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Load one or more wafer carriers into the cassette unit / 001’ 

i 
Select an appropriate wafer processing recipe using the //O O %_ 

user interface unit 

Transfer a selected semiconductor wafer from the cassette /0 06 
unit to the wafer buffer station M 

Selectively transfer the semiconductor wafer to a processing 
unit of an integrated dry-wet processing module 

l \ 00 + / 8 
Process the semiconductor wafer at the processing unit 

K/ o/ O 

Y Further processing 
needed? 

Transfer the semiconductor Wafer to the Wafer buffer station 

i 
Transfer the semiconductor wafer back to the same wafer A / O / 9L 

carrier or a different wafer carrier in the cassette unit 
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wafer at a ?rst processing unit of an apparatus 
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Selectively perform a second process on the semiconductor /\W/ 3 Q 6 

wafer at a second processing unit of the apparatus 
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INTEGRATED DRY-WET PROCESSING 
APPARATUS AND METHOD FOR REMOVING 
MATERIAL ON SEMICONDUCTOR WAFERS 

USING DRY-WET PROCESSES 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is entitled to the bene?t of US. 
Provisional Patent Application Serial No. , ?led 
on 

FIELD OF THE INVENTION 

[0002] The invention relates generally to semiconductor 
fabrication processing, and more particularly to removing 
material on semiconductor Wafers using both dry and Wet 
processes. 

BACKGROUND OF THE INVENTION 

[0003] As semiconductor devices are aggressively scaled 
doWn, the number of photoresist masking steps used in the 
photolithography process has signi?cantly increased due to 
various etching and/or implanting requirements. Conse 
quently, the number of post-masking cleaning steps has also 
increased. After a layer of photoresist is patterned on a 
semiconductor Wafer and then subjected to a fabrication 
process, such as plasma etch or ion implantation, the pat 
terned photoresist layer must be removed Without leaving 
photoresist residue, Which may detrimentally affect the 
resulting semiconductor device With respect to performance 
and reliability. 

[0004] Removal of patterned photoresist generally 
includes removing the bulk of the photoresist material using 
plasma gas treatment (referred herein as “plasma ashing 
process”) and then removing residual photoresist material 
using Wet-chemical treatment (referred herein as “Wet 
chemical cleaning process”. The plasma ashing process 
involves applying plasma gas onto the patterned photoresist 
on the surface of a semiconductor Wafer to selectively 
oXidiZe the photoresist material. The Wet-chemical cleaning 
process involves applying one or more chemical solutions 
onto the surface of a semiconductor Wafer to dissolve the 
residual photoresist material that Was not removed by the 
plasma ashing process. After the Wet-chemical cleaning 
process, the semiconductor Wafer may be inspected by 
measuring a feature pro?le, such as line Width and hole 
diameter, and the thickness of the semiconductor Wafer, 
Which includes various layers formed on the semiconductor 
Wafer. 

[0005] Traditionally, the Wet-chemical cleaning process 
has involved sequentially immersing batches of semicon 
ductor Wafers into baths of different cleaning ?uids using, 
for eXample, Wet benches. HoWever, With the advent of 
sub-0.18 micron geometries and 300 mm Wafer processing, 
the use of batch cleaning has increased the potential for 
defective semiconductor devices due to cross-contamination 
and residual contamination. 

[0006] Single-Wafer spin-type cleaning techniques have 
been developed to mitigate the shortcomings of batch clean 
ing techniques. Single-Wafer spin-type cleaning techniques 
involve dispensing one or more cleaning ?uids, such as 
de-ioniZed Water, standard clean 1 (SCl) solution and stan 
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dard clean 2 (SC2) solution, onto a surface of a spinning 
semiconductor Wafer in an enclosed environment. In single 
Wafer spin-type cleaning techniques, semiconductor Wafers 
are individually cleaned so that the potential for cross 
contamination and residual contamination is minimiZed. 

[0007] Commercially available Wafer fabrication tools for 
photoresist removal are built for either the plasma ashing 
process or the Wet-chemical cleaning process. Thus, tWo 
separate tools are needed to perform both the plasma ashing 
and Wet-chemical cleaning processes. In addition, a third 
separate Wafer fabrication tool is needed if the semiconduc 
tor Wafers are to be inspected as Well. 

[0008] The main concern With using separate Wafer fab 
rication tools for photoresist removal is that transferring 
semiconductor Wafers betWeen the different Wafer fabrica 
tion tools requires queue time, or Waiting period, at each 
tool. Thus, the overall processing time to remove photoresist 
material is signi?cantly increased When semiconductor 
Wafers must be transferred betWeen multiple Wafer fabrica 
tion tools. Another concern is that contaminants can be 
introduced during the transfer of semiconductor Wafers 
betWeen the different Wafer fabrication tools. 

[0009] Some of these concerns have been addressed in 
US. Pat. Nos. 5,227,001 and 5,952,245. US. Pat. No. 
5,227,001 issued to Takami et al. describes an integrated 
dry-Wet semiconductor layer removal apparatus that 
includes in part a dry stripper unit (i.e., a plasma ashing 
unit), a Wet stripping bath tank unit, a ?rst rinsing tank, a 
second rinsing tank containing an ultrasonic vibrator, and a 
cleaning and spin dry unit. US. Pat. No. 5,952,245 issued to 
Torii et al. describes a sample processing apparatus that 
includes a buffer chamber for plasma etching and post 
processing plasma ashing, a Wet-processing chamber for 
Wet-chemical cleaning and a dry-processing chamber for 
drying using a heater. Thus, the apparatuses of Takami et al. 
and Torii et al. can be used to perform both plasma ashing 
and Wet-chemical cleaning. 

[0010] Aconcern With the apparatuses of Takami et al. and 
Torii et al. is that the described apparatuses require large 
footprints due to their arrangement of various processing 
stations. Another concern is that the con?guration of the 
described apparatuses does not alloW for the plasma ashing 
process to be performed after the Wet-chemical cleaning 
process, Which may be preferred for some applications. 
Furthermore, the described apparatuses does not alloW either 
the plasma ashing process or the Wet-chemical cleaning 
process to be easily repeated after a semiconductor Wafer 
has been subjected to both processes, Which may also be 
preferred for some applications. 

[0011] In vieW of the above-described concerns, there is a 
need for an apparatus and method for removing undesired 
material, such as photoresist, on a semiconductor Wafer 
using a customiZed combination of plasma ashing and 
Wet-chemical cleaning processes that does not require a 
large footprint for the apparatus. 

SUMMARY OF THE INVENTION 

[0012] An apparatus and method for removing materials, 
such as photoresist, on surfaces of objects, such as semi 
conductor Wafers, utiliZes one or more integrated dry-Wet 
processing modules to selectively perform plasma ashing 



US 2003/0084918 A1 

and Wet-chemical cleaning processes. Thus, a customized 
combination of plasma ashing and Wet-chemical cleaning 
processes can be performed on a single platform to achieve 
desired processing results on the objects, Which increases 
throughput and reduces the possibility of contamination. 
Each of the integrated dry-Wet processing modules includes 
a plasma ashing unit and a Wet-chemical cleaning unit, 
Which may be vertically positioned to minimiZe the footprint 
of the apparatus. 

[0013] An apparatus in accordance With an embodiment of 
the invention includes an object loading/unloading unit 
con?gured to load objects into and unload the objects from 
the apparatus, a ?rst processing unit con?gured to perform 
a plasma ashing process, a second processing unit con?g 
ured to perform a Wet-chemical cleaning process, and an 
object transfer system con?gured to selectively transfer the 
objects from the object loading/unloading unit to the ?rst 
processing unit or the second processing unit. The apparatus 
may also include a critical dimension inspection unit to 
inspect the objects that are being processed by the apparatus. 

[0014] The ?rst and second processing units of the appa 
ratus may be integrated into a single dry-Wet processing 
module. In addition, the ?rst and second processing units 
may be vertically positioned on the dry-Wet processing 
module such that one unit of the ?rst and second processing 
units is positioned above the other unit of the ?rst and 
second processing units. 

[0015] The ?rst processing unit of the apparatus may 
include a maintenance WindoW located on a side of a 
processing chamber. The ?rst processing unit may also 
include an exhaust outlet connected to the processing cham 
ber. The exhaust outlet may be con?gured to lead from the 
processing chamber to a side of the unit. 

[0016] A method of removing material on surfaces of 
objects in accordance With an embodiment of the invention 
includes providing an object to be processed at an apparatus, 
selectively performing a ?rst process on the object at a ?rst 
processing unit of the apparatus, and selectively performing 
a second process on the object at a second processing unit of 
the apparatus at a second processing unit of the apparatus. 
Each of the ?rst and second processes can be either a plasma 
ashing process or a Wet-chemical cleaning process. 

[0017] The method may further include selectively per 
forming a third process on the object. The third process may 
be a plasma ashing process, a Wet-chemical cleaning process 
or a critical dimension inspection process. 

[0018] Other aspects and advantages of the present inven 
tion Will become apparent from the folloWing detailed 
description, taken in conjunction With the accompanying 
draWings, illustrated by Way of example of the principles of 
the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a diagram of an apparatus for removing 
undesired material, such as photoresist, on semiconductor 
Wafers using both dry and Wet processes in accordance With 
an exemplary embodiment of the present invention. 

[0020] FIG. 2A is a front vieW of an integrated dry-Wet 
processing module included in the apparatus of FIG. 1. 

May 8, 2003 

[0021] FIG. 2B is a side vieW of the integrated dry-Wet 
processing module of FIG. 2A. 

[0022] FIG. 3 is a diagram of the apparatus of FIG. 1 that 
includes three additional integrated dry-Wet processing 
modules. 

[0023] FIG. 4 is a cross-sectional diagram of a Wet 
chemical cleaning unit of the integrated dry-Wet processing 
module of FIGS. 2A and 2B. 

[0024] FIG. 5 is a perspective diagram of a plasma ashing 
unit of the integrated dry-Wet processing module of FIGS. 
2A and 2B. 

[0025] FIG. 6 is a cross-sectional diagram of the plasma 
ashing unit of the integrated dry-Wet processing module of 
FIGS. 2A and 2B, as vieWed from the front of the plasma 
ashing unit. 

[0026] FIG. 7 is a cross-sectional diagram of the plasma 
ashing unit of the integrated dry-Wet processing module of 
FIGS. 2A and 2B, as vieWed from the side of the plasma 
ashing unit. 

[0027] FIG. 8 is another cross-sectional diagram of the 
plasma ashing unit of the integrated dry-Wet processing 
module of FIGS. 2A and 2B, as vieWed from the side of the 
plasma ashing unit, Which shoWs the chuck assembly of the 
plasma ashing unit being removed. 

[0028] FIG. 9 is a rear vieW of the plasma ashing unit of 
the integrated dry-Wet processing module of FIGS. 2A and 
2B. 

[0029] FIG. 10 is a process How diagram of the overall 
operation of the apparatus of FIG. 1. 

[0030] FIG. 11 is a diagram of an apparatus for removing 
undesired material, such as photoresist, on semiconductor 
Wafers using both dry and Wet processes in accordance With 
a modi?ed exemplary embodiment of the present invention. 

[0031] FIG. 12 is a diagram of the apparatus of FIG. 11 
that includes three additional integrated dry-Wet processing 
modules. 

[0032] FIG. 13 is a process How diagram of a method of 
removing undesired material, such as photoresist, on semi 
conductor Wafers in accordance With an embodiment of the 
invention. 

DETAILED DESCRIPTION 

[0033] With reference to FIG. 1, an apparatus 100 for 
removing undesired material, such as photoresist, on semi 
conductor Wafers in accordance With an exemplary embodi 
ment of the invention is shoWn. The apparatus utiliZes one 
or more integrated dry-Wet processing modules 102A, 102B 
and 102C to perform both a plasma ashing process and a 
Wet-chemical cleaning process in a closed environment, 
Which is provided by a housing 104. Thus, the apparatus 
integrates tWo traditionally separate Wafer fabrication pro 
cesses into a single platform. Furthermore, the con?guration 
of the apparatus is such that the order of the plasma ashing 
and Wet-chemical cleaning processes performed by the 
apparatus can be customiZed. In addition, one or both of 
these processes can be repeated in any order as needed. As 
an example, the Wet-chemical cleaning process can be 
performed before and after the plasma ashing process, Which 
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may be preferred for some applications. The integration of 
traditionally separate Wafer fabrication processes into a 
single platform signi?cantly improves equipment utiliZation 
and reduces total equipment manufacturing cost. Further 
more, the integration reduces total defect density of the 
resulting semiconductor devices since semiconductor Wafers 
are not exposed to external environment betWeen the Wafer 
fabrication processes. 

[0034] As shoWn in FIG. 1, the apparatus includes a 
cassette unit 106, the integrated dry-Wet processing modules 
102A, 102B and 102C, a Wafer transfer system 108, a 
control module 110, and a user interface unit 112. The 
integrated dry-Wet processing modules and the Wafer trans 
fer system are contained Within the closed environment 
provided by the housing 104. Consequently, semiconductor 
Wafers being processed by the apparatus are not exposed to 
the external environment, i.e., the cleanroom, betWeen 
plasma ashing and Wet-chemical cleaning processes, Which 
signi?cantly reduces the possibility of contamination. 

[0035] The cassette unit 106 of the apparatus 100 is used 
to load semiconductor Wafers to be processed into the 
apparatus. Furthermore, the cassette unit is used to unload 
processed semiconductor Wafers from the apparatus. The 
cassette unit may be con?gured to receive one or more Wafer 
carriers 114A, 114B and 114C, Which may be Wafer cas 
settes, SMIF (“Standard Machine Interface”)-Pods or 
FOUPs (“Front-Opening Uni?ed Pods”). The Wafer carriers 
are used to transport semiconductor Wafers into and out of 
the apparatus. Semiconductor Wafers to be processed are 
loaded into the apparatus by inserting one or more Wafer 
carriers containing the Wafers into the cassette unit so that 
the Wafers can be selectively transferred to the integrated 
dry-Wet processing modules 102A, 102B and 102C for 
processing. After being processed by one or more integrated 
dry-Wet processing modules, the semiconductor Wafers are 
returned to the original Wafer carriers or to different Wafer 
carriers at the cassette unit. The Wafer carriers containing the 
processed semiconductor Wafers can then be removed from 
the cassette unit and may be transferred to another Wafer 
fabrication apparatus for further processing. 

[0036] The Wafer transfer system 108 of the apparatus 100 
operates to transfer semiconductor Wafers betWeen the cas 
sette unit 106 and the integrated dry-Wet processing units 
102A, 102B and 102C. In the exemplary embodiment, the 
Wafer transfer system includes tWo Wafer transfer mecha 
nisms 116 and 118 and an optional Wafer buffer station 120. 
The Wafer transfer mechanism 116 is designed to transfer 
semiconductor Wafers to be processed from the Wafer car 
riers 114A, 114B and 114C in the cassette unit 112 to the 
Wafer buffer station 120, While the Wafer transfer mechanism 
118 is con?gured to selectively transfer the Wafers from the 
Wafer buffer station to the integrated dry-Wet processing 
modules and to selectively transfer the Wafers betWeen the 
integrated dry-Wet processing modules. In an embodiment 
Without the Wafer buffer station, the Wafer transfer mecha 
nisms are con?gured to directly relay semiconductor Wafers 
betWeen themselves to selectively transfer the Wafers from 
the cassette unit to the integrated dry-Wet processing mod 
ules. As described in more detail beloW, each integrated 
dry-Wet processing module includes a plasma ashing unit 
202 and a Wet-chemical cleaning unit 204, as shoWn in 
FIGS. 2A and 2B. Thus, semiconductor Wafers need to be 
transferred betWeen the plasma ashing unit and the Wet 
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chemical cleaning unit of each integrated dry-Wet processing 
module to perform both plasma ashing and Wet-chemical 
cleaning. The transfer of semiconductor Wafers betWeen the 
plasma ashing unit and the Wet-chemical cleaning unit of an 
integrated dry-Wet processing module is performed by the 
Wafer transfer mechanism 118. Since the Wafer transfer 
mechanism 118 can also transfer semiconductor Wafers 
betWeen the integrated dry-Wet processing modules, the 
Wafer transfer mechanism 118 can selectively transfer a 
semiconductor Wafer from any unit of the integrated dry-Wet 
processing modules to any other unit of the processing 
modules. 

[0037] The Wafer transfer mechanism 116 includes a 
multi-axis robot 122 on a track 124 that extends across the 
front of the cassette unit 106. Similarly, the Wafer transfer 
mechanism 118 includes a multi-axis robot 126 on a track 
128 that extends across the front of the integrated dry-Wet 
processing modules 102A, 102B and 102C. The multi-axis 
robots 122 and 126 are designed to travel linearly along the 
respective tracks 124 and 128 and to manipulate one or more 
semiconductor Wafers in various directions, such as radial, 
rotational, vertical and lateral directions. The multi-axis 
robot 122 is con?gured to move along the track 124 to 
selectively pick up semiconductor Wafers from the Wafer 
carriers 114A, 114B and 114C in the cassette unit 106 and 
to transfer the Wafers to the Wafer buffer station 120 or the 
multi-axis robot 126. The multi-axis robot 126 is con?gured 
to move along the track 128 to selectively transfer semicon 
ductor Wafers from the Wafer buffer station 120 or the 
multi-axis robot 122 to the integrated dry-Wet processing 
modules. Although not illustrated, one or both of the Wafer 
transfer mechanisms may include a pre-aligner for Wafer 
alignment. The pre-aligner operates to optically scan the 
edge of a semiconductor Wafer and to adjust the Wafer using 
rotation and/or translation to correct for any discrepancies in 
the center location and angular orientation of the Wafer. In 
alternative embodiments, the apparatus may include just one 
Wafer transfer mechanism con?gured to perform the func 
tions of the Wafer transfer mechanisms 116 and 118, or may 
include additional Wafer transfer mechanisms or multi-axis 
robots to divide one or more functions of the Wafer transfer 
mechanisms 116 and 118. The Wafer transfer mechanisms 
116 and 118 may be constructed in accordance With prin 
ciples already Well knoWn With commercially available 
components, such as those manufactured by NeWport Cor 
poration. 

[0038] The integrated dry-Wet processing modules 102A, 
102B and 102C of the apparatus 100 can perform both 
plasma ashing and Wet-chemical cleaning processes to 
remove undesired material, e.g., photoresist, on semicon 
ductor Wafers. In FIG. 1, the apparatus is shoWn to include 
three integrated dry-Wet processing modules that are situated 
on the same side of the track 128 of the Wafer transfer 
mechanism 118. HoWever, the apparatus may include feWer 
or more integrated dry-Wet processing modules. As an 
example, the apparatus may include three additional inte 
grated dry-Wet processing modules 102D, 102E and 102F on 
the other side of the track 128 of the Wafer transfer mecha 
nism 118, as illustrated in FIG. 3. 

[0039] The integrated dry-Wet processing modules 102A, 
102B and 102C are described using the processing module 
102A as an example. FIGS. 2A and 2B are front and side 
vieWs of the integrated dry-Wet processing module 102A, 
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respectively. The integrated dry-Wet processing module 
102A includes a plasma ashing unit 202 and a Wet-chemical 
cleaning unit 204, Which are connected to a frame 206, as 
shoWn in FIGS. 2A and 2B. The frame may include a base 
208 that can be attached to the housing 104 of the apparatus 
100 to af?x the integrated dry-Wet processing module to the 
housing. Alternatively, the frame may be con?gured to be 
attached directly to the housing. In the exemplary embodi 
ment, the plasma ashing and Wet-chemical cleaning units are 
vertically positioned such that the plasma ashing unit is 
situated above the Wet-chemical cleaning unit. The vertical 
arrangement of the plasma ashing and Wet-chemical clean 
ing units alloWs the footprint of the apparatus to be reduced. 
In other embodiments, the Wet-chemical cleaning unit may 
be positioned above the plasma ashing unit, or the plasma 
ashing and Wet-chemical cleaning units may be positioned 
side-by-side. 
[0040] In the embodiment of FIGS. 2A and 2B, the 
plasma ashing unit 202 and the Wet-chemical cleaning unit 
204 are connected to the frame 206 such that a upper utility 
space 210 exists betWeen tWo units and a loWer utility space 
212 exists beloW the Wet-chemical cleaning unit. The utility 
space 210 may used to route one or more ?uid supply lines 
(not shoWn) to the Wet-chemical cleaning unit. The utility 
space 212 may be used to route drain conduits and/or 
exhaust outlets from the Wet-chemical cleaning unit. The 
utility spaces 210 and 212 may also be used to route Wires, 
lines and/or conduits to the plasma ashing and Wet-chemical 
cleaning units, as needed. 

[0041] An embodiment of the Wet-chemical cleaning unit 
204 of the integrated dry-Wet processing module 102A is 
described With reference to FIG. 4, Which is a cross 
sectional diagram of the cleaning unit. The Wet-chemical 
cleaning unit is a spin-type, single-Wafer, Wet-chemical 
cleaning unit. Thus, the Wet-chemical cleaning unit is con 
?gured to clean a single semiconductor Wafer by applying 
one or more cleaning ?uids onto the Wafer, as the Wafer is 
rotated, in a suitable atmosphere. As shoWn in FIG. 4, the 
Wet-chemical cleaning unit includes an upper enclosure 
structure 402 and a loWer enclosure structure 404, Which 
provide an enclosed cleaning chamber 406 When the upper 
and loWer structures are closed. The upper enclosure struc 
ture is designed to be raised by a lifting mechanism (not 
shoWn) so that the Wet-chemical cleaning unit can be opened 
to receive a semiconductor Wafer to be cleaned. The Wet 
chemical cleaning unit further includes a Wafer support 
structure 408, a ?uid supply line 410, a backside ?uid supply 
structure 412 With a ?uid supply conduit 414, and an 
environmental gas supply assembly 416 connected to a gas 
supply line 418. 

[0042] The Wafer support structure 408 is con?gured to 
securely hold a single semiconductor Wafer for cleaning. 
The Wafer support structure is connected to a motor (not 
shoWn), Which rotates the Wafer support structure. Conse 
quently, the semiconductor Wafer on the support structure is 
also rotated by the rotation of the Wafer support structure. 
The Wafer support structure can be any Wafer support 
structure that can securely hold a semiconductor Wafer and 
rotate the Wafer, such as conventional Wafer supports struc 
tures that are currently used in commercially available 
single-Wafer Wet cleaning systems. 

[0043] The ?uid supply line 410 is used to supply one or 
more cleaning ?uids onto the surface of a semiconductor 
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Wafer being cleaned. These cleaning ?uids may include the 
folloWing ?uids: de-ioniZed Water, diluted HF, mixture of 
NH4OH and H20, standard clean 1 or “SCI” (mixture of 
NH4OH, H202 and H20), standard clean 2 or “SC2” (mix 
ture of HCl, H202 and H20), oZonated Water (de-ioniZed 
Water With dissolved oZone), modi?ed SCl (mixture of 
NH4OH and H20 With oZone), modi?ed SC2 (mixture of 
HCl and H20 With oZone), knoWn cleaning solvents (e.g., a 
hydroxyl amine based solvent EKC265, available from EKC 
technology, Inc.), or any constituent of these ?uids. The 
backside ?uid supply structure 412 is used to supply ?uid, 
such as deioniZed Water, to the backside of the semiconduc 
tor Wafer being cleaned to ensure that the backside of the 
semiconductor Wafer does not become contaminated during 
the cleaning process. The backside ?uid supply structure 
receives the ?uid through the ?uid supply conduit 414. The 
environmental gas supply assembly 416, Which is attached 
to the upper enclosure structure 402, provides clean envi 
ronmental gas, such as N2 or air, into the enclosed chamber 
406 of the Wet-chemical cleaning unit. The environmental 
gas is received at the environmental gas supply assembly 
through the gas supply line 418. The ?uid supply line 410, 
the ?uid supply conduit 414 and the gas supply line 418 are 
connected to a supply of cleaning ?uids and gases (not 
shoWn). 
[0044] The cleaning process performed by the Wet-chemi 
cal cleaning unit 204 is noW described With reference to 
FIG. 4. A semiconductor Wafer to be cleaned is transferred 
into the cleaning chamber 406 of the Wet-chemical cleaning 
unit and placed on the Wafer support structure 408 by the 
multi-axis robot 126 of the Wafer transfer mechanism 118. 
The semiconductor Wafer may be transferred from the Wafer 
buffer station 120, the multi-axis robot 122 or any plasma 
ashing or Wet-chemical cleaning unit of the integrated 
dry-Wet processing modules 102A, 102B and 102C. The 
semiconductor Wafer is then rotated and cleaning ?uids are 
applied to one or both surfaces of the Wafer, i.e., the upper 
surface and the backside surface of the Wafer. The cleaning 
?uids are supplied through the ?uid supply line 410 and the 
?uid supply conduit 414. MeanWhile, clean environmental 
gas is introduced into the cleaning chamber 406 through the 
environmental gas supply assembly 416. The environmental 
gas is supplied to the assembly through the gas supply line 
418. The sequence of cleaning ?uids applied to the semi 
conductor Wafer can vary, depending on the particular Wafer 
cleaning technique being performed. As an example, if RCA 
Wafer cleaning technique is being performed, the sequence 
of cleaning ?uids may be as folloWs: SCl, diluted HF and 
SC2. The cleaning process may further include rinsing and 
then spin-drying. 

[0045] The Wet-chemical cleaning unit 204 may further 
include a residue detection system, Which comprises a 
UV-illuminating device 420 and a UV detector 422 to 
perform in-situ residue detection. In operation, the UV 
illuminating device 420 illuminates the upper surface of a 
semiconductor Wafer being cleaned With UV light 424. 
Photoresist residue, Which is typically composed of organic 
material, on the semiconductor Wafer Will generate ?uores 
cent light 426 in response to the UV light, Which Will be 
detected by the UV detector 422. Thus, photoresist residue 
remaining on a semiconductor Wafer can be detected by the 
residue detection system, as the Wafer is being cleaned. 



US 2003/0084918 A1 

[0046] The plasma ashing unit 202 of the integrated dry 
Wet processing module 102A is described With reference to 
FIGS. 5, 6, 7, 8 and 9. FIG. 5 is a perspective vieW of the 
plasma ashing unit. FIGS. 6 and 7 are cross-sectional vieWs 
of the plasma ashing unit, as vieWed from the front and side 
of the plasma ashing unit, respectively. FIG. 8 is another 
cross-sectional vieW of the plasma ashing unit, as vieWed 
from the side of the plasma ashing unit. FIG. 9 is a rear vieW 
of the plasma ashing unit. As shoWn in FIG. 5, the plasma 
ashing unit includes a chamber structure 502, a Wafer door 
504 located at the front of the chamber structure, a shoWer 
head assembly 506 located at the top of the chamber 
structure, a plasma gas inlet 508 and a vacuum and exhaust 
outlet 510. The chamber structure 502 provides an ashing 
chamber 512, shoWn in FIGS. 6, 7 and 8, for plasma ashing 
a semiconductor Wafer. The semiconductor Wafer to be 
processed is loaded into the chamber through the Wafer door 
504. The shoWer head assembly 506 includes a shoWer head 
602 to evenly distribute plasma gas received through the 
plasma gas inlet 508, as shoWn in FIGS. 6, 7 and 8. The 
plasma gas may be composed of CF4, 02, N2, NF3, NH3, 
HZNZ, H2 and/or Ar. Although not shoWn, the plasma gas 
inlet is connected to a plasma gas generator, Which generates 
the plasma gas using a microWave generator. The vacuum 
and exhaust outlet 510 is used to remove products of a 
plasma ashing process. 
[0047] The plasma ashing unit 202 also includes a chuck 
assembly 604, Which is attached to the back of the chamber 
structure 502, as shoWn in FIGS. 7, 8 and 9. The chuck 
assembly can be removed from the back of the chamber 
structure so that a maintenance WindoW 802 can be exposed 
for chamber maintenance, as illustrated in FIG. 8. The 
chuck assembly includes a chuck 702 and a backboard 
structure 704, Which are connected via a connecting member 
706. The chuck 702 serves as a platform for a semiconductor 
Wafer to be placed during plasma ashing. The backboard 
structure 704 is designed to ?t into the maintenance WindoW 
802. In addition, the backboard structure 704 is designed to 
be removed from the maintenance WindoW. Consequently, 
the backboard structure includes handles 708 on the back of 
the structure so that the entire chuck assembly 604 can be 
removed for chamber maintenance. The chuck assembly 
further includes a lift-pin mechanism for lifting a semicon 
ductor Wafer during loading of the Wafer onto the chuck or 
unloading of the Wafer from the chuck. The lift-pin mecha 
nism comprises lift-pins 710 and a lift-pin driving motor 
712. The lift-pins 710 are con?gured to be raised and 
loWered by the lift-pin driving motor 712 to provide clear 
ance for the multi-axis robot 126, so that a semiconductor 
Wafer can be placed onto or removed from the chuck by the 
multi-axis robot. 

[0048] The con?guration of the plasma ashing unit 202 
differs from conventional plasma ashing units in that the 
maintenance WindoW is located on the rear of the unit. In 
conventional plasma ashing units, the maintenance WindoW 
is located on the top and/or the bottom of the unit. Since the 
Wet-chemical cleaning unit 204 is located beloW the plasma 
ashing unit 202 in the exemplary embodiment, the rear 
location of the maintenance WindoW 802 alloWs for easy 
access to the ashing chamber 512 of the plasma ashing unit. 
Furthermore, as illustrated in FIGS. 5 and 6, the vacuum 
and exhaust outlet 510 of the plasma ashing unit 202 exits 
out the side of the unit, rather than exiting out of the bottom 
of the unit, as is the case in conventional plasma ashing 
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units. Thus, the con?guration of the plasma ashing unit 202 
reduces the amount of Wires, lines and/or conduits located 
beloW the plasma ashing unit, i.e., the upper utility space 210 
betWeen the plasma ashing unit and the Wet-chemical clean 
ing unit 204, and provides enough clearance to access the 
Wet-chemical cleaning unit through the upper utility space 
for maintenance. 

[0049] The plasma ashing process performed by the 
plasma ashing unit 202 is noW described. A semiconductor 
Wafer to be cleaned is transferred into the ashing chamber 
512 of the plasma ashing unit through the Wafer door 504 
and placed on the chuck 702 by the multi-axis robot 126 of 
the Wafer transfer mechanism 118. The semiconductor Wafer 
may be transferred from the Wafer buffer station 120, the 
multi-axis robot 122 or any plasma ashing or Wet-chemical 
cleaning unit of the integrated dry-Wet processing modules 
102A, 102B and 102C. After the semiconductor Wafer is 
placed on the chuck, plasma gas is evenly applied onto the 
surface of the Wafer. The plasma gas is supplied through the 
shoWer head assembly 506 via the plasma gas inlet 508. 
During the plasma ashing process, products that result from 
the plasma ashing are removed from the ashing chamber 
through the vacuum and exhaust outlet 510. 

[0050] The plasma ashing unit 202 may also include an 
endpoint detection system (not shoWn) to detect the endpoint 
during a plasma ashing process. The endpoint is de?ned as 
the point in time When an overlying layer of material, e.g., 
photoresist, is completely removed, and thus exposing the 
underlying layer. The plasma ashing unit may utiliZe many 
components commonly found in conventional plasma ash 
ing devices, such as those commercially available from 
ULVAC Technology Inc. or Novellus Systems Inc. Although 
the plasma ashing unit 202 has been described as a doWn 
stream plasma asher, the plasma ashing unit may be con 
?gured to generate the plasma gas Within the ashing cham 
ber 512. 

[0051] Turning back to FIG. 1, the control module 110 of 
the apparatus 100 controls all operational aspect of the 
apparatus. Thus, the control module is con?gured to control 
the components of the apparatus. In addition, the control 
module is con?gured to process various data derived from 
the components of the apparatus, such as the UV detector 
422 of the Wet-chemical cleaning unit 204. The control 
module may be designed to interface With other Wafer 
processing apparatuses or a host computer that controls the 
entire Wafer fabrication facility. The control module is 
connected to the user interface unit 112, Which alloWs an 
operator to access the control module and to input informa 
tion and/or commands. The user interface may include 
buttons, dials, levers, sWitches, graphic user interface and/or 
other input means. 

[0052] The overall operation of the apparatus 100 is 
described With reference to the How diagram of FIG. 10. At 
step 1002, one or more Wafer carriers 114A, 114B and 114C 
containing semiconductor Wafers to be processed are loaded 
into the cassette unit 106. Next, at step 1004, an appropriate 
Wafer processing recipe is selected by an operator using the 
user interface unit 112. A Wafer processing recipe includes 
the sequence of processes that are to be performed by the 
apparatus and parameters related to the processes. Unlike 
conventional Wafer processing apparatuses that perform a 
set number of processes in a prescribed order, the apparatus 
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100 can selectively perform a desired number of processes 
in a customized order. That is, semiconductor Wafers can be 
selectively processed at different processing units of the 
apparatus Without a limit on the number of processes that 
can be performed for each semiconductor Wafer. Conse 
quently, the apparatus can process semiconductor Wafers 
according to various Wafer processing recipes. Next, at step 
1006, a selected semiconductor Wafer in one of the Wafer 
carriers is transferred from the cassette unit to the Wafer 
buffer station 120 by the multi-axis robot 122 of the Wafer 
transfer mechanism 116. At step 1008, the semiconductor 
Wafer is then selectively transferred from the Wafer buffer 
station to a processing unit, Which may be any plasma ashing 
or Wet-chemical cleaning unit of the integrated dry-Wet 
processing modules 102A, 102B and 102C, by the multi 
axis robot 126 of the Wafer transfer mechanism 118. In an 
embodiment Without the Wafer buffer station, the selected 
semiconductor Wafer is directly transferred from the multi 
axis robot 122 to the multi-axis robot 126. After the semi 
conductor Wafer is transferred to the Wafer buffer station 120 
or the multi-axis robot 126, the next semiconductor Wafer to 
be processed is transferred from one of the Wafer carriers 
114A, 114B and 114C in the cassette unit 106 to the Wafer 
buffer station 120 or the multi-axis robot 126 by the multi 
axis robot 122. This semiconductor Wafer can then be 
selectively transferred to an unoccupied processing unit of 
the integrated dry-Wet processing modules 102A, 102B and 
102C. Thus, multiple semiconductor Wafers are simulta 
neously processed at different processing units of the inte 
grated dry-Wet processing modules. 
[0053] Next, at step 1010, the selected semiconductor 
Wafer is processed at the processing unit, Which may involve 
plasma ashing or Wet-chemical cleaning. If the semiconduc 
tor Wafer needs further processing, the operation proceeds 
back to step 1008, at Which the semiconductor Wafer is 
transferred to another processing unit, Which may be any 
plasma ashing or Wet-chemical cleaning unit of the inte 
grated dry-Wet processing modules 102A, 102B and 102C, 
by the multi-axis robot 126 of the Wafer transfer mechanism 
118. If the semiconductor Wafer does not need further 
processing, the operation proceeds to step 1012, at Which the 
semiconductor Wafer is transferred from the current process 
ing unit to the Wafer buffer station 120 or the multi-axis 
robot 122 by the multi-axis robot 126. Next, at step 1014, the 
semiconductor Wafer is transferred from the Wafer buffer 
station or the multi-axis robot 126 back to the same or 
different Wafer carrier 114A, 114B or 114C at the cassette 
unit 106 by the multi-axis robot 122. Steps 1008-1014 are 
also performed for subsequent semiconductor Wafers in a 
staggered fashion such that one semiconductor Wafer can be 
processed at one processing unit While another semiconduc 
tor Wafer is processed at a different processing unit. Thus, 
the throughput of the apparatus 100 is signi?cantly greater 
than if the semiconductor Wafers are sequentially processed 
one Wafer at a time. 

[0054] Turning noW to FIG. 11, an apparatus 1100 for 
removing undesired material, such as photoresist, on semi 
conductor Wafers in accordance With a modi?ed exemplary 
embodiment of the invention is shoWn. The apparatus 1100 
includes all the components of the apparatus 100 of FIG. 1 
and further includes a Wafer inspection module 1102. Thus, 
the apparatus 1100 includes three integrated dry-Wet pro 
cessing modules 102A, 102B and 102C and the Wafer 
inspection module 1102. In FIG. 11, the Wafer inspection 
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module 1102 is shoWn to be positioned on the opposite side 
of the track 128 of the Wafer transfer mechanism 118 With 
respect to the integrated dry-Wet processing modules 102A, 
102B and 102C. HoWever, the Wafer inspection module may 
be positioned on the same side of the track 128 as the 
integrated dry-Wet processing modules. Alternatively, the 
Wafer inspection module may be positioned at the end of the 
track 128 such that the Wafer transfer mechanism 118 is 
located betWeen the cassette unit 106 and the Wafer inspec 
tion module, as shoWn in FIG. 12. Similar to the apparatus 
100 of FIG. 1, the apparatus 1100 of the modi?ed exemplary 
embodiment may include feWer or more integrated dry-Wet 
processing modules. As an example, the apparatus 1100 is 
shoWn in FIG. 12 to include six integrated dry-Wet process 
ing modules 102A, 102B, 102C, 102D, 102E and 102F. 

[0055] The Wafer inspection module 1102 of the apparatus 
1100 operates to measure critical dimensions of a semicon 
ductor Wafer, Which include feature pro?les, such as line 
Width and hole diameter, and thickness of the semiconductor 
Wafers. The Wafer inspection module may also operate to 
detect organic residue, e.g., photoresist. Thus, the Wafer 
inspection module may include a residue detection system, 
Which Was described above in reference to the Wet-chemical 
cleaning unit 204. The Wafer inspection module may be 
fabricated using commercially available components, such 
as those manufactured by Ocean Optics, Inc. The Wafer 
inspection module alloWs semiconductor Wafers to be 
inspected after being processed by one or more processing 
units of the integrated dry-Wet processing modules 102A, 
102B and 102C to ensure that the processed Wafers are 
Within prescribed speci?cation. The processed semiconduc 
tor Wafers that do not meet the prescribed speci?cation can 
be further processed at one or more processing units of the 
integrated dry-Wet processing modules. 

[0056] The Wafer inspection module 1102 may be con?g 
ured to perform feature pro?le measurements using electron 
beam imaging, a scanning force microscopy, a surface 
contact mechanical probe technique or an optical technique, 
such as scatterometry or focus laser imaging. Scanning force 
microscopy (SFM), Which can provide high-resolution topo 
graphical information, utiliZes a very small mechanical 
probe to sense minute atomic forces that are interacting very 
close to the surface of a semiconductor Wafer to measure the 
feature pro?le of the Wafer. The surface contact mechanical 
probe technique, Which is used by such devices as surface 
pro?lometers, involves scanning a mechanical probe across 
the surface of a semiconductor Wafer to measure the feature 
pro?le of the Wafer. Scatterometry involves illuminating the 
surface of a semiconductor Wafer using a light beam, e.g., 
laser beam, and then using the angular distribution of 
elastically scattered light to characteriZe periodic topo 
graphic structures on the Wafer surface. In focus laser 
imaging, the focus on a semiconductor Wafer is progres 
sively adjusted With monochromatic, high numerical aper 
ture (NA) optical imaging system. The focus adjustments 
that are made provide information regarding the feature 
pro?le of the semiconductor Wafer. 

[0057] The operation of the apparatus 1100 is similar to 
the operation of the apparatus 100 of FIGS. 1 and 2. 
HoWever, due to the Wafer inspection module 1102, the 
apparatus 1100 can perform critical dimension inspection, as 
Well as plasma ashing and Wet-chemical cleaning processes. 
Thus, the apparatus 1100 can perform any combination of 






