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(57) ABSTRACT 

A Wafer handling system for a Wafer processing apparatus 
includes a Wafer load lock chamber, a Wafer processing 
chamber and a transfer chamber operatively coupled to the 
Wafer load lock chamber and the Wafer processing chamber. 
The transfer chamber includes a Wafer transfer mechanism 
comprising a transfer arm pivotably coupled to a portion of 
the transfer chamber Which forms an axis. The transfer arm 
is operable to rotate about the axis to transfer a Wafer 
betWeen the Wafer load lock chamber and the process 
chamber in a single axis Wafer movement. The invention 
also includes a method of transferring a Wafer to a Wafer 
processing apparatus. The method includes loading a Wafer 
into a Wafer load lock chamber and rotating a transfer arm 
into the Wafer load lock chamber to retrieve the Wafer 
therein. The method further includes rotating the transfer 
arm out of the Wafer load lock chamber and into a process 
chamber to deposit the Wafer therein, Wherein the rotating of 
the transfer arm occurs in a single axis Wafer movement. 
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SERIAL WAFER HANDLING MECHANISM 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to semicon 
ductor processing systems, and more speci?cally to a system 
and method for transferring a Wafer or other planar type 
substrate to a processing apparatus. 

BACKGROUND OF THE INVENTION 

[0002] The fabrication of integrated circuits and other type 
devices typically employs a series of fabrication steps in 
Which a semiconductor Wafer or other type substrate is 
processed Within various processing systems. For example, 
a semiconductor Wafer is subjected to photoresist and other 
?lm depositions and patterning steps, implantation and 
diffusion type processing, etc. The diverse processing steps 
are executed in a variety of different processing systems, for 
example, photoresist ashing systems, dry etch systems, ion 
implantation systems, chemical vapor deposition systems, 
etc. For each of the above processing systems, control of 
contamination is imperative for a cost-effective, reliable 
manufacture of such devices. Furthermore, because design 
rules for integrated circuits require ever-decreasing critical 
dimension feature siZes, it is necessary to provide improved 
control over particulate contamination Within such systems. 

[0003] Some of the primary sources of particulate con 
tamination in integrated circuit processing are personnel, 
equipment and chemicals. Particulates generated or “given 
off" by personnel are transmitted through the processing 
environment and may result undesirably in device defects. 
Particulates Within the equipment and chemicals associated 
thereWith are often called process defects and are caused by 
frictional contact betWeen surfaces in the equipment and 
impurities Within the supply gases or chemicals. One sig 
ni?cant source of such process defects is contamination 
associated With the storage transportation of Wafers from 
one processing system to another. 

[0004] Various mechanisms have been developed to iso 
late the Wafer from particles during the storage, transport 
and processing of Wafers in the processing equipment. For 
example, the Standard Mechanical Interface (SMIF) system 
has been created to reduce particle contaminations. 

[0005] In a typical SMIF system, a box or carrier is placed 
at the interface port of the processing apparatus; latches 
release the box door and port door simultaneously. The 
doors on the carrier mate With the doors on the interface port 
of the processing equipments and open simultaneously so 
that particles Which may have been on the external door 
surfaces are trapped betWeen the doors and thus do not 
contaminate the processing chamber. 

[0006] Regardless of the various attempts made to mini 
miZe process defects, contamination problems still persist. 
Another method of reducing process defects associated With 
such contamination is by constantly evacuating and re 
pressuriZing the process chamber as Wafers are transferred 
thereto and therefrom. A method for effectuating such con 
tamination reduction is illustrated in prior art FIG. 1 and 
designated generally at reference numeral 10. Typically, a 
multi-Wafer cassette is located local to the processing cham 
ber at ambient atmosphere, While a Wafer Within the process 
chamber is processed at a substantially reduced pressure, for 
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example, about 1 millitorr at step 12. After the processing is 
complete, the Wafer is removed at step 14 by opening the 
process chamber to alloW transfer of the processed Wafer 
back into the multi-Wafer cassette. 

[0007] Subsequent to the Wafer removal, the process 
chamber is pumped doWn to a pressure signi?cantly loWer 
than the processing pressure, for example, about 1 microtorr 
at step 106 in order remove any contamination that may have 
been introduced by opening the chamber door. A load lock 
valve is then opened and a neW Wafer is then loaded into the 
process chamber at step 18. The load lock valve is then 
closed and the chamber is again pressuriZed to the desired 
process pressure at step 20. Although the above method 10 
generally is effective at minimiZing contamination to a 
reasonable level, the method 10 involves “pump and vent” 
cycles betWeen the loading of each Wafer into the chamber 
Which negatively impacts processing throughput. As is Well 
knoWn to those skilled in the art, because processing equip 
ment is a signi?cant capital expenditure, loW equipment 
throughput is highly undesirable. 

[0008] Another problem associated With certain types of 
semiconductor processing equipment is related to the door 
Way or access port into the process chamber. Typically a 
Wafer transfer endstation mates With a rectangular or box 
like doorWay or access port of the process chamber. The 
process chamber isolates the internal portion of the chamber 
from the outside environment during processing by actuat 
ing a slot valve associated With the access port. The slot 
valve-access port interface, hoWever, results in an asymme 
try Within the process chamber Which in some processes, for 
example, plasma immersion ion implantation, may result in 
temperature variation, plasma density non-uniformity and 
other type non-uniformities Within the process. Such non 
uniformities may negatively impact process control and the 
like. 

[0009] There is a need in the art for a semiconductor 
processing system and method Which minimiZes process 
chamber contamination, increases Wafer throughput and 
improves semiconductor process control. 

SUMMARY OF THE INVENTION 

[0010] The present invention is directed to a Wafer pro 
cessing system Which efficiently handles the transfer of 
Wafers to and from a Wafer processing chamber in a manner 
Which reduces chamber contamination, increases Wafer 
throughput and improves process control. 

[0011] According to one aspect of the present invention, a 
Wafer processing system and associated method is disclosed 
Which ef?ciently handles the transfer of a Wafer to and from 
a Wafer processing chamber Without requiring an evacuation 
of the processing chamber for each Wafer transfer. The 
system includes a load lock chamber, a process chamber and 
a transfer chamber therebetWeen. Aportion of the load lock 
chamber is sealed or otherWise isolated from the transfer 
chamber and the process chamber When a Wafer is trans 
ferred thereto. The load lock chamber portion is then evacu 
ated or otherWise pumped to substantially equaliZe the 
pressure betWeen the load lock chamber portion and the 
remaining portion of the load lock chamber, transfer cham 
ber and process chamber. Upon pressure equaliZation, the 
load lock chamber portion containing the Wafer is brought 
into ?uid communication With the transfer chamber and the 
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process chamber, and the Wafer is transferred to the pro 
cessing chamber via the transfer chamber. According to the 
present invention, the use of one or more such load lock 
chambers allows transfer of Wafers to the process chamber 
Without the need for an evacuation thereof, thereby mini 
miZing process chamber contamination and increasing Wafer 
throughput. 

[0012] According to another aspect of the present inven 
tion, a ring valve and associated method is disclosed. The 
ring valve resides Within or is otherWise associated With the 
process chamber and is operable to move betWeen an open 
and closed position therein to selectively seal the process 
chamber from the remainder of the Wafer processing system. 
In the open ring valve position, the interior of the processing 
chamber forms a top chamber portion and a bottom chamber 
portion de?ning an annular spacing therebetWeen. In the 
open position, the ring valve exposes a process chamber 
access port at a portion of the annular spacing through Which 
the transfer chamber is coupled and the process chamber is 
accessed. In the closed position, the ring valve couples the 
top and bottom interior chamber portions together, thereby 
sealing the processing chamber from the transfer chamber 
and load lock chamber, respectively. In addition, the ring 
valve has a substantially uniform interior peripheral surface 
Which provides a peripheral uniformity Within the process 
ing chamber, thereby facilitating uniform processing condi 
tions therein. 

[0013] According to yet another aspect of the present 
invention, a single axis Wafer movement transfer arm and 
associated method of Wafer transfer is disclosed. The trans 
fer arm avoids the multi-axis, multi-jointed articulated 
robotic arms of prior art systems, thereby reducing the 
particle generation and contamination associated thereWith. 
The transfer arm includes an elongate member Which is 
rotatably coupled to a portion of the transfer chamber about 
an axis Which permits rotational movement of the transfer 
arm betWeen the load lock chamber and the process cham 
ber. Preferably, the arm is rotatably coupled to the transfer 
chamber at a midpoint thereof and contains end effectors at 
each end for simultaneous Wafer transfer betWeen the pro 
cess chamber and the load lock chamber in an efficient 
manner. 

[0014] Preferably, the transfer arm of the present invention 
is utiliZed in conjunction With a dual load lock chamber 
processing system arrangement. In such case, tWo such 
transfer arms are implemented and rotate about separate 
axes to and from the process chamber from separate load 
lock chambers. That is, one transfer arm rotates about a ?rst 
axis While the other transfer arm rotates about a second axis. 
In the above manner, one load lock chamber may be loaded 
externally With a Wafer and undergo a pump and vent cycle 
While the other load lock chamber is transferring and receiv 
ing thereto Wafers With the process chamber. In the above 
manner, Wafers are transferred to and from the process 
chamber in an efficient manner Without substantial contami 
nation associated thereWith, thereby improving process yield 
and throughput. 

[0015] To the accomplishment of the foregoing and related 
ends, the invention comprises the features hereinafter fully 
described and particularly pointed out in the claims. The 
folloWing description and the annexed draWings set forth in 
detail certain illustrative embodiments of the invention. 
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These embodiments are indicative, hoWever, of but a feW of 
the various Ways in Which the principles of the invention 
may be employed. Other objects, advantages and novel 
features of the invention Will become apparent from the 
folloWing detailed description of the invention When con 
sidered in conjunction With the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a flow chart diagram illustrating a prior 
art method of transferring a Wafer to a Wafer processing 
chamber, Wherein the process chamber undergoes a pump 
and vent cycle for each Wafer transferred thereto; 

[0017] FIG. 2 is a cross sectional vieW of an exemplary 
plasma immersion ion implantation system; 

[0018] FIG. 3 is a system level cross sectional vieW 
illustrating a ring valve and multi-chamber processing sys 
tem for eliminating process chamber pump and vent cycles 
according to the present invention; 

[0019] FIG. 4a is an exploded, fragmentary cross sec 
tional vieW of a portion of the process chamber of FIG. 3, 
Wherein a ring valve is illustrated in an open, retracted 
position; 

[0020] FIG. 4b is an exploded, fragmentary cross sec 
tional vieW of a portion of the process chamber of FIG. 3, 
Wherein a ring valve is illustrated in a closed position to seal 
the process chamber; 

[0021] FIGS. 5 and 6 are perspective vieWs illustrating a 
prior art multi-axis, multi-jointed articulated robot arm in 
extended and retracted positions, respectively; 

[0022] FIGS. 7a-7a' are top plan vieWs illustrating a 
plurality of positions of the prior art robot arm of FIGS. 5 
and 6 depicting extended, retracted and intermediate posi 
tions, respectively; 

[0023] FIG. 8a is a top plan vieW of a Wafer processing 
system employing a single axis Wafer movement transfer 
arm in a transfer position according to the present invention; 

[0024] FIG. 8b is a top plan vieW of the Wafer processing 
system of FIG. 8a illustrating the single axis Wafer move 
ment transfer arm in a neutral position according to the 
present invention; 

[0025] FIGS. 9a-9a' are top plan vieWs of a Wafer pro 
cessing system employing a Wafer transfer arm Which 
traverses a generally elliptical Wafer transfer path in a 
number of different Wafer transfer positions according to the 
present invention; 

[0026] FIG. 10a is a top plan vieW of a Wafer processing 
system employing multiple load lock chambers and tWo 
single axis Wafer movement transfer arms, one being in a 
transfer position and the other in a neutral position according 
to the present invention; 

[0027] FIG. 10b is a top plan vieW of the Wafer processing 
system of FIG. 10a illustrating the single axis Wafer move 
ment transfer arms of FIG. 10a in different positions accord 
ing to the present invention; 

[0028] FIGS. 11a-11d are top plan vieWs of a Wafer 
processing system having tWo load lock chambers and 
employing tWo Wafer transfer arms Which traverse generally 
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elliptical Wafer transfer paths in a number of different Wafer 
transfer positions according to the present invention; 

[0029] FIG. 12 is a How chart diagram illustrating a 
methodology for transferring Wafers to and from a process 
chamber Without a process chamber pump and vent cycle for 
each Wafer transfer according to the present invention; and 

[0030] FIGS. 13a-13c are How chart diagrams illustrating 
another methodology for transferring Wafers to and from a 
process chamber via multiple load lock chambers Without a 
process chamber pump and vent cycle for each Wafer 
transfer according to the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0031] The present invention Will noW be described With 
reference to the draWings Wherein like reference numerals 
are used to refer to like elements throughout. The present 
invention includes a Wafer process chamber, Wafer handling 
system and associated method Which incorporates several 
inventive features that improve the throughput of the Wafer 
processing system, reduce contamination associated With 
Wafer handling and transfer, and improve process control 
therein. 

[0032] The present invention includes a ring valve in 
conjunction With the process chamber. The ring valve 
eXtends peripherally throughout a portion of the process 
chamber and is operable to move betWeen an open position 
and a closed position, Wherein in the open position an access 
port is revealed or otherWise de?ned Which alloWs a Wafer 
to enter or eXit the process chamber. In the closed position, 
the ring valve effectively closes the access port and provides 
a substantially uniform surface about an interior peripheral 
portion of the process chamber, thereby facilitating uniform 
processing conditions Within the process chamber and 
improving process control. 

[0033] In addition, the present invention provides for 
single aXis Wafer movement betWeen a load lock chamber 
and a process chamber via a non-jointed Wafer transfer arm. 
The transfer arm preferably includes an elongate transfer 
member Which is rotationally coupled to an aXis point in a 
transfer chamber. The elongate transfer member includes 
end effectors or other type Wafer contact manipulators 
generally at each distal end thereof Which rotate in a Wafer 
transfer plane betWeen a neutral position in the transfer 
chamber and Wafer engagement positions (transfer posi 
tions) in the load lock chamber and process chamber to 
transfer Wafers therebetWeen. Due to the single aXis rotation, 
the non-jointed transfer arm of the present invention reduces 
substantially the number of moving parts Which frictionally 
engage one another, and thereby reduces particle contami 
nation associated thereWith, and alloWs the system to keep 
process gas in the transfer chamber at the same pressure as 
the process chamber. 

[0034] Accordingly, the present invention further includes 
a load lock chamber and transfer chamber associated With 
the process chamber Which alloWs for selective ?uid isola 
tion betWeen the load lock chamber and the process cham 
ber. Consequently, Wafers may be transferred to the process 
chamber via the transfer arm Without having to pump and 
vent the process chamber for each Wafer transfer, thereby 
reducing contamination associated thereWith and increasing 
system throughput. 
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[0035] The various features of the present invention Will 
be described beloW in conjunction With a plasma immersion 
ion implantation system as an exemplary embodiment. It 
should be understood, hoWever, that the present invention 
may also be used in conjunction With other type semicon 
ductor or other type substrate processing systems (e.g., 
photoresist ashing systems, dry etch systems, ion implanta 
tion systems, chemical vapor deposition systems, etc.) and 
such systems are contemplated as falling Within the scope of 
the present invention. 

[0036] Referring noW to the draWings, FIG. 2 discloses an 
eXemplary conventional plasma immersion ion implantation 
system, and is generally designated at reference numeral 
100. The system 100 includes an evacuated process chamber 
105 that is de?ned by an electrically activatable Wafer 
support platen 110 mounted on an insulator 115, an electri 
cally grounded chamber housing 120 having Walls 125 
associated thereWith, and a quartZ WindoW 130. Plasma 
Which is generated Within the chamber 105 contains ions of 
a desired dopant species (e.g., arsenic) that are implanted 
into a substrate, such as a semiconductor Wafer W located 
therein, When a negatively charged voltage is applied to the 
platen 110. As shoWn in FIG. 2, the Wafer W is lifted off of 
the platen by pins 135 operated by pin assemblies 140. In 
this manner the Wafer may be positioned vertically in a 
Wafer transfer plane and installed into and removed from the 
plasma chamber via an access port 145 and a load lock 

assembly (not shoWn). 

[0037] The plasma is generated in the process chamber 
105 as folloWs. An ioniZable dopant gas is introduced into 
the process chamber 105 by means of an inlet 150 and a 
perforated annular channel 155 that resides about the upper 
periphery of the chamber. A radio frequency (RF) generator 
160 generates an RF signal (on the order of 13.5 megahertZ 
(MHZ)) Which is coupled to a matching netWork 165. The 
matching netWork includes capacitors 170 that capacitively 
couple the RF signal to a generally planar antenna 175, 
having inner and outer circular coils, via leads 180 and 185. 
Matching the impedance of the RF generator 160 With the 
load impedance insures maXimum poWer out of the antenna 
175 by minimiZing re?ection of the RF signal back into the 
generator. One such type of matching netWork 165 is knoWn 
as an “inverted L” netWork, Wherein the capacitance of the 
capacitors 170 is varied by servomotors, depending upon 
operating conditions. 

[0038] The RF current generated Within the antenna 175 
creates a magnetic ?eld that passes through the quartZ 
WindoW 130 into the process chamber 105. The magnetic 
?eld lines are oriented in the direction shoWn by arroWs B, 
based on the direction of current through the antenna coils. 
The magnetic ?eld penetrating the process chamber 105 
through the quartZ WindoW 130 induces an electric ?eld in 
the process chamber. This electric ?eld accelerates electrons, 
Which in turn ioniZe the dopant gas, Which is introduced into 
the chamber through the annular channel 155, to create a 
plasma. The plasma includes positively charged ions of the 
desired dopant that are capable of being implanted into the 
Wafer W When a suitable opposing voltage is applied to the 
platen 110 by the modulator 190. Because the implantation 
process occurs in a vacuum, the conventional process cham 
ber 105 is evacuated by pumps (not shoWn) via the pump 
manifold 195. 
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[0039] Electromagnetic coils 196, 197, 198, and 199 are 
located outside of the process chamber 105. The purpose of 
the coils is to vary the magnetic ?eld Within the process 
chamber 105 to vary the plasma diffusion rate, Which alters 
the radial distribution of plasma density across the surface of 
the Wafer, to insure a uniform implant of ions across the 
surface of the Wafer W. The electromagnetic coils of FIG. 2 
include tWo larger main coils 196 and 199 disposed above 
and beloW, respectively, and tWo smaller trim coils 197 and 
198, Which reside closer in proximity to the process chamber 
105. In addition, the Wafer platen 110 includes a dosimetry 
detector such as a plurality of Faraday current collectors or 
cups 192 that are used to measure plasma current density and 
thereby provide an indication of implant dose. 

[0040] The process chamber 105 of FIG. 2 suffers from a 
non-uniformity Within the chamber Which negatively 
impacts process condition uniformity therein. In particular, 
the access port 145 for receiving Wafers for processing 
includes an OEM slot valve, Which is a valve having a 
generally rectangular opening Which mounts to the box-like 
access port opening 255 in the process chamber 105. The 
opening in the slot valve disturbs the cylindrical shape in an 
interior peripheral portion of the process chamber 105 Which 
may cause non-uniformities in the process conducted 
therein. For example, in the plasma immersion ion implan 
tation type chamber 105, the disturbance (non-uniformity) 
disrupts the plasma density uniformity therein, thereby 
resulting in potential implantation variations across the 
Wafer. 

[0041] The present invention overcomes the disadvan 
tages associated With the prior art slot valve discussed above 
by employing an annular ring valve Within the Wafer process 
chamber. An exemplary ring valve and associated Wafer 
processing system is illustrated in FIGS. 3 and 4a-4b. In 
FIG. 3, a Wafer processing system 200 includes a process 
chamber 202, a Wafer transfer chamber 204, and a load lock 
chamber 206, respectively. The process chamber 202 is 
similar to the chamber 105 of FIG. 2 in many respects, 
hoWever, the rectangular slot valve is replaced With an 
annular ring valve, designated at reference numeral 210 
Which peripherally encircles a generally middle interior 
portion of the process chamber 202. 

[0042] The ring valve 210 is operable effectively to open 
and close the process chamber 202 by moving betWeen a 
?rst, open position (a retracted position) and a second, 
closed position (an extended position). As illustrated in FIG. 
4a, in a ?rst, open position 212, the ring valve 210 is in a 
retracted position and resides Within an annular lip of the 
process chamber 202, thereby opening a chamber access slot 
214 and placing a chamber interior region 216 in ?uid 
communication With the transfer chamber 204. In the open 
position 212, a Wafer may enter or exit the process chamber 
202 in one of many Ways. For example, a Wafer may enter 
or exit the process chamber 202 using a multi-axis, multi 
jointed articulated transfer arm to transfer a Wafer to and 
from the process chamber 202. Alternatively, Wafer transfer 
may be effectuated using a transfer arm employing a single 
axis Wafer movement to and from the process chamber 202, 
as Will be described in greater detail infra. 

[0043] The second, closed ring valve position is illustrated 
in FIG. 4b, designated at reference numeral 217 in Which the 
ring valve 210 sealingly engages a top interior portion 218 
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of the process chamber 202 about a periphery thereof. 
Simultaneously, When in the closed position, a bottom 
portion of the ring valve engages a portion 225 of the 
process chamber. Preferably, the ring valve 210 is actuated 
and thereby moved betWeen the open and closed positions 
via an actuation member 220 Which selectively exerts a 
force upon a bottom portion 220 of the ring valve 210, as 
may be desired. 

[0044] According to one exemplary embodiment of the 
present invention, the actuation member 220 includes an 
internally threaded screW/bore arrangement in Which the 
rotation of an internal screW member Within a threaded bore 
results in a variation in the vertical position of the ring valve 
210 Within the process chamber 202. Alternatively, for 
example, a belloW type ?uid actuator may be implemented. 
Any manner of actuating or otherWise manipulating the 
vertical position of the ring valve 210 may be utiliZed and 
any such actuation device or system is contemplated as 
falling Within the scope of the present invention. 

[0045] In the second, closed position 217, as illustrated in 
FIG. 4b, the ring valve 210 seals or otherWise ?uidly 
isolates the process chamber 202 from the transfer chamber 
204. In this manner, the ring valve 210 prevents the plasma 
(or other type processing environment) to generate deposits 
or otherWise affect the Wafer transport system associated 
With the transfer chamber 204. The ring valve 210 generally 
is annular in shape and preferably contains a substantially 
uniform inner peripheral surface 224. Consequently, When in 
the closed position 217, the access port 214 associated With 
the process chamber 202 is covered and a substantially 
uniform periphery exists therein, thereby facilitating uni 
form processing conditions Within the process chamber 202. 
In particular, With regards to a plasma immersion ion 
implantation apparatus, the substantially uniform inner 
peripheral surface 224 of the ring valve 210 facilitates a 
uniform plasma density throughout the process chamber 
202, thereby providing a more uniform ion implantation 
across the surface of the Wafer W. 

[0046] According to a preferred embodiment of the 
present invention, the ring valve 210 sealingly engages a top 
interior portion 218 of the chamber 202 in a center portion 
thereof and thus de?nes a top portion and a bottom portion 
of the process chamber, respectively. Preferably, the ring 
valve 210 is associated With the bottom portion of the 
process chamber 202 as illustrated in FIGS. 3-4b; that is, the 
actuator member 220 Which manipulates the ring valve 210 
is associated With the bottom portion of the process chamber 
202. Alternatively, hoWever, the present invention contem 
plates the ring valve 210 being associated With the top 
process chamber portion. For example, in such an embodi 
ment the actuator member 220 may be attached to the ring 
valve 210 and operate to effectively loWer a suspended ring 
valve 210 doWn from a ?rst, open position to a second, 
closed position Which sealingly engages a bottom interior 
portion 225 of the process chamber 202. 

[0047] In addition, the ring valve 210 preferably is com 
posed of a material Which is the same or similar to the 
process chamber composition. Thus, the ring valve 210 
preferably exhibits a coef?cient of thermal expansion Which 
approximates that of the process chamber 202, thus main 
taining an effective sealing engagement for the chamber 
When the valve 210 is in the closed position over a plurality 
of process temperatures. 














