the loading chamber. The executed 
instructions may additionally cause the transfer of the Sub 
strate from the loading chamber to the holding chamber with 
the first transfer device. The computer system, which may be 
a controller, may also be electronically coupled with and 
configured to provide instructions to a gas delivery system, 
and may cause the gas delivery system to provide at least one 
precursor to the process chamber. When the substrate has 
been transferredback to the loading chamber, the instructions 
may cause the processing system to heat the loading chamber 
from a first temperature up to a second temperature of greater 
than or about 200° C. 

0016. A combination processing chamber is also 
described that may include a lower chamber housing and an 
upper chamber housing. The lower chamber housing may 
define or include a first access on a first side of the lower 
chamber housing, and a second access on a second side of the 
lower chamber housing opposite the first side of the lower 
chamber housing. The upper chamber housing may be 
coupled with the lower chamber housing, and may include a 
third access on a first side of the upper chamber housing 
coinciding with the first side of the lower chamber housing, 
and an upper processing region at least partially defined from 
above by a faceplate disposed within the upper chamber hous 
1ng. 

0017. The lower chamber housing may define a lower 
Substrate region, and the lower Substrate region may also 
include or be at least partially defined from below by a heater 
configured to heat the lower substrate region up to about 300° 
C. The lower substrate region may also be configured to be 
evacuated from atmospheric pressure to a second pressure 
below atmospheric pressure, and the lower chamber housing 
may be configured to structurally support pressure cycling 
from atmospheric pressure to less than or about 5 mTorr and 
back every 10 minutes. 
0018. The upper processing chamber may also include a 
temperature control device configured to maintain the tem 
perature of a substrate disposed thereon between about 0°C. 
and about 600° C. The temperature control device may 
include a heater plate disposed within the upper chamber 
housing to at least partially define the upper processing region 
from below. The upper processing region may also include a 
Substrate Support device configured to Support a substrate 
along an edge region and Suspend the Substrate within the 
upper processing region. The chamber may have a remote 
plasma unit coupled with an upper portion of the upper cham 
ber housing. An upper distribution region at least partially 
defined between the upper portion of the upper chamber 
housing and the faceplate may also be included. The upper 
distribution region may include a central distribution region 
and an edge distribution region partitioned from and radially 
distal to the central distribution region. 
0019. The combination chamber may further include a gas 
inlet assembly positioned within the upper portion of the 
upper chamber housing and configured to deliver precursors 
into the upper distribution region. The gas inlet assembly may 
be at least partially characterized by a cylindrical shape, and 
a lower portion of the gas inlet assembly may define a plural 
ity of gas delivery apertures radially distributed about the 
lower portion of the gas inlet assembly. The gas inlet assem 
bly may also include a bypass fluid channel configured to 
deliver at least one precursor around the cylindrically shaped 
portion of the gas inlet assembly. The bypass fluid channel 
may include a first bypass section configured to direct the at 



US 2014/0271097 A1 

least one precursor to the central distribution region, and the 
bypass fluid channel may include a second bypass section 
configured to direct the at least one precursor to the edge 
distribution region. 
0020. The faceplate of the combination chamber may be 
coupled with a multi-position switch operable to connect the 
faceplate to an electrical power source and a ground Source in 
alternate switch positions. The lower portion of the upper 
chamber housing may be grounded such that when the face 
plate is connected to the electrical power source a plasma is 
produced in the upper processing region. The lower portion of 
the upper chamber housing may also be electrically isolated 
from the rest of the upper chamber housing. 
0021. The disclosed technology may also include a treat 
ment chamber. The treatment chamber may include a cham 
ber housing having a bottom portion coupled with a substrate 
load lock chamber. The treatment chamber may also include 
an inlet assembly configured to receive fluids into an internal 
region defined within the chamber, and a faceplate disposed 
within the internal region and defining a distribution region 
from below and a processing region from above within the 
chamber. 

0022. The faceplate may include a dielectric material such 
as quartz, and may also include a conductive material Such 
that the faceplate may operate as an electrode. In Such a 
configuration the chamber may be configured to produce a 
plasma in the processing region. Components of the chamber 
may be lined or otherwise treated, and the inlet assembly may 
include a quartz liner, for example. The treatment chamber 
may also have an energy production unit coupled with the 
inlet assembly. The inlet assembly may also include a win 
dow, and the energy production unit may include a light 
Source configured to provide ultraviolet light into the cham 
ber. 

0023 The disclosed technology may also include methods 
of preventing Surface reactions on a treated Substrate. The 
methods may include etching the Substrate in a first etching 
process, and the first etching process may be selective to 
silicon oxide over silicon. The methods may also include 
etching the Substrate in a second etching process, and the 
second etching process may be selective to silicon over sili 
con oxide. The methods may include heating the Substrate to 
a first treatment temperature, and then transferring the Sub 
strate to a moisture-free environment. 

0024. The substrate may be transferred to a chamber after 
heating the Substrate, and a fluid may be continuously flowed 
through the chamber to maintain the moisture-free environ 
ment. For the etching processes, the second etching process 
may include a fluorine-containing precursor and an oxygen 
containing precursor. The first etching process may utilizes a 
fluorine-containing precursor and a hydrogen-containing 
precursor. In the etching processes, a region of silicon oxide 
may be exposed to the second etching process, and the second 
etching process may produce radical fluorine species. These 
residual fluorine species may be incorporated with the silicon 
oxide or with other exposed materials such as silicon nitride. 
The first temperature for the heating operation may be greater 
than or about 150°C. The operations may similarly include 
heating the substrate to a second temperature above or below 
the first temperature. The substrate may be maintained at the 
first temperature for a first period of time, and wherein the first 
period of time is greater than or about 2 minutes. If a second 
heating operation is performed, the Substrate may be main 
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tained at the second temperature for a second period of time 
that may be greater than or less than the first period of time. 
0025 Methods of etching a substrate are also included that 
may include providing a Substrate including silicon and hav 
ing a silicon oxide layer overlying the silicon. The methods 
may include etching the Substrate in a first etching process, 
where the first etching process may be selective to silicon 
oxide over silicon. The substrate may be etched in a second 
etching process, where the second etching process may be 
selective to silicon over silicon oxide. The methods may also 
include etching the Substrate in a third etching process where 
the third etching process may be selective to silicon oxide 
over silicon. In disclosed embodiments the first and third 
etching processes are similar etching processes. The first and 
third etching processes may be performed in a first process 
chamber, and the second etching process may be performed in 
a second process chamber. The third etching process may etch 
the silicon oxide layer to remove a depth of at least about 5A 
of material that may include the residual halide species. The 
first and third etching processes may include exposing the 
Substrate to a nitrogen-containing precursor and a fluorine 
containing precursor, where the fluorine-containing precur 
Sor has been flowed through a plasma to produce plasma 
effluents. The second etching process comprises exposing the 
Substrate to a fluorine-containing precursor and an oxygen 
containing precursor, where the fluorine-containing precur 
Sor has been flowed through a plasma to produce plasma 
effluents. The silicon oxide layer may be exposed to the 
second etching process, and residual fluorine species may be 
incorporated with the silicon oxide layer. 
0026. Additional methods of etching a substrate are 
included that may also include providing a substrate includ 
ing silicon and having a silicon oxide layer overlying the 
silicon. The process may include etching the Substrate in a 
first etching process, and the first etching process may be 
selective to silicon oxide over silicon. The methods may 
include etching the Substrate in a second etching process, 
where the second etching process may be selective to silicon 
over silicon oxide. The methods may also include treating the 
substrate with a third process. The silicon oxide layer may be 
exposed to the second etching process during the processing. 
The second etching process may produce radical fluorine 
species, and residual fluorine species may be incorporated 
with the silicon oxide layer in certain processes. 
0027. The third process of the described methods may 
include directing plasma effluents at the surface of the sub 
strate. The plasma effluents may be produced from an inert 
precursor, and may remove a top surface from the silicon 
oxide layer. In disclosed embodiments the third process may 
include a wet etching process. In certain configurations, each 
of the first, second, and third processes may be performed in 
different process chambers. The wet etch may include 
hydrofluoric acid, such as DHF in certain embodiments that 
may be 200:1, 150:1, 100:1, 50:1, etc. or other ratios within, 
above, or below those listed. The wet etch may remove up to 
about 12 A of the silicon oxide layer. In disclosed embodi 
ments the third process may include exposing the silicon 
oxide layer to deionized water. The deionized water may 
remove at least a portion of the residual fluorine species from 
the silicon oxide layer without etching the silicon oxide layer. 
0028. The present technology also includes methods of 
removing contaminants from a processed Substrate having 
exposed silicon and silicon oxide Surfaces. The methods may 
include etching the Substrate in an etching process, and the 
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etching process may be selective to silicon over silicon oxide. 
The etching process may produce radical species, and 
residual species from the radical species may be incorporated 
with the silicon oxide layer. The methods may also include 
treating the Substrate to remove at least a portion of the 
residual species from the silicon oxide surface. The etching 
process performed may include exposing the Substrate to a 
fluorine-containing precursor and an oxygen-containing pre 
cursor. The fluorine-containing precursor may have been 
flowed through a plasma to produce at least a portion of the 
radical species, which may include radical fluorine species. 
0029. The etching process may not etch or substantially 
may not etch the silicon oxide layer. For example, only slight 
removal of the silicon oxide material may occur. The radical 
fluorine species may be incorporated with the silicon oxide 
layer in a profile Such that the extent of incorporation dimin 
ishes at increasing depths of the silicon oxide film. The treat 
ment that may be performed may be selected from the group 
consisting of thermal treatment, UV treatment, e-beam treat 
ment, microwave treatment, a curing treatment, and plasma 
treatment. The temperature at which the treatment may be 
performed may be a temperature between about 0° C. and 
about 800° C. Additionally, the pressureat which the treat 
ment may be performed may be a pressure between about 1 
mTorr and about 700 Torr. Treating the substrate may include 
reducing the amount of residual species in the silicon oxide 
layer to below or about 20%. Treating the substrate may also 
include reducing the amount of residual species in the silicon 
oxide layer to below or about 10%, or to below or about 5%. 
In disclosed embodiments the treatment may substantially or 
essentially remove the residual halide at an upper Surface of 
the silicon oxide material. In such cases residual halide spe 
cies may still be present at lower depths of the silicon oxide 
Surface. 

0030 The methods may also include transferring the sub 
strate to a treatment chamber for the treatment process. The 
Substrate may be maintained under vacuum during the trans 
fer to the treatment chamber, and treating the Substrate may 
include exposing treatment species to an energy source to 
produce energized treatment species configured to interact 
with the radical species. The treatment species may be 
selected from the group consisting of hydrogen-containing 
precursors, oxygen-containing precursors, nitrogen-contain 
ing precursors, and inert precursors in disclosed embodi 
ments, and in one example, the energy source used to energize 
the treatment species may include a plasma that may be 
formed within or external to the treatment chamber for deliv 
ering energized species to the Substrate. The plasma utilized 
either internally or externally may include a plasma selected 
from the group consisting of capacitively-coupled plasma, 
inductively coupled plasma, microwave plasma, and toroidal 
plasma. The treatment species utilized may include one or 
more precursors including a hydrogen-containing precursor 
that bonds with the residual species. The methods may also 
include transferring the Substrate to a passivation chamber for 
a passivation process. During the transfer to the chamber in 
which passivation occurs, the Substrate may be maintained 
under vacuum or within an inert environment. The passiva 
tion performed may include heating the Substrate to a tem 
perature greater than or about 150° C. for a period of time 
greater than or about two minutes. 
0031. The disclosed technology may also include methods 
of removing contaminants on a Substrate having an exposed 
silicon oxide region and an exposed non-oxide region. The 
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methods may include flowing a fluorine-containing precursor 
into a remote plasma region of a Substrate processing cham 
ber fluidly coupled with a substrate processing region of the 
Substrate processing chamber while forming a plasma in the 
remote plasma region to produce fluorine-containing plasma 
effluents. The methods may include etching the exposed non 
oxide region utilizing the plasma effluents, and fluorine spe 
cies comprising a portion of the fluorine-containing plasma 
effluents may be incorporated with the silicon oxide region 
that may be exposed during the etching process. The methods 
may include flowing a first treatment precursor into the 
remote plasma region of a Substrate processing chamber to 
produce treatment plasma effluents, and flowing at least one 
additional treatment precursor into the Substrate processing 
region that may interact with the treatment plasma effluents. 
The methods may further include exposing the silicon oxide 
region to the treatment precursors including treatment plasma 
effluents to remove residual plasma effluents from the silicon 
oxide region. 
0032. The exposed non-oxide region of the substrate may 
include silicon, silicon nitride, or a metal in disclosed 
embodiments. The treatment plasma effluents that may be 
used may at least partially dissociate the at least one addi 
tional treatment precursor in the Substrate processing region. 
By at least partially dissociating the precursor, completely 
dissociated species among combinations of partially dissoci 
ated species may be formed. The at least partially dissociated 
at least one additional treatment precursor may interact physi 
cally or chemically, and may bond with the fluorine species 
incorporated with the silicon oxide region. The treatment 
precursor may include an inert or noble species, and may 
include a precursor selected from the group consisting of 
nitrogen, helium, argon, and Xenon. 
0033. The at least one additional treatment precursor uti 
lized may include a hydrogen-containing precursor, among 
other precursors. The exposure that is performed to the silicon 
oxide material may cause a portion of the silicon oxide mate 
rial to be removed. The exposure may also remove at least a 
portion of the fluorine species while maintaining or essen 
tially maintaining the silicon oxide material. Accordingly, 
slight inadvertent removal of the silicon oxide species may 
still be encompassed by the methods. The methods may be 
performed in a single chamber environment, which may 
allow the methods to occur in a Substantially evacuated envi 
ronment, as well as in a stable or constant environment within 
the chamber. The exposure may be performed at a tempera 
ture between about 0°C. and about 800° C., among a host of 
temperatures within that range, and the exposure may also be 
performed at a pressure between about 1 mTorr and about 700 
Torr, among a variety of included pressures. 
0034. The present technology may still further include 
methods of removing contaminants on a Substrate having an 
exposed silicon oxide region and an exposed non-oxide 
region. The methods may include flowing a fluorine-contain 
ing precursor into a remote plasma region of a substrate 
processing chamber fluidly coupled with a substrate process 
ing region of the Substrate processing chamber while forming 
a plasma in the remote plasma region to produce fluorine 
containing plasma effluents. The methods may further 
include etching the exposed non-oxide region utilizing the 
plasma effluents, where residual fluorine species may be 
incorporated within the silicon oxide region. The methods 
may further include flowing at least one treatment precursor 
into the Substrate processing region, as well as exposing the 
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silicon oxide region to the at least one treatment precursor to 
remove at least a portion of the residual fluorine species. 
0035. The at least one treatment precursor may not be 
passed through a plasma prior to being flowed into the Sub 
strate processing region, and in disclosed embodiments the 
processing region may be maintained plasma free during the 
exposure. Accordingly, the treatment operation may be per 
formed entirely or substantially plasma free in disclosed 
embodiments. The flowing operation may include multiple 
processes that may include condensing water vapor on the 
Surface of the silicon oxide region, as well as flowing a nitro 
gen-containing precursor into the Substrate processing 
region. These steps may be performed sequentially, and may 
be performed in direct sequence, or after the manipulation of 
particular system operations including temperature and pres 
Sure between the steps. The nitrogen-containing precursor 
used in the treatment process may include ammonia. 
0036. During the treatment, the water vapor may interact 
with the residual fluorine species. This may disrupt bonding 
or incorporation of the residual species within the Surface, 
and may for direct bonding with components of the con 
densed water. The ammonia may Subsequently interact with 
either material or the combined materials to produce byprod 
ucts along the silicon oxide region. The methods may further 
include raising the temperature in the chamber above a 
threshold temperature that may cause the byproducts to 
evaporate. In disclosed embodiments, the threshold tempera 
ture may be above about 100° C., for example. Although in 
disclosed embodiments the process may minimally reduce 
the silicon oxide layer, the process may also Substantially or 
essentially maintain the silicon oxide material Such that the 
thickness of the material is not reduced, or is reduced below a 
certain level such as less than or about 50%, 40%, 30%, 25%, 
20%, 15%, 10%, 5%, 1%, etc., or not removed at all. Other 
methods and techniques as described throughout the present 
disclosure may similarly reduce the overall thickness of the 
material be any of the levels defined here. The process may 
also reduce the concentration of fluorine within a surface 
layer of the silicon oxide below about 10%, which may 
include removing an amount of the silicon oxide material 
including the residual fluorine species, or be removing the 
fluorine species from the silicon oxide material. 
0037. Such technology may provide numerous benefits 
over conventional techniques. For example, the systems and 
processes may provide additional functionality with new 
chambers allowing treatment processes to be performed 
while maintaining a moisture-free environment. The pro 
cesses and systems may also provide improved processes that 
limit aging defects on Substrates, and/or remove the underly 
ing causes. These and other embodiments, along with many 
of their advantages and features, are described in more detail 
in conjunction with the below description and attached fig 
U.S. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0038 A further understanding of the nature and advan 
tages of the disclosed technology may be realized by refer 
ence to the remaining portions of the specification and the 
drawings. 
0039 FIG. 1A shows a top plan view of an exemplary 
processing system according to the disclosed technology. 
0040 FIG.1B shows a top plan view of another exemplary 
processing system according to the disclosed technology. 
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0041 FIG. 2 shows a rear perspective view of an exem 
plary processing system according to the disclosed technol 
Ogy. 
0042 FIG. 3 shows a cross-sectional schematic of an 
exemplary processing chamber for use in a system according 
to the disclosed technology. 
0043 FIG. 4A shows another cross-sectional schematic of 
an exemplary processing chamber according to the disclosed 
technology. 
0044 FIG. 4B shows a detailed partial view of compo 
nents of the processing chamber shown in FIG. 4A. 
004.5 FIG. 5 shows another cross-sectional schematic of 
an exemplary processing chamber according to the disclosed 
technology. 
0046 FIG. 6 shows another cross-sectional schematic of 
an exemplary processing chamber according to the disclosed 
technology. 
0047 FIG. 7 shows a bottom plan view of a showerhead 
according to the disclosed technology. 
0048 FIG. 8 shows a bottom plan view of another show 
erhead according to the disclosed technology. 
0049 FIG. 9 shows a rear perspective view of an exem 
plary processing system according to the disclosed technol 
Ogy. 
0050 FIG. 10 shows a rear perspective view of an exem 
plary processing system according to the disclosed technol 
Ogy. 
0051 FIG. 11 shows a rear perspective view of an exem 
plary processing system according to the disclosed technol 
Ogy. 
0.052 FIG. 12A shows an exemplary processing chamber 
coupleable with a loading chamber according to the disclosed 
technology. 
0053 FIG. 12B shows a plan view of a cross-sectional 
portion of the processing chamber illustrated in FIG. 12A 
along line A-A. 
0054 FIG. 12C shows another plan view of a cross-sec 
tional portion of the processing chamber illustrated in FIG. 
12A along line A-A. 
0055 FIG. 13 shows an exemplary combination process 
ing and loading chamber according to the disclosed technol 
Ogy. 
0056 FIG. 14 shows an exemplary process of wafer trans 
port according to the disclosed technology. 
0057 FIG. 15 shows a top plan view of an exemplary 
system illustrating wafer transport according to the disclosed 
technology. 
0.058 FIG. 16 shows an exemplary method of deposition 
and etch processes according to the disclosed technology. 
0059 FIG. 17 shows an exemplary method of etch and 
treatment processes according to the disclosed technology. 
0060 FIG. 18 shows an exemplary method of etch and 
removal processes according to the disclosed technology. 
0061 FIG. 19 shows an exemplary method of etch and 
treatment processes according to the disclosed technology. 
0062 FIG. 20 shows an exemplary method of etch and 
exposure processes according to the disclosed technology. 
0063 FIG. 21 shows a simplified computer system that 
may be utilized to perform one or more of the operations 
discussed. 
0064. In the appended figures, similar components and/or 
features may have the same numerical reference label. Fur 
ther, various components of the same type may be distin 
guished by following the reference label by a letter that dis 
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tinguishes among the similar components and/or features. If 
only the first numerical reference label is used in the specifi 
cation, the description is applicable to any one of the similar 
components and/or features having the same first numerical 
reference label irrespective of the letter suffix. 

DETAILED DESCRIPTION 

0065. The present technology includes improved systems 
and methods for reducing halide contamination of semicon 
ductor substrate films. The systems and methods also provide 
improved process structures to limit moisture interaction with 
processed Substrates. Various dry etching processes utilize 
halide-containing precursors in the processes. When selective 
etch processes are performed, the non-selective material, or 
the material that is etched slower, or less, or not at all, may still 
be exposed to the precursors and chemicals used in the etch 
process. For example, certain etch processes that utilize radi 
calized fluorine-containing precursors are selective to silicon, 
silicon nitride, and various metals as compared to oxide mate 
rials. When the etch process is performed, the oxide material 
may still be exposed to the chemical etchants despite that the 
material is not removed. In certain scenarios, radical fluorine 
or other radical halides produced in the process may interact 
with and/or combine with the oxide material, such as a silicon 
oxide material. When the process is completed, the fluorine 
may still be incorporated within or bonded to the silicon 
oxide. The process may have been performed under vacuum 
or in an inert environment, however after the process is com 
pleted the substrate may be removed from a vacuum environ 
ment and exposed to atmospheric conditions. This may occur 
both with transfer of the substrate within the processing sys 
tem as well as transfer of the Substrate to alternate processing 
systems for additional operations. 
0066. When exposed to atmospheric conditions, aging 
defects may form that affect the quality and strength of the 
dielectric. Without intending to be bound by any particular 
theory, the inventors believe that moisture in the air may 
interact with the fluorine or other halides remaining within 
the oxide surface. For example, fluorine present within or 
attached to the oxide matrix may produce or resemble a 
fluorinated silicon oxide, such as of a formula SiOF. When 
exposed to moisture, the water may interact with the oxide 
potentially according to the following formula: 

This may produce silicic acid along the Surface of the oxide 
material producing material defects or aging defects. 
Although the water may be removed from the silicic acid to 
reform silicon oxide, the quality of the film may be affected, 
which may have an impact throughout Subsequent wafer pro 
cesses. In one example, such aging issues have been recog 
nized with native oxide films, which are often one of the first 
layers overlying the Substrate. As such, when these films are 
impacted by aging defects, the quality of the entire Substrate 
may be affected or compromised. 
0067. Accordingly, the systems and methods described 
herein provide flexibility in wafer processing to allow reduc 
tion in aging defects by material removal, contaminant Scav 
enging, and/or other operations. These and other benefits will 
be described in detail below. 

I. System and Components 
0068. In order to better understand and appreciate the 
technology, reference is now made to FIG. 1A, which shows 
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a top plan view of an exemplary Substrate processing system 
100A configured to perform etching operations while limit 
ing aging defects. In the figure, a pair of front opening unified 
pods (“FOUPs') 102 supply substrates of a variety of sizes 
that are received by robotic arms 104 and placed into low 
pressure loading chambers 106 before being placed into one 
of the substrate processing chambers 108a–f positioned in 
tandem sections 109a-c. In alternative arrangements, the sys 
tem 100A may have additional FOUPs, and may for example 
have 3, 4, 5, 6, etc. or more FOUPs. The process chambers 
may include any of the chambers as described elsewhere in 
this disclosure. In disclosed embodiments the processing sys 
tem includes a plurality of FOUPs or holding chambers. A 
second robotic arm or set of robotic arms 111 may be used to 
transport the substrate wafers from the loading chambers 106 
to the substrate processing chambers 108a–f and back through 
a transfer section 110. Two loading chambers 106 are illus 
trated, but the system may include a plurality of loading 
chambers that are each configured to receive Substrates into a 
vacuum environment for processing. Each Substrate process 
ing chamber 108a–f can be outfitted to perform a number of 
Substrate processing operations including the dry etch pro 
cesses described herein in addition to cyclical layer deposi 
tion (CLD), atomic layer deposition (ALD), chemical vapor 
deposition (CVD), physical vapor deposition (PVD), etch, 
pre-clean, degas, orientation, and other Substrate processes. 
In a disclosed embodiment, for example, the system may 
include at least two pairs of tandem processing chambers. A 
first of the at least two pairs of tandem processing chambers 
may be configured to perform a silicon oxide etching opera 
tion, and the second of the at least two pairs of tandem 
processing chambers may be configured to perform a silicon 
or silicon nitride etching operation. 
0069. The substrate processing chambers 108a–f may 
include one or more system components for depositing, 
annealing, curing and/or etching a dielectric film on the Sub 
strate wafer. In one configuration, two pairs of the processing 
chamber, e.g., 108c-d and 108e-f. may be used to perform a 
first etching operation on the Substrate, and the third pair of 
processing chambers, e.g., 108a-b, may be used to perform a 
second etching operation on the Substrate. In another configu 
ration, all three pairs of chambers, e.g., 108a–f may be con 
figured to etch a dielectric film on the substrate. In still 
another configuration, a first pair of the processing chambers, 
e.g., 108a-b, may perform a deposition operation, such as 
depositing a flowable film, a native oxide, or additional mate 
rials. A second pair of the processing chambers, e.g., 108c-d. 
may perform a first etching operation, and the third pair of the 
processing chambers, e.g., 108e-f. may perform a second 
etching operation. Any one or more of the processes 
described may be alternatively carried out in chambers sepa 
rated from the fabrication system shown in different embodi 
ments. In disclosed embodiments detailed further below, the 
loading area 106 may be configured to perform additional 
etching, curing, or treatment processes. It will be appreciated 
that additional configurations of deposition, etching, anneal 
ing, and curing chambers for dielectric films are contem 
plated by system 100A. 
0070 The processing chambers mounted in one of the 
positions 108 may performany number of processes, such as 
a PVD, a CVD (e.g., dielectric CVD, MCVD, MOCVD, 
EPI), an ALD, a decoupled plasma nitridation (DPN), a rapid 
thermal processing (RTP), or a dry-etch process to form vari 
ous device features on a surface of a substrate. The various 
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device features may include, but are not limited to the forma 
tion and/or etching of interlayer dielectric layers, gate dielec 
tric layers, polysilicon gates, forming vias and trenches, pla 
narization steps, and depositing contact or via level 
interconnects. In one embodiment, certain positions may be 
occupied by service chambers that are adapted for degassing, 
orientation, cool down, analysis and the like. For example, 
one chamber may include a metrology chamber that is 
adapted to perform a preparation/analysis step and/or a post 
processing/analysis step to analyze a property of the Substrate 
before or after performing a processing step in a processing 
sequence. In general, the properties of the Substrate that can 
be measured in the metrology chamber may include, but are 
not limited to, the measurement of the intrinsic or extrinsic 
stress in one or more layers deposited on a surface of the 
Substrate, film composition of one or more deposited layers, 
the number of particles on the surface of the substrate, and the 
thickness of one or more layers found on the surface of the 
substrate. The data collected from the metrology chamber 
may then be used by the system controller to adjust one or 
more process variables in one or more of the processing steps 
to produce favorable process results on Subsequently pro 
cessed substrates. 

(0071. System 100A may include additional chambers 105, 
107 on opposite sides of the interface 103. The interface 
section 103 may include at least two interface transfer 
devices, such as robot arms 104, that are configured to deliver 
substrates between the plurality of holding chambers or 
FOUPs 102 and the plurality of loading chambers 104. The 
holding chambers 102 may be coupled with the interface 
section 103 at a first location of the interface section, and the 
loading chambers may be coupled with the interface section 
103 at a second location of the interface section 103 that is 
opposite the plurality of holding chambers 102. The addi 
tional chambers may be accessed by interface robot arms 104, 
and may be configured for transferring Substrates through the 
interface 103. For example, chamber 105 may provide, for 
example, wet etching capabilities and may be accessed by 
interface robot arm 104a through the side of the factory 
interface 103. The wet station may be coupled with the inter 
face section 103 at a third location of the interface section 103 
between the first location and second location of the interface 
section. In disclosed embodiments the third location may be 
adjacent to either of the first and second locations of the 
interface section 103. Additionally, chamber 107 may pro 
vide, for example, additional storage and may be accessed by 
interface robot arm 104b through the opposite side of the 
factory interface 103 from chamber 105. The storage cham 
ber 107 may be coupled with the interface 103 at a fourth 
location of the interface section opposite the third location. 
The interface 103 may include additional structures for allow 
ing the transfer of substrates between the robot arms 104, 
including transfer section 112 positioned between the robot 
arms 104. Transfer section 112 may be configured to hold one 
or more substrates, and may be configured to hold 2, 5, 10, 15, 
20, 25, 50, 100 etc. or more substrates at any given time for 
delivery for processing. 
0072 Transfer section 112 may include additional capa 

bilities including cooling of the substrates below atmospheric 
conditions as well as atmospheric cleaning of the wafers, for 
example. In one example, a Substrate may be retrieved from 
loading chamber 106a or side station 105 by interface robot 
arm 104a. If the substrate is to be loaded into chamber 107, 
for example, robot arm 104a may be instructed to transport 
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and deposit the substrate to transfer section 112. Robot arm 
104b may then retrieve the substrate for delivery to chamber 
107. Alternatively, a substrate retrieved either from FOUPs 
102 or loading chambers 106 may be placed or delivered to 
interface transfer section 112 for cooling, cleaning, etc. as 
may be performed at the interface transfer section 112. The 
holding chambers or FOUPs 102 may include at least one 
inlet port configured to receive a fluid through the inlet port. 
The FOUPs may be further configured to direct the fluid 
through the holding chamber and into the interface section 
103. The holding chambers 103 may additionally include at 
least one internal diffuser configured to direct the received 
fluid throughout the holding chamber. For example, a nitro 
gen or otherinert fluid may be flowed into the FOUPs through 
the inlet ports. As any individual FOUP may house 10, 25,50, 
etc. or more substrates, internal diffusers may direct the nitro 
gen or other fluid through the FOUP to ensure that the entire 
internal environment of the FOUP is purged of air. The dif 
fusers may direct or be configured to direct the fluid in 
between and around each and every substrate housed in the 
FOUP 

0073. The system 100A may be adapted to transport sub 
strates between and through atmospheric and vacuum envi 
ronments. For example, interface 103 may provide access 
from FOUPs 102 at atmospheric pressures and loading cham 
bers 106, which may be configured to be evacuated. Accord 
ingly, all systems including chambers 108 and transfer station 
110 may be configured to operate at vacuum conditions, and 
loading chambers 106 may provide access between the atmo 
spheric and vacuum environments. Loading chambers 106 
may include areas of transfer. Such as slit valves on both the 
interface 103 side as well as the transfer chamber 110 side. 
Both valves may be closed to maintain the alternate environ 
ments. The slit valve on the interface 103 side may open to 
allow delivery of a substrate by arms 104. The valve may then 
close and the loading chamber may be evacuated to the 
vacuum environment at which the other chambers may be 
maintained. The slit valve on the transfer station side of the 
loading chamber 106 may then be opened to provide access to 
the vacuum environment. Alternatively, the process chambers 
108 and transfer chamber 110 may be maintained in an inert 
environment, Such as with nitrogen purging, which may be 
continuously flowed through each of the chambers to main 
tain the inert atmosphere. The loading chamber 106 may 
similarly be configured to be purged with nitrogen after 
receiving a substrate in order to provide the substrate to the 
process sections in a similar environment. The system 100A 
may additionally include gas delivery systems and system 
controllers (not shown) for providing precursors and instruc 
tions for performing a variety of processing operations. 
0074 FIG. 1B illustrates another exemplary processing 
system to which a variety of the chambers and features may 
be coupled in various embodiments. The processing tool 
100B depicted in FIG. 1B may contain a plurality of process 
chambers, 114A-D, a transfer chamber 110, service cham 
bers 116A-B, and a pair of load lock chambers 106A-B. The 
process chambers may include any of the chambers as 
described elsewhere in this disclosure including the chambers 
discussed in relation to system 100A above and the specific 
chambers below. Additionally, the system 100B may include 
single chambers as opposed to tandem chambers, and any of 
the chambers disclosed elsewhere may be adapted as a single 
chamber or tandem chamber. To transport Substrates among 
the chambers, the transfer chamber 110 may contain a robotic 
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transport mechanism 113. The transport mechanism 113 may 
have a pair of substrate transport blades 113A attached to the 
distal ends of extendible arms 113B, respectively. The blades 
113A may be used for carrying individual substrates to and 
from the process chambers. In operation, one of the Substrate 
transport blades such as blade 113A of the transport mecha 
nism 113 may retrieve a substrate W from one of the loadlock 
chambers such as chambers 106A-B and carry substrate W to 
a first stage of processing, for example, an etching process as 
described below in chambers 114A-D. If the chamber is occu 
pied, the robot may wait until the processing is complete and 
then remove the processed substrate from the chamber with 
one blade 113A and may insert a new substrate with a second 
blade (not shown). Once the Substrate is processed, it may 
then be moved to a second stage of processing. For each 
move, the transport mechanism 113 generally may have one 
blade carrying a Substrate and one blade empty to execute a 
Substrate exchange. The transport mechanism 113 may wait 
at each chamber until an exchange can be accomplished. 
0075. Once processing is complete within the process 
chambers, the transport mechanism 113 may move the sub 
strate W from the last process chamber and transport the 
substrate W to a cassette within the loadlock chambers 106A 
B. From the load lock chambers 106A-B, the substrate may 
move into a factory interface 104. The factory interface 104 
generally may operate to transfer Substrates between pod 
loaders 105A-D in an atmospheric pressure clean environ 
ment and the load lock chambers 106A-B. The clean envi 
ronment in factory interface 104 may be generally provided 
through air filtration processes, such as HEPA filtration, for 
example. Factory interface 104 may also include a substrate 
orienterfaligner (not shown) that may be used to properly 
align the Substrates prior to processing. At least one substrate 
robot, such as robots 108A-B, may be positioned in factory 
interface 104 to transport substrates between various posi 
tions/locations within factory interface 104 and to other loca 
tion in communication therewith. Robots 108A-B may be 
configured to travel along a track system within enclosure 104 
from a first end to a second end of the factory interface 104. 
0076 Turning to FIG. 2 is shown arear perspective view of 
an exemplary processing system 200 according to the dis 
closed technology. System 200 may include an alternate view 
of the system of FIG. 1A, from the clean room or vacuum side 
of the interface. As shown in the illustration, interface 203 
may be accessed by loading chambers 206 that may be con 
figured to provide access to an evacuated environment for 
processing through sealable openings 207, which may be slit 
valves. The loading chambers 206 may include additional 
components configured to act upon the Substrates. The load 
ing chambers 206 may include a heating device configured to 
heat the loading chamber or a substrate contained within from 
temperatures below or about 0°C. up to temperatures above 
or about 800° C. For example, the loading chamber heating 
device may be configured to heat the substrate up to or above 
300° C. in disclosed embodiments. Additionally, a side cham 
ber 205 may be located on the side of interface 203. Although 
not shown, an additional side chamber may be positioned on 
the side of the interface opposite chamber 205 as illustrated in 
FIG. 1A with chamber 107. Both side chambers may be 
accessed through the factory interface 203 as previously 
described. System body 213 may define the positions at 
which the processing chambers 208, loading chambers 206, 
and transfer station 210 are located. A variety of processing 
chambers 208 may be incorporated into system 200, and may 

Sep. 18, 2014 

include a combination of the processing stations as illustrated 
in FIGS. 3-6 below. Although a single chamber is illustrated 
in each of the following figures, the figures may show one half 
of a tandem processing chamber adapted to run two wafers at 
a time with a single delivery system shared between the 
chambers. In disclosed embodiments the plurality of process 
ing chambers are coupled as pairs of tandem processing 
chambers within the Substrate processing system. 
0077 Turning to FIG. 3 is shown a cross-sectional sche 
matic of an exemplary processing chamber 300 according to 
the disclosed technology. Chamber 300 may be used, for 
example, in one or more of the processing chamber sections 
208 of the system 200 previously discussed. A remote plasma 
system (“RPS) 310 may process a gas which then travels 
through a gas inlet assembly 311. Two distinct gas Supply 
channels may be present within the gas inlet assembly 311. A 
first channel 312 may carry a gas that passes through the RPS 
310, while a second channel 313 may bypass the RPS 310. 
The first channel 312 may be used for the process gas and the 
second channel 313 may be used for a treatment gas in dis 
closed embodiments. The lid or conductive top portion 321 
and a perforated partition, such as showerhead 353, are shown 
with an insulating ring 324 disposed between, which may 
allow an AC potential to be applied to the lid 321 relative to 
showerhead 353. The process gas may travel through first 
channel 312 into chamber plasma region 320 and may be 
excited by a plasma in chamber plasma region320 alone or in 
combination with RPS 310. The combination of chamber 
plasma region 320 and/or RPS 310 may be referred to as a 
remote plasma system herein. The perforated partition or 
showerhead 353 may separate chamber plasma region 320 
from a substrate processing region 370 beneath showerhead 
353. Showerhead 353 may allow a plasma present in chamber 
plasma region320 to avoid directly exciting gases in Substrate 
processing region 370, while still allowing excited species to 
travel from chamber plasma region 320 into substrate pro 
cessing region 370. 
(0078 Showerhead 353 may be positioned between cham 
ber plasma region 320 and substrate processing region 370 
and allow plasma effluents or excited derivatives of precur 
sors or other gases created within chamber plasma region320 
to pass through a plurality of through-holes 356 that traverse 
the thickness of the plate or plates included in the shower 
head. The precursors and/or plasma derivatives may combine 
in processing region370 in order to produce films that may be 
deposited on substrate 380 positioned on a substrate support 
375. The showerhead 353 may also have one or more hollow 
volumes 351 that can be filled with a precursor in the form of 
a vapor or gas, such as a silicon-containing precursor, and 
pass through Small holes 355 into Substrate processing region 
370, but not directly into chamber plasma region320. Show 
erhead 353 may be thicker than the length of the smallest 
diameter 350 of the through-holes 356 in disclosed embodi 
ments. In order to maintain a significant concentration of 
excited species penetrating from chamber plasma region320 
to substrate processing region 370, the length 326 of the 
smallest diameter 350 of the through-holes may be restricted 
by forming larger diameter portions of through-holes 356 part 
way through the showerhead 353. The length of the smallest 
diameter 350 of the through-holes 356 may be the same order 
of magnitude as the Smallest diameter of the through-holes 
356 or less in disclosed embodiments. 

(0079. In the embodiment shown, showerhead 353 may 
distribute, via through-holes 356, process gases which con 



US 2014/0271097 A1 

tain a plasma vapor/gas such as argon, for example. Addition 
ally, the showerhead 353 may distribute, via smaller holes 
355, a silicon-containing precursor that is maintained sepa 
rately from the plasma region 320. The process gas or gases 
and the silicon-containing precursor may be maintained flu 
idly separate via the showerhead 353 until the precursors 
separately enter the processing region 370. The precursors 
may contact one another once they enter the processing 
region and react to form a flowable dielectric material on 
substrate 380, for example. 
0080 Chamber 300 may be used to depositan oxide layer 
on a silicon Substrate or a silicon nitride layer, or on a previ 
ously patterned Substrate that may include regions of silicon 
or nitride, for example. An additional example of a deposition 
chamber and process that may be used in conjunction with the 
disclosed technology is described in co-assigned application 
Ser. No. 13/153,016 titled “Oxide Rich Liner Layer for Flow 
able CVD Gapfill.” filed on Jun. 3, 2011, the entire contents of 
which are hereby incorporated by reference for all purposes 
not inconsistent with the present disclosure. 
0081 FIG. 4A shows another cross-sectional schematic of 
an exemplary processing chamber 400 with partitioned 
plasma generation regions within the processing chamber. 
Chamber 400 may be used, for example, in one or more of the 
processing chamber sections 208 of the system 200 previ 
ously discussed. During film etching, e.g., titanium nitride, 
tantalum nitride, tungsten, silicon, polysilicon, silicon oxide, 
silicon nitride, silicon oxynitride, silicon oxycarbide, etc., a 
process gas may be flowed from gas delivery system 410 into 
the first plasma region 415 through a gas inlet assembly 405. 
The plasma region 415 within the chamber may be similar to 
the second remote plasma region discussed previously, and 
may be remote from processing region 433 as discussed 
below. A remote plasma system (“RPS) 401 may be included 
in the system, and may process a first gas which then travels 
through gas inlet assembly 405. RPS unit 401 may be similar 
to the first remote plasma region as previously discussed. The 
inlet assembly 405 may include two or more distinct gas 
Supply channels where the second channel may bypass the 
RPS 401. Accordingly, in disclosed embodiments at least one 
of the precursor gases may be delivered to the processing 
chamber in an unexcited State. Such as a fluorine-containing 
precursor. In another example, the first channel provided 
through the RPS may be used for an oxygen-containing pre 
cursor and the second channel bypassing the RPS may be 
used for the fluorine-containing precursor in disclosed 
embodiments. The oxygen-containing precursor may be 
excited within the RPS 401 prior to entering the first plasma 
region 415. Accordingly, the fluorine-containing precursor 
and/or the oxygen-containing precursor as discussed above, 
for example, may pass through RPS 401 or bypass the RPS 
unit in disclosed embodiments. Various other examples 
encompassed by this arrangement will be similarly under 
stood. 

0082. A cooling plate 403, faceplate 417, ion suppressor 
423, showerhead 425, and a substrate support 465, having a 
substrate 455 disposed thereon, are shown and may each be 
included according to disclosed embodiments. The pedestal 
465 may have a heat exchange channel through which a heat 
exchange fluid flows to control the temperature of the sub 
strate. This configuration may allow the substrate 455 tem 
perature to be cooled or heated to maintain relatively low 
temperatures, such as between about -20° C. to about 200° 
C., or therebetween. The heat exchange fluid may comprise 
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ethylene glycol and/or water. The wafer support platter of the 
pedestal 465, which may comprise aluminum, ceramic, or a 
combination thereof, may also be resistively heated in order 
to achieve relatively high temperatures, such as from up to or 
about 100° C. to above or about 1100° C., using an embedded 
resistive heater element. The heating element may be formed 
within the pedestal as one or more loops, and an outer portion 
of the heater element may run adjacent to a perimeter of the 
Support platter, while an inner portion runs on the path of a 
concentric circle having a smaller radius. The wiring to the 
heater element may pass through the stem of the pedestal 465, 
which may be further configured to rotate. 
I0083. The faceplate 417 may be pyramidal, conical, or of 
another similar structure with a narrow top portion expanding 
to a wide bottom portion. The faceplate 417 may additionally 
be flat as shown and include a plurality of through-channels 
used to distribute process gases. Plasma generating gases 
and/or plasma excited species, depending on use of the RPS 
401, may pass through a plurality of holes, shown in FIG. 4B, 
in faceplate 417 for a more uniform delivery into the first 
plasma region 415. 
I0084 Exemplary configurations may include having the 
gas inlet assembly 405 open into a gas Supply region 458 
partitioned from the first plasma region 415 by faceplate 417 
so that the gases/species flow through the holes in the face 
plate 417 into the first plasma region 415. The faceplate 417. 
or a conductive top portion of the chamber, and showerhead 
425 are shown with an insulating ring 420 located between 
the features, which allows an AC potential to be applied to the 
faceplate 417 relative to showerhead 425 and/or ion suppres 
sor 423, which may be electrically coupled with the shower 
head 425, or similarly insulated. The insulating ring 420 may 
be positioned between the faceplate 417 and the showerhead 
425 and/or ion Suppressor 423 enabling a capacitively 
coupled plasma (“CCP) to be formed in the first plasma 
region. A baffle (not shown) may additionally be located in 
the first plasma region 415, or otherwise coupled with gas 
inlet assembly 405, to affect the flow of fluid into the region 
through gas inlet assembly 405. 
I0085. The ion suppressor 423 may comprise a plate or 
other geometry that defines a plurality of apertures through 
out the structure that are configured to suppress the migration 
of ionically-charged species out of the plasma excitation 
region 415 while allowing uncharged neutral or radical spe 
cies to pass through the ion Suppressor 423 into an activated 
gas delivery region between the Suppressor and the shower 
head. In disclosed embodiments, the ion Suppressor 423 may 
comprise a perforated plate with a variety of aperture con 
figurations. Showerhead 425 in combination with ion Sup 
pressor 423 may allow a plasma present in chamber plasma 
region 415 to avoid directly exciting gases in Substrate pro 
cessing region 433, while still allowing excited species to 
travel from chamber plasma region 415 into substrate pro 
cessing region 433. In this way, the chamber may be config 
ured to prevent the plasma from contacting a substrate 455 
being etched. 
I0086. The processing system may further include a power 
supply 440 electrically coupled with the processing chamber 
to provide electric power to the faceplate 417, ion suppressor 
423, showerhead 425, and/or pedestal 465 to generate a 
plasma in the first plasma region 415 or processing region 
433. The power supply may be configured to deliver an 
adjustable amount of power to the chamber depending on the 
process performed. Such a configuration may allow for a 
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tunable plasma to be used in the processes being performed. 
Unlike a remote plasma unit, which is often presented with on 
or off functionality, a tunable plasma may be configured to 
deliver a specific amount of power to the plasma region 415. 
This in turn may allow development of particular plasma 
characteristics Such that precursors may be dissociated in 
specific ways to enhance the etching profiles produced by 
these precursors. For example, this may provide the partial 
dissociation of nitrogen trifluoride as explained previously. 
0087. A plasma may be ignited either in chamber plasma 
region 415 above showerhead 425 or substrate processing 
region 433 below showerhead 425. A plasma may be present 
in chamber plasma region 415 to produce the radical-fluorine 
precursors from an inflow of the fluorine-containing precur 
sor. An AC voltage typically in the radio frequency (“RF) 
range may be applied between the conductive top portion of 
the processing chamber, Such as faceplate 417, and shower 
head 425 and/or ion Suppressor 423 to ignite a plasma in 
chamber plasma region 415 during deposition. An RF power 
supply may generate a high RF frequency of 13.56MHz, but 
may also generate other frequencies alone or in combination 
with the 13.56 MHz frequency. 
0088 Plasma power can be of a variety of frequencies or a 
combination of multiple frequencies either in an internal 
plasma region, or in an RPS unit. In the exemplary processing 
system the plasma may be provided by RF power delivered to 
faceplate 417 relative to ion suppressor 423 and/or shower 
head 425. The RF power may be between about 10 Watts and 
about 2000 Watts, between about 100 Watts and about 2000 
Watts, between about 200 Watts and about 1500 Watts, 
between about 0 and about 500 Watts, or between about 200 
Watts and about 1000 Watts in different embodiments. The 
RF frequency applied in the exemplary processing system 
may below RF frequencies less than about 200 kHz, high RF 
frequencies between about 10 MHz and about 15 MHz, or 
microwave frequencies greater than or about 1 GHz in differ 
ent embodiments. The plasma power may be capacitively 
coupled or inductively-coupled into the remote plasma 
region. In alternative configurations, the chamber may be 
configured to utilize UV or e-beam sources to excite or acti 
vate the reactive species. These capabilities may be utilized in 
conjunction with or in lieu of the plasma. 
0089. The showerhead 425 may comprise an upper plate 
414 and a lower plate 416. The plates may be coupled with 
one another to define a volume 418 between the plates. The 
coupling of the plates may be so as to provide first fluid 
channels 419 through the upper and lower plates, and second 
fluid channels 421 through the lower plate 416. The formed 
channels may be configured to provide fluid access from the 
volume 418 through the lower plate 416 via second fluid 
channels 421 alone, and the first fluid channels 419 may be 
fluidly isolated from the volume 418 between the plates and 
the second fluid channels 421. The volume 418 may be fluidly 
accessible through a side of the gas distribution assembly 
425. For example, an additional precursor that may not inter 
act with the activated precursors previously described may be 
delivered to the processing region via second fluid channels 
421 so that the activated precursors and the additional pre 
cursors interact only when they separately enter the process 
ing region 433. Although the exemplary system of FIG. 4A 
includes a dual-channel showerhead, it is understood that 
alternative distribution assemblies may be utilized that main 
tain first and second precursors fluidly isolated prior to the 
processing region 433. For example, a perforated plate and 
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tubes underneath the plate may be utilized, although other 
configurations may operate with reduced efficiency or not 
provide as uniform processing as the dual-channel shower 
head as described. Alternatively, when the only precursors 
utilized will be delivered via inlet assembly 405, and all 
precursors will flow from plasma region 415, a dual-channel 
may not be necessary, and a single plate manifold or perfo 
rated plate may be utilized that further mixes the precursors 
while delivering them directly to the processing region 433. 
0090 FIG. 4B shows a detailed partial view of compo 
nents of the processing chamber shown in FIG. 4A. As shown 
in FIGS. 4A and 4B, faceplate 417, cooling plate 403, and gas 
inlet assembly 405 intersect to define a gas supply region 458 
into which process gases may be delivered from gas inlet 405. 
The gases may fill the gas supply region 458 and flow to first 
plasma region 415 through apertures 459 in faceplate 417. 
The apertures 459 may be configured to direct flow in a 
Substantially unidirectional manner Such that process gases 
may flow into processing region 433, but may be partially or 
fully prevented from backflow into the gas supply region 458 
after traversing the faceplate 417. 
0091 Chamber 400 may be used for etching a silicon or 
silicon nitride film while not etching, or minimally etching an 
exposed silicon oxide film, for example. Additional examples 
of etching processes and chambers that may be used in con 
junction with the disclosed technology and chamber 400 are 
described in co-assigned application No. 61/771,264 titled 
“Enhanced Etching Processes Using Remote Plasma 
Sources, and filed Mar. 1, 2013, the entire contents of which 
are hereby incorporated by reference for all purposes not 
inconsistent with the present disclosure. Additional examples 
of processes and chambers including multiple RPS units that 
may be used in conjunction with the disclosed technology and 
chamber 400 are described in co-assigned application Ser. 
No. 13/791,074 titled “Semiconductor Processing Systems 
Having Multiple Plasma Configurations.” and filed Mar. 8, 
2013, the entire contents of which are hereby incorporated by 
reference for all purposes not inconsistent with the present 
disclosure. 
0092 FIG. 5 shows another cross-sectional schematic of 
an exemplary processing chamber 500 according to the dis 
closed technology. Chamber 500 may be used, for example, 
in one or more of the processing chamber sections 208 of the 
system 200 previously discussed. Processing chamber 500 
may include a chamber body 512, a lid assembly 502, and a 
support assembly 510. The lid assembly 502 is disposed at an 
upper end of the chamber body 512, and the support assembly 
510 is at least partially disposed within the chamber body 
512. The processing chamber 500 and the associated hard 
ware are preferably formed from one or more process-com 
patible materials, e.g., aluminum, stainless steel, etc. 
0093. The chamber body 512 includes a slit valve opening 
560 formed in a sidewall thereof to provide access to the 
interior of the processing chamber 500. The slit valve opening 
560 is selectively opened and closed to allow access to the 
interior of the chamber body 512 by a wafer handling robot 
(not shown). In one embodiment, a wafer can be transported 
in and out of the processing chamber 500 through the slit 
valve opening 560 to an adjacent transfer chamber and/or 
load-lock chamber, or another chamber within a system Such 
as system 100A or 100B previously described. 
0094. In one or more embodiments, chamber body 512 
includes a chamber body channel 513 for flowing a heat 
transfer fluid through chamber body 512. The heat transfer 
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fluid can be a heating fluid or a coolant and is used to control 
the temperature of chamber body 512 during processing and 
substrate transfer. Heating the chamber body 512 may help to 
prevent unwanted condensation of the gas or byproducts on 
the chamber walls. Exemplary heat transfer fluids include 
water, ethylene glycol, or a mixture thereof. An exemplary 
heat transfer fluid may also include nitrogen gas. Support 
assembly 510 may have a support assembly channel 504 for 
flowing a heat transfer fluid through support assembly 510 
thereby affecting the substrate temperature. 
0095. The chamber body 512 can further include a liner 
533 that surrounds the support assembly 510. The liner 533 is 
preferably removable for servicing and cleaning. The liner 
533 can be made of a metal Such as aluminum, or a ceramic 
material. However, the liner 533 can be any process compat 
ible material. The liner 533 can be bead blasted to increase the 
adhesion of any material deposited thereon, thereby prevent 
ing flaking of material which results in contamination of the 
processing chamber 500. In one or more embodiments, the 
liner 533 includes one or more apertures 535 and a pumping 
channel 529 formed therein that is in fluid communication 
with a vacuum system. The apertures 535 provide a flow path 
for gases into the pumping channel 529, which provides an 
egress for the gases within the processing chamber 500. 
0096. The vacuum system can include a vacuum pump 
525 and a throttle valve 527 to regulate flow of gases through 
the processing chamber 500. The vacuum pump 525 is 
coupled to a vacuum port 531 disposed on the chamber body 
512 and therefore, in fluid communication with the pumping 
channel 529 formed within the liner 533. 

0097 Apertures 535 allow the pumping channel 529 to be 
in fluid communication with a Substrate processing region 
540 within the chamber body 512. The substrate processing 
region 540 is defined by a lower surface of the lid assembly 
502 and an upper surface of the support assembly 510, and is 
surrounded by the liner 533. The apertures 535 may be uni 
formly sized and evenly spaced about the liner 533. However, 
any number, position, size or shape of apertures may be used, 
and each of those design parameters can vary depending on 
the desired flow pattern of gas across the Substrate receiving 
Surface as is discussed in more detail below. In addition, the 
size, number and position of the apertures 535 are configured 
to achieve uniform flow of gases exiting the processing cham 
ber 500. Further, the aperture size and location may be con 
figured to provide rapid or high capacity pumping to facilitate 
a rapid exhaust of gas from the chamber 500. For example, the 
number and size of apertures 535 in close proximity to the 
vacuum port 531 may be smaller than the size of apertures 
535 positioned farther away from the vacuum port 531. 
0098. A gas supply panel (not shown) is typically used to 
provide process gas(es) to the processing chamber 500 
through one or more apertures 551. The particular gas or 
gases that are used depend upon the process or processes to be 
performed within the chamber 500. Illustrative gases can 
include, but are not limited to one or more precursors, reduc 
tants, catalysts, carriers, purge, cleaning, or any mixture or 
combination thereof. Typically, the one or more gases intro 
duced to the processing chamber 500 flow into plasma vol 
ume 561 through aperture(s) 551 in top plate 550. Alterna 
tively or in combination, processing gases may be introduced 
more directly through aperture(s) 552 into substrate process 
ing region 540. Aperture(s) 552 bypass the remote plasma 
excitation and are useful for processes involving gases that do 
not require plasma excitation or processes which do not ben 
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efit from additional excitation of the gases. Electronically 
operated valves and/or flow control mechanisms (not shown) 
may be used to control the flow ofgas from the gas Supply into 
the processing chamber 500. Depending on the process, any 
number of gases can be delivered to the processing chamber 
500, and can be mixed either in the processing chamber 500 
or before the gases are delivered to the processing chamber 
SOO. 

(0099. The lid assembly 502 can further include an elec 
trode 545 to generate a plasma of reactive species within the 
lid assembly 502. In one embodiment, the electrode 545 is 
supported by top plate 550 and is electrically isolated there 
from by inserting electrically isolating ring(s) 547 made from 
aluminum oxide or any other insulating and process compat 
ible material. In one or more embodiments, the electrode 545 
is coupled to a power source 546 while the rest of lid assembly 
502 is connected to ground. Accordingly, a plasma of one or 
more process gases can be generated in remote plasma region 
composed of volumes 561,562 and/or 563 between electrode 
545 and annular mounting flange 522. In embodiments, annu 
lar mounting flange 522 comprises or Supports gas delivery 
plate 520. For example, the plasma may be initiated and 
maintained between electrode 545 and one or both blocker 
plates of blocker assembly 530. Alternatively, the plasma can 
be struck and contained between the electrode 545 and gas 
delivery plate 520, in the absence of blocker assembly 530. In 
either scenario, the plasma is well confined or contained 
within the lid assembly 502. An RPS unit such as that previ 
ously described may also be utilized to generate a plasma of 
reactive species which are then delivered into the chamber 
SOO. 
0100. The temperatures of the process chamber body 512 
and the substrate may each be controlled by flowing a heat 
transfer medium through chamber body channel 513 and 
Support assembly channel 504, respectively. Support assem 
bly channel 504 may be formed within support assembly 510 
to facilitate the transfer of thermal energy. Chamber body 512 
and support assembly 510 may be cooled or heated indepen 
dently. For example, aheating fluid may be flown through one 
while a cooling fluid is flown through the other. 
0101. Other methods may be used to control the substrate 
temperature. The substrate may be heated by heating the 
support assembly 510 or a portion thereof, such as a pedestal, 
with a resistive heater or by some other means. In another 
configuration, gas delivery plate 520 may be maintained at a 
temperature higher than the substrate and the substrate can be 
elevated in order to raise the substrate temperature. In this 
case the Substrate is heated radiatively or by using a gas to 
conduct heat from gas delivery plate 520 to the substrate. The 
substrate may be elevated by raising support assembly 510 or 
by employing lift pins. 
0102 Chamber 500 may be used for etching a silicon 
oxide film while not etching, or minimally etching an exposed 
silicon Surface or silicon nitride surface, for example. Addi 
tional examples of etching processes and chambers that may 
be used in conjunction with the disclosed technology and 
chamber 500 are described in co-assigned application No. 
61/702,493 titled “Radical-Component Oxide Etch,” and 
filed Sep. 18, 2012, the entire contents of which are hereby 
incorporated by reference for all purposes not inconsistent 
with the present disclosure. 
(0103 FIG. 6 shows another cross-sectional schematic of 
an exemplary processing chamber 600 according to the dis 
closed technology. Chamber 600 may be used, for example, 
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in one or more of the processing chamber sections 208 of the 
system 200 previously discussed Generally, the etch chamber 
600 may include a first capacitively-coupled plasma source to 
implement an ion milling operation and a second capaci 
tively-coupled plasma source to implement an etching opera 
tion and to implement an optional deposition operation. The 
chamber 600 may include grounded chamber walls 640 sur 
rounding a chuck 650. In embodiments, the chuck 650 may be 
an electrostatic chuck which clamps the substrate 602 to a top 
surface of the chuck 650 during processing, though other 
clamping mechanisms as would be known may also be uti 
lized. The chuck 650 may include an embedded heat 
exchanger coil 617. In the exemplary embodiment, the heat 
exchanger coil 617 includes one or more heat transfer fluid 
channels through which heat transfer fluid, Such as an ethyl 
ene glycol/water mix, may be passed to control the tempera 
ture of the chuck 650 and ultimately the temperature of the 
substrate 602. 

0104. The chuck 650 may include a mesh 649 coupled to 
a high voltage DC supply 648 so that the mesh 649 may carry 
a DC bias potential to implement the electrostatic clamping of 
the substrate 602. The chuck 650 may be coupled to a first RF 
power source and in one such embodiment, the mesh 649 is 
coupled to the first RF power source so that both the DC 
voltage offset and the RF voltage potentials are coupled 
across a thin dielectric layer on the top surface of the chuck 
650. In the illustrative embodiment, the first RF power source 
may include a first and second RF generator 652, 653. The RF 
generators 652, 653 may operate at any industrial frequency 
known in the art, however in the exemplary embodiment the 
RF generator 652 may operate at 60 MHz to provide advan 
tageous directionality. Where a second RF generator 653 is 
also provided, the exemplary frequency may be 2 MHz. 
0105. With the chuck 650 to be RF powered, an RF return 
path may provided by a first showerhead 625. The first show 
erhead 625 may be disposed above the chuck to distribute a 
first feed gas into a first chamber region 684 defined by the 
first showerhead 625 and the chamber wall 640. As such, the 
chuck 650 and the first showerhead 625 form a first RF 
coupled electrode pair to capacitively energize a first plasma 
670 of a first feed gas within a first chamber region 684. A DC 
plasma bias, or RF bias, resulting from capacitive coupling of 
the RF powered chuck may generate anion flux from the first 
plasma 670 to the substrate 602, e.g., Arions where the first 
feed gas is Ar, to provide an ion milling plasma. The first 
showerhead 625 may be grounded or alternately coupled to an 
RF source 628 having one or more generators operable at a 
frequency other than that of the chuck 650, e.g., 13.56MHz or 
60 MH. In the illustrated embodiment the first showerhead 
625 may be selectably coupled to ground or the RF source 628 
through the relay 627 which may be automatically controlled 
during the etch process, for example by a controller (not 
shown). 
0106. As further illustrated in the figure, the etch chamber 
600 may include a pump stack capable of high throughput at 
low process pressures. In embodiments, at least one turbo 
molecular pump 665,666 may be coupled with the first cham 
ber region 684 through a gate valve 660 and disposed below 
the chuck 650, opposite the first showerhead 625. The turbo 
molecular pumps 665, 66.6 may be any commercially avail 
able pumps having Suitable throughput and more particularly 
may be sized appropriately to maintain process pressures 
below or about 10 mTorr or below or about 5 mTorr at the 
desired flow rate of the first feed gas, e.g., 50 to 500 sccm of 
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Ar where argon is the first feedgas. In the embodiment illus 
trated, the chuck 650 may form part of a pedestal which is 
centered between the two turbopumps 665 and 666, however 
in alternate configurations chuck 650 may be on a pedestal 
cantilevered from the chamber wall 640 with a single turbo 
molecular pump having a center aligned with a center of the 
chuck 650. 

0107 Disposed above the first showerhead 625 may be a 
second showerhead 610. In one embodiment, during process 
ing, the first feed gas source, for example, Argon delivered 
from gas distribution system 690 may coupled to a gas inlet 
676, and the first feed gas flowed through a plurality of aper 
tures 680 extending through second showerhead 610, into the 
second chamber region 681, and through a plurality of aper 
tures 682 extending through the first showerhead 625 into the 
first chamber region 684. An additional flow distributor 615 
having apertures 678 may further distribute a first feed gas 
flow 616 across the diameter of the etch chamber 600 through 
a distribution region 618. In an alternate embodiment, the first 
feed gas may be flowed directly into the first chamber region 
684 via apertures 683 which are isolated from the second 
chamber region 681 as denoted by dashed line 623. For 
example, where the first showerhead is a dual-channel show 
erhead as previously described, the apertures 683 correspond 
to apertures 775 in FIG. 7. 
0.108 Chamber 600 may additionally be reconfigured 
from the state illustrated to perform an etching operation. A 
secondary electrode 605 may be disposed above the first 
showerhead 625 with a second chamber region 681 there 
between. The secondary electrode 605 may further form a lid 
of the etch chamber 600. The secondary electrode 605 and the 
first showerhead 625 may be electrically isolated by a dielec 
tric ring 620 and form a second RF coupled electrode pair to 
capacitively discharge a second plasma 692 of a second feed 
gas within the second chamber region 681. Advantageously, 
the second plasma 692 may not provide a significant RF bias 
potential on the chuck 650. At least one electrode of the 
second RF coupled electrode pair is coupled to an RF source 
for energizing an etching plasma. The secondary electrode 
605 may be electrically coupled with the second showerhead 
610. In an exemplary embodiment, the first showerhead 625 
may be coupled with a ground plane or floating and may be 
coupled to ground through a relay 627 allowing the first 
showerhead 625 to also be powered by the RF power source 
628 during the ion milling mode of operation. Where the first 
showerhead 625 is grounded, an RF power source 608, having 
one or more RF generators operating at 13.56 MHz or 60 
MHz for example may be coupled with the secondary elec 
trode 605 through a relay 607 which will allow the secondary 
electrode 605 to also be grounded during other operational 
modes, such as during an ion milling operation, although the 
secondary electrode 605 may also be left floating if the first 
showerhead 625 is powered. 
0109. A second feed gas source, such as nitrogen trifluo 
ride, and a hydrogen source. Such as ammonia, may be deliv 
ered from gas distribution system 690, and coupled to the gas 
inlet 676 Such as via dashed line 624. In this mode, the second 
feed gas may flow through the second showerhead 610 and 
may be energized in the second chamber region 681. Reactive 
species may then pass into the first chamber region 684 to 
react with the substrate 602. As further illustrated, for 
embodiments where the first showerhead 625 is a dual-chan 
nel showerhead, one or more feed gases may be provided to 
react with the reactive species generated by the second 
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plasma 692. In one such embodiment, a water source may be 
coupled to the plurality of apertures 683. 
0110. In an embodiment, the chuck 650 may be movable 
along the distance H2 in a direction normal to the first show 
erhead 625. The chuck 650 may be on an actuated mechanism 
surrounded by a bellows 655, or the like, to allow the chuck 
650 to move closer to or farther away from the first shower 
head 625 as a means of controlling heat transfer between the 
chuck 650 and the first showerhead 625, which may beat an 
elevated temperature of 80°C.-150°C., or more. As such, an 
etch process may be implemented by moving the chuck 650 
between first and second predetermined positions relative to 
the first showerhead 625. Alternatively, the chuck 650 may 
include a lifter 651 to elevate the substrate 602 off a top 
surface of the chuck 650 by distance H1 to control heating by 
the first showerhead 625 during the etch process. In other 
embodiments, where the etch process is performed at a fixed 
temperature such as about 90-110° C. for example, chuck 
displacement mechanisms may be avoided. A system control 
ler, such as discussed below with respect to FIG. 21, may 
alternately energize the first and second plasmas 670 and 692 
during the etching process by alternately powering the first 
and second RF coupled electrode pairs automatically. 
0111. The chamber 600 may also be reconfigured to per 
form a deposition operation. A plasma 692 may be generated 
in the second chamber region 681 by an RF discharge which 
may be implemented in any of the manners described for the 
second plasma 692. Where the first showerhead 625 is pow 
ered to generate the plasma 692 during a deposition, the first 
showerhead 625 may be isolated from a grounded chamber 
wall 640 by a dielectric spacer 630 so as to be electrically 
floating relative to the chamber wall. In the exemplary 
embodiment, an oxidizer feed gas source, Such as molecular 
oxygen, may be delivered from gas distribution system 690, 
and coupled to the gas inlet 676. In embodiments where the 
first showerhead 625 is a dual-channel showerhead, any sili 
con-containing precursor, such as OMCTS may be delivered 
from gas distribution system 690, and coupled into the first 
chamber region 684 to react with reactive species passing 
through the first showerhead 625 from the plasma 692. Alter 
natively the silicon-containing precursor may also be flowed 
through the gas inlet 676 along with the oxidizer. 
0112 Chamber 600 may be used for a number of etching 
and deposition processes, for example. Additional examples 
of etching and deposition processes and chambers that may 
be used in conjunction with the disclosed technology and 
chamber 600 are described in co-assigned application Ser. 
No. 13/651,074 titled “Process chamber for Etching Low K 
and Other Dielectric Films, and filed Oct. 12, 2012, the entire 
contents of which are hereby incorporated by reference for all 
purposes not inconsistent with the present disclosure. 
0113 FIG. 7 shows a bottom plan view of a showerhead 
according to the disclosed technology. Showerhead 725 may 
correspond with the showerhead 353 shown in FIG. 3, show 
erhead 425 shown in FIG. 4A, or showerhead 625 shown in 
FIG. 6. Through-holes 765, which show a view of first fluid 
channels 419 for example, may have a plurality of shapes and 
configurations in order to control and affect the flow of pre 
cursors through the showerhead 725. For example, the aper 
tures may make any geometrical pattern in their arrangement 
as may affect fluid distribution, and may be distributed as 
rings of apertures located concentrically outward from each 
other and based on a centrally located position on the plate. As 
one example, and without limiting the scope of the technol 
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ogy, FIG. 7 shows a pattern formed by the apertures that 
includes concentric hexagonal rings extending outwardly 
from the center. Each outwardly located ring may have the 
same number, more, or less apertures than the preceding ring 
located inwardly. In one example, each concentric ring may 
have an additional number of apertures based on the geomet 
ric shape of each ring. In the example of a six-sided polygon, 
each ring moving outwardly may have six apertures more 
than the ring located directly inward, with the first internal 
ring having six apertures. With a first ring of apertures located 
nearest to the center of the upper and bottom plates, the upper 
and bottom plates may have more than two rings, and depend 
ing on the geometric pattern of apertures used, may have 
between about one and about fifty rings of apertures. In one 
example, as shown, there may be nine hexagonal rings on the 
exemplary upper plate. 

0114. The concentric rings of apertures may also not have 
one of the concentric rings of apertures, or may have one of 
the rings of apertures extending outward removed from 
between other rings. For example with reference to FIG. 7, 
where an exemplary nine hexagonal rings are on the plate, the 
plate may instead have eight rings, but it may be ring four that 
is removed. In Such an example, channels may not be formed 
where the fourth ring would otherwise be located which may 
redistribute the gas flow of a fluid being passed through the 
apertures. The rings may still also have certain apertures 
removed from the geometric pattern. For example again with 
reference to FIG. 7, a tenth hexagonal ring of apertures may 
beformed on the plate shown as the outermost ring. However, 
the ring may not include apertures that would form the verti 
ces of the hexagonal pattern, or other apertures within the 
ring. Small holes 775, which show a view of second fluid 
channels 421 for example, may be distributed substantially 
evenly over the surface of the showerhead, even amongst the 
through-holes 765, which may help to provide more even 
mixing of the precursors as they exit the showerhead than 
other configurations. 
0.115. An alternative arrangement for a showerhead or 
faceplate according to disclosed embodiments is illustrated in 
FIG. 8, which shows a bottom plan view of another shower 
head according to the disclosed technology. As shown, the 
showerhead 800 may comprise a perforated plate or mani 
fold. The assembly of the showerhead may be similar to the 
showerhead as shown in FIG. 7, or may include a design 
configured specifically for distribution patterns of precursor 
gases. Showerhead 800 may include an annular frame 810 
positioned in various arrangements within an exemplary pro 
cessing chamber, such as one or more arrangements as shown 
in FIGS. 3, 4, 5, 6, 7, 12, and/or 13. On or within the frame 
may be coupled a plate 820, which may be similar in dis 
closed embodiments to plate 720 as previously described. 
The plate may have a disc shape and be seated on or within the 
frame 810. The plate may be of a variety of thicknesses, and 
may include a plurality of apertures 865 defined within the 
plate. An exemplary arrangement as shown in FIG. 8 may 
include a patternas previously described with reference to the 
arrangement in FIG. 7, and may include a series of rings of 
apertures in a geometric pattern, such as a hexagon as shown. 
As would be understood, the pattern illustrated is exemplary 
and it is to be understood that a variety of patterns, hole 
arrangements, and hole spacing are encompassed in the 
design. Alternatively, showerhead 800 may be a single plate 
design and compose a single-piece construction. 
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0116 FIG. 9 shows a rear perspective view of an exem 
plary processing system 900 according to the disclosed tech 
nology. System 900 may include an alternate view of the 
system 100A of FIG.1A, from the clean room or vacuum side 
of the interface. As shown in the illustration, interface 903 
may be accessed by loading chambers 906 that may be con 
figured to provide access to an evacuated environment for 
processing through sealable opening 907, which may be a slit 
valve. Additionally, a side chamber 905 may be located on the 
side of interface 903. Although not shown, an additional side 
chamber may be positioned on the side of the interface oppo 
site chamber 905. Both side chambers may be accessed 
through the factory interface 903 as previously described. 
System body 913 may define the positions at which the pro 
cessing chambers 908, loading chambers 906, and transfer 
station 910 are located. A variety of processing chambers 908 
may be incorporated into system 900, and may include a 
combination of the processing stations as previously 
described with respect to FIGS. 3-6. In disclosed embodi 
ments, the system may include a plurality of processing 
chambers. 

0117 FIG. 9 additionally shows treatment processing sta 
tions 917 coupled with and disposed vertically with respect to 
loading chamber 906. As will be described in more detail 
below with respect to FIG. 13, the system 900 may include a 
plurality of treatment processing stations 917 that may be 
coupled with and positioned in vertical alignment to respec 
tive loading stations 906 via system body 913 and be in 
vertical alignment with the loading chambers 906. As illus 
trated, the system may include two loading chambers dis 
posed horizontally from one another and two treatment cham 
bers coupled with and above each respective loading chamber 
906. The system body 913 may provide the structural support 
for chambers 908 and maintain them under stable conditions 
to be utilized in the vacuum or clean environment. Accord 
ingly, treatment processing stations 917 may occupy a differ 
ent surface plane from the processing chamber 908. Process 
ing chambers 917 may include sealable openings that may be 
accessible from the transfer station 910. The openings may be 
sealed by slit valves 918 or other covering mechanisms, for 
example, that when opened as shown by cover 918b provide 
access to a treatment volume 920 of the chamber and a ped 
estal 922 or platform on which a wafer may be disposed. In 
order to maintain a Substrate in a clean or vacuum environ 
ment, the transfer station may be configured to provide access 
to the treatment processing stations 917 without breaking 
vacuum environment. 

0118 For example, a robot arm (not shown) such as arm 
111 as shown in FIG. 1A may be operable to move vertically 
with respect to the transfer station body so as to allow wafer 
transfer between or among both lower loading stations 906 
and upper treatment processing chambers 917. The robot arm 
or process transfer device may be configured to deliver a 
substrate between any of the plurality of loading chambers 
906 and any of the plurality of processing chambers 908 while 
maintaining the Substrate under vacuum conditions. The pro 
cess transfer device may further be configured to deliver 
substrates vertically to the treatment chambers 917. In one 
configuration, for example, a hood or covering 925 may 
maintain the transfer station under vacuum conditions while 
providing access to the upper chambers 917. As illustrated, 
the loading chambers 906 and process chambers 908 may all 
be on a first elevational plane of the processing system 900, 
and the treatment chambers 917 may be on a second eleva 
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tional plane of the Substrate processing system that is above 
the first elevational plane of the Substrate processing system. 
In this way, a wafer or substrate may be transported between 
the loading stations 906, processing stations 908, and verti 
cally to the treatment stations 917, while being maintained 
under vacuum or purge conditions at all times according to 
disclosed embodiments. 

0119 Processing chambers 917 may include features use 
ful to performing energy-based or other treatment operations 
on Substrates such as those processed as previously described. 
The chamber may be configured to perform plasma treat 
ments, such as from a remote plasma Source, or may have 
internal or direct plasma capabilities such as from capaci 
tively-coupled plasma, inductively-coupled plasma, micro 
wave plasma, toroidal plasma, etc., and in Such case the 
treatment chamber may include components configured to 
generate a direct plasma within the treatment chamber 917. 
The chamber 917 may also be configured to perform and 
include components configured to generate an ultraviolet 
light treatment with lights and or window configurations, as 
well as components configured for performing electronbeam 
operations. For example, ultraviolet radiation or light at 
wavelengths between about 120 and about 430 nm at a power 
density between about 5 and about 25 mWatts/cm may be 
delivered to a surface of the substrate from a radiation source 
contained within the processing chamber 917. The radiation 
from the radiation Source may be supplied by a lamp contain 
ing elements such as Xenon, argon, krypton, nitrogen and 
derivatives thereof, such as xenon chloride or argon fluoride, 
for example. The chambers may similarly be configured to 
perform oZone or other curing operations and may be config 
ured to provide a plurality of precursors and operate at a series 
of conditions as described below. 

I0120 FIG. 10 shows a rear perspective view of another 
exemplary processing system 1000 according to the disclosed 
technology. System 1000 may include aspects of the system 
900 of FIG. 9, in disclosed embodiments. As shown in the 
illustration, interface 1003 may be accessed by loading cham 
bers 1006 that may be configured to provide access to an 
evacuated environment for processing through sealable open 
ing 1007, which may be a slit valve. Additionally, a side 
chamber 1005 may be located on the side of interface 1003, 
and although not shown, an additional side chamber may be 
positioned on the side of the interface opposite chamber 1005. 
System body 1013 may define the positions at which the 
processing chambers 1008, loading chambers 1006, and 
transfer station 1010 are located. A variety of processing 
chambers 1008 may be incorporated into system 1000, and 
may include a combination of the processing stations as pre 
viously described with respect to FIGS. 3-6. FIG. 10 addi 
tionally shows treatment processing stations 1017 coupled 
with and disposed vertically in respect to loading chambers 
1006. Processing chambers 1017 may include sealable open 
ings that may be accessible from the transfer station 1010. 
The openings may be sealed by slit valves 1018 or other 
covering mechanisms, for example, that when opened as 
shown by cover 1018b provide access to a treatment volume 
1020 of the chamber and a pedestal 1022 or platform on 
which a wafer may be disposed. 
0121. As illustrated in FIG. 10, a distribution unit 1030, 
Such as a treatment plasma generating device, may be dis 
posed above and coupled with both treatment processing 
chambers 1017. In disclosed embodiments, the plasma device 
may be separate from and coupled with both of the treatment 
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chambers as shown. In one embodiment, the distribution unit 
1030 comprises a remote plasma unit (“RPS) that is coupled 
from side outlets to both treatment processing chambers 
1017. Accordingly, plasma generated effluents may be dis 
persed to both treatment processing chambers 1017 simulta 
neously. The distribution unit may be configured to include 
internal diffusers to ensure symmetrical distribution of pre 
cursors or plasma species is being delivered to each treatment 
processing chamber 1017, in order to maintain uniform pro 
cessing between the chambers. 
0122 FIG. 11 shows a rear perspective view of another 
exemplary processing system 1100 according to the disclosed 
technology. System 1100 may include aspects of the system 
900 of FIG. 9, in disclosed embodiments. As shown in the 
illustration, interface 1103 may be accessed by loading cham 
bers 1106 that may be configured to provide access to an 
evacuated environment for processing through sealable open 
ing 1107, which may be a slit valve. Additionally, a side 
chamber 1105 may be located on the side of interface 1103, 
and although not shown, an additional side chamber may be 
positioned on the side of the interface opposite chamber 1105. 
System body 1113 may define the positions at which the 
processing chambers 1108, loading chambers 1106, and 
transfer station 1110 are located. A variety of processing 
chambers 1108 may be incorporated into system 1100, and 
may include a combination of the processing stations as pre 
viously described with respect to FIGS. 3-6. FIG. 11 addi 
tionally shows treatment processing stations 1117 coupled 
with and disposed vertically in respect to loading chambers 
1106. Processing chambers 1117 may include sealable open 
ings that may be accessible from the transfer station 1110. 
The openings may be sealed by slit valves 1118 or other 
covering mechanisms, for example, that when opened as 
shown by cover 1118b provide access to a treatment volume 
1120 of the chamber and a pedestal 1122 or platform on 
which a wafer may be disposed. 
0123. As illustrated in FIG. 11, processing units 1135, 
1140 may be coupled individually with each treatment pro 
cessing chamber 1117a, 1117b respectively. Processing units 
1135, 1140 may be configured to initiate or provide material 
for multiple operations to be performed in the treatment pro 
cessing chambers 1117, and may be similar to distribution 
unit 1030 as described with respect to FIG. 10. For example, 
processing units 1135, 1140 may both be treatment plasma 
generating devices, where one of the processing units may be 
coupled with one of the treatment chambers, and a second of 
the processing units may be coupled with a second of the 
treatment chambers. The processing units may include 
remote plasma capabilities, and as Such may be configured to 
perform separate plasma-based operations in each of the 
respective treatment processing chambers 1117. Alterna 
tively, the processing units 1135, 1140 may be operated in a 
similar fashion. 

0.124 FIG. 12A shows an exemplary processing or treat 
ment chamber 1200 coupleable with a loading chamber 
according to the disclosed technology. The chamber 1200 
may be coupled in any of the previously shown embodiments 
with a loading chamber. The chamber 1200 may be config 
ured to perform a treatment, scavenging, or etching operation 
as described in detail below, and may be configured to provide 
energized species to interact with a processed wafer, that may 
be contaminated with residual halides, for example. A top 
cover 1203 may be coupled with additional materials or 
directly to the system frame 1213, which may be similar to 
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previously described system bodies such as system body 913, 
for example. Additional support members 1207 may be uti 
lized to stabilize or share load from the chamber 1200. The 
top cover 1203 may additionally hold an inlet fluid assembly 
1205 configured to deliver precursors, plasma effluents, 
energy treatments, etc. from energy production unit or distri 
bution unit 1230. The distribution unit 1230 may be coupled 
with the inlet gas assembly, which may further include bypass 
access for additional fluids to be delivered into a distribution 
region 1258 of the treatment chamber 1200. The distribution 
unit 1230 may provide a radical species in disclosed embodi 
ments, and may be configured as an RPS unit Such as previ 
ously described to provide plasma effluents or radical species 
into the treatment chamber 1200. 

0.125. The inlet assembly 1205 may include a direct cou 
pling 1215 between the distribution unit 1230 and the treat 
ment chamber 1200. For example, the direct coupling 1215 
may be configured to provide initial flow of any provided 
precursors such that the precursors may distribute more uni 
formly through the chamber 1200. For example, the direct 
coupling 1215 may include an upper portion and a lower 
portion of the coupling, and the lower coupling may have a 
diameter greater than the diameter of the upper portion of the 
coupling 1215. As illustrated, a relatively short transition may 
be provided between the upper portion and the lower portion, 
or alternatively a continuous transition may be utilized pro 
ducing a conical shape for the coupling 1215. The direct 
coupling 1215 may include characteristics configured to pro 
vide turbulence for provided fluids, and the characteristics 
may include fluting Such as spiral fluting defined along the 
length of the coupling 1215. Alternatively, rifling or other 
curvature may be applied along the length of the coupling 
1215 in disclosed embodiments. The coupling 1215 or 
aspects of inlet fluid assembly 1205 may be lined, treated, or 
formed of materials designed to prevent corrosion or interac 
tion with species delivered through the inlet assembly. For 
example, the direct coupling 1215 may be made of or be lined 
with quartz, for example. 
0.126 The gas inlet assembly 1205, with or without direct 
coupling 1215, may direct a precursor into distribution region 
1258 for distribution into treatment region or processing 
region 1220. The distribution region 1258 may be at least 
partially defined from above by one or more of direct cou 
pling 1215, fluid inlet assembly 1205, and top cover 1203. 
The distribution region may be at least partially defined from 
below by showerhead 1225, which may be configured to 
distribute a precursor into processing region 1220. The show 
erhead 1225 may have several configurations such as exem 
plary showerhead configurations illustrated in FIGS. 7-8, and 
may additionally have configurations such as those as will be 
described below with FIGS. 12B-12C. Showerhead 1225 
may be made of a variety of materials including quartz, 
ceramic, or other dielectric materials. The showerhead may 
be configured to uniformly distribute a precursor, such as a 
radical precursor to processing region 1220 where it may 
interact with a substrate 1255 disposed therein. The substrate 
1255 may be supported, held, or suspended as illustrated in 
processing region 1220. For example, Support member 1222 
or a Support device may be configured to Support Substrate 
1255 along an edge region and Suspend the Substrate within 
the processing region 1220. Support member 1222 may 
include a plurality of ledges disposed along a portion of the 
support member 1207 or top cover 1203, and may include 2, 
3, 4, 5, 6, etc. or more ledges disposed around the chamber 
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1200. The support members may not be disposed fully 
throughout the chamber 1200, as the wafer may be delivered 
to the chamber through a slit valve as previously described on 
a transfer device such as a robot arm. The transfer device may 
position a substrate on the support member or members 1222 
to be suspended during processing. Processing region 1220 
may be at least partially defined from below by a lower 
portion of the chamber housing 1265, which may be coupled 
with a loading chamber or system frame in disclosed embodi 
ments. The lower portion 1265 of the chamber housing may 
include a temperature control device 1270 such as a heating 
plate disposed within the processing region 1220 to regulate 
the processing region temperature. 

0127 FIG. 12B illustrates a top plan view of a portion of 
chamber 1200 along line A-A as illustrated in FIG. 12A. As 
shown, the showerhead 1225b may be a perforated plate or 
manifold. The assembly of the showerhead may be similar to 
the showerhead as shown in FIG. 8, or may include a design 
configured specifically for distribution patterns within a con 
fined processing space. For example, treatment chambers 
such as illustrated in FIGS. 12A and 13 may have vertical 
dimensions less than other processing chambers as previ 
ously described because of the positioning above the loading 
chambers. As such, particular distribution patterns may be 
used to enhance distribution Such that uniform processing 
operations may be performed. Showerhead 1225b may 
include an annular frame 1210 positioned in various arrange 
ments in chamber 1200. On or within the frame 1210 may be 
coupled plate 1212, which may have a disc shape and be 
seated on or within the frame 1210. In disclosed embodiments 
the showerhead 1225b may be a single-piece design, and may 
be made of a dielectric material Such as quartz, for example. 
The plate may be of a variety of thicknesses, and may have an 
exterior portion 1210 thicker than an interiorportion 1212, or 
Vice versa. 

0128. The plate may include a plurality of apertures 1214 
defined through the plate 1212 that may be configured to 
distribute a precursor, such as a radical species through the 
showerhead 1225b. An exemplary arrangement as shown in 
FIG. 12B may include a series of rings of apertures 1214 as 
shown. As would be understood, the pattern illustrated is 
exemplary and it is to be understood that a variety of patterns, 
hole arrangements, and hole spacing are encompassed in the 
design. For example, an interior portion of the plate may be 
devoid of apertures 1214, and apertures may not beformed in 
a region extending from a center point of the showerhead 
1225b. Based on the radial length of the showerhead, the 
showerhead may include no apertures 1214 about the interior 
portion of the showerhead extending at least from the center 
point of the showerhead to an area defined within at least 10% 
of the radial length of the showerhead. No apertures may 
additionally be included within an interiorportion 1014 of the 
showerhead extending from the center point of the shower 
head to an area defined within at least about 15%, 20%, 25%, 
30%, 35%, 40%, 45%, 50%, 60%, etc. or more. Theapertures 
1214 may be sized in order to preferentially distribute a 
precursor, or restrict access through a portion of the shower 
head 1225b. For example, from a center point of the shower 
head 1225, the first apertures may be of an area smaller than 
apertures disposed radially outward from the center. As 
shown, the apertures 1214 may be of increasing dimensions 
extending outward from the center. Such a configuration may 
provide beneficial distribution, because precursors delivered 
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from a central region of the chamber will be less restricted at 
the edge regions of the plate, which may enhance flow out 
ward toward the edge region. 
I0129 FIG. 12C illustrates an additional top plan view of a 
portion of chamber 1200 along line A-A as illustrated in FIG. 
12A. As shown, the showerhead 1225c may be a perforated 
plate or manifold. The assembly of the showerhead may be 
similar to the showerhead as shown in FIG.8 or 12B, or may 
include a design configured specifically for distribution pat 
terns within a confined processing space. Showerhead 1225c 
may include an annular frame 1210 positioned in various 
arrangements in chamber 1200. On or within the frame 1210 
may be coupled plate 1212, which may have a disc shape and 
be seated on or within the frame 1210. In disclosed embodi 
ments the showerhead 1225b may be a single-piece design, 
and may be made of a dielectric material Such as quartz, for 
example. The plate may be of a variety of thicknesses, and 
may have an exterior portion 1210 thicker than an interior 
portion 1212, or vice versa. Showerhead 1225c may have a 
plurality of channels defined through the plate that may have 
a similar arrangement or dimensioning characteristic as the 
apertures of plate 1225b. For example, the channels 1216 may 
be of increasing dimensions extending outward from the cen 
ter, which may enhance precursor flow outward towards the 
edge regions, which may provide more uniform flow. Various 
other arrangements and configurations as would be under 
stood from these examples are similarly encompassed in the 
disclosed technology. 
0.130 FIG.13 shows another exemplary processing cham 
ber coupleable with a loading chamber according to the dis 
closed technology. As shown, combination processing cham 
ber 1300 is shown having a substrate loading section and a 
Substrate processing section disposed above and vertically 
aligned with the loading section. Combination chamber 1300 
may include a lower chamber housing 1310, having one or 
more plates or components, that includes a first access 1312 
configured to provide access to a vacuum, inert, or clean 
atmosphere Such as on the processing side or clean room side 
of a system. The lower chamber housing 1310 may also 
include a second access (not shown) on a second side of the 
lower chamber housing opposite the first side of the lower 
chamber housing. An example structure illustrating both 
access ports may be seen in FIG. 1A, where loading chambers 
106 include access slots on both the interface side 103 and 
transfer chamber side. The combination chamber 1300 may 
additionally include an upper chamber housing 1350, having 
one or more plates or components, coupled with the lower 
chamber housing. The upper chamber housing and lower 
chamber housing may be coupled directly, or may also be 
disposed in vertical alignment within a system frame 1313, 
Such as a system body as previously discussed. The upper 
chamber housing 1350 may include a third access 1352 on a 
first side of the upper chamber housing 1350, and the first side 
of the upper chamber housing may coincide with the first side 
of the lower chamber housing. The upper chamber housing 
may also include an upper processing region 1360 at least 
partially defined from above by a faceplate 1325 disposed 
within the upper chamber housing 1350. 
I0131 Lower chamber housing 1310 may be configured 
for loading operations and certain treatment operations in 
disclosed embodiments. Lower chamber housing 1310 may 
define a lower substrate region 1320 in which a substrate 
1355a may be disposed. The substrate may be positioned on 
a bottom portion 1309 of the lower chamber housing 1310. 
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Lift pins 1322 may be used to raise a substrate 1355a such that 
a transfer device such as a robot blade may be used to retrieve 
the substrate. The lower substrate region may be at least 
partially defined from below by the bottom portion 1309 of 
the lower chamber housing 1310, and a temperature control 
device such as a heating mechanism 1311 may be disposed on 
or as part of the bottom portion 1309 of the lower chamber 
housing 1310. Such a heater may be operable to or configured 
to raise the temperature of the lower substrate region 1320 
and/or a substrate 1355a disposed therein. For example, the 
heater may be configured to raise the temperature of a Sub 
strate, either directly or indirectly, up to about 150° C. or 
more. The heater may additionally be configured to raise the 
temperature above about 150° C., 200° C., 250° C., 300° C., 
350° C., 400°C., 450° C., 500° C., etc. or more in disclosed 
embodiments. 

0132 Because the lower substrate region may routinely 
receive substrates from atmospheric conditions and transfer 
them to vacuum conditions, the lower substrate region 1320 
may include components for and be configured to be evacu 
ated from atmospheric pressure to a second pressure below 
atmospheric pressure. Depending on the operations being 
performed in the process chambers, the evacuated pressure 
may be below a designated atmospheric pressure or location 
based atmospheric pressure. The lower substrate region 1320 
may be configured to be evacuated below about 760 Torr or 
less in embodiments, and may be configured to be evacuated 
below or about 700 Torr, 600 Torr, 500 Torr, 400 Torr, 300 
Torr, 200 Torr, 100 Torr, 50 Torr, 40 Ton, 30 Torr, 20 Torr, 10 
Torr, 9 Torr, 8 Torr, 7 Torr, 6 Torr, 5 Torr, 4 Torr, 3 Torr, 2 Torr, 
1 Ton, 100 mTorr, 50 mTorr, 30 mTorr, 20 mTorr, 10 mTorr, 5 
mTorr, etc., or less in disclosed embodiments. 
0.133 Evacuating and re-pressurizing the lower substrate 
region 1320 may enact a stress upon the lower chamber hous 
ing 1310. The process may be performed several times up to 
hundreds of times per day or more. Accordingly, the lower 
chamber housing 1310 may be configured to structurally 
Support pressure cycling within the chamber. The housing 
1310 may be reinforced, made of pressure-resistant materials 
or slightly flexible materials, or otherwise capable of with 
standing the enacted stress better than a single metal housing, 
for example. In disclosed embodiments, the lower chamber 
housing may be configured to structurally support pressure 
cycling from atmospheric pressure to less than or about 5 
mTorr and back to atmospheric pressure every hour. The 
chamber housing 1310 may also be configured to support 
Such pressure cycling every half-our, 20 minutes, 15 minutes, 
10 minutes, 5 minutes, 2 minutes, 1 minute, etc. or less. The 
lower substrate region 1320 may also include access ports 
(not shown) through which an inert fluid may be flowed. For 
example, prior to receiving a Substrate from the factory inter 
face side or the second access in the lower chamber housing, 
the loading chamber may be pressurized with nitrogen or 
another fluid to maintain an inert environment or a moisture 
free environment. Alternatively, after a substrate has been 
processed and returned to the loading chamber for re-pres 
surization prior to transfer, the loading chamber 1320 may be 
purged and/or pressurized with nitrogen or an inert fluid to 
prepare a moisture-free environment. 
0134. The upper chamber housing 1350 may be coupled 
directly with the lower chamber housing 1310, or indirectly 
coupled, with a bottom region or lower portion 1348 of the 
upper chamber housing 1350. The bottom region 1348 of the 
upper chamber housing 1350 may additionally include a tem 
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perature control device such as a heating plate 1345 in dis 
closed embodiments that may at least partially define the 
upper processing region 1360 from below. The temperature 
control device 1345 may be configured to maintain the tem 
perature of a substrate 1355b disposed thereon between about 
0° C. and about 800° C. in disclosed embodiments. The 
temperature control device 1345 may additionally be config 
ured to maintain the temperature up to, above, or about 0°C., 
10°C., 20°C., 30° C., 40°C.,50° C., 75° C., 100° C. 125°C., 
150° C., 2009 C., 250° C., 300° C., 350° C., 400° C. 450° C., 
500° C., 550°C., 600° C., etc. or more in disclosed embodi 
ments. The substrate may be supported directly on the tem 
perature control device 1345 as shown, or may be disposed on 
a substrate support device such as previously described with 
chamber 1200 of FIG. 12, where the substrate support device 
is configured to support a Substrate along an edge region and 
Suspend the Substrate within the upper processing region 
1360. 

I0135. The temperature control device 1345 may be 
coupled with an exterior source 1330 disposed along a side of 
the lower chamber housing 1310, for example, based on the 
coupling of the upper chamber housing 1350 and lower cham 
ber housing 1310. A resistive heating element may be dis 
posed in the bottom region 1348 of the upper chamber portion 
1350, and may receive power from exterior source 1330. In 
disclosed embodiments fluid channels may be defined in the 
bottom region 1348 of the upper chamber housing 1350, or 
between the upper chamber housing 1350 and the lower 
chamber housing 1348, and a temperature controlled fluid 
may be flowed through the channels to control the tempera 
ture within the upper processing region 1360. The fluid chan 
nels may further be defined radially outward toward the exte 
rior source 1330 that may be configured to provide the 
temperature control fluid to be directed through the fluid 
channels. 

0.136. A chamber top cover or an upper portion of the 
upper chamber housing 1303 may at least partially define an 
upper distribution region 1365 from above along with the 
faceplate 1325 that may at least partially define the upper 
distribution region 1365 from below. Further, a remote 
plasma unit (not shown) may be coupled with the upper 
portion of the upper chamber housing. The RPS unit may be 
coupled with the upper portion 1303 of the upper chamber 
housing 1350 via remote transport piping or coupling 1370. 
An additional coupling device 1372 may provide the distri 
bution connection from the RPS device, and as shown may 
distribute radical species between transport piping or cou 
pling 1370 for two treatment chambers. Such an arrangement 
may be similar to, but with a different coupling from system 
1000 as shown in FIG. 10, with distribution unit 1030. 
0.137 The upper distribution region 1365 may include a 
central distribution region 1365a and an edge distribution 
region 1365b that are separated or partitioned with partition 
section 1366. The edge distribution region 1365b may be 
annular in shape and be radially distal to the central distribu 
tion region 1365a. A fluid and/or gas inlet assembly 1385 may 
be positioned within the upper portion 1348 of the upper 
chamber housing 1350, and may be configured to deliver 
precursors into the upper distribution region 1365. The gas 
inlet assembly 1385 may be similar to the gas inlet assembly 
or direct coupling illustrated in FIG. 12, for example, and in 
disclosed embodiments may have characteristics as shown in 
FIG. 13. Gas inlet assembly 1385 may be at least partially 
characterized by a cylindrical shape, and a lower portion of 
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the gas inlet assembly may define a plurality of gas delivery 
apertures 1386 radially distributed about the lower portion of 
the gas inlet assembly. The delivery apertures 1386 may be 
ports that open to a distribution region within the top cover 
1303 or gas inlet assembly 1385, and may additionally pro 
vide fluid access to fluid inlet channels defined within the gas 
inlet assembly 1385 and/or top cover 1303. In either scenario, 
the arrangement may be configured to deliver a precursor, 
such as a radical precursor to the gas distribution region 1365. 
Apertures (not shown) in the gas inlet assembly may provide 
the fluid access to the gas distribution region 1365 and may be 
defined so as to provide a more uniform delivery of precursors 
between the central distribution region 1365a and the edge 
distribution region 1365b. 
0.138. The gas inlet assembly 1385 may additionally 
include one or more bypass fluid channels configured to allow 
additional precursors to be delivered separate from a coupled 
RPS unit, for example. The assembly may include a bypass 
fluid channel that is configured to deliver at least one precur 
sor around the cylindrically shaped portion of the gas inlet 
assembly 1385. The bypass fluid channel may include a first 
bypass section 1387 configured to direct the at least one 
precursor to the central distribution region 1365a. The bypass 
fluid channel may further include a second bypass section 
1389 configured to direct the at least one precursor to the edge 
distribution region 1365b. The bypass sections 1387, 1389 
may be coupled with a single precursor inlet that delivers one 
or more precursors to both bypass sections, or may be sepa 
rately coupled with individual precursor inlets such that dif 
ferent flow rates, precursors, etc., may be provided to affect 
processing conditions, deliver uniformity, etc. For example, if 
a similar precursor is delivered between both bypass sections, 
a higher flow rate may be delivered to the second bypass 
section 1389 in order to provide enhanced flow along the edge 
region of the gas distribution region 1365b. 
0.139. The faceplate 1325 or showerhead may comprise 
any of the previously described showerheads or faceplates. 
Additionally, the faceplate 1325, top cover 1303, temperature 
control device 1345, and/or bottom region 1348 of the upper 
chamber may be electrically or mechanically coupled with a 
single or multi-position Switch (not shown) that is operable to 
connect the faceplate 1325 to an electrical power source and/ 
or a ground source in alternate Switch positions. The bottom 
region 1348 of the upper chamber housing 1350 may be 
grounded Such that when the faceplate is connected to the 
electrical power Source a plasma is produced or ignited in the 
upper processing region 1360. The plasma may excite one or 
more precursors delivered through the bypass fluid channels 
1387, 1389, and through channels 1327 defined in shower 
head 1325, or may maintain radical species produced in an 
RPS unit and delivered through gas inlet assembly 1385 and 
then through channels 1327. Channels 1327 may be of a 
variety of configurations and arrangements, and may be con 
figured to prevent or limit plasma species from flowing back 
up into distribution region 1365 and/or inlet assembly 1385. 
The plasma may be any of the previously described plasma 
Sources, and may include capacitively-coupled plasma, 
inductively-coupled plasma, microwave, toroidal, etc. in dis 
closed embodiments. The bottom region 1348 of the upper 
chamber housing 1350 may be electrically coupled with 
chamber components or the system frame in disclosed 
embodiments, and may also be electrically isolated from the 
rest of the upper chamber housing 1350 in disclosed embodi 
ments. Chamber 1300 may also be configured to operate at 
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any of the temperatures or pressures as previously described 
for other chamber configurations. 
0140. The chamber 1300 may also be configured as a 
treatment chamber including a chamber housing 1350 having 
a bottom portion 1348 coupled with a substrate load lock 
chamber 1310. The chamber 1300 may include an inlet 
assembly 1385 configured to receive fluids into an internal 
region defined within the chamber. A faceplate 1325 may be 
disposed within the internal region and at least partially define 
a distribution region from below and a processing region from 
above within the chamber 1300. The faceplate may comprise 
quartz in disclosed embodiments, or may alternatively be a 
conductive Substance so as to be operable as an electrode in 
disclosed embodiments where the chamber is configured to 
produce a plasma in the processing region. The inlet assembly 
1385 may also be lined or be made of a material such as quartz 
or also be coated or lined with a material configured to be inert 
to radical species delivered through the inlet assembly 1385. 
0.141. The treatment chamber 1300 may include a separate 
source coupled with the inlet assembly 1385 as opposed to the 
RPS coupling as illustrated. The arrangement may look like 
previously discussed configurations including energy distri 
bution units 1135, and 1140 from FIG. 11. For example an 
energy production unit may be coupled with the inlet assem 
bly and/or the top cover 1303 of the treatment chamber. For 
example, radio frequency, direct current, or microwave, a 
Subset of radio frequencies, based power discharge tech 
niques may be used within the energy production unit to 
provide radical effluents to the treatment chamber. The acti 
Vation may also be generated by a thermally based technique, 
a gas breakdown technique, a high intensity light source, or 
exposure to an X-ray source. Alternatively, a remote activation 
Source may be used, such as a remote plasma generator as 
illustrated, to generate a plasma of reactive species which are 
then delivered into the chamber as previously discussed. As 
another example, the inlet assembly 1385 may include a 
window and the energy production unit may include a light 
Source configured to provide ultraviolet light or radiation into 
the chamber with or without additional precursors. 
0142. The systems and chambers as described may pro 
vide numerous benefits. For example, additional operations 
may be performed in a single system environment that may 
reduce overall queue times for processing. Also, many of the 
operations may be performed in a moisture-free environment, 
which may limit or minimize halide contamination of silicon 
oxide Surfaces or nitride Surfaces leading to aging defects. 
The systems additionally provide several advantageous 
options for passivation, material removal, and contaminant 
Scavenging operations as will be discussed along with the 
following processes and methods capable of being performed 
in one or more of the components described above. 

II. Process Movement 

0.143 Utilizing the systems and/or tools described previ 
ously, process sequences may be developed that are designed 
to limit, remove, or correct aging defects or other contami 
nants located within a Substrate being processed. For 
example, by coupling chamber tools with the system such that 
various operations may be performed without breaking 
vacuum or a clean environment, exposure to atmospheric 
conditions and/or contained moisture may be limited. Turn 
ing to FIG. 14 is shown an exemplary processing sequence of 
processing operations that may include etching and/or treat 
ment processes that may be performed in one or more cham 



US 2014/0271097 A1 

bers coupled within a system. At operation 1410 a substrate 
may be passed under atmospheric conditions to a loading 
chamber at an initial stage of processing. The Substrate may 
be originated in a holding chamber such as FOUPs 102 as 
previously described, and may be held at atmospheric or at 
general factory conditions. By atmospheric is generally 
meant the natural or induced conditions of the location in 
which the systems are contained. For example, locational 
considerations such as elevation, temperature, humidity, etc. 
may affect the atmospheric conditions. Additionally, a factory 
environment may be positively or negatively pressured to a 
certain degree, however these are still considered atmo 
sphericas would be understood. Once received by the loading 
chamber, the loading chamber may be evacuated at operation 
1420 to a system pressure or station pressure that is similar to 
one or more chamber tools or the transfer station environ 
ment, which may be maintained under vacuum conditions at 
all times. 

0144. The substrate may then be passed to a process cham 
berat operation 1430 within which one or more system opera 
tions may be performed. For example, the Substrate may have 
been previously patterned, etched, or processed to a certain 
degree prior to being delivered to the current system tool. In 
certain scenarios one or more deposition processes may have 
already occurred that may have included deposition of one or 
more dielectric layers such as native oxide or nitride layers 
formed on a Substrate. Such as a silicon Substrate. In Such a 
case, the system may be configured to perform one or more 
etching or treatment operations. Alternatively a patterned or 
clean substrate may be delivered to the system for an initial 
deposition of a thermal, flowable, or other oxide film fol 
lowed by etching and/or treatment operations. If an initial 
deposition is to be performed, the substrate may be delivered 
to one of a pair of tandem deposition chambers for deposition 
of a silicon oxide material at operation 1430. If the substrate 
includes already a deposited layer Such as a native oxide layer, 
for example, the process performed at operation 1430 may 
include an oxide etch. Additionally, a silicon oxide etch may 
have been performed, and a silicon or nitride etch may be 
performed at operation 1430 in a chamber configured to per 
form such an etching operation. The operation may be a 
selective etching operation configured to etch silicon or sili 
con nitride at a higher rate than exposed silicon oxide. The 
etching operation may include the use of plasma species that 
may include halide species in disclosed embodiments. 
0145 The substrate may optionally be transferred to one 
or more additional process chambers in operation 1440. For 
example, if an oxide etch was performed at operation 1430, 
the substrate may be transferred to an additional chamber 
configured to perform a silicon or nitride etching process at 
operation 1440. Additionally, if a deposition Such as an oxide 
deposition was performed at operation 1430, the substrate 
may be transferred to a chamber configured to perform an 
oxide etch at operation 1440. The substrate may then further 
be transferred to an additional chamber, or the additional 
process chamber may be configured or reconfigured to per 
form a silicon or nitride etching process as well. Various 
alternatives of Such processing operations are similarly 
encompassed as would be understood. 
0146 The process may optionally continue at operation 
1450 where the substrate may be transferred to a treatment 
chamber such as treatment chamber 1200 or combination 
chamber 1300 as previously described. In the treatment 
chamber a post-etching process may be performed that is 
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configured to remove material or Scavenge contaminants, for 
example, from Surfaces of the Substrate. The treatment may 
involve a variety of processes as previously described, or may 
include one of the treatments as will be described in further 
detail below. Subsequent to the optional treatment operations, 
the Substrate may be transferred to a loading chamber at 
operation 1460, which may be the same or a different loading 
chamber as from which the substrate was previously received. 
The loading chamber may be re-pressurized at operation 
1470, or the vacuum environment may be alternatively 
removed such as by flowing an inert gas into the chamber until 
the chamber is returned to the atmospheric conditions. 
0147 The substrate may optionally be transferred from 
the loading chamber to additional chambers, such as a wet 
treatment chamber, at operation 1480. The treatment chamber 
may be maintained at atmospheric conditions in disclosed 
embodiments, and may also be maintained in an inert envi 
ronment Such as under a nitrogen-purged environment, for 
example. The Substrate may be returned to the holding cham 
ber or a different holding chamber at operation 1490. Alter 
natively, the Substrate may be transferred to a storage cham 
ber for processed wafers in order to maintain processed 
wafers separate from originally provided wafers, for 
example. 
0148 Turning to FIG. 15, aspects of the process described 
with respect to FIG. 14 for wafer transport may be illustrated 
graphically over a top plan view of an exemplary processing 
system 1500. The processes and transfers described may 
additionally be caused to be performed by a computer system 
Such as a system controller. In the illustrated configuration, a 
first transfer device 1504A may be used to remove a substrate 
from a holding chamber 1502a and transfer it along relative 
path A1 to substrate loading chamber 1506A. The system 
controller may then provide instructions to the load lock 
chamber 1506A to close and pump down to a desirable work 
ing pressure, for example, so that the Substrate can be trans 
ferred into a transfer chamber 1510 which may already be in 
an evacuated State. The Substrate may then be maintained in a 
vacuum environment for the duration of processing in dis 
closed embodiments. 

0149. A second transfer device 1511 may be used to trans 
fer the substrate from the evacuated loading chamber to a 
process chamber, such as process chamber 1508b, along path 
A2. A process, such as an etching process or deposition pro 
cess, may be performed in the process chamber after which 
the substrate may be returned back along path A2 to the 
loading chamber 1506a. In one example, a silicon oxide etch 
is performed in the first process chamber, or a silicon etch 
may be performed on a previously etched oxide substrate. 
Additionally, the substrate may be transferred along path A3, 
for example, to an additional process chamber 1508d, for 
example prior to transferring the Substrate to the loading 
chamber, in which an additional operation Such as an etching 
process, deposition process, or treatment process may be 
performed. For example, if a silicon oxide etch was per 
formed in the first process chamber, the second process cham 
ber may be configured to perform a silicon or silicon nitride 
etching process. The system controller may also be config 
ured to provide instructions to a gas delivery system, and may 
provide instructions for flowing precursors into the process 
ing chambers. The processes may be performed similarly to 
those described with respect to the methods discussed below. 
The Substrate may subsequently be processed in additional 
chambers, transferred back to Substrate loading chamber 
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1506a, or additionally transferred to a chamber such as com 
bination chamber 1300, and disposed in the upper chamber of 
Such an apparatus for additional treatment and/or processing. 
As described previously, the treatment chamber may be in 
Vertical alignment to and coupled with the loading chamber 
1506, and the substrate may be transferred to the chamber 
with the second transfer device prior to transferring the sub 
strate back to the loading chamber 1506. The treatment cham 
ber may be configured to perform an etching and/or scaveng 
ing operation to remove halide species from a Surface of the 
silicon oxide in disclosed embodiments. The Scavenging pro 
cess may remove Some, most, or all of a halide species from 
a silicon oxide film without removing any of the silicon oxide 
material, or by removing a portion of the oxide with the 
halide. The scavenging operation may include a plasma pro 
cess as described below, and may additionally comprise an 
ultravioletlight process, and electronbeam process, and/oran 
oZone curing process. All of the transfer operations from 
processing chambers and along Such relative paths including 
A2, A3, and A4 may be performed with the second transfer 
device. 
0150. After processing or treatments have been per 
formed, the second transfer device may transfer the substrate 
back to loading chamber 1506a, or to an alternative loading 
chamber such as 1506b, for example, and vacuum conditions 
may be removed from the loading chamber. The substrate 
may be heated within the loading chamber 1506 for a period 
of time after the substrate is returned to the loading chamber, 
or after a processed substrate is directed into a loading cham 
ber. The control system, for example, may additionally pro 
vide instructions causing a heater to be engaged that heats the 
loading chamber from a first temperature up to a second 
temperature of greater than or about 200°C. in embodiments. 
The substrate may be transferred back to holding chamber 
1502 from the loading chamber 1506a using transfer device 
1504, for example, and may additionally be transferred to a 
different holding chamber or storage chamber along path A7. 
In disclosed embodiments the holding chamber is the storage 
chamber. Additionally, from loading chamber 1506a, the sub 
strate may be transferred along path A5 with the first transfer 
device to a wet etching station 1505 prior to being transferred 
to the holding chamber 1502. Instead of returning to the 
holding chamber 1502, the substrate may be transferred to 
storage chamber 1507 that is a separate chamber from the 
holding chamber and may be used to house processed Sub 
strates. The storage chamber or holding chamber may be 
continuously purged with an inert fluid in disclosed embodi 
ments. In this way, the housed substrates may be maintained 
in an inert and/or moisture-free environment. Some or all of 
these processes may be performed in conjunction to provide 
system processes that reduce halide contamination and/or 
aging defects in a substrate system or during Substrate pro 
cessing. By providing several of these operations as described 
within the vacuum environment, halide contamination may 
be controlled, limited, or removed from processed substrates. 
The following will describe in further detail certain of the 
specific processes that may be performed in certain or a 
combination of the chambers and systems described, and 
performed along the process paths disclosed. 

III. Etching Process and Methods for Passivation 
0151 Reference is now made to FIG. 16, which describes 
an exemplary Substrate processing deposition and etch 
method. Such a method may be performed in two or more 
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chambers coupled with an exemplary system of the disclosed 
technology. In Substrate processing, semiconductor wafers 
may first require a protective layer to be formed over the 
Substrate for protection from Subsequent operations. Such a 
film may be a thin insulator, Such as less than about 5 nm 
down to about 10 A or less, formed over the surface of the 
substrate and may be termed a native layer. The film may be 
an oxide film formed over the silicon and in cases may be 
silicon oxide. The silicon may be amorphous, crystalline, or 
polycrystalline, in which case it is usually referred to as 
polysilicon. Although high quality processes may produce 
specifically or predominantly silicon dioxide films, because 
of the nature of the processes used that may be used for the 
native oxide formation, the films may include other silicon 
and oxygen bonding structures, and may additionally include 
additional constituents including nitrogen, hydrogen, carbon, 
etc. Such an oxide may be formed at operation 1610. The 
oxide formation may occur in one of the chambers of the 
described systems, or may beformed in a different processing 
system and delivered to the presently described systems with 
a previously formed oxide material previously formed. The 
oxide material may be formed over a silicon Substrate, and 
may additionally beformed over silicon nitride films or under 
silicon nitride films, for example. If formed in the present 
processing systems, the Substrate may then be transferred to 
an etching chamber as previously described, or if delivered to 
the system in such a form, the substrate may then be received 
through the system into a processing chamber as previously 
described. 

0152. In disclosed embodiments, an underlying silicon or 
silicon nitride material may be exposed for processing. Dur 
ing various wet or dry etching processes, however, a chemis 
try profile used to selectively etch silicon or silicon nitride 
may not etch silicon oxide, or may minimally etch silicon 
oxide. Conversely, a process used to selectively etch silicon 
oxide may not etch silicon or silicon nitride, which in either 
case may be beneficial, however if both types of materials are 
included on the Substrate two types of etching processes may 
be needed. An initial etch of the native oxide may be per 
formed in an etching process selective to silicon oxide that 
will expose an underlying silicon or silicon nitride material. A 
Subsequent etch process selective to silicon or silicon nitride 
may then be performed that does not etch or minimally etches 
silicon oxide. 

0153. A silicon oxide etch may be performed at operation 
1620 to expose a region of silicon or silicon nitride. The etch 
process may be performed in a chamber coupled with one of 
the previously described systems, such as a chamber similar 
to chambers illustrated in FIG. 3, 4, 5, or 6, for example. A 
flow of nitrogen trifluoride, or another fluorine or halide 
containing precursor, may be initiated into a plasma region 
separate from a processing region in which a substrate 
resides. In general, a fluorine-containing precursor may be 
flowed into the plasma region, such as either an RPS or 
plasma processing region as previously described, and the 
plasma effluents formed in the remote plasma region may 
then be flowed into the Substrate processing region. Ammonia 
may be simultaneously flowed into the Substrate processing 
region to react with the plasma effluents, and the ammonia 
may or may not be passed through the remote plasma region, 
and may be only excited by interaction with the plasma efflu 
entS. 

0154 The patterned substrate may be selectively etched 
Such that the silicon oxide is removed at a significantly higher 
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rate than the silicon nitride or silicon. The reactive chemical 
species may be removed from the Substrate processing 
region, and the silicon oxide etching operation may be com 
plete. Such a process may achieve etch selectivities of over 
100:1 and up to 150:1 for the silicon oxide etch rate compared 
to the silicon nitride etch rate. The silicon oxide etch rate may 
exceed the silicon nitride etch rate by a multiplicative factor 
of about 100 or more. The gas phase dry etches may also 
achieve etch selectivities of silicon oxide relative to silicon 
including polysilicon of over 100:1 and up to 500:1 for the 
silicon oxide etch rate compared to the silicon etch rate. The 
silicon oxide etch rate may exceed the silicon etch rate by a 
multiplicative factor of about 300 or more. The presence of 
hydrogen and fluorine may allow the formation of solid 
byproducts of (NH4)2SiFe among other compositions at rela 
tively low substrate temperatures. Additionally, by control 
ling the temperature sufficiently, formation of solid residue 
may be substantially avoided or eliminated to further protect 
underlying features of the structures. Additional examples of 
etching and deposition processes and chambers that may be 
used in conjunction with Such an etch process are described in 
co-assigned application No. 61/702,493 (Attorney docket 
number A17394/T110100) titled “Radical-Component 
Oxide Etch, and filed Sep. 18, 2012, the entire contents of 
which are hereby incorporated by reference for all purposes 
not inconsistent with the present disclosure. 
0155. After regions of silicon or silicon nitride have been 
exposed for etching, the substrate may be transferred to 
another chamber for the silicon or silicon nitride etching 
performed in operation 1630. The etch process may be per 
formed in a chamber coupled with one of the previously 
described systems, such as a chamber similar to chambers 
illustrated in FIG. 3, 4, 5, or 6, for example. An oxygen 
containing precursor may be flowed into a first remote plasma 
region fluidly coupled with a Substrate processing region in 
which a substrate resides, while a plasma is formed in the first 
remote plasma region to produce oxygen-containing plasma 
effluents. Such a remote plasma region may be an RPS unit 
coupled with the chamber in disclosed embodiments. The 
oxygen-containing precursor may include nitrogen dioxide 
among other oxygen and/or nitrogen-containing precursors. 
The precursor may be dissociated in the plasma to produce a 
variety of plasma effluents that may include O*, NO, and 
other species useful in etching operations. 
0156 A fluorine-containing precursor may be flowed into 
a second remote plasma region that is separate from, but 
fluidly coupled with, the processing region. The second 
remote plasma region may be an additional RPS unit, or may 
be a partitioned plasma region separate from the processing 
region but within the chamber, for example. A plasma may be 
formed in the second remote plasma region during the pre 
cursor delivery, and the plasma may be used to produce fluo 
rine-containing plasma effluents. Several Sources of fluorine 
may be used in the etching process including nitrogen trifluo 
ride, for example. The fluorine-containing precursor may 
include nitrogen trifluoride, and the fluorine-containing 
plasma effluents that are produced may include NF* and 
NF* species. The plasma created in the second remote 
plasma region may be specifically configured to excite the 
fluorine-containing precursor in Such away as to limit radical 
fluorine species or F* species such that the fluorine-contain 
ing plasma effluents consist essentially of NF and NF 
species. 
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0157. The oxygen-containing plasma effluents and the 
fluorine-containing plasma effluents may be flowed into the 
processing region of the chamber. The exposed silicon and/or 
silicon nitride regions of the substrate may be selectively 
etched with the combination of oxygen-containing and fluo 
rine-containing plasma effluents. After the etching has been 
performed, the reactive chemical species may be removed 
from the Substrate processing region, and then the Substrate 
may be removed from the processing region. When per 
formed Substantially as discussed, the methods may allow a 
region of silicon nitride to be etched at a faster rate than a 
region of silicon or silicon oxide. Using the gas phase dry etch 
processes described herein, etch selectivities of over 10:1 
with regard to the silicon and/or silicon nitride etch rate as 
compared to the etch rate of silicon oxide may be achieved. 
The silicon nitride and/or silicon etch rate may exceed the 
silicon oxide etch rate by a multiplicative factor of up to or 
about 50 or more in disclosed embodiments. Additional 
examples of etching and deposition processes and chambers 
that may be used in conjunction with Such an etch process are 
described in co-assigned application No. 61/771.264 (Attor 
ney docket number A020574/T112100) titled “Enhanced 
Etching Processes Using Remote Plasma Sources.” and filed 
Mar. 1, 2013, the entire contents of which are hereby incor 
porated by reference for all purposes not inconsistent with the 
present disclosure. 
0158. The first and second etching operations may be per 
formed at a variety of operating conditions as previously 
described, and may be performed at similar or different con 
ditions. The pressure in the Substrate processing region may 
be above or about 0.1 Torr and less than or about 100 Torr, in 
disclosed embodiments, during the etching operations. The 
pressure within the Substrate processing region may also be 
below or about 40 Torrand above or about 5 Torror 10 Torrin 
disclosed embodiments, or may be between about 0.1 mTorr 
and about 10 Torr. During the etching processes, the substrate 
may be maintained at or below about 400° C., and may be 
maintained at or below about 300° C., 200° C., 100° C., 80° 
C., 75° C., 50° C., 25°C., 10°C., 0°C., or less. The tempera 
ture of the substrate may be about 100° C. or more and about 
140°C. or less during the etching operations and may also be 
at or below about 50° C., 25°C., or 10° C. or less. 
0159. At least in part because of the high selectivities 
available in the described processes, the silicon oxide layer 
may not require further protection during the second etching 
operation, and is therefore exposed to the plasma species of 
the second operation despite that the silicon oxide is not 
etched, Substantially maintained during the process, or mini 
mally removed during the process. However, the radical fluo 
rine species delivered into the processing region may still 
contact and become incorporated within the silicon oxide. As 
described above, this incorporation may cause aging defects 
when moisture is introduced into the system. Accordingly, 
several processes may be performed in order to prevent or 
mitigate aging defects. Because the etching processes 
described may occur relatively early in the fabrication pro 
cess, one solution may involve limiting the amount of time the 
Substrate is maintained in an atmospheric environment. 
Accordingly, methods may be utilized to help mitigate or 
prevent Surface reactions on the treated Substrate by limiting 
moisture interactions, as discussed with respect to FIG. 17 
below. 

0160. As previously described, an optional etch of the 
oxide may have been performed at operation 1710, such as the 
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first etching process described above. The first etching pro 
cess may be selective to silicon oxide over silicon, and may 
utilize a fluorine-containing precursor and a hydrogen and/or 
nitrogen-containing precursor in embodiments. An etching 
process that is selective to silicon over silicon oxide may be 
performed at operation 1720. The etching process may utilize 
a fluorine-containing precursor and an oxygen-containing 
precursor as previously described, and may expose the silicon 
oxide Surface to halide species, including fluorine species 
Such as radical fluorine. The residual fluorine species may 
become incorporated into the Substrate siliconoxide material. 
The substrate may be subsequently heated at operation 1730 
to a first temperature Such as with a baking operation to 
remove any residual moisture produced in the processes or 
within the system environment. The substrate may subse 
quently be transferred or maintained in an inert or moisture 
free environment at operation 1740 that may remove some, 
all, or substantially all moisture from the environment hous 
ing the Substrate. 
0161 The substrate may be heated in a chamber in which 
the etching operation was performed, or may be transferred to 
an additional chamber, such as a loading chamber to be 
heated. By removing the substrate from the etching chamber 
a subsequent etch may be performed while the substrate is 
heated in the loading chamber, which may reduce or Substan 
tially reduce queue times. The heating operation may heat the 
substrate to above or about 100° C., for example, and may 
heat the substrate to above or about 150° C., 200°C.,250° C., 
300° C., 350° C., 400° C., etc. or higher in disclosed embodi 
ments. Such a process may passivate the Surface by removing 
incorporated moisture, which may reduce the formation of 
aging defects. The Substrate may be maintained at the first 
temperature or heating temperature for a first period of time, 
which may be greater than or about 1 minute, 2 minutes, 3 
minutes, 4 minutes, 5 minutes, 10 minutes, 15 minutes, 20 
minutes, etc. or more. 
0162 The inventors have surprisingly determined that 
heating the Substrate may not remove aging defects until a 
certain threshold time has been maintained. Similarly, the 
inventors have determined that heating the substrate beyond a 
threshold temperature during that time may additionally 
affect the formation of aging defects. After the heating or 
passivation operation, the Substrate may be transferred to a 
storage chamber or holding chamber, or simply back to a 
FOUP from which the substrate may have originated. The 
storage chamber may be purged in order to prevent moisture 
accumulation within the chamber until a stack of Substrates 
has been processed and may be delivered to Subsequent 
operations or systems. For example, a purging fluid Such as an 
inert fluid like nitrogen, etc. may be continuously flowed 
through the storage chamber to maintain the moisture-free 
environment. In disclosed embodiments, the chamber may be 
held at a slightly positive pressure with the purging fluid to 
ensure that leakage into the storage chamber does not occur. 
0163 Testing has shown that such a passivation process 
may prove Successful for a variety of wafer types and lengths 
of storage prior to Subsequent processing Such that aging 
defects do not form, or are limited on the substrate surface. 
However, the materials on a wafer may additionally affect the 
Success of Such a passivation process. For example, wafers 
having silicon and silicon oxide materials have been shown to 
have no or limited aging defects, such as within an acceptable 
margin, directly after the passivation operation as well as two 
hours, four hours, six hours, etc., to twenty-four hours or 
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more after the passivation process. When the substrate mate 
rials include nitride, however, aging defects may be prevalent 
within one to two hours after passivation. Without being 
bound to a particular theory, the inventors have determined 
that nitride materials may include higher levels of residual 
fluorine species after certain operations. For example, when a 
selective silicon etch is performed, remaining layers of sili 
con oxide and silicon nitride may still be exposed to the 
etchant species, and radical species Such as halide species 
may be incorporated within the silicon oxide and/or silicon 
nitride materials. Accordingly, when a plurality of wafers is 
stored in a chamber and the wafers include nitride films, the 
higher levels of fluorine may be more susceptible to both 
aging defects and cross-contamination of materials. Accord 
ingly, although the present passivation has been shown to be 
Successful, additional operations may be performed to both 
remove the contaminated oxide material, as well as to reduce 
or scavenge the incorporated fluorine species form the mate 
rial films. These methods of material removal and halide 
Scavenging will be discussed in detail below. 

IV. Methods for Removal 

0164 X-ray photoelectron spectroscopy (XPS) analysis 
has been performed by the inventors to determine the extent 
and possible mechanisms previously discussed relating to the 
aging defects. By varying the glancing angle, or depth within 
the film at which the analysis is performed, the inventors have 
determined that halide contamination may reduce with 
increasing depth within the film. Accordingly, an upper Sur 
face of the exposed films, such as an exposed oxide film or 
nitride film, may contain up to or over about 15 atomic '% of 
fluorine or other residual halide species. By removing an 
upper Surface of the material, the residual species may addi 
tionally be removed to reveal a surface of the material having 
lower amounts of residual halide or other contaminant spe 
C1GS. 

0.165 Exemplary methods of material removal and/or sub 
strate etching are shown at FIG. 18. The methods may include 
similar etching operations as described above with respect to 
FIG. 16. Each of the methods may be applicable to silicon as 
well as silicon nitride materials. For example, a Substrate may 
be provided in a system environment having a silicon material 
and a silicon oxide material or layer overlying the silicon 
material. The silicon oxide material may have been deposited 
in a different chamber system, or the system in which the 
material removal will occur. At operation 1810, a first etching 
process may be performed that etches the Substrate and is 
selective to silicon oxide over silicon. The methods may be 
similar to operation 1620 described earlier, and may include 
using nitrogen trifluoride and ammonia, for example to per 
form the etching operation. A second etching process may be 
performed at operation 1820 that etches the substrate and is 
selective to silicon over silicon oxide. The methods may be 
similar to operation 1630 described previously. 
0166 The methods may also include a third etching pro 
cess at operation 1830 that etches the substrate and is selec 
tive to silicon oxide over silicon. The operation may perform 
an etching process similar to that described above with 
respect to operation 1620. In this way, the first and third 
etching processes may be similar etching processes, and may 
be substantially similar or essentially similar in many 
respects. Accordingly, the first and third etching processes 
may include exposing the Substrate to a nitrogen-containing 
precursor and a fluorine-containing precursor. The fluorine 
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containing precursor may have been flowed through a plasma 
to produce plasma effluents in disclosed embodiments. The 
second etching process may include exposing the Substrate to 
a fluorine-containing precursor and an oxygen-containing 
precursor, and the fluorine-containing precursor may have 
been flowed through a plasma to produce plasma effluents. 
The silicon oxide layer etched in the first etching operation 
may be exposed to the plasma effluents of the second etching 
process, which may include fluorine species, and residual 
fluorine species may be incorporated with the silicon oxide 
layer. The species may be contained within the silicon-oxide 
lattice, or specifically bonded at various sites within the mate 
rial. 

0167. The first and third etching processes may be per 
formed in a first process chamber of the system, and the 
second etching process may be performed in a second process 
chamber of the system. In this way, all processes may be 
performed within a single system environment, and under a 
maintained vacuum or inert environment. Accordingly, the 
residual fluorine that may be incorporated with the silicon 
oxide material in the second etching process may not be 
exposed to atmospheric conditions prior to performing the 
material removal in the third etching process. In this way, 
aging defects may be prevented or Substantially prevented on 
the silicon oxide Surface. The third etching process may 
remove a predetermined amount of material. For example, a 
test wafer of the stack may be analyzed to determine a depth 
to which etching may be performed in order to reduce the 
residual fluorine incorporation below a threshold level. For 
example, the third etching process may etch the silicon oxide 
layer to remove a depth of at least about 5A of material. The 
third etching process may also etch the silicon oxide layer to 
remove a depth of at least 10A, 15A, 20 A, 30 A, 40A, 50 A. 
10 nm, etc., or more, or may also be performed to remove less 
than or about 20 A, 15 A, 10 A, etc. or less. 
0168 The methods may remove the oxide material by 
other methods or by a combination of methods. For example, 
operation 1830 may include treating the substrate with a third 
process. As discussed previously, the silicon oxide layer may 
be exposed to the second etching process, and the second 
etching process may produce radical fluorine species, for 
example, and residual fluorine species may become incorpo 
rated with the silicon oxide layer. In an exemplary process, 
the third process may include directing plasma effluents at the 
surface of the substrate. The plasma effluents may be pro 
duced from an inert precursor, for example, and may be 
produced from argon, helium, or other inert precursors. The 
plasma effluents may be produced in a remote region of a 
chamber, which may be the chamber in which either the first 
or second etching process was performed, or may be pro 
duced in a third etching chamber similar to any of the cham 
bers described in FIGS. 3, 4, 5, and 6. For example, an inert 
precursor, such as an argon precursor may be flowed through 
an RPS or internal plasma region of a process chamber to 
produce radical argon species. The species may be directed at 
the surface of the substrate to perform a sputtering of the 
Surface. The plasma species may etch a top layer of the 
Substrate, and may remove the top Surface from the silicon 
oxide layer from the bombardment of the surface with plasma 
species. The removed material may be extracted from the 
chamber, revealing a silicon oxide layer with a lower level of 
contamination. The Sputtering operation may remove similar 
levels of material as the third etching process described 
above. 
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0169. As another example, operation 1830 may include 
treating the substrate with a third process, and the third pro 
cess may include a wet etching process. In such a system, the 
first, second, and third etching operations may all be per 
formed in different process chambers. The wet etching pro 
cess may comprise hydrofluoric acid, Such as DHF, and may 
be performed to remove up to about 20 A of the silicon oxide 
layer or less. The wet etching process may also remove up to 
about 15 A or less, 12A or less, 10 A or less, etc. in disclosed 
embodiments. If a system such as the systems previously 
described is utilized, the wet etching chamber may be incor 
porated outside of the vacuum environment. In alternative 
configurations, the combination process chamber may be 
configured to perform a wet etch process, which would then 
be performed in the vacuum processing environment, for 
example. However, if the substrate is being removed from the 
vacuum environment to perform the wet etch, the substrate 
may be exposed to moisture. This may be acceptable because 
even if initial aging defects were to begin to form, they may be 
removed from the surface of the substrate when the wet etch 
is performed, thereby overcoming the defect formation. 
Additionally, a passivation process may be performed such as 
previously described that provides a degree of protection 
prior to performing the wet etch process, if it is to be per 
formed at a later time and not directly after processing. A 
passivation process may similarly be performed with the 
other removal processes described as well. The third process 
may also be performed with deionized water such that the 
process includes exposing the siliconoxide layer to deionized 
water in a wet processing station. The deionized water may 
not perform an etching operation, but may instead at least 
partially scavenge the halide species from the silicon oxide 
layer without etching the silicon oxide layer. Accordingly, if 
the wet process station is contained outside of the vacuum 
environment, a passivation process Such as described previ 
ously may be performed prior to transferring the Substrate 
from the vacuum environment in order to provide further 
protection against the formation of aging defects. 
0170 Any of the described material removal methods may 
remove material from the silicon oxide layer in order to 
reduce the atomic fluorine or halide concentration below or to 
about 20 atomic '% fluorine. An amount of material may also 
be removed to reduce the halide contamination below or 
about 18 atomic 96, 15 atomic 96, 12 atomic 96, 10 atomic 96, 
9 atomic 96, 8 atomic 96, 7 atomic 96, 6 atomic 96, 5 atomic 96, 
4 atomic 96, 3 atomic 96, 2 atomic 96, 1 atomic 96, or 0 atomic 
%, in which case all or essentially all residual halide species 
is removed. Such an operation may be successful for a variety 
of situations. However, as native oxide layers continue to 
shrink with Substrate Scaling, the silicon oxide layer may be 
reduced below about 5 nm, 3 nm, 2 nm, 1 nm, 5A, etc. or less. 
In Such situations, additional treatment methods may also be 
useful that do not further reduce the thickness of the silicon 
oxide layer or silicon nitride layers in alternative examples. 
Accordingly, Scavenging operations such as with the use of 
deionized water or other processes may be useful as well, and 
will be described further below. 

V.: Methods for Scavenging 
0171 Scavenging operations may be performed to reduce 
or remove halide concentrations in silicon oxide materials as 
well as other materials. The scavenging operations may 
remove the residual species from the material layers without 
removing material from the oxide layers. Accordingly, the 
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oxide layers may be maintained or Substantially maintained 
in the scavenging operations. Certain Scavenging operations 
may additionally remove an amount of the oxide materials, 
but the removal may be limited or minimized in disclosed 
embodiments. The Scavenging operations may be performed 
by interaction with the incorporated halide species, or may 
provide energy treatments that may physically or chemically 
separate the halide species from the oxide or nitride materials. 
0172 Turning to FIG. 19 is shown a halide scavenging 
operation that may include removing contaminants from a 
processed Substrate having exposed silicon and silicon oxide 
surfaces. The substrates may additionally or alternatively 
include nitride regions or other metal regions or material 
regions as previously described. At operation 1910 an 
optional etching process may be performed to etch a silicon 
oxide material to expose an underlying silicon or silicon 
nitride material. Previous operations may have been per 
formed prior to the optional etching operation including a 
deposition or other processes as previously described in rela 
tion to FIG. 16, for example. The optional etching process 
may be performed that etches the substrate and is selective to 
silicon oxide over silicon. The optional etching may be simi 
lar to operation 1620 described earlier, and may include using 
nitrogen trifluoride and ammonia, for example to perform the 
etching operation. 
0173 A subsequent etching process may be performed at 
operation 1920 that etches a silicon and/or silicon nitride 
material. The etching process may be selective to silicon or 
silicon nitride over silicon oxide, for example, and may be 
similar to operation 1630 previously described. The etching 
process may produce radical species and residual species 
from the radical species may be incorporated with the 
exposed silicon oxide layer. The etching process may include 
exposing the Substrate to a fluorine-containing precursor and 
an oxygen-containing precursor. Either or both of the fluo 
rine-containing precursor and oxygen-containing precursor 
may have been flowed through a plasma to produce at least a 
portion of the radical species, which may include radical 
fluorine species, for example. The etching process may not 
etch any of the silicon oxide layer or may substantially not 
etch the silicon oxide layer. The fluorine or other radical 
halide species may be incorporated with the silicon oxide 
material in a profile Such that the extent of incorporation 
diminishes at increasing depths of the silicon oxide film. 
0.174. The substrate may be treated after the etching pro 
cess at operation 1930 to remove at least a portion of the 
residual species from the silicon oxide surface. The treatment 
may include a variety of operations that may be performed 
within the chamber that performed the etching process at 
operation 1920, or may be performed in an additional cham 
ber to which the substrate is transferred. For example, the 
treatment may include one or more of a thermal treatment, a 
UV radiation or light treatment, an electron beam treatment, 
a microwave treatment, a curing treatment, or a plasma treat 
ment in disclosed embodiments. The operations may be per 
formed at a variety of temperatures and pressures depending 
on the operations, and may be performed at any temperature 
included in the range from between about 0°C. and about 
800° C. For example, a thermal treatment operation may be 
performed at a temperature between about 400° and about 
600° C., among other temperatures and ranges within the 
broader range, while a plasma operation utilizing a remote 
plasma nitrogen-containing precursor may be performed at 
temperatures between about 0°C. and 100° C., among other 
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temperatures and ranges within the broader range. The treat 
ments may similarly be performed at any pressure included in 
the range from between about 0.5 mTorr up to about 700 Torr. 
For example, an inductively coupled internal plasma opera 
tion may be performed at a pressure below about 1 Torr, 
among other pressures and ranges within the broader range, 
while a curing operation may be performed above about 500 
Torr, among other pressures and ranges within the broader 
range. 

0.175. The treatment operations may reduce the amount of 
residual halide within the silicon oxide film and may reduce 
the atomic percentage of halides, such as fluorine, from 
within the silicon oxide or nitride material to below or about 
20%. The treatments may additionally reduce the atomic 
percentage of halides, such as fluorine, to below or about 
18%, 15%, 12%, 10%, 9%, 8%, 7%, 6%. 5%, 4%, 3%, 2%, 
1%, or 0% in which case the halide may be completely or 
essentially removed from the silicon oxide material. Addi 
tional materials may be scavenged or treated in similar ways. 
0176 The substrate may be transferred to a treatment 
chamber for the treatment, and the treatment chamber may 
include a combination chamber Such as those discussed pre 
viously with FIGS. 12 and 13, for example. The substrate may 
be maintained under vacuum during the transfer to the treat 
ment chamber, and may be maintained in a moisture-free or 
substantially moisture-free environment until the treatment 
has been completed. Treating the Substrate may include 
exposing a treatment species to an energy source to produce 
energized treatment species configured to interact with or 
upon the residual radical species. The treatment species may 
include hydrogen-containing precursors, oxygen-containing 
precursors, nitrogen-containing precursors, and inert precur 
sors. The precursors may include a combination of precursors 
including nitrogen, helium, argon, hydrogen, nitrous oxide, 
ammonia, nitrogen trifluoride, water, and oZone among other 
precursors. In disclosed embodiments the energy source used 
to energize the treatment species may include a plasma. The 
plasma may be an internally generated or externally gener 
ated plasma with respect to the treatment chamber, and may 
be a capacitively-coupled plasma, an inductively-coupled 
plasma, a microwave plasma, and a toroidal plasma. The 
plasma may be formed at any of the plasma conditions pre 
viously described. The energized treatment species may bond 
with the residual radical species in disclosed embodiments. 
For example, the energized treatment species may include a 
hydrogen-containing precursor that includes radical hydro 
gen-containing species after being energized. The radical 
hydrogen-containing species may bond with the residual 
halide species, such as residual fluorine species for example, 
and withdraw it from the silicon oxide surface. The formed 
composition of the residual fluorine species and radical 
hydrogen-containing species may be subsequently evacuated 
from the treatment chamber. The treatment may be performed 
for a period of time that may range from about 1 second up to 
about 30 minutes or more. For example, operations per 
formed at higher plasma powers may be performed for 120 
seconds or less, for example, while operations performed 
without plasma power may be performed for 5 minutes or 
more, for example. 
0177. After the treatment has been performed, the sub 
strate may be further transferred to a passivation chamber for 
a passivation process. The passivation may also be performed 
in the treatment chamber in disclosed embodiments. For 
example, the Substrate may be Subsequently transferred to a 



US 2014/0271097 A1 

loading chamber that is still within the vacuum environment 
and the passivation may be performed there, which may 
reduce process queue times in other chambers. By performing 
the passivation in the loading chamber, for example, the Sub 
strate may be maintained under vacuum during the transfer to 
the passivation chamber, and during the entire process. The 
passivation may include heating the Substrate to a tempera 
ture greater than or about 150° C. for a period of time greater 
than or about two minutes. The passivation may also include 
any of the parameters previously discussed for passivation 
and processing. 
0.178 FIG. 20 illustrates an alternative scavenging opera 
tion that may be performed within a chamber performing the 
silicon or nitride material. The method may include removing 
contaminants on a Substrate that has an exposed silicon oxide 
region and an exposed non-oxide region. The non-oxide 
region may include a silicon, silicon nitride, or a metal-con 
taining material region. The metals may include one or more 
transition metals, and may include copper, tungsten, titanium, 
etc., among oxides and other materials incorporating metal 
species. A substrate may be delivered into a chamber for an 
etching process on the Substrate that may include the exposed 
materials. The chamber may be a substrate processing cham 
ber Such as any of those previously described including from 
FIG. 3, 4, 5, or 6. Previous deposition and etching processes 
such as those explained with respect to FIG. 16 may be 
performed in additional chambers and/or systems as previ 
ously described in order to form and/or expose the materials. 
A fluorine-containing precursor may be flowed into a remote 
plasma region of the Substrate processing region of the Sub 
strate processing chamber while forming a plasma in the 
remote plasma region to produce plasma effluents. At opera 
tion 2010 the exposed non-oxide material may be etched 
utilizing the plasma effluents. The silicon oxide region may 
not be etched during the process, but may be exposed to the 
plasma effluents. As such, a portion of the fluorine species or 
fluorine-containing plasma effluents may be incorporated 
with the silicon oxide region. 
0179 At operation 2020, after the etching is completed, at 
least one additional precursor may be flowed into the process 
ing region. For example, a first treatment precursor may be 
flowed into the remote plasma region or an alternate remote 
plasma region of the Substrate processing chamber to produce 
treatment plasma effluents. At least one additional treatment 
precursor may be flowed into the Substrate processing region 
where it may react with the treatment plasma effluents. At 
operation 2030, the silicon oxide region may be exposed to 
the treatment precursors including the treatment plasma 
effluents in order to remove residual plasma effluents from the 
silicon oxide region. The treatment plasma may at least par 
tially dissociate the at least one additional treatment precursor 
in the Substrate processing region. The at least partially dis 
Sociated at least one additional treatment precursor may inter 
act and/or bond with the fluorine species incorporated with 
the silicon oxide region. 
0180. The treatment precursor may include an inert pre 
cursor, and may also include a nitrogen-containing precursor 
and a hydrogen-containing precursor, among other precur 
sors. The treatment precursor may include one or more of 
nitrogen, helium, argon, and Xenon, as well as precursors 
containing one or more of those species. The at least one 
additional treatment precursor may include a hydrogen-con 
taining precursor and/or a nitrogen-containing precursor. The 
exposure to the treatment precursors may or may not partially 
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remove the silicon oxide region or a portion of the silicon 
oxide region. The exposure may also remove at least a portion 
of the fluorine species while maintaining or essentially main 
taining the silicon oxide material. The method may be per 
formed entirely in a single chamber, and the a vacuum envi 
ronment within the chamber may be maintained throughout 
the entire process. The chamber may additionally be mois 
ture-free such that the entire method is also performed in a 
moisture-free environment. The exposure may be performed 
at one or more temperatures between about 0°C. and about 
800° C., and the exposure may be performed at one or more 
pressures between about 1 mTorr and about 700 Torr. 
0181 An alternate variation may also be performed to 
remove contaminants on a Substrate having an exposed sili 
con oxide region and an exposed non-oxide region. The 
method may also include flowing a fluorine-containing pre 
cursor into a remote plasma region of a Substrate processing 
chamber fluidly coupled with a Substrate processing region of 
the Substrate processing chamber. A plasma may beformed in 
the remote plasma region while the precursor is flowed 
through in order to produce fluorine-containing plasma efflu 
ents. The silicon oxide region may be exposed to the plasma 
effluents although it may not be etched, and as such plasma 
species including fluorine-containing plasma effluents may 
be incorporated into the silicon oxide region. At operation 
2010 the exposed non-oxide region may be etched utilizing 
the plasma effluents. At least one treatment precursor may be 
flowed into the substrate processing region at operation2020. 
and at operation 2030 the silicon oxide region may be 
exposed to the at least one treatment precursor to remove at 
least a portion of the fluorine-containing plasma effluents. 
0182. The at least one treatment precursor may not be 
passed through a plasma prior to being flowed into the Sub 
strate processing region, and the processing region may be 
maintained plasma-free during the exposure operation. Flow 
ing at least one treatment precursor may include first flowing 
water vapor into the process chamber. The water vapor may 
be injected into the process chamber and the temperature of 
the chamber may be adjusted at one or more times before 
injecting the water and/or after injecting the water vapor to 
condense the water vapor on the surface of the silicon oxide 
region. A nitrogen-containing precursor may then be flowed 
into the Substrate processing region, and the nitrogen-con 
taining precursor may include ammonia, for example. In Such 
a process, the water may first interact with the fluorine species 
incorporated with the silicon oxide material, which may form 
hydrogen fluoride and remove it from the silicon oxide mate 
rial. The ammonia may then interact with the formed hydro 
gen fluoride to produce Solid byproducts of nitrogen-and 
fluorine-containing species that may include NHF and/or 
NHHF among other materials as previously described. 
Although the process described utilizes water in the chamber, 
by manipulating the temperature and utilizing ammonia as 
described, as opposed to producing aging defects, the process 
may instead remove the halide species with the described 
reactions. 

0183 The temperature may be maintained at a first tem 
perature during the interaction, and then raised to a second 
temperature or above a threshold temperature in order to 
decompose and evaporate the byproducts such as by Subli 
mation. The first and second temperatures may be any of the 
previously disclosed temperatures, and the first temperature 
may be at or below about 100° C., for example, while the 
second temperature may beat or above 100°C., for example. 
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The process may proceed without removing the silicon oxide 
material, and may substantially maintain the silicon oxide 
material in disclosed embodiments. In disclosed embodi 
ments the process may reduce the atomic '% concentration of 
fluorine within the surface layer of the silicon oxide below 
about 15%, and may also reduce the atomic '% of fluorine 
species within the surface layer below about 12%, 10%, 9%, 
8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, or 0%, in which case the 
fluorine species is completely or essentially removed from the 
silicon oxide material. 

VI.: Computer System 

0184 FIG. 21 illustrates an embodiment of a computer 
system 2100. A computer system 2100 as illustrated in FIG. 
21 may be incorporated into devices such as a process cham 
ber controller, a process system controller, a gas delivery 
system controller, and the like. Moreover, some or all of the 
components of the computer system 2100 may also be incor 
porated at the specific devices, or may be incorporated within 
a remotely located controller or a portable controller. FIG.21 
provides a schematic illustration of one embodiment of a 
computer system 600 that can perform some orall of the steps 
of the methods provided by various embodiments. It should 
be noted that FIG. 21 is meant only to provide a generalized 
illustration of various components, any or all of which may be 
utilized as appropriate. FIG. 21, therefore, broadly illustrates 
how individual system elements may be implemented in a 
relatively separated or relatively more integrated manner. 
0185. The computer system 2100 is shown comprising 
hardware elements that can be electrically coupled via a bus 
2105 or may otherwise be in communication, as appropriate. 
The hardware elements may include one or more processors 
2110, including without limitation one or more general-pur 
pose processors and/or one or more special-purpose proces 
Sors. Such as digital signal processing chips, graphics accel 
eration processors, and/or the like; one or more input devices 
2115, which can include without limitation a mouse, a key 
board, a camera, and/or the like; and one or more output 
devices 2120, which can include without limitation a display 
device, a printer, and/or the like. 
0186 The computer system 2100 may further include and/ 
or be in communication with one or more non-transitory 
storage devices 2125, which can comprise, without limita 
tion, local and/or network accessible storage, and/or can 
include, without limitation, a disk drive, a drive array, an 
optical storage device, a Solid-state storage device. Such as a 
random access memory (“RAM), and/or a read-only 
memory (“ROM), which can be programmable, flash-up 
dateable, and/or the like. Such storage devices may be con 
figured to implement any appropriate data stores, including 
without limitation, various file systems, database structures, 
and/or the like. 
0187. The computer system 2100 might also include a 
communications subsystem 2130, which can include without 
limitation a modem, a network card, either wireless or wired, 
an infrared communication device, a wireless communica 
tion device, and/or a chipset such as a BluetoothTM device, an 
802.11 device, a WiFi device, a WiMax device, cellular com 
munication facilities, etc., and/or the like. The communica 
tions subsystem 2130 may include one or more input and/or 
output communication interfaces to permit data to be 
exchanged with a network, other computer systems, and/or 
any other devices described herein. Depending on the desired 
functionality and/or other implementation concerns, a por 

26 
Sep. 18, 2014 

table electronic device or similar device may communicate 
system, chamber, and/or other information via the communi 
cations subsystem 2130. In other embodiments, a portable 
electronic device, may be incorporated into the computer 
system 2100, as an input device 2115. In many embodiments, 
the computer system 2100 will further comprise a working 
memory 2135, which can include a RAM or ROM device, as 
described above. 
0188 The computer system 2100 also can comprise soft 
ware elements, shown as being currently located within the 
working memory 2135, including an operating system 2140, 
device drivers, executable libraries, and/or other code, such as 
one or more application programs 2145, which may comprise 
computer programs provided by various embodiments, and/ 
or may be designed to implement methods, and/or configure 
systems, provided by other embodiments, as described 
herein. Merely by way of example, one or more procedures 
described with respect to the methods discussed above, such 
as those described in relation to FIGS. 14 to 20, might be 
implemented as code and/or instructions executable by a 
computer and/or a processor within a computer, in an aspect, 
then, Such code and/or instructions can be used to configure 
and/or adapt a general purpose computer or other device to 
perform one or more operations in accordance with the 
described methods. 

0189 A set of these instructions and/or code might be 
stored on a non-transitory computer-readable storage 
medium, such as the storage device 2125 described above. In 
some cases, the storage medium might be incorporated within 
a computer system, such as computer system 2100. In other 
embodiments, the storage medium might be separate from a 
computer system, e.g., a removable medium, Such as a com 
pact disc or removable drive, and/or provided in an installa 
tion package, such that the storage medium can be used to 
program, configure, and/or adapta general purpose computer 
with the instructions/code stored thereon. These instructions 
might take the form of executable code, which is executable 
by the computer system 2100 and/or might take the form of 
Source and/or installable code, which, upon compilation and/ 
or installation on the computer system 2100, e.g., using any of 
a variety of generally available compilers, installation pro 
grams, compression/decompression utilities, etc., then takes 
the form of executable code. 

0190. It will be apparent to those skilled in the art that 
Substantial variations may be made in accordance with spe 
cific requirements. For example, customized hardware might 
also be used, and/or particular elements might be imple 
mented in hardware, Software including portable software, 
Such as applets, etc., or both. Further, connection to other 
computing devices such as network input/output devices may 
be employed. 
0191 As mentioned above, in one aspect, some embodi 
ments may employ a computer system such as the computer 
system 2100 to perform methods in accordance with various 
embodiments of the technology. According to a set of 
embodiments, some or all of the procedures of such methods 
are performed by the computer system 2100 in response to 
processor 2110 executing one or more sequences of one or 
more instructions, which might be incorporated into the oper 
ating system 2140 and/or other code, Such as an application 
program 2145, contained in the working memory 2135. Such 
instructions may be read into the working memory 2135 from 
another computer-readable medium, Such as one or more of 
the storage devices 2125. Merely by way of example, execu 
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tion of the sequences of instructions contained in the working 
memory 2135 might cause the processors 2110 to perform 
one or more procedures of the methods described herein. 
Additionally or alternatively, portions of the methods 
described herein may be executed through specialized hard 
Ware 

0192 The terms “machine-readable medium' and “com 
puter-readable medium, as used herein, refer to any medium 
that participates in providing data that causes a machine to 
operate in a specific fashion. In an embodiment implemented 
using the computer system 2100, various computer-readable 
media might be involved in providing instructions/code to 
processors 2110 for execution and/or might be used to store 
and/or carry Such instructions/code. In many implementa 
tions, a computer-readable medium is a physical and/or tan 
gible storage medium. Such a medium may take the form of 
a non-volatile media or volatile media. Non-volatile media 
include, for example, optical and/or magnetic disks, such as 
the storage device 2125. Volatile media include, without limi 
tation, dynamic memory, such as the working memory 2135. 
0193 Common forms of physical and/or tangible com 
puter-readable media include, for example, a floppy disk, a 
flexible disk, hard disk, magnetic tape, or any other magnetic 
medium, a CD-ROM, any other optical medium, punchcards, 
papertape, any other physical medium with patterns of holes, 
a RAM, a PROM, EPROM, a FLASH-EPROM, any other 
memory chip or cartridge, or any other medium from which a 
computer can read instructions and/or code. 
0194 Various forms of computer-readable media may be 
involved in carrying one or more sequences of one or more 
instructions to the processors 2110 for execution. Merely by 
way of example, the instructions may initially be carried on a 
magnetic disk and/or optical disc of a remote computer. A 
remote computer might load the instructions into its dynamic 
memory and send the instructions as signals over a transmis 
sion medium to be received and/or executed by the computer 
system 2100. 
0.195 The communications subsystem 2130, and/or com 
ponents thereof, generally will receive signals, and the bus 
2105 then might carry the signals, and/or the data, instruc 
tions, etc. carried by the signals to the working memory 2135, 
from which the processors 2110 retrieves and executes the 
instructions. The instructions received by the working 
memory 2135 may optionally be stored on a non-transitory 
storage device 2125 either before or after execution by the 
processors 2110. 
0196. Specific details are given in the description to pro 
vide a thorough understanding of exemplary configurations 
including implementations. However, configurations may be 
practiced without these specific details. For example, well 
known processes, structures, and techniques have been 
shown without unnecessary detail in order to avoid obscuring 
the configurations. This description provides example con 
figurations only, and does not limit the scope, applicability, or 
configurations of the claims. Rather, the preceding descrip 
tion of the configurations will provide those skilled in the art 
with an enabling description for implementing described 
techniques. Various changes may be made in the function and 
arrangement of elements without departing from the spirit or 
Scope of the disclosure. 
0197) In the preceding description, for the purposes of 
explanation, numerous details have been set forth in order to 
provide an understanding of various embodiments of the 
present technology. It will be apparent to one skilled in the art, 
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however, that certain embodiments may be practiced without 
some of these details, or with additional details. Various con 
figurations may omit, Substitute, or add various procedures or 
components as appropriate. For instance, in alternative con 
figurations, the methods may be performed in an order dif 
ferent from that described, and/or various stages may be 
added, omitted, and/or combined. Also, features described 
with respect to certain configurations may be combined in 
various other configurations. Different aspects and elements 
of the configurations may be combined in a similar manner. 
Also, technology evolves and, thus, many of the elements are 
examples and do not limit the scope of the disclosure or 
claims. 
0198 Where a range of values is provided, it is understood 
that each intervening value, to the smallestfraction of the unit 
of the lower limit, unless the context clearly dictates other 
wise, between the upper and lower limits of that range is also 
specifically disclosed. Each Smaller range between any stated 
value or intervening value in a stated range and any other 
stated or intervening value in that stated range is encom 
passed. The upper and lower limits of those Smaller ranges 
may independently be included or excluded in the range, and 
each range where either, neither, or both limits are included in 
the Smaller ranges is also encompassed within the technology, 
Subject to any specifically excluded limit in the Stated range. 
Where the stated range includes one or both of the limits, 
ranges excluding either or both of those included limits are 
also included. 
(0199 As used herein and in the appended claims, the 
singular forms “a”, “an', and “the include plural references 
unless the context clearly dictates otherwise. Thus, for 
example, reference to “an operation' includes a plurality of 
such operations, and reference to “the plate” includes refer 
ence to one or more plates and equivalents thereof known to 
those skilled in the art, and so forth. 
0200 Also, the words “comprise(s)”, “comprising”, “con 
tain(s)”, “containing”, “include(s)', and “including, when 
used in this specification and in the following claims, are 
intended to specify the presence of Stated features, integers, 
components, or steps, but they do not preclude the presence or 
addition of one or more other features, integers, components, 
Steps, acts, or groups. 
What is claimed is: 
1. A substrate processing system comprising: 
a plurality of holding chambers; 
a plurality of loading chambers configured to receive Sub 

strates into a vacuum environment; 
an interface section having at least two interface transfer 

devices configured to deliver substrates between the plu 
rality of holding chambers coupled with the interface 
section at a first location of the interface section and the 
plurality of loading chambers coupled with the interface 
section at a second location of the interface section 
opposite the plurality of holding chambers; 

a treatment chamber positioned in Vertical alignment to 
and coupled with at least one of the plurality of loading 
chambers; 

a plurality of process chambers; and 
a process transfer device configured to deliver a substrate 

between any of the plurality of loading chambers and 
any of the plurality of processing chambers while main 
taining the Substrate under vacuum conditions, wherein 
the process transfer device is further configured to 
deliver substrates vertically to the treatment chamber. 
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2. The Substrate processing system of claim 1, wherein the 
loading chambers and process chambers are all on a first 
elevational plane of the Substrate processing system, and 
wherein the treatment chamber is on a second elevational 
plane of the Substrate processing system above the first eleva 
tional plane of the Substrate processing system. 

3. The substrate processing system of claim 1, wherein the 
transfer device is configured to maintain vacuum conditions 
while delivering substrates vertically to the treatment cham 
ber. 

4. The Substrate processing system of claim 1, further 
comprising a plurality of treatment chambers, wherein each 
treatment chamber is in Vertical alignment to and coupled 
with one of the plurality of loading chambers. 

5. The substrate processing system of claim 4, wherein the 
system includes two loading chambers and two treatment 
chambers, wherein the loading chambers are disposed hori 
Zontally from one another. 

6. The substrate processing system of claim 5, further 
comprising a treatment plasma generating device separate 
from and coupled with both of the treatment chambers. 

7. The substrate processing system of claim 5, further 
comprising two treatment plasma generating devices, 
wherein one of the treatment plasma generating devices is 
coupled with one of the treatment chambers and a second of 
the treatment plasma generating devices is coupled with a 
second of the treatment chambers. 

8. The substrate processing system of claim 1, wherein the 
holding chambers comprise at least one inlet port and are 
configured to receive a fluid through the inlet port and direct 
the fluid through the holding chamber and into the interface 
section. 

9. The substrate processing system of claim 8, wherein the 
holding chambers comprise at least one internal diffuser con 
figured to direct the received fluid throughout the holding 
chamber. 

10. The substrate processing system of claim 1, wherein the 
loading chambers comprise at least one heating device con 
figured to heat the loading chamber up to about 300° C. 

11. The substrate processing system of claim 1, further 
comprising a wet etching chamber coupled with the interface 
section at a third location of the interface section adjacent the 
first location and second location of the interface section. 

12. The substrate processing system of claim 11, further 
comprising a storage chamber coupled with the interface 
section at a fourth location of the interface section opposite 
the third location. 
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13. The substrate processing system of claim 1, wherein the 
treatment chamber comprises components configured togen 
erate a direct plasma within the treatment chamber. 

14. The substrate processing system of claim 13, wherein 
the direct plasma comprises a capacitively-coupled plasma. 

15. The substrate processing system of claim 1, wherein the 
treatment chamber comprises components configured togen 
erate an ultraviolet light treatment within the treatment cham 
ber. 

16. The substrate processing system of claim 1, wherein the 
plurality of processing chambers are coupled as pairs oftan 
dem processing chambers within the Substrate processing 
system. 

17. The substrate processing system of claim 16, wherein 
the plurality of processing chambers comprise at least two 
pairs of tandem processing chambers, wherein a first of the at 
least two pairs of tandem processing chambers are configured 
to perform a silicon oxide etching operation, and the second 
of the at least two pairs of tandem processing chambers are 
configured to perform a silicon etching operation. 

18. A method of processing a Substrate, the method com 
prising: 

transferring a Substrate from a holding chamber to a load 
ing chamber with a first transfer device: 

evacuating the loading chamber Such that the Substrate is 
maintained in a vacuum environment; 

transferring the Substrate from the evacuated loading 
chamber to a process chamber with a second transfer 
device; 

transferring the substrate from the process chamber to the 
loading chamber with the second transfer device; 

removing the vacuum conditions from the loading cham 
ber; and 

transferring the Substrate from the loading chamber to a 
storage chamber with the first transfer device. 

19. The method of processing a substrate of claim 18, 
further comprising transferring the Substrate to a wet etching 
station using the first transfer device prior to transferring the 
substrate to the holding chamber. 

20. The method of processing a substrate of claim 18, 
further comprising transferring the Substrate from the process 
chamber to a treatment chamber in Vertical alignment to and 
coupled with the loading chamber with the second transfer 
device prior to transferring the Substrate to the loading cham 
ber. 


