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SMALL PLASMA CHAMBER SYSTEMS AND METHODS 

By Inventors: 

Richard Gottscho, Rajinder Dhindsa and Mukund Srinivasan 

BACKGROIJND 

[1] The present invention relates generally to plasma processing of substrates, and 

more particularly, to methods and systems for plasma processing of a portion of a 

substrate surface using a small plasma processing chamber. 

[2] Fig. 1 is a typical plasma processing chamber 100. The typical plasma 

processing chamber 100 encloses the entire substrate 102 to be processed. The 

substrate 102 is loaded into the processing chamber 100. The processing chamber 100 

is then sealed and purged to evacuate undesired gases though the outlet 112. A pump 

114 may assist in drawing out the undesired gases. Purge gases or processing gases 

may be pumped into the processing chamber 100 from a processing and/or purging gas 

source 120 coupled to an input port 122. The purge gases or processing gases may he 

pumped out the processing chamber 100 to dilute or otherwise remove the undesired 

gases. 

[3] An electrical connection is made to the substrate 102, typically through an 

electrostatic chuck 104. A plasma signal source 108B is coupled to the substrate 102, 

typically through the electrostatic chuck 104. A plasma signal source 108A is coupled 

to an emitter 106 in the processing chamber. 

[4] The desired gas(es) at the desired pressures and flowrates are then input to the 

processing chamber 100. The plasma 110 is initiated by outputting a processing signal 

(e.g., RF) at the desired frequency and potential from the signal source 108 and 

imparting the emitted energy to the gases in the processing chamber 100. Ions 110A 

generated by the plasma directly impinge on the entire surface of the substrate 102. 

The plasma 110 also generates heat which is absorbed at least in part by the substrate 

102. The electrostatic chuck 104 can also cool the substrate 102. 

[5] The typical plasma processing chamber 100 is larger than the substrate 100 to 

be processed so that the entire substrate can be processed within the processing 

chamber at one time. As the typical plasma processing chamber 100 is increased in 
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BACKGROUND 

[1] The present invention relates generally to plasma processing of substrates, and 

more particularly, to methods and systems for plasma processing of a portion of a 

substrate surface using a small plasma processing chamber. 

[2] Fig. 1 is a typical plasma processing chamber 100. The typical plasma 

processing chamber 100 encloses the entire substrate 102 to be processed. The 

substrate 102 is loaded into the processing chamber 100. The processing chamber 100 

is then sealed and purged to evacuate undesired gases though the outlet 112. A pump 

114 may assist in drawing out the undesired gases. Purge gases or processing gases 

may be pumped into the processing chamber 100 from a processing and/or purging gas 

source 120 coupled to an input port 122. The purge gases or processing gases may be 

pumped out the processing chamber 100 to dilute or otherwise remove the undesired 

gases. 

[3] An electrical connection is made to the substrate 102, typically through an 

electrostatic chuck 104. A plasma signal source 108B is coupled to the substrate 102, 

typically through the electrostatic chuck 104. A plasma signal source 108A is coupled 

to an emitter 106 in the processing chamber. 

[4] The desired gas(es) at the desired pressures and flowrates are then input to the 

processing chamber 100. The plasma 110 is initiated by outputting a processing signal 

(e.g., RF) at the desired frequency and potential from the signal source 108 and 

imparting the emitted energy to the gases in the processing chamber 100. Ions 110A 

generated by the plasma directly impinge on the entire surface of the substrate 102. 

The plasma 110 also generates heat which is absorbed at least in part by the substrate 

102. The electrostatic chuck 104 can also cool the substrate 102. 

[5] The typical plasma processing chatnber 100 is larger than the substrate 100 to 

be processed so that the entire substrate can be processed within the processing 

chamber at one time. As the typical plasma processing chamber 100 is increased in 
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size the amount of purging gas and the time required to purge the processing chamber 

100 increases. As a result, a larger processing chamber 100 has an increased purging 

time before and after the substrate 102 is processed. 

[6] The throughput of the typical processing chamber 100 is substantially 

determined by a sum of the substrate loading time, the preprocessing purging time, the 

substrate processing time, the post-processing purging time and the unloading time. 

Therefore, the increased purging time of the larger processing chamber 100 decreases 

the throughput as the size of the substrate 102 increases. 

[7] The entire surface of the substrate 102 is processed (e.g., exposed to the plasma 

110) at the same time in the typical processing chamber 100. The plasma 110 must be 

sufficiently large enough to substantially evenly expose the entire surface of the 

substrate 102 at one time. As the size of the substrate 102 increases the amount of 

energy required to generate the plasma 110 increases approximately with the square of 

the area of the surface of the substrate. As a result, the energy requirements for larger 

substrates 102 increases and the throughput decreases. 

[8] In view of the foregoing, there is a need for improved plasma processing 

systems and methods that is scalable to ever larger substrates without sacrificing 

throughput. 

SIIMMARY 

[9] Broadly speaking, the present invention fills these needs by providing 

improved plasma processing systems and methods that are scalable to ever larger 

substrates without sacrificing throughput. It should be appreciated that the present 

invention can be implemented in numerous ways, including as a process, an apparatus, 

a system, computer readable media, or a device. Other aspects and advantages of the 

invention will become apparent from the following detailed description, taken in 

conjunction with the accompanying drawings, illustrating by way of example the 

principles of the invention. 

[10] One embodiment provides a plasma etch processing tool, including a substrate 

support for supporting a substrate having a substrate surface area, a processing head 

including a plasma microchamber having an open side that is oriented over the 
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size the amount of purging gas and the time required to purge the processing chamber 

100 increases. As a result, a larger processing chamber 100 has an increased purging 

time before and after the substrate 102 is processed. 

[6] The throughput of the typical processing chamber 100 is substantially 

determined by a sum of the substrate loading time, the preprocessing purging time, the 

substrate processing time, the post-processing purging time and the unloading time. 

Therefore, the increased purging time of the larger processing chamber 100 decreases 

the throughput as the size of the substrate 102 increases. 

[7] The entire surface of the substrate 102 is processed (e.g., exposed to the plasma 

110) at the same time in the typical processing chamber 100. The plasma 110 must be 

sufficiently large enough to substantially evenly expose the entire surface of the 

substrate 102 at one time. As the size of the substrate 102 increases the amount of 

energy required to generate the plasma 110 increases approximately with the square of 

the area of the surface of the substrate. As a result, the energy requirements for larger 

substrates 102 increases and the throughput decreases. 

[8] In view of the foregoing, there is a need for improved plasma processing 

systems· and methods that is scalable to ever larger substrates without sacrificing 

throughput. 

SUMMARY 

[9] Broadly speaking, the present invention fills these needs by providing 

improved plasma processing systems and methods that are scalable to ever larger 

substrates without sacrificing throughput It should be appreciated that the present 

invention can be implemented in numerous ways, including as a process, an apparatus, 

a system, computer readable media, or a device. Other aspects and advantages of the 

invention will become apparent from the following detailed description, taken in 

conjunction with the accompanying drawings, illustrating by way of example the 

principles of the invention. 

[10] One embodiment provides a plasma etch processing tool, including a substrate 

support for supporting a substrate having a substrate surface area, a processing head 

including a plasma microchamber having an open side that is oriented over the 
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substrate support, the open side of the plasma microchamber having a process area that 

is less than the substrate surface area, a sealing structure defined between the substrate 

support and the processing head and a power supply connected to the plasma 

microchamber and the substrate support. 

[11] The power supply can have a setting that is proportional to a volume in the 

plasma microchamber. The power supply can include a first power supply coupled to 

the plasma microchamber and a second power supply coupled to the substrate support. 

[12] The substrate support can be a chuck. The chuck can have a chucking area that 

is less than or equal an area of the substrate. 

[13] The plasma microchamber is movable relative to the substrate. Only a portion 

of the substrate support may be biased and wherein the biased portion of the substrate 

support is substantially aligned with the plasma microchamber. The biased portion of 

the substrate support can be movable for maintaining substantial alignment with the 

movable plasma microchamber. 

[14] The plasma microchamber can have a microchamber volume and wherein the 

microchamber volume contains a plasma. 

[15] The plasma etch processing tool can also include a process material source 

coupled to the plasma microchamber and a vacuum source coupled to the plasma 

microchamber. The vacuum source can have an adjustable vacuum source. 

[16] The plasma etch processing tool can also include a sealing structure. The 

sealing structure can include a sealing ring. The sealing structure can include an outer 

chamber around the microchamber. 

[17] The plasma microchamber can be movable relative to the substrate and an 

actuator connected to the substrate support can also be included. The actuator can be 

configured to move the substrate support so as to expose a selected region of substrate 

surface, when placed over the substrate support. The actuator can be configured to 

move in one or more of a rotational direction, an angular direction, a linear direction, a 

non-linear direction, or a pivoting direction. 

[18] The plasma microchamber can be movable relative to the substrate and an 

actuator can be connected to the plasma microchamber, the actuator can be configured 

to move the plasma microchamber so as to expose a selected region of substrate 

surface, when placed over the substrate support. The actuator can be configured to 
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substrate support, the open side of the plasma microchamber having a process area that 

is less than the substrate surface area, a sealing structure defined between the substrate 

support and the processing head and a power supply connected to the plasma 

microchamber and the substrate support. 

[11] TIle power supply can have a setting that is proportional to a volume in the 

plasma microchamber. The power supply can include a first power supply coupled to 

the plasma microchamber and a second power supply coupled to the substrate support. 

[12] The substrate support can be a chuck. The chuck can have a chucking area that 

is less than or equal an area of the substrate. 

[13] The plasma microchamber is movable relative to the substrate. Only a portion 

of the substrate support may be biased and wherein the biased portion of the substrate 

support is substantially aligned with the plasma microchamber. The biased portion of 

the substrate support can be movable for maintaining substantial alignment with the 

movable plasma microchamber. 

[14] The plasma microchamber can have a microchamber volume and wherein the 

microchamber volume contains a plasma. 

[15] The plasma etch processing tool can also include a process material source 

coupled to the plasma microchamber and a vacuum source coupled to the plasma 

microchamber. The vacuum source can have an adjustable vacuum source. 

[16] The plasma etch processing tool can also include a sealing structure. The 

sealing structure can include a sealing ring. The sealing structure can include an outer 

chamber around the microchamber. 

[17] The plasma microchamber can be movable relative to the substrate and an 

actuator connected to the substrate support can also be included. The actuator can be 

configured to move the substrate support so as to expose a selected region of substrate 

surface, when placed over the substrate support. The actuator can be configured to 

move in one or more of a rotational direction, an angular direction, a linear direction, a 

non-linear direction, or a pivoting direction. 

[18] The plasma micro chamber can be movable relative to the substrate and an 

actuator can be connected to the plasma microchanlber, the actuator can be configured 

to move the plasma microchamber so as to expose a selected region of substrate 

surface, when placed over the substrate support. The actuator can be configured to 



move in one or more of a rotational direction, an angular direction, a linear direction, a 

non-linear direction, or a pivoting direction. 

[19] The substrate support can be configured to rotate the substrate. The substrate 

support can include an edge ring. At least a portion of the edge ring can be biased. At 

least a portion of the edge ring can be replaceable. At least a portion of the edge ring 

can be reactive with a plasma in the plasma microchamber. The edge ring can be 

adjacent to at least a portion of an edge of a substrate when present on the substrate 

support. The edge ring can be adjacent to a curved portion of an edge of a substrate 

when present on the substrate support. 

[20] The microchamber can include multiple inlet ports and multiple outlet ports. 

At least one of the inlet ports is coupled to one of a multiple process material sources. 

At least one of the inlet ports can be coupled to a purge material source. At least one 

of the outlet ports can be coupled to a vacuum source. 

[21] The plasma etch processing tool can also include at least one monitoring 

instrument. The monitoring instrument can monitor a byproduct output from the 

plasma microchamber. The monitoring instrument can monitor a spectrum of light 

emitted from the plasma microchamber. The monitoring instrument can be coupled to 

a controller. The monitoring instrument can monitor the surface of the substrate. 

[22] An inner volume of the plasma microchamber can have a constant width along 

a length of the plasma microchamber. An inner volume of the plasma microchamber 

can have a width that varies along a length of the plasma microchamber. An inner 

volume of the plasma microchamber can have a constant depth that along a length of 

the plasma microchamber. An inner volume of the plasma microchamber can have a 

depth that varies along a length of the plasma microchamber. An inner volume of the 

plasma microchamber can have a depth that is adjustable along a length of the plasma 

microchamber. 

[23] The plasma etch processing tool can include multiple plasma microchambers. 

The multiple plasma microchambers can have a linear arrangement. The multiple 

plasma microchambers can have a rotary arrangement. 

[24] Another embodiment provides a method of performing a plasma etch including 

forming a plasma in a plasma microchamber. The microchamber including a substrate 

support for supporting a substrate having a substrate surface area, a processing head 
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move in one or more of a rotational direction, an angular direction, a linear direction, a 

non-linear direction, or a pivoting direction. 

[19] The substrate support can be configured to rotate the substrate. The substrate 

support can include an edge ring. At least a portion of the edge ring can be biased. At 

least a portion of the edge ring can be replaceable. At least a portion of the edge ring 

can be reactive with a plasma in the plasma microchamber. The edge ring can be 

adjacent to at least a portion of an edge of a substrate when present on the substrate 

support. The edge ring can be adjacent to a curved portion of an edge of a substrate 

when present on the substrate support. 

[20] The microchamber can include multiple inlet ports and multiple outlet ports. 

At least one of the inlet ports is coupled to one of a multiple process material sources. 

At least one of the inlet ports can be coupled to a purge material source. At least one 

of the outlet ports can be coupled to a vacuum source. 

[21] The plasma etch processing tool can also include at least one monitoring 

instrument. The monitoring instrunlent can monitor a byproduct output from the 

plasma microchamber. The monitoring instrument can monitor a spectrum of light 

emitted from the plasma microchamber. The monitoring instrument can be coupled to 

a controller. The monitoring instrument can monitor the surface of the substrate. 

[22] An inner volume of the plasma microchamber can have a constant width along 

a length of the plasma microchamber. An inner volume of the plasma microchamber 

can have a width that varies along a length of the plasma micro chamber. An inner 

volume of the plasma microchamber can have a constant depth that along a length of 

the plasma microchamber. An inner volume of the plasma microchamber can have a 

depth that varies along a length of the plasma microchamber. An inner volume of the 

plasma microchamber can have a depth that is adjustable along a length of the plasma 

microchamber. 

[23] The plasma etch processing tool can include multiple plasma microchambers. 

The multiple plasma microchambers can have a linear arrangement. The multiple 

plaslna microchambers can have a rotary arrangement. 

[24] Another embodiment provides a method of performing a plasma etch including 

forming a plasma in a plasma microchamber. The Inicrochamber including a substrate 

support for supporting a substrate having a substrate surface area, a processing head 
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including a plasma microchamber having an open side that is oriented over the 

substrate support, the open side of the plasma microchamber having a process area that 

is less than the substrate surface area, a sealing structure defined between the substrate 

support and the processing head and a power supply connected to the plasma 

microchamber and the substrate support. The plasma microchamber is moved relative 

to a surface of the substrate, when present in the substrate support, until a selected one 

of multiple surfaces of the substrate is exposed to the plasma. 

[25] The method can also include drawing multiple plasma byproducts out of the 

plasma microchamber. The plasma byproducts are drawn out of the plasma 

microchamber near a top portion of the plasma microchamber. 

[26] Other aspects and advantages of the invention will become apparent from the 

following detailed description, taken in conjunction with the accompanying drawings, 

illustrating by way of example the principles of the invention. 

BRIEF DESCRIPTION OF TIIE DRAWINGS 

[27] The present invention will be readily understood by the following detailed 

description in conjunction with the accompanying drawings. 

[28] Fig. 1 is a typical plasma processing chamber. 

[29] Figs. 2A-2C show embodiments of a plasma processing system that process 

selected portions of a full surface of the surface being processed in accordance with 

embodiments of the present invention. 

[30] Fig. 2D is a flowchart diagram that illustrates the method operations performed 

in forming a plasma in the microchamber, in accordance with embodiments of the 

present invention. 

[31] Figs. 3A-3F show detailed cross-sectional views of microchambers, in 

accordance with embodiments of the present invention. 

[32] Fig. 3G is a top view of a microchamber, in accordance with embodiments of 

the present invention. 

[33] Fig. 3H is a top view of a microchamber, in accordance with embodiments of 

the present invention. 
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including a plasma microchamber having an open side that is oriented over the 

substrate support, the open side of the plasma microchamber having a process area that 

is less than the substrate surface area, a sealing structure defined between the substrate 

support and the processing head and a power supply connected to the plasma 

micro chamber and the substrate support. The plasma microchamber is moved relative 

to a surface of the substrate, when present in the substrate support, until a selected one 

of multiple surfaces of the substrate is exposed to the plasma. 

[25] The method can also include drawing multiple plasma bypro ducts out of the 

plasma microchamber. The plasma byproducts are drawn out of the plasma 

microchamber near a top portion of the plasma microchamber. 

[26] Other aspects and advantages of the invention will become apparent frOlTI the 

following detailed description, taken in conjunction with the accompanying drawings, 

illustrating by way of example the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[27] The present invention will be readily understood by the following detailed 

description in conjunction with the accompanying drawings. 

[28] Fig. 1 is a typical plasma processing chamber. 

[29] Figs. 2A-2C show embodiments of a plasma processing system that process 

selected portions of a full surface of the surface being processed in accordance with 

embodiments of the present invention. 

[30] Fig. 2D is a flowchart diagram that illustrates the method operations performed 

in forming a plasma in the microchamber, in accordance with embodiments of the 

present invention. 

[31] Figs. 3A-3F show detailed cross-sectional views of microchambers, in 

accordance with embodiments of the present invention. 

[32] Fig. 30 is a top view of a micro chamber, in accordance with embodiments of 

the present invention. 

[33] Fig. 3H is a top view of a micro chamber, in accordance with embodiments of 

the present invention. 
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[34] Fig. 31 is a top view of a microchamber, in accordance with embodiments of 

the present invention. 

[35] Fig. 3J is a top view of a microchamber, in accordance with embodiments of 

the present invention. 

[36] Fig. 3K is a top view of a microchamber, in accordance with embodiments of 

the present invention. 

[37] Fig. 3L is a top view of a microchamber, in accordance with embodiments of 

the present invention. 

[38] Fig. 3M is a top view of a microchamber, in accordance with embodiments of 

the present invention. 

[39] Figs. 3N-3P are lengthwise cross-sectional views of microchambers, 

respectively, in accordance with embodiments of the present invention. 

[40] Figs 4A-4C show a single processing head with multiple microchambers, in 

accordance with embodiments of the present invention. 

[41] Fig. 4D shows a single processing head with multiple microchambers, in 

accordance with embodiments of the present invention. 

[42] Fig. 5 is a flowchart diagram that illustrates the method operations perfouned 

in processing a surface of the substrate with a processing head having multiple 

processing chambers, in accordance with embodiments of the present invention. 

[43] Figs. 6A-6B show a simplified schematic of multiple station process tools, in 

accordance with embodiments of the present invention. 

[44] Fig. 7 shows a simplified schematic of a process tool, in accordance with 

embodiments of the present invention. 

[45] Fig. 8 is a flowchart diagram that illustrates the method operations perfauned 

in processing substrates with a multiple processing head process tool, in accordance 

with embodiments of the present invention. 

[46] Fig. 9A shows multiple processing head process tools in a manufacturing 

system, in accordance with embodiments of the present invention. 

[47] Fig. 9B shows multiple processing head process tools in a manufacturing 

facility, in accordance with embodiments of the present invention. 

[48] Fig. 10 is a block diagram of an exemplary computer system for carrying out 

the processing, in accordance with embodiments of the present invention. 
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[34] Fig. 31 is a top view of a microchamber, in accordance with embodiments of 

the present invention. 

[35] Fig. 31 is a top view of a micro chamber, in accordance with embodiments of 

the present invention. 

[36] Fig. 3K is a top view of a micro chamber, in accordance with embodiments of 

the present invention. 

[37] Fig. 3L is a top view of a micro chamber, in accordance with embodiments of 

the present invention. 

[38] Fig. 3M is a top view of a micro chamber, in accordance with embodiments of 

the present invention. 

[39] Figs. 3N-3P are lengthwise cross-sectional views of microchambers, 

respectively, in accordance with embodiments of the present invention. 

[40] Figs 4A-4C show a single processing head with multiple microchambers, in 

accordance with embodiments of the present invention. 

[41] Fig. 4D shows a single processing head with multiple microchambers, in 

accordance with embodiments of the present invention. 

[42] Fig. 5 is a flowchart diagram that illustrates the method operations performed 

in processing a surface of the substrate with a processing head having multiple 

processing chambers, in accordance with embodiments of the present invention. 

[43] Figs. 6A-6B show a simplified schematic of multiple station process tools, in 

accordance with embodiments of the present invention. 

[44] Fig. 7 shows a simplified schematic of a process tool, in accordance with 

elnbodiments of the present invention. 

[45] Fig. 8 is a flowchart diagram that illustrates the method operations performed 

in processing substrates with a multiple processing head process tool, in accordance 

with embodiments of the present invention. 

[46] Fig. 9 A shows multiple processing head process tools in a manufacturing 

system, in accordance with embodiments of the present invention. 

[47] Fig. 9B shows multiple processing head process tools in a manufacturing 

facility, in accordance with embodiments of the present invention. 

[48] Fig. lOis a block diagram of an exemplary computer system for carrying out 

the processing, in accordance with embodiments of the present invention. 
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[49] Fig. 11A shows a schematic diagram of a processing head, in accordance with 

embodiments of the present invention. 

[50] Fig. 11B shows a schematic diagram of a processing head, in accordance with 

embodiments of the present invention. 

[51] Fig. 11C is a flowchart diagram that illustrates the method operations 

performed in fanning a plasma in the microchamber 202A and moving the 

microchamber and biasing corresponding portions of the dynamic chuck, in accordance 

with one embodiment of the present invention. 

[52] Fig. 11D shows a schematic diagram of a processing head, in accordance with 

embodiments of the present. invention. 

[53] Figs. 12A-12C are plasma microchambers, in accordance with embodiments of 

the present invention. 

[54] Fig. 12D is a top view of a linear multiple microchamber system, in accordance 

with embodiments of the present invention. 

[55] Fig. 12E is a side view of a linear multiple microchamber system, in 

accordance with embodiments of the present invention. 

[56] Fig. 12F is a top view of a system including two, linear multiple microchamber 

systems feeding substrates to a cleaning line, in accordance with embodiments of the 

present invention. 

[57] Fig. 12G is a top view of a system with two multiple fan-like shape 

microchambers, in accordance with embodiments of the present invention. 

[58] Fig. 1211 is a graph of various plasma sources, in accordance with 

embodiments of the present invention. 

[59] Fig. 121 is a graph of plasma densities of various types of plasma, in 

accordance with embodiments of the present invention. 

DETAILED DESCRIPTION 

[60] Several exemplary embodiments for improved plasma processing systems and 

methods that are scalable to ever larger substrates without sacrificing throughput will 

now be described. It will be apparent to those skilled in the art that the present 

invention may be practiced without some or all of the specific details set forth herein. 
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[49] Fig. 11A shows a schematic diagram of a processing head~ in accordance with 

embodiments of the present invention. 

[50] Fig. lIB shows a schematic diagram of a processing head~ in accordance with 

embodiments of the present invention. 

[51] Fig. 11 C is a flowchart diagram that illustrates the method operations 

performed in forming a plasma in the microchamber 202A and moving the 

microchamber and biasing corresponding portions of the dynamic chuck~ in accordance 

with one embodiment of the present invention. 

[52] Fig. lID shows a schematic diagram of a processing head~ in accordance with 

embodiments of the present invention. 

[53] Figs. 12A-12C are plasma microchambers~ in accordance with embodiments of 

the present invention. 

[54] Fig. 12D is a top view of a linear multiple microchamber system~ in accordance 

with embodiments of the present invention. 

[55] Fig. 12E is a side view of a linear multiple micro chamber system~ in 

accordance with embodiments of the present invention. 

[56] Fig. 12F is a top view of a system including two, linear multiple microchamber 

systems feeding substrates to a cleaning line, in accordance with embodiments of the 

present invention. 

[57] Fig. 12G is a top view of a system with two multiple fan-like shape 

microchambers, in accordance with embodiments of the present invention. 

[58] Fig. 12H is a graph of various plasma sources, in accordance with 

embodiments of the present invention. 

[59] Fig. 12I is a graph of plasma densities of various types of plasma, in 

accordance with embodiments of the present invention. 

DETAILED DESCRIPTION 

[60] Several exemplary embodiments for improved plasma processing systems and 

methods that are scalable to ever larger substrates without sacrificing throughput will 

now be described. It will be apparent to those skilled in the art that the present 

invention may be practiced without some or all of the specific details set forth herein. 
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I. 	Less Than Full Surface Etch Processing 

[61] Present semiconductor processing is mostly focused on 200mm and 300mm 

semiconductor wafers and flat panel substrates of different shapes and sizes. As the 

need for throughput grows, future semiconductor wafers and substrates will be larger, 

such as the next generation of semiconductor wafers that are 450 mm and larger. In 

the typical plasma processing, the plasma chamber volume grows much faster than the 

diameter of the wafer intended to be process within the plasma chamber. As the 

volume of the plasma chamber increases the material costs of building the plasma 

chamber also increase. Also as the volume of the plasma chamber increases, the 

plasma becomes more difficult to control and maintain consistency throughout the 

chamber. Further, as the volume increases the energy requirements to generate the 

plasma also increases thus driving the energy costs higher yet yielding less consistent 

results. Reducing the volume of the plasma chamber reduces the materials required to 

produce the plasma chamber and also increases consistency and reduces the energy 

requirements. A small plasma chamber, e.g., a microchamber, is more easily scalable 

to larger and smaller area surfaces to be exposed to the plasma. It should be 

understood that the semiconductor substrate to be processed or exposed to the plasma 

can be any surface such as a semiconductor substrate, a flat panel substrate of any 

shape or size. 

[62] Figs. 2A-2C show embodiments of a plasma processing system that process 

selected portions of a full surface of the surface being processed in accordance with 

embodiments of the present invention. Referring now to Fig. 2A which shows a side 

view of one portion of the system 204A includes a microchamber 202A formed by a 

housing 230 having an internal volume 231. The internal volume 231 is bounded on 

three sides by chamber insert 230. The fourth side of the internal volume 231 is 

founed by a portion of the surface being processed in this instance, a portion 102A' of 

the surface of the semiconductor substrate 102A. 

[63] The substrate 102A is supported on a chuck 201A. The chuck 201A can have a 

width equal to or slightly smaller than or slightly larger than the width of the substrate 

102A. The chuck 201A can be heated or cooled as may be desired for the processing 

of the surface of the substrate 102A. By way of example temperature control system 
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Ie Less Than Full Surface Etch Processing 

[61] Present semiconductor processing is nlostly focused on 200mm and 300mm 

semiconductor wafers and flat panel substrates of different shapes and sizes. As the 

need for throughput grows, future semiconductor wafers and substrates will be larger, 

such as the next generation of semiconductor wafers that are 450 mm and larger. In 

the typical plasma processing, the plasma chamber volume grows much faster than the 

diameter of the wafer intended to be process within the plasma chamber. As the 

volume of the plasma chamber increases the material costs of building the plasma 

chamber also increase. Also as the volume of the plasma chamber increases, the 

plasma becomes more difficult to control and maintain consistency throughout the 

chamber. Further, as the volume increases the energy requirements to generate the 

plasma also increases thus driving the energy costs higher yet yielding less consistent 

results. Reducing the volume of the plasma chamber reduces the materials required to 

produce the plasma chamber and also increases consistency and reduces the energy 

requirements. A small plasma chamber, e.g., a microchamber, is more easily scalable 

to larger and smaller area surfaces to be exposed to the plasma. It should be 

understood that the semiconductor substrate to be processed or exposed to the plasma 

can be any surface such as a semiconductor substrate, a flat panel substrate of any 

shape or size. 

[62] Figs. 2A-2C show embodiments of a plaSma processing system that process 

selected portions of a full surface of the surface being processed in accordance with 

embodiments of the present invention. Referring now to Fig. 2A which shows a side 

view of one portion of the system 204A includes a microchamber 202A formed by a 

housing 230 having an internal volume 23 L The internal volume 231 is bounded on 

three sides by chamber insert 230. The fourth side of the internal volume 231 is 

formed by a portion of the surface being processed in this instance, a portion 102A' of 

the surface of the semiconductor substrate 102A. 

[63] TIle substrate 102A is supported on a chuck 201A. The chuck 201A can have a 
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of the surface of the substrate 102A. By way of example temperature control system 
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234 for heating or cooling is coupled to the chuck 210. The chuck 201A can also be 

coupled to a biasing source 232B. The chuck 201A can also be movable so as to move 

the substrate 102A in various directions. By way of example, the chuck 201A can 

rotate the substrate 102A. Alternatively or additionally, the chuck 201A can move the 

substrate 102A laterally relative to the microchamber 202A and the chuck can move 

the substrate closer or further away from the microchamber. 

[64] The microchamber 202A has multiple inlet and outlet ports 216A-216D that 

are coupled to process material sources or purge and vacuum sources 220A-220D. The 

process materials or purge are delivered to the microchamber 202A via at least one of 

the inlet and outlet ports 216A-216D, 216A'. As the plasma processing occurs in the 

microchamber 202A the plasma byproducts are drawn away from the microchamber 

through at least one of the inlet and outlet ports 216A-216D, 216A'. 

[65] The plasma is contained within the microchamber 202A by the physical 

constraints of the inner chamber surfaces and the flow of the gases within the 

microchamber. The microchamber 202A is sealed around the perimeter of the surface 

being processed by seal 212. 

[66] The microchamber 202A is movable relative to the surface of the substrate 

102A being processed. The microchamber 202A can be movable or stationary and the 

surface of the substrate 102A being processed can be movable or stationary. 

[67] As shown in Fig. 2A, the substrate 102A has a width Ll and a cover 210 has a 

width L2 that is sufficiently wide or long enough that the substrate and/or the 

microchamber 202A can move relative to one another so that the microchamber can 

pass over the entire surface of the substrate and remain between the seals 212. In this 

manner the environment in the space 214 is controlled by the process materials and/or 

vacuum or gas flows provided via ports 216A-216D and 216A'. 

[68] The outlet ports 216A and 216B are located near an upper portion of the 

microchamber 202A so as to draw out the plasma byproducts and minimize 

interference with the ions flowing from the plasma to the portion 102A' of the surface 

of the semiconductor substrate 102A. 

[69] The precise width of the minimal space 208A can be selected according to the 

plasma processing being applied to the surface of the substrate. One or more ports 

208B may be coupled to the minimal space 208A. A process material or purge source 
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and/or vacuum source 220E can be coupled to the port 208B. In this manner 

processing material can be delivered through the minimal space 208A and/or a vacuum 

can he applied to the port 208B so as to aid in controlling the environment within the 

space 214. 

[70] Referring to Fig. 2B which shows a top view of the microchamber 202A. A 

portion of the cover 210 is shown cut away so as to show the edge ring 208 and the 

seal 212 around to the perimeter of the edge ring and the substrate 102A to be 

processed by the microchamber. It should be understood that the microchamber 202A 

is shown having a width W1 less than the width W2 of the substrate 102A be 

processed by the plasma, however this is merely an exemplary embodiment as will be 

shown in further detail in other figures that the microchamber can have several 

different shapes, depths, widths, lengths and configurations. It should also be 

understood that while the substrate 102A is shown in a substantially round shape it 

should he understood that this is merely an exemplary shape and that the substrate can 

be in any suitable or desirable shape and size. By way of example the substrate 102A 

can be an irregular shape or a square shape or an elliptical shape or any other shape 

that can be placed within a fixture so that the microchamber can be moved over the 

surface of the substrate 102A. 

[71] Further as shown in Fig. 2B, an actuator 240 is coupled to the microchamber 

202A by a coupling arm 241. The actuator 240 is capable of moving the 

microchamber 202A relative to the surface of the substrate 102A. As discussed above 

the cover 210 can move with the microchamber 202A so as to maintain contact with 

and a seal to the seal 212. In this manner the microchamber 202A can move relative to 

the surface of the substrate 102A and at the same time maintain a controlled 

environment over the surface of the substrate. 

[72] The microchamber 202A can also include one or more insitu monitoring 

instruments 211A-D. The insitu monitoring instruments 211A-D can be optical 

surface scanning instruments, optical spectrum or brightness analysis instruments, or 

magnetic instruments or chemical analysis instruments as are well known in the art. 

The insitu monitoring instruments 211A-D are coupled to a system controller. 

[73] One or more of the insitu monitoring instruments 211A-D can analyze the 

surface of the substrate before, during and/or after processing by the microchamber 
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202A. By way of example, instrument 211A can measure the surface of the substrate 

102A and a controller can use the measurement from instrument 211A to determine the 

operational parameters of a plasma process to apply to the surface of the substrate 

102A. 

[74] Similarly, instrument 211C can measure the results of the plasma processing of 

the surface. The measured results from instrument 211C can be used by the controller 

to deteiinine operational parameters and/or additional processing that may be 

subsequently needed for the surface of the substrate 102A. 

[75] Further, instrument 211B can measure the results of the plasma processing of 

the surface as the plasma is applied to the surface of the substrate. The measured 

results from instrument 211B can be used by the controller to determine operational 

parameters and/or additional processing that can be applied to the surface of the 

substrate 102A as the plasma is being applied to the surface of the substrate 102A. 

[76] One or more of the insitu monitoring instruments 211A-D can analyze the 

plasma byproducts. By way of example instrument 211D can measure the results of 

the plasma processing of the surface as the plasma is applied to the surface of the 

substrate by analyzing the plasma byproducts being output from the microchamber 

202A. The measured results from instrument 211D can be used by the controller to 

determine operational parameters and/or additional processing that can be applied to 

the surface of the substrate 102A as the plasma is being applied to the surface of the 

substrate 102A of the substrate before, during and/or after processing by the 

microchamber 202A. 

[77] The insitu monitoring instruments 211A-D can be used by the controller to 

measure results of the plasma processing and adjust plasma operational parameters 

accordingly to gain the desired result. For example, the measured results from one or 

more of the instruments 211A-D may indicate a longer or shorter plasma processing 

time is needed or a greater or lesser flowrate and/or pressure of one or more plasma 

source materials or a change in biasing or frequency is needed or a change in 

temperature is needed to achieve the desired result. 

[78] The insitu monitoring instruments 211A-D can be used by the controller to 

detect and map local and global non-uniformities on the surface of the substrate 102A. 

The controller can then direct the appropriate follow-up processing to correct the 
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detected non-uniformities. 	The controller can also use the detected non-uniformities 

to adjust the plasma operational parameters for plasma processing subsequent 

substrates. 

[79] The microchamber 202A may include an optical view port for one or more 

instruments 211A-D to perform a spectrum analysis or brightness analysis of the 

plasma 244 inside the microchamber 202A. One or more of the instruments 211A-D 

can be used to detect and endpoint of the plasma processing. 

[80] The controller can also adjust plasma operational parameters to compensate for 

a build-up of plasma by-products on the inner surfaces of the microchamber 202A. By 

way of example, one or more of the instruments 211A-D can be used to monitor the 

plasma and the resulting plasma byproduct build-up on the inner surfaces of the 

microchamber 202A. Similarly, the controller can adjust the plasma operational 

parameters to compensate for a build-up of plasma by-products on the inner surfaces of 

the microchamber 202A according to an operational sequence or a timer or a recipe in 

the controller or in response to a controller input (e.g., received from an operator). 

Adjusting the plasma operational parameters to compensate for a build-up of plasma 

by-products on the inner surfaces of the microchamber 202A can also include adjusting 

the plasma operational parameters to remove the all or a portion of the build-up of 

plasma by-products on the inner surfaces of the microchamber. 

[81] The controller can also adjust plasma operational parameters as the distance D1 

between the microchamber 202A and the surface of the substrate 102A varies. By way 

of example the D1 can be adjusted for various operational reasons or physical reasons 

and the plasma operational parameters can be adjusted to compensate for the different 

distance so as to achieve the desire result. 

[82] Fig. 2C is a more detailed side view of the microchamber 202A, in accordance 

with embodiments of the present invention. Fig. 2D is a flowchart diagram that 

illustrates the method operations 250 performed in forming a plasma in the 

microchamber 202A, in accordance with embodiments of the present invention. The 

operations illustrated herein are by way of example, as it should be understood that 

some operations may have sub-operations and in other instances, certain operations 

described herein may not be included in the illustrated operations. With this in mind, 

the method and operations 250 will now be described. In an operation 252, the cover 
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210 is sealed over the substrate 102A by compressing the seal 212 between the support 

206 and the cover 210. The seal 212 is compressed by moving the cover 210 in 

direction 227 or moving the support 206 in direction 225 so that the cover 210 in 

direction 227 are moved toward each other so as to compress the seal 212 between the 

cover 210 and the support 206. 

[83] In an operation 254, the microchamber 202A and space 214 are purged and or 

brought to vacuum. During a purge process, a purge material (e.g., an inert purge gas 

or liquid or vapor or other fluid or combinations thereof) is delivered from one or more 

of the process material or purge sources 220A-D and/or 220A' to at least one of the 

ports 216A-D and/or 216B'. 

[84] In an operation 256, a process material 242 is provided by one or more of the 

process material sources 220A-D and injected into the plasma chamber 202A through 

at least one of the ports 216A-D and/or 216B'. By way of example, the process 

material 242 can be provided by one or more of the process material sources 220A-D 

and injected into the microchamber 202A through port 216B'. Providing the process 

material can also include mixing two or more process materials insitu and on demand. 

The mixing can occur in a manifold or mixing point (not shown) outside the 

microchamber 202A. The mixing of the two or more plasma source materials 220A', 

220A" can also occur inside the microchamber 202A. 

[85] In an operation 258, a plasma signal (typically RF or microwave) is generated 

by a signal source 232A and applied to the antenna/coil 233 and the chuck 201A at the 

desired frequency, voltage, waveform, duty cycle and current. In an operation 260 a 

plasma 244 generates ions 246 and heat. The ions 246 and heat that interact with the 

first portion 102A' of the surface of the semiconductor substrate 102A and produce 

plasma byproducts 248. 

[86] In an operation 262, the plasma byproducts 248 are drawn out of the 

microchamber 202A. The plasma byproducts 248 can be drawn out of the 

microchamber 202A by applying a vacuum to at least one of the ports 216A-D and/or 

216B'. By way of example, a vacuum can be applied to ports 216A-D and draw 

plasma byproducts 248A-C out of the microchamber 202A. Drawing the plasma 

byproducts 248A-C out of the microchamber 202A through ports 216A-D also draws 

the plasma byproducts 248A-C away from the ions 246 and the portion of the surface 
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102A' being processed or exposed to plasma 244. Removing the plasma byproducts 

248 from the microchamber 202A reduces the possibility of the plasma byproducts 

interfering with the ions 246 contacting the selected portion 102A' of the surface of the 

substrate 102A. Removing the plasma byproducts 248 from the microchamber 202A 

reduces the possibility of the plasma byproducts attaching to the inner surfaces 203A-C 

of the microchamber 202A. If the plasma byproducts 248 attach to and build up on the 

inner surfaces 203A-C of the microchamber 202A. Such buildup can change the 

architecture and overall shape of the microchamber which can cause changes in plasma 

244 density and distribution within the microchamber and more specifically change the 

plasma density applied to the surface of the substrate 102A. 

[87] In an operation 264, the microchamber 202A can be moved in at least one of 

directions 224, 224A, 226 and/or 226A relative to the substrate 102A until a 

subsequent portion 102A" of the surface of the substrate is aligned with the 

microchamber. The microchamber 202A is then formed by the inner surfaces 203A-B 

and the second portion 102A" of the surface of the substrate 102A and the plasma is 

applied to the subsequent portion 102A" of the surface of the substrate 102A in an 

operation 266. 

[88] In an operation 268, if there are additional portions of the surface of the 

substrate to be processed, the method operations continue in operations 264-266 as 

described above. If there are no additional portions of the surface of the substrate to be 

processed, the method operations end. 

[89] An edge platform or edge ring 208 can also be included as shown in Figs. 2A- 

2C. The edge ring or platform 208 provides additional processing surface where the 

microchamber 202A can be located during an initial plasma phase and a shut down of 

the plasma or any other time when the plasma can be operated but it is not desired to 

have the plasma in contact with the surface of the substrate 102A. 

[90] The edge ring or platform 208 is separated from the surface of the substrate 

102A by a minimal space 208A. The edge ring or platform 208 can be adjacent to the 

entire perimeter of the substrate 102A, as shown. Alternatively, the edge ring or 

platform 208 can be adjacent to only one or more portions of the perimeter of the 

substrate. The edge ring or platform 208 can be used with any shape substrate whether 

the substrate is round, rectangular or some other shape (irregular, any polygon, etc.). A 
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partial edge ring or platform 208 is described in more detail in commonly owned U.S. 

Patent 7,513,262, entitled "Substrate Meniscus Interface and Methods for Operation" 

by Woods, which is incorporated by reference herein, in its entirety and for all 

purposes. 

[91] The edge ring or platform 208 can perform several functions. One function is a 

microchamber starting, stopping and "parking" location for the microchamber or other 

processing chamber as described in U.S. Patent 7,513,262. 

[92] Another function is to reduce the concentration of the plasma 244 on the edge 

of the substrate 102A. Without the edge ring 208, as a microchamber passes onto the 

edge of the substrate 102A, the volume of the microchamber would change 

considerably because the distance to that side of the microchamber formed by the 

substrate would change by the thickness of the substrate 102A. This change in 

microchamber volume will change the plasma concentration of ions and even the 

plasma shape. 

[93] Further, as the microchamber passes onto the edge of the substrate 102A, the 

ions 246 emitted from the plasma 244 and be focused on the relatively small area of 

the edge of the substrate 102A. As a result the reactivity of the ions 244 will also be 

focused on the relatively small area of the edge of the substrate 102A and the relative 

processing activity would be greatly increased on the edge of the substrate 102A as 

compared to other portions of the surface of the substrate. 

[94] With the edge ring or platform 208 maintained at substantially the same 

potential as the substrate, the edge ring or platform 208 also maintains a substantially 

constant microchamber plasma volume and a substantially constant ion concentration 

as the plasma transitions from the edge ring or platfoiin across the edge of the substrate 

102A and fully onto the surface of the substrate 102A. 

[95] The controller can also adjust the plasma parameters as the microchamber 

202A passes over and processes the edge of the substrate. Typically, the edge of the 

substrate includes a bevel edge portion that is not typically used as part of the active 

device structures as it is used for handling the substrate. Further, the bevel edge is 

typically rounded or beveled and as such can change the volume of the microchamber 

as the bevel edge passes through the microchamber. As a result the controller can also 
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Patent 7,513,262, entitled "Substrate Meniscus Interface and Methods for Operation" 

by Woods, which is incorporated by reference herein, in its entirety and for all 

purposes. 

[91] The edge ring or platform 208 can perform several functions. One function is a 

micro chamber starting, stopping and "parking" location for the microchamber or other 

processing chamber as described in U.S. Patent 7,513,262. 

[92] Another function is to reduce the concentration of the plasma 244 on the edge 

of the substrate 102A. Without the edge ring 208, as a microchamber passes onto the 

edge of the substrate 102A, the volume of the microchamber would change 

considerably because the distance to that side of the microchanlber fonned by the 

substrate would change by the thickness of the substrate 102A. This change in 

microchamber volume will change the plasma concentration of ions and even the 

plasma shape. 

[93] Further, as the microchamber passes onto the edge of the substrate 102A, the 

ions 246 emitted from the plasma 244 and be focused on the relatively small area of 

the edge of the substrate 102A. As a result the reactivity of the ions 244 will also be 

focused on the relatively small area of the edge of the substrate 102A and the relative 

processing activity would be greatly increased on the edge of the substrate 102A as 

compared to other portions of the surface of the substrate. 

[94] With the edge ring or platform 208 maintained at substantially the same 

potential as the substrate, the edge ring or platform 208 also maintains a substantially 

constant microchamber plasma volume and a substantially constant ion concentration 

as the plasma transitions from the edge ring or platform across the edge of the substrate 

102A and fully onto the surface of the substrate 102A. 

[95] The controller can also adjust the plasma parameters as the microchamber 

202A passes over and processes the edge of the substrate. Typically, the edge of the 

substrate includes a bevel edge portion that is not typically used as part of the active 

device structures as it is used for handling the substrate. Further, the bevel edge is 

typically rounded or beveled and as such can change the volume of the microchamber 

as the bevel edge passes through the microchamber. As a result the controller can also 



16 

adjust the plasma parameters as the microchamber to process the bevel edge to achieve 

the desired result. 

[96] The edge ring 208 can be a sacrificial material that is processed by the 

microchamber similar to the processing of the substrate 102A. The edge ring can 

include multiple layers or portions. By way of example the edge ring 208 can include 

a layer 208A. The layer 208A may be sacrificial and the remaining portion of the edge 

ring substantially resistant to the plasma processing of the microchamber. 

Alternatively, the layer 208A may be substantially impervious or resistant to the 

plasma processing of the microchamber. 

[97] The microchamber 202A can also include an insitu mixing point or manifold 

221 where two or more plasma source materials 220A', 220A" can be mixed as needed 

for use in the microchamber 202A. The insitu mixing point or manifold 221 can also 

include flow metering systems 221A for controlling the quantity, flowrate and 

pressures of the plasma source materials 220A', 220A" so that the desired mixture can 

be created immediately before the mixture is input to the microchamber 202A. 

[98] The microchamber 202A can also include a temperature control system 223A. 

The temperature control system 223A can heat or cool the microchamber 202A and/or 

the plasma source materials 220A' in the microchamber. In this way the temperature 

of the microchamber 202A and/or the plasma source materials 220A' can be 

controlled. 

[99] While the described and illustrated embodiments are shown in a horizontal 

orientation, it should be understood that the microchamber 202A and be operated in 

any orientation. By way of example, the microchamber 202A and be operated in an 

inverted orientation. The microchamber 202A and be operated in a vertical orientation 

or in any angle between horizontal and vertical. 

[100] The substrate 102A can be rotated by the chuck 210 so that the microchamber 

202A can be passed over a first portion of the surface of the substrate (e.g., a first half 

or a first quadrant or other portion). Then the substrate 202A can be rotated so that the 

microchamber 202A can be passed over a subsequent portion of the surface. The 

microchamber 202A may be moved less in this manner as the rotated substrate may 

allow the microchamber to move in an opposite direction for processing the second 

portion from the direction it moved while processing the first portion of the surface of 
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adjust the plasma parameters as the microchamber to process the bevel edge to achieve 
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ring substantially resistant to the plasma processing of the microchamber. 

Alternatively, the layer 208A may be substantially impervious or resistant to the 
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[97] The microchamber 202A can also include an insitu mixing point or manifold 

221 where two or more plasma source materials 220A', 220A" can be mixed as needed 

for use in the microchamber 202A. The insitu mixing point or manifold 221 can also 

include flow metering systems 221A for controlling the quantity, flowrate and 

pressures of the plasma source materials 220A', 220A" so that the desired mixture can 

be created immediately before the mixture is input to the microchamber 202A. 
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the plasma source materials 220A' in the microchamber. In this way the tenlperature 

of the microchamber 202A and/or the plaslna source materials 220A' can be 

controlled. 
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orientation, it should be understood that the micro chamber 202A and be operated in 

any orientation. By way of example, the microchamber 202A and be operated in an 

inverted orientation. The microchamber 202A and be operated in a vertical orientation 

or in any angle between horizontal and vertical. 

[100] The substrate 102A can be rotated by the chuck 210 so that the microchamber 

202A can be passed over a first portion of the surface of the substrate (e.g., a first half 

or a first quadrant or other portion). Then the substrate 202A can be rotated so that the 

Inicrochamber 202A can be passed over a subsequent portion of the surface. TIle 

microchamber 202A may be moved less in this manner as the rotated substrate may 

allow the microchamber to move in an opposite direction for processing the second 

portion from the direction it moved while processing the first portion of the surface of 
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the substrate. This can reduce the overall size of the cover 210 as the cover will not 

need to be larger than twice the width of the substrate and can be possibly only slightly 

larger than about the width of the substrate 102A. 

II. 	Microchambers 

[101] Figs. 3A-3F show detailed cross-sectional views of microchambers 202A.1- 

202A.6, in accordance with embodiments of the present invention. The 

microchambers 202A.1-202A.6 have various locations, numbers and arrangements of 

inlet and outlet ports 216A, 216B, 216A', 216B', 216A", 216B". The microchambers 

202A.1-202A.6 also have various cross-sectional shapes. It should be understood 

these are merely exemplary shapes and port arrangements and combinations and fewer 

or greater numbers of ports can also be included. The angles formed by the inlet and 

outlet ports 216A, 216B, 216A', 216B', 216A", 216B" relative to a centerline 305, as 

shown, are merely exemplary and the inlet and outlet ports may be angled differently 

than shown and in any suitable angle. 

[102] By way of example, microchamber 202A.1 includes two outlet ports 216A, 

216B and one inlet port 216B'. One outlet port 216A in a first side 203A is near a top 

portion 203C of the microchamber 202A.1. Inlet port 216B' is located in the top 

portion 203C of the microchamber. A second outlet port 216B is located further away 

from the top portion 203C in a side 203B substantially opposite from the first side 

203A. 

[103] With regard to shape: microchamber 202A.1 has a substantially trapezoidal 

cross-sectional shape; microcharnber 202A.2 has a substantially triangular cross-

sectional shape; microchamber 202A.3 has a rounded substantially triangular cross-

sectional shape; microchamber 202A.4 has a substantially rectangular cross-sectional 

shape; microchamber 202A.5 has a substantially El-cross-sectional shape; 

microchamber 202A.6 has a substantially rectangular cross-sectional shape with 

rounded corners. 

[104] In a further example, the illustrated combination and shapes of the 

microchambers 202A.1-6 and the corresponding arrangement of the inlet and outlet 

ports 216A, 216B, 216A', 216B', 216A", 216B" are merely exemplary combinations. 

By way of example the microchamber 202A.5 shown in Fig. 3E can include the port 
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the substrate. This can reduce the overall size of the cover 210 as the cover will not 

need to be larger than twice the width of the substrate and can be possibly only slightly 
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portion 203C of the microchamber. A second outlet port 2I6B is located further away 
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203A. 
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cross-sectional shape; microchamber 202A.2 has a substantially triangular cross­

sectional shape; microchamber 202A.3 has a rounded substantially triangular cross­
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shape; microchamber 202A.S has a substantially U-cross-sectional shape; 
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rounded corners. 

[104] In a further example, the illustrated combination and shapes of the 

microchambers 202A.1-6 and the corresponding arrangement of the inlet and outlet 

ports 2I6A, 2I6B, 2I6A', 216B', 2I6A", 216B" are nlerely exemplary combinations. 
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arrangement as shown in Fig. 3F or any combination of port arrangements. In addition 

to shape, the size can also be varied, to provide for more or less volume in the 

microchambers. 

[105] Fig. 30 is a top view of a microchamber 202A, in accordance with 

embodiments of the present invention. The microchamber 202A is similar to the 

microchambers described above and having a width W3 equal to or greater than width 

W2 of the substrate 102A. 

[106] Fig. 311 is a top view of a microchamber 321A, in accordance with 

embodiments of the present invention. Microchamber 321A is similar to the 

microchamber 202A shown in Fig. 2B except the microchamber 321A is substantially 

round. Microchamber 321A can also include an instrument 324 to monitor the 

operation of the microchamber. 

[107] Fig. 31 is a top view of a microchamber 321B, in accordance with embodiments 

of the present invention. Microchamber 321B is similar to the microchamber 321A 

shown in Fig. 3H except the microchamber 321B is an annular microchamber forming 

a plasma in a substantially annular region 322B. Only the corresponding annular 

portion 302A of the surface of the substrate 102A is exposed to the plasma in the 

annular microchamber 321B. The microchamber 321B can also include an instrument 

324 to monitor the operation of the microchamber. 

[108] Fig. 3J is a top view of a microchamber 321C, in accordance with 

embodiments of the present invention. Microchamber 321C has an arced shape similar 

to but not necessarily the same curve as a portion of a curved edge of the substrate 

102A. This allows for etch preparation of the wafer edge, such as to remove 

byproducts or buildups. This edge processing can also be done after full wafer 

processing is completed and in conjunction with other wafer clean operations. 

[109] Fig. 3K is a top view of a microchamber 321D, in accordance with 

embodiments of the present invention. Microchamber 321D is substantially similar to 

microchamber 202A as shown in Fig. 2B above, however the microchamber 321D also 

includes a partial masking plate 331. The partial masking plate 331 can selectively 

mask a portion of the surface of the substrate 102A from the plasma in the 

microchamber 321D. The partial masking plate 331 can be fixed or movable relative 
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alTangement as shown in Fig. 3F or any combination of port alTangements. In addition 

to shape, the size can also be varied, to provide for more or less volume in the 

microchambers. 

[105] Fig. 3G is a top view of a microchamber 202A, in accordance with 

embodiments of the present invention. The microchamber 202A is similar to the 

microchambers described above and having a width W3 equal to or greater than width 

W2 of the substrate 102A. 

[106] Fig. 3H is a top view of a microchamber 321A, in accordance with 

embodiments of the present invention. Microchamber 321A is similar to the 

microchamber 202A shown in Fig. 2B except the microchamber 321A is substantially 

round. Microchamber 321A can also include an instrument 324 to monitor the 

operation of the microchamber. 

[107] Fig. 31 is a top view of a microchamber 321B, in accordance with embodiments 

of the present invention. Microchamber 321B is similar to themicrochamber 321A 

shown in Fig. 3H except the microchamber 321B is an annular micro chamber forming 

a plasma in a substantially annular region 322B. Only the cOlTesponding annular 

portion 302A of the surface of the substrate l02A is exposed to the plasma in the 

annular microchamber 321B. The micro chamber 321B can also include an instrument 

324 to monitor the operation of the micro chamber. 

[108] Fig. 3J is a top view of a micro chamber 321C, in accordance with 

embodiments of the present invention. Microchamber 321 C has an arced shape similar 

to but not necessarily the same curve as a portion of a curved edge of the substrate 

102A. This allows for etch preparation of the wafer edge, such as to remove 

byproducts or buildups. This edge processing can also be done after full wafer 

processing is completed and in conjunction with other wafer clean operations. 

[109] Fig. 3K is a top view of a micro chamber 3210, in accordance with 

embodiments of the present invention. Microchamber 3210 is substantially similar to 

micro chamber 202A as shown in Fig. 2B above, however the microchamber 3210 also 

includes a partial masking plate 331. The partiallnasking plate 331 can selectively 

mask a portion of the surface of the substrate 102A from the plasma in the 

microchamber 3210. TIle partial masking plate 331 can be fixed or movable relative 
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to the microchamber 321D. The actuator 240 can be coupled to the partial masking 

plate 331 by a coupling arm 331A. 

[110] Fig. 3L is a top view of a microchamber 321E, in accordance with 

embodiments of the present invention. Microchamber 321E is substantially similar to 

microchamber 321D as shown in Fig. 3K above, however the microchamber 321E also 

includes a full masking plate 333. The full masking plate 333 includes an opening 335 

that can selectively expose a portion of the surface of the substrate 102A to the plasma 

in the microchamber 321E. The full masking plate 333 can be fixed or movable 

relative to the microchamber 321E. The actuator 240 can be coupled to the full 

masking plate 333 by a coupling arm 333A. 

[111] Fig. 3M is a top view of a microchamber 321F, in accordance with 

embodiments of the present invention. Microchamber 321F is substantially similar to 

microchamber 202A as shown in Fig. 3G above, however the microchamber 321F has 

a fan-like shape having a narrow first end 323A having a width W4 and an opposite 

second end 323B, having a width W5, where W5 is wider than W4. W5 can be only 

slightly wider than W4 (e.g., W5 = 101% of W4). W5 can also be multiples of W4 

(e.g., W5 + n*W4 where n = any multiple, not necessarily an integer value between 

about 2 and about 20). The ratio of W4 and W5 can be a function of a rotation of the 

substrate around a rotary table as will be described in more detail below so that the 

residence time of the substrate 102A at the first end 323A is substantially the same as 

the residence time at the second end 323B. 

[112] Microchamber 321F is coupled to an actuator 240 by coupling arm 241. 

Actuator 240 can pivot microchamber 321F in directions 350A, 350B to move the 

microchamber into positions 312F' to 312F" and even further so that the 

microchamber can be pivoted completely off of the substrate 102A. In this manner the 

microchamber can be pivoted over the entire surface of the substrate 102A. 

[113] Figs. 3N-3P are lengthwise cross-sectional views of microchambers 321G, 

321H and 335, respectively, in accordance with embodiments of the present invention. 

Microchamber 321F has a constant depth Dl throughout the length of the 

microchamber. The depth of microchamber 321G varies along the length from a depth 

D1 at a first end 313A to a depth D2 at a second end 313B. The depth of 
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to the microchamber 321D. The actuator 240 can be coupled to the partial masking 

plate 331 by a coupling arm 331A. 

[110] Fig. 3L is a top view of a micro chamber 321E, in accordance with 

embodiments of the present invention. Microchamber 321E is substantially similar to 

microchamber 321D as shown in Fig. 3K above, however the micro chamber 321E also 

includes a full masking plate 333. The full masking plate 333 includes an opening 335 

that can selectively expose a portion of the surface of the substrate 102A to the plasma 

in the microchamber 321E. The full masking plate 333 can be fixed or movable 

relative to the micro chamber 321E. The actuator 240 can be coupled to the full 

masking plate 333 by a coupling arm 333A. 

[111] Fig. 3M is a top view of a microcbamber 321F, in accordance with 

embodiments of the present invention. Microchamber 321F is substantially similar to 

microchamber 202A as shown in Fig. 3G above, however the micro chamber 321F has 

a fan-like shape having a narrow first end 323A having a width W4 and an opposite 

second end 323B, having a width W5, where W5 is wider than W4. W5 can be only 

slightly wider than W4 (e.g., W5 = 101 % ofW4). W5 can also be multiples ofW4 

(e.g., W5 + n*W4 where n = any multiple, not necessarily an integer value between 

about 2 and about 20). The ratio of W 4 and W5 can be a function of a rotation of the 

substrate around a rotary table as will be described in more detail below so that the 

residence time of the substrate 102A at the first end 323A is substantially the same as 

the residence time at the second end 323B. 

[112] Microchamber 321F is coupled to an actuator 240 by coupling ann 241. 

Actuator 240 can pivot micro chamber 321F in directions 350A, 350B to move the 

microchamber into positions 3l2F' to 312F' and even further so that the 

microchamber can be pivoted completely off of the substrate 102A. In this manner the 

microchamber can be pivoted over the entire surface of the substrate 102A. 

[113] Figs. 3N-3P are lengthwise cross-sectional views of micro chambers 321 G, 

321H and 335, respectively, in accordance with embodiments of the present invention. 

Microchanlber 321F has a constant depth Dl throughout the length of the 

microchamber. The depth of microcbamber 321 G varies along the length from a depth 

D1 at a first end 3l3A to a depth D2 at a second end 3l3B. The depth of 
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microchamber 321G can be constant throughout a first portion 313C of the 

microchamber and then vary along a second portion 313D. 

[114] As shown in Fig. 3P, microchamber 335 has a variable depth and shape along 

the length of the microchamber. The microchamber 335 includes multiple depth and 

shape adjusters 331A-331L. The depth and shape adjusters 331A-331L are coupled to 

an actuator 330 by links 332. The depth and shape adjusters 331A-331L can be moved 

in direction 334A or 334B by actuator 330 to adjust a depth and shape of a 

corresponding portion 333A-333E of the microchamber. The depth and shape 

adjusters 331A-331L can be moved laterally (e.g., into and out of the plane of the view 

shown in Fig. 3P) to vary the depth and shape of the microchamber 335. The depth 

and shape adjusters 331A-331L can be biased at a desired potential or electrically 

isolated from the various potentials within the microchamber 335. The depth and 

shape adjusters 331A-331L can be any suitable material or shape. The depth and shape 

of the microchamber 335 can be adjusted to as desired to provide the desired plasma 

exposure to the surface of the substrate 102A. 

III. 	Multiple Chamber and Combination Chamber Head 

[115] Figs 4A-4C show a single processing head 402 with multiple microchambers 

404A-C, in accordance with embodiments of the present invention. Fig. 4A is a top 

view of the processing head 402. Fig. 4B is a side sectional view of the processing 

head 402. Fig. 4C is a bottom view of the processing head 402. 

[116] Referring now to Figs. 4A and 4B, the processing head 402 includes three 

processing chambers 404A-C. The processing head 402 can move in directions 406A 

and 406B relative to the substrate 102A such that each of the processing chambers 

404A-C can be passed fully across the top surface of the substrate 102A. The 

processing head 402 and the substrate 102A can move in the same direction at 

different speeds. Alternatively, the processing head 402 and the substrate 102A can 

move in different directions the same or different speeds. Each of the each of the 

processing chambers 404A-C can apply a corresponding process to the surface of the 

substrate 102A. 

[117] The processing chambers 404A-C are shown as being substantially similar in 

size, shape, distribution and function, however it should be understood that each one of 
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substrate 102A. 

[117] The processing chambers 404A-C are shown as being substantially similar in 
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the processing chambers may have a different size, shape and function. It should also 

be understood that each processing head 404 can include any number from one or more 

processing chambers. 

[118] Processing chamber 404A may have a different length, width and/or depth as 

compared to the other processing chambers 404B, 404C. For example, processing 

chamber 404A may have a width less than the width of the substrate and processing 

chambers 404B and 404C have a width equal to or greater than the width of the 

substrate. 

[119] Processing chamber 404A may have a different shape, e.g., rectangular, 

rounded, annular, etc. as compared to the other processing chambers 404B, 404C. For 

example, processing chamber 404A may have a rectangular shape and processing 

chambers 404B and 404C have an oval or a rounded shape. 

[120] Processing chambers 404A-404C can be distributed differently around the 

processing head 402. For example, processing chamber 404A may be located near an 

edge of the processing head 402 and processing chambers 404B and 404C are 

distributed in uneven spacing about the processing head. 

[121] Processing chamber 404A may have a different function, e.g., plasma etch, 

plasma cleaning, passivation, non-plasma cleaning and or rinsing, etc. as compared to 

the other processing chambers 404B, 404C. For example, processing chamber 404A 

may have a passivation function and processing chambers 404B and 404C have 

different plasma etching functions. In another example, one or more of the processing 

chambers 404A-404C can be a proximity head cleaning station as described in more 

detail in commonly owned U.S. Patent 7,198,055, entitled "Meniscus, Vacuum, TPA 

Vapor, Drying Manifold" by Woods, and U.S. Patent 7,234,477, entitled "Method and 

apparatus for drying semiconductor wafer surfaces using a plurality of inlets and 

outlets held in close proximity to the wafer surfaces" by de Larios et al., and U.S. 

Patent 7,069,937 B2, entitled "Vertical Proximity Processor" by Garcia et al, and U.S. 

Patent 6,988.327, entitled "Methods and Systems for Processing a Substrate Using a 

Dynamic Liquid Meniscus" By Garcia et al, and the progeny and related applications 

and patents, all of which are incorporated by reference herein, in their entirety and for 

all purposes. 
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[122] Referring now to Fig. 4C, the processing head 402 includes three processing 

chambers 404A-C. The processing chambers 404A-C appear as openings in the 

corresponding regions 408A-408C of the substantially flat bottom surface 402A of the 

processing head 402. 

[123] The processing head 402 can also include a barrier system 410 separating each 

processing chamber from the adjacent processing chamber. The barrier system 410 

can be physical barrier such as a seal or an electrical or magnetic field or a gas curtain 

and/or vacuum curtain or other fluid barrier. 

[124] Multiple processing chambers 404A-404C in the single processing head 402 

allows different processes to be conducted in each processing chamber. Further, one 

processing chamber may be used while a second processing chamber is cleaned 

without interrupting throughput. 

[125] Fig. 4D shows a single processing head 422 with multiple microchambers 

424A-D, in accordance with embodiments of the present invention. The processing 

head 422 can rotate relative to the substrate 102A and thus pass the surface of the 

substrate 102A under at least one of the processing chamber in as little as a quarter 

turn (90 degree rotation). The processing head 422 and/or the substrate 102A can 

rotate in directions 426A and/or 426B. The processing head 422 and the substrate 

102A can rotate in the same direction at different speeds. Alternatively, the processing 

head 422 and the substrate 102A can rotate in opposing directions 426A and/or 426B 

at the same or different speeds. 

[126] Fig. 5 is a flowchart diagram that illustrates the method operations 500 

performed in processing a surface of the substrate 102A with a processing head having 

multiple processing chambers, in accordance with embodiments of the present 

invention. The operations illustrated herein are by way of example, as it should be 

understood that some operations may have sub-operations and in other instances, 

certain operations described herein may not be included in the illustrated operations. 

With this in mind, the method and operations 500 will now be described. In an 

operation 502, a first processing chamber is placed over a first portion of the substrate 

102A. In an operation 504, a second processing chamber is placed over a second 

portion of substrate 102A. Additional processing chambers can be placed over 

corresponding additional portions of the substrate 102A. 
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[127] In an operation 506, a first portion of substrate 102A is processed with the first 

microchamber. In an operation 508, a second portion of substrate 102A is processed 

with the second microchamber. Additional processing chambers can process 

corresponding additional portions of the substrate 102A. It should be understood that 

the first and second portions of the substrate 102A can be processed simultaneously or 

at different times or for different lengths of time. Further, as described above, the 

process applied to each of the first and second portions of the substrate 102A can be 

the same or different. 

[128] In an operation 510, the first and second microchambers are moved over 

subsequent portions of substrate 102A. The first and second microchambers can be 

moved over subsequent portions of substrate 102A simultaneously or at different times 

and rates of movement. The first and second microchambers can be moved in the 

same or different directions. In an operation 512, the subsequent portions of substrate 

102A are processed with first and second microchambers. 

[129] In an operation 518, if additional portions of the substrate 102A need to be 

processed then the method operations continue in operation 510 as described above. If 

no additional portions of the substrate 102A need to be processed then the method 

operations can end. 

IV. 	Multiple Station Tools 

[130] Figs. 6A-6B show a simplified schematic of multiple station process tools 600, 

640, in accordance with embodiments of the present invention. The redundancy of 

having multiple process heads 204A-204F, 244A-244F in the process tools 600, 540 

increases throughput and reliability as the process heads can be processing the 

substrates 102A-102H in parallel. The multiple process heads 204A-204F, 244A-244F 

can be any type of processing heads or combinations thereof as described herein. 

[131] Referring to Fig. 6A, process tool 600 includes a rotary arrangement of process 

heads 204A-204F. Each of the process heads 204A-204F includes one or more 

microchambers 202A-202F. Multiple substrates 102A-102F can be supported and 

processed by corresponding ones of the process heads 204A-204F. The process heads 

204A-204F and/or the substrates 102A-102F can move so that the substrates can be 

processed by one or more of the process heads. The rotary process tool 600 rotates in 
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directions 622A and 622B. The rotary process tool 600 also includes a controller 612 

having a recipe for controlling the operation of the rotary process tool. 

[132] Referring to Fig. 6B, process tool 640 includes a linear arrangement of process 

heads 244A-244F. Each of the process heads 244A-244F includes one or more 

microchambers 202A-202F. Multiple substrates 102A-102F can be supported and 

processed by corresponding ones of the process heads 204A-204F. The process heads 

244A-244F and/or the substrates 102A-102F can move so that the substrates can be 

processed by one or more of the process heads. The linear process tool 600 can move 

the substrates and/or the process heads 244A-244F in directions 622C and 622D. The 

linear process tool 600 also includes a controller 612 having a recipe for controlling 

the operation of the linear process tool. The substrates 102A-102F can also rotate 

about their axis at each one of the process heads 204A-204F, 244A-244F. 

[133] As described above, it should be understood that the process heads 204A-204F, 

244A-244F and/or the substrates 102A-102F can move in the same or different 

directions and at different rates of movement. Actuator 240 can be a stepper motor, a 

pneumatic actuator, a hydraulic actuator, an electromechanical actuator, a piezoelectric 

actuator for fine movement and or vibrating or any other suitable types of actuators. 

[134] Each of the processing heads 204A-204F, 244A-244F can be applying the same 

or different process to the substrates 102A-102H. Similar to as was described above 

with regard to multiple processing chambers in a single processing head, each 

processing head 204A-204F, 244A-244F can apply a respective process. By way of 

example, a first processing head 204A, 244A can apply a plasma etch process to the 

substrate 102A. Then the substrate 102A is moved to process head 204B, 244B where 

a finish plasma etch process is applied. Then the substrate 102A is moved to process 

head 204C, 244C where a proximity head cleaning is performed. One or more of the 

processing heads 204A-204F, 244A-244F can apply a pre-cleaning process such as 

cleaning the backside of substrate 102A-102H to make sure the chuck properly 

contacts the substrate. 

[135] As the processing heads 204A-204F, 244A-244F and substrates 102A-102H 

can both be movable, then residence time for each substrate at each processing head 

can vary. By way of example, processing head 204A moves 12" per minute and the 

substrate is stationary. As a result, the relative speed is 12"/min. Processing head 
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204B also moves 12" per minute in a first direction and the substrate 102B moves 12" 

per minute in a second, opposite direction, resulting in a relative speed of 24" per 

minute. Similarly, processing head 204C moves in the first direction at 11"/min and 

the substrate 102B moves in the same first direction at 12"/min, yielding a relative 

speed of 1"/min. This type of different speed could he usable because in Processing 

head 204A and processing head 204B the user desires a multiple rapid passes so that 

the substrate 102A is etched in many thin layers so that the relative processing time at 

station 1, 2 and 3 is approximately equal. 

[136] Fig. 7 shows a simplified schematic of a process tool 700, in accordance with 

embodiments of the present invention. The process tool 700 includes the rotary 

process tool 600, as shown, or a linear process tool 640, not shown. The process tool 

700 also includes loading/unloading ports 702, 704. The loading/unloading ports 702, 

704 include load locks 712A-712D. 

[137] Fig. 8 is a flowchart diagram that illustrates the method operations 800 

performed in processing substrates 102A-102F with a multiple processing head 

process tool 700, in accordance with embodiments of the present invention. The 

operations illustrated herein are by way of example, as it should be understood that 

some operations may have sub-operations and in other instances, certain operations 

described herein may not be included in the illustrated operations. With this in mind, 

the method and operations 800 will now be described. In an operation 802, substrates 

102A-102F are loaded into the multiple processing head process tool 700 through the 

loading/unloading ports 702, 704. All of the substrates 102A-102F can be loaded 

before processing begins. Alternatively, the substrates 102A-102F can be loaded 

sequentially as the substrates are processed through the process heads 204A-204F,  

244A-244F. The substrates 102A-102F can be loaded sequentially or in batches. By 

way of example, one or more substrates 102A-102F can be loaded through each of the 

loading/unloading ports 702, 704. 

[138] In an operation 804, the processing heads 204A-204F and 244A-244F are 

sealed over the substrates 102A-102F and purged for preparation for processing. In an 

operation 806, the substrates 102A-102F are processed by the respective processing 

heads 204A-204F. It should be understood that the processing heads 204A-204F and 

244A-244F can process the respective substrates 102A-102F for the same or different 
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time intervals as described elsewhere herein. The respective substrates 102A-102F can 

be process in parallel to provide improved throughput. 

[139] In an operation 808, the substrates 102A-102F are sequentially moved through 

the respective, subsequent processing heads 204A-204F and 244A-244F or the unload 

port 702, 704. By way of example, substrate 102A is progressed to processing head 

204B and substrate 102B is progressed to processing head 204C and substrate 102C is 

progressed to processing head 204D and substrate 102D is progressed to processing 

head 204E and substrate 102E is progressed to processing head 204F. As substrate 

102F has progressed through all of the processing heads 204A-204F then processing of 

substrate 102F complete and substrate 102F is therefore progressed to the load/unload 

port 702, 704. As a result processing head 204A is left without a substrate. 

[140] In an operation 810 an inquiry is made to determine if there are additional 

substrates (e.g., substrate 102L') is available to be loaded. If substrate 102L' is 

available to be loaded, then in operation 812, substrate 102L is loaded in head 204A 

and the method operations continue in operation 804 as described above. 

[141] If, in operation 810 there are no additional substrates available to be loaded 

then the method operations continue in operation 814. If there are previously loaded 

substrates remaining to be processed, then the method operations continue in operation 

804 as described above. If there are previously loaded substrates remaining to be 

processed, then the method operations can end. 

V. Multiple Station Tools Integrated in a Manufacturing Facility 

[142] Fig. 9A shows multiple processing head process tools 600, 640 in a 

manufacturing system 900, in accordance with embodiments of the present invention. 

The manufacturing system 900 includes a front opening unified pod (FOUP) transport 

system 938 for handling and transporting FOUPs 930A-930J. The load/unload ports 

702, 704 of the multiple processing head process tools 600, 640 can accommodate a 

FOUP for handling and transporting the substrates. 

[143] The controller 612 includes control subsystems for controlling the plasma 

signal 922, for controlling the actuator position 923, for detecting the end points of the 

various processing 924, pressures and vacuum 925, process source controls 926 and 

the process recipe 614. Each of the control subsystems are linked to the respective 
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hardware portions necessary for executing the control. By way of example, the 

position controller 923 is linked to the actuators and other movable portions of the 

multiple processing head process tools 600, 640. The controller 612 also includes 

some suitable type of network interface 927 that provides a wired or wireless link 928 

to a facility network 929. 

[144] Fig. 9B shows multiple processing head process tools 600, 640 in a 

manufacturing facility 950, in accordance with embodiments of the present invention. 

The multiple processing head process tools 600, 640 and other process tools 952 are 

coupled by a network 927 to the facility control center 929. The facility control center 

929 includes a central controller 940 to provide a centralized access to the controllers 

612 of each of the multiple processing head process tools 600, 640. 

[145] Fig. 10 is a block diagram of an exemplary computer system 1000 for carrying 

out the processing, in accordance with embodiments of the present invention (e.g., the 

controller 612 and or the facility controller 940, described above). The computer 

system 1000 includes a digital computer 1002, a display screen (or monitor) 1004, a 

printer 1006, a floppy disk drive 1008, a hard disk drive 1010, a network interface 

1012, and a keyboard 1014. The computer 1002 includes a microprocessor 1016, a 

memory bus 1018, random access memory (RAM) 1020, read only memory (ROM) 

1022, a peripheral bus 1024, and a keyboard controller (KBC) 1026. The computer 

1002 can be a personal computer (such as an IBM compatible personal computer, a 

Macintosh computer or Macintosh compatible computer), a workstation computer 

(such as a Sun Microsystems or Hewlett-Packard workstation), or some other type of 

computer. 

[146] The microprocessor 1016 is a general purpose digital processor, which controls 

the operation of the computer system 1000. The microprocessor 1016 can be a single-

chip processor or can be implemented with multiple components. Using instructions 

retrieved from memory, the microprocessor 1016 controls the reception and 

manipulation of input data and the output and display of data on output devices. 

[147] The memory bus 1018 is used by the microprocessor 1016 to access the RAM 

1020 and the ROM 1022. The RAM 1020 is used by the microprocessor 1016 as a 

general storage area and as scratch-pad memory, and can also be used to store input 
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data and processed data. The ROM 1022 can be used to store instructions or program 

code followed by the microprocessor 1016 as well as other data. 

[148] The peripheral bus 1024 is used to access the input, output, and storage devices 

used by the digital computer 1002. In the described embodiment, these devices 

include the display screen 1004, the printer device 1006, the floppy disk drive 1008, 

the hard disk drive 1010, and the network interface 1012. The keyboard controller 

1026 is used to receive input from keyboard 1014 and send decoded symbols for each 

pressed key to microprocessor 1016 over bus 1028. 

[149] The display screen 1004 is an output device that displays images of data 

provided by the microprocessor 1016 via the peripheral bus 1024 or provided by other 

components in the computer system 1000. The printer device 1006, when operating as 

a printer, provides an image on a sheet of paper or a similar surface. Other output 

devices such as a plotter, typesetter, etc. can he used in place of, or in addition to, the 

printer device 1006. 

[150] The floppy disk drive 1008 and the hard disk drive 1010 can be used to store 

various types of data. The floppy disk drive 1008 facilitates transporting such data to 

other computer systems, and hard disk drive 1010 permits fast access to large amounts 

of stored data. 

[151] The microprocessor 1016 together with an operating system operate to execute 

computer code and produce and use data. The computer code and data may reside on 

the RAM 1020, the ROM 1022, or the hard disk drive 1010. The computer code and 

data could also reside on a removable program medium and loaded or installed onto 

the computer system 1000 when needed. Removable program media include, for 

example, CD-ROM, PC-CARD, floppy disk, flash memory, optical media and 

magnetic tape. 

[152] The network interface 1012 is used to send and receive data over a network 

connected to other computer systems. An interface card or similar device and 

appropriate software implemented by the microprocessor 1016 can be used to connect 

the computer system 1000 to an existing network and transfer data according to 

standard protocols. 

[153] The keyboard 1014 is used by a user to input commands and other instructions 

to the computer system 1000. Other types of user input devices can also be used in 
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the RAM 1020, the ROM 1022, or the hard disk drive 1010. The computer code and 

data could also reside on a removable program medium and loaded or installed onto 

the computer system 1000 when needed. Removable program media include, for 

example, CD-ROM, PC-CARD, floppy disk, flash memory, optical media and 

magnetic tape. 

[152] The network interface 1012 is used to send and receive data over a network 

connected to other computer systems. An interface card or similar device and 

appropriate software implemented by the microprocessor 1016 can be used to connect 

the computer system 1000 to an existing network and transfer data according to 

standard protocols. 

[153] TIle keyboard 1014 is used by a user to input commands and other instructions 

to the computer system 1000. Other types of user input devices can also be used in 
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conjunction with the present invention. For example, pointing devices such as a 

computer mouse, a track ball, a stylus, or a tablet can be used to manipulate a pointer 

on a screen of a general-purpose computer. 

[154] With the above embodiments in mind, it should be understood that the 

invention may employ various computer-implemented operations involving data stored 

in computer systems. These operations are those requiring physical manipulation of 

physical quantities. Usually, though not necessarily, these quantities take the form of 

electrical or magnetic signals capable of being stored, transferred, combined, 

compared, and otherwise manipulated. Further, the manipulations performed are often 

referred to in teiins, such as producing, identifying, determining, or comparing. 

[155] Any of the operations described herein that form part of the invention are 

useful machine operations. The invention also relates to a device or an apparatus for 

performing these operations. The apparatus may be specially constructed for the 

required purposes, or it may be a general purpose computer selectively activated or 

configured by a computer program stored in the computer. In particular, various 

general purpose machines may be used with computer programs written in accordance 

with the teachings herein, or it may be more convenient to construct a more specialized 

apparatus to perform the required operations. An exemplary structure for the invention 

is described below. 

[156] The embodiments of the present invention can also be defined as a machine 

that transforms data from one state to another state. The transformed data can be saved 

to storage and then manipulated by a processor. The processor thus transforms the 

data from one thing to another. Still further, the methods can be processed by one or 

more machines or processors that can be connected over a network. Each machine can 

transform data from one state or thing to another, and can also process data, save data 

to storage, transmit data over a network, display the result, or communicate the result 

to another machine. 

[157] The invention can also be embodied as computer readable code and/or logic on 

a computer readable medium. The computer readable medium is any data storage 

device that can store data which can thereafter be read by a computer system. 

Examples of the computer readable medium include hard drives, network attached 

storage (NAS), logic circuits, read-only memory, random-access memory, CD-ROMs, 
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CD-Rs, CD-RWs, magnetic tapes, and other optical and non-optical data storage 

devices. The computer readable medium can also be distributed over a network 

coupled computer systems so that the computer readable code is stored and executed in 

a distributed fashion. 

[158] It will be further appreciated that the instructions represented by the operations 

in the above figures are not required to be performed in the order illustrated, and that 

all the processing represented by the operations may not be necessary to practice the 

invention. Further, the processes described in any of the figures can also be 

implemented in software stored in any one of or combinations of the RAM, the ROM, 

or the hard disk drive. 

VI. 	Dynamic Chuck 

[159] Fig. 11A shows a schematic diagram of a processing head 1100, in accordance 

with embodiments of the presenting invention. The processing head 1100 includes a 

single microchamber 202A shown in four positions 1102A.1-1102A.4 relative to the 

substrate 102A. The chuck 201A is supporting the substrate 102A. The biasing source 

232B provides a bias power at the desired frequency (bias signal 1104) to the chuck 

201A. The bias signal 1104 is applied to the substrate 102A though contact between 

the substrate and surface of the chuck 201A. The microchamber 202A emits the 

electromagnetic energy 1103A from the plasma 244 from the open side 1101 of the 

microchamber (e.g., toward the substrate 102A and/or toward the edge ring 208). 

[160] In position 1102A1, the electromagnetic energy 1103A is directed somewhat 

toward the edge ring 208 however, as the current path leads through the substrate 102A 

to the chuck 201A, then at least some of the current is pulled toward the edge of the 

substrate 102A. This current also pulls the ions toward the edge of the substrate 102A. 

As a result the edge and the region adjacent to the edge of the substrate can gain 

additional processing time and residence time as compared to other portions of the 

substrate 102A. 

[161] As the microchamber 202A is moved from position 1102A.1 to position 

1102A.2, the current path 1103A.2 leads substantially straight through the substrate 

102A to the chuck 201A. Similarly, as the microchamber 202A is moved from 
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position 1102A.2 to position 1102A.3, the current path 1103A.3 leads substantially 

straight through the substrate 102A to the chuck 201A. 

[162] As the microchamber 202A is moved from position 1102A.3 to position 

1102A.4, the current path 1103A.4 leads substantially straight through the substrate 

102A to the chuck 201A but possibly not as uniformly toward the edge ring 208. This 

current can also pull some of the ions toward the edge of the substrate 102A. As a 

result the edge and the region adjacent to the edge of the substrate can gain additional 

processing time and residence time as compared to other portions of the substrate 

102A 

[163] Fig. 11B shows a schematic diagram of a processing head 1110, in accordance 

with embodiments of the presenting invention. The processing head 1110 includes an 

dynamic chuck 1108. The dynamic chuck 1108 provides the support and the biasing to 

the opposite side of the substrate 102A and to the edge ring 208. A relatively thin 

layer of support material 1106 is provided between the chuck 201A and the substrate 

102A. 	A relatively thin layer of support material 1106A is provided and between the 

chuck 201A and the edge ring 208. The support material 1106, 1106A can be one 

piece. Alternatively, the support material 1106, 1106A can be separate. 

[164] The chuck 1108 reduces the concentrating of the ions at the edges of the 

substrate 102A as described above. 	The dynamic chuck 1108 can further reduce 

concentration of the ions at the edges of the substrate 102A and also gain electrical 

efficiencies. As the microchamber 202A only needs the corresponding portion of the 

edge ring 208 and/or the substrate 102A to be biased. 

[165] Fig. 11C is a flowchart diagram that illustrates the method operations 1150 

performed in forming a plasma in the microchamber 202A and moving the 

microchamber and biasing corresponding portions of the dynamic chuck 1108, in 

accordance with one embodiment of the present invention. 'The operations illustrated 

herein are by way of example, as it should be understood that some operations may 

have sub-operations and in other instances, certain operations described herein may not 

be included in the illustrated operations. With this in mind, the method and operations 

1150 will now be described. In an operation 1152 a plasma is formed in the 

microchamber 202A in position 1102A.1. In an operation 1154, the dynamic chuck 

1108 need only bias corresponding portion 1104A.1 of the dynamic chuck so that the 
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corresponding portion 1109A.1 of the edge ring 208 is biased. As a result the current 

path and ion path is substantially restricted to only the corresponding portion 1109A.1 

of the edge ring 208 between the microchamber 202A and the corresponding portion 

1104A.1 of the dynamic chuck 1108. 

[166] In an operation 1156, the microchamber is moved to a subsequent position 

1102A.2. In an operation 1158, the dynamic chuck 1108 need only bias corresponding 

portion 1104A.2 of the dynamic chuck so that the corresponding portion 1109A.2 of 

the substrate 102A is biased. As a result the current path and ion path is substantially 

restricted to only the corresponding portion I109A.2 of the substrate 102A between the 

microchamber 202A and the corresponding portion 1104A.2 of the dynamic chuck 

1108. 

[167] The method operations continue in operations 1156 and 1158 for subsequent 

portions of the substrate and/or edge ring 208 and the method operations can end. For 

example, as the microchamber is moved to position 1102A.3, the dynamic chuck 1108 

need only bias corresponding portion 1104A.3 of the dynamic chuck so that the 

corresponding portion 1109A.3 of the substrate 102A is biased. As a result the current 

path and ion path is substantially restricted to only the corresponding portion 1109A.3 

of the substrate 102A between the microchamber 202A and the corresponding portion 

1104A.3 of the dynamic chuck 1108. 

[168] As the microchamber is moved to position 1102A.4, the dynamic chuck 1108 

need only bias corresponding portion 1104A.4 of the dynamic chuck so that the 

corresponding portion 1109A.4 of the substrate 102A and the edge ring 208 is biased. 

As a result the current path and ion path is substantially restricted to only the 

corresponding portion 1109A.4 of the substrate 102A between the microchamber 202A 

and the corresponding portion 1104A.4 of the dynamic chuck 1108. 

[169] Biasing only the corresponding portions of the dynamic chuck 1106 reduces the 

energy requirements of biasing and also provides a more controlled flow of the ions 

from the plasma to the substrate. The dynamic chuck 1106 can include a many 

electrically separate portions that can be selectively biased so that only those areas of 

the substrate 102A that require biasing at any given time can be selectively biased. 

The many electrically separate portions that can be selectively biased via a matrix 

similar to a well known memory matrix type systems. Other systems such as 
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addressable electrically separate portions of the dynamic chuck 1106 can be 

implemented. 

[170] Fig. 11D shows a schematic diagram of a processing head 1120, in accordance 

with embodiments of the presenting invention. The dynamic chuck 1108 includes a 

movable portion 1124 of the dynamic chuck that can be moved corresponding 

locations (e.g., 1104A.1-1104A.4, etc.) to the location (e.g., locations 1102A.1- 

1102A.4, etc.) of the microchamber 202A. An actuator 1122 is coupled to the 

movable portion 1124 by link 1121. The actuator 1122 moves the movable portion 

1124 as needed. The movable portion 1124 of the dynamic chuck can be the only 

portion of the dynamic chuck that is biased and thus the biased movable portion can be 

moved to correspond to microchamber location and the remaining portion of the 

substrate support 1106 and edge ring support 1106A are not biased unless aligned with 

the microchamber 202A. 

[171] While the processing head 1100, 1120 is described above with only one 

microchamber 202A, it should be understood that the processing head 1100, 1120 can 

include multiple microchambers as described herein. Correspondingly, dynamic chuck 

1108 can have multiple movable orations 1104A and/or the multiple portions that can 

be selectively biased that can be substantially aligned and correspond with each one of 

the multiple microchamber 202A in the processing head 1100, 1120. 

[172] Figs. 12A-12C are plasma microchambers 1200, 1210, 1220, in accordance 

with embodiments of the present invention. Fig. 12D is a top view of a linear multiple 

microchamber system 1240, in accordance with embodiments of the present invention. 

Fig. 12E is a side view of a linear multiple microchamber system 1250, in accordance 

with embodiments of the present invention. Fig. 12F is a top view of a system 1260 

including two, linear multiple microchamber systems 1262, 1262 feeding substrates to 

a cleaning line 1266, in accordance with embodiments of the present invention. Fig. 

12G is a top view of a system 1270 with two multiple fan-like shape microchambers, 

in accordance with embodiments of the present invention. Fig. 12H is a graph 1280 of 

various plasma sources, in accordance with embodiments of the present invention. 

Fig. 121 is a graph 1290 of plasma densities of various types of plasma, in accordance 

with embodiments of the present invention. 
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[173] 	Although the foregoing invention has been described in some detail for 

purposes of clarity of understanding, it will be apparent that certain changes and 

modifications may be practiced within the scope of the appended claims. Accordingly, 

the present embodiments are to be considered as illustrative and not restrictive, and the 

invention is not to he limited to the details given herein, but may he modified within 

the scope and equivalents of the appended claims. 

What is claimed is: 
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Claims 

1. A plasma etch processing tool, comprising: 

a substrate support for supporting a substrate having a substrate surface area; 

a processing head including a plasma microchamber having an open side that is 

oriented over the substrate support, the open side of the plasma microchamber having a 

process area that is less than the substrate surface area; 

a sealing structure defined between the substrate support and the processing 

head; and 

a power supply connected to the plasma microchamber and the substrate 

support. 

2. The plasma etch processing tool of claim 1, wherein the power supply has a 

setting that is proportional to a volume in the plasma microchamber. 

3. The plasma etch processing tool of claim 1, wherein the power supply includes 

a first power supply coupled to the plasma microchamber and a second power supply 

coupled to the substrate support. 

4. The plasma etch processing tool of claim 1, wherein the substrate support is a 

chuck. 

5. The plasma etch processing tool of claim 4, wherein the chuck has a chucking 

area that is less than or equal an area of the substrate. 

6. The plasma etch processing tool of claim 1, wherein the plasma microchamber 

is movable relative to the substrate. 

7. The plasma etch processing tool of claim 6, wherein only a portion of the 

substrate support is biased and wherein the biased portion of the substrate support is 

substantially aligned with the plasma microchamber. 
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8. The plasma etch processing tool of claim 7, wherein the biased portion of the 

substrate support is movable for maintaining substantial alignment with the movable 

plasma microchamber. 

9. The plasma etch processing tool of claim 1, wherein the plasma microchamber 

has a microchamber volume and wherein the microchamber volume contains a plasma. 

10. The plasma etch processing tool of claim 1, further comprising: 

a process material source coupled to the plasma microchamber; and 

a vacuum source coupled to the plasma microchamber. 

11. The plasma etch processing tool of claim 10, wherein the vacuum source is an 

adjustable vacuum source. 

12. The plasma etch processing tool of claim 1, further comprising a sealing 

structure. 

13. The plasma etch processing tool of claim 12, wherein the sealing structure 

includes a sealing ring. 

14. The plasma etch processing tool of claim 12, wherein the sealing structure 

includes an outer chamber around the microchamber. 

15. The plasma etch processing tool of claim 1, wherein the plasma microchamber 

is movable relative to the substrate and further comprises an actuator connected to the 

substrate support, the actuator configured to move the substrate support so as to expose 

a selected region of substrate surface, when placed over the substrate support. 

16. The plasma etch processing tool of claim 15, wherein the actuator is configured 

to move in one or more of a rotational direction, an angular direction, a linear 

direction, a non-linear direction, or a pivoting direction. 
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17. The plasma etch processing tool of claim 1, wherein the plasma microchamber 

is movable relative to the substrate and further comprises an actuator connected to the 

plasma microchamber, the actuator configured to move the plasma microchamber so as 

to expose a selected region of substrate surface, when placed over the substrate 

support. 

18. The plasma etch processing tool of claim 17, wherein the actuator is configured 

to move in one or more of a rotational direction, an angular direction, a linear 

direction, a non-linear direction, or a pivoting direction. 

19. The plasma etch processing tool of claim 1, wherein the substrate support is 

configured to rotate the substrate. 

20. The plasma etch processing tool of claim 1, wherein the substrate support 

includes an edge ring. 

21. The plasma etch processing tool of claim 20, wherein at least a portion of the 

edge ring is biased. 

22. The plasma etch processing tool of claim 20, wherein at least a portion of the 

edge ring is replaceable. 

23. The plasma etch processing tool of claim 20, wherein at least a portion of the 

edge ring is reactive with a plasma in the plasma microchamber. 

24. The plasma etch processing tool of claim 20, wherein the edge ring is adjacent 

to at least a portion of an edge of a substrate when present on the substrate support. 

25. The plasma etch processing tool of claim 20, wherein the edge ring is adjacent 

to a curved portion of an edge of a substrate when present on the substrate support. 
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17. The plasma etch processing tool of claim 1, wherein the plasma microchamber 

is movable relative to the substrate and further comprises an actuator connected to the 

plasma microchamber, the actuator configured to move the plasma microchamber so as 

to expose a selected region of substrate surface, when placed over the substrate 

support. 

18. The plasma etch processing tool of claim 17, wherein the actuator is configured 

to move in one or more of a rotational direction, an angular direction, a linear 

direction, a non-linear direction, or a pivoting direction. 

19. The plasma etch processing tool of claim 1, wherein the substrate support is 

configured to rotate the substrate. 

20. The plasma etch processing tool of claim 1, wherein the substrate support 

includes an edge ring. 

21. The plasma etch processing tool of claim 20, wherein at least a portion of the 

edge ring is biased. 

22. The plasma etch processing tool of claim 20, wherein at least a portion of the 

edge ring is replaceable. 

23. The plasma etch processing tool of claim 20, wherein at least a portion of the 

edge ring is reactive with a plasma in the plasma microchamber. 

24. The plasma etch processing tool of claim 20, wherein the edge ring is adjacent 

to at least a portion of an edge of a substrate when present on the substrate support. 

25. The plasma etch processing tool of claim 20, wherein the edge ring is adjacent 

to a curved portion of an edge of a substrate when present on the substrate support. 
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26. The plasma etch processing tool of claim 1, wherein the microchamber 

includes a plurality of inlet ports and a plurality of outlet ports. 

27. The plasma etch processing tool of claim 26, wherein at least one of the 

plurality of inlet ports is coupled to one of a plurality of process material sources. 

28. The plasma etch processing tool of claim 26, wherein at least one of the 

plurality of inlet ports are coupled to a purge material source. 

29. The plasma etch processing tool of claim 26, wherein at least one of the 

plurality of outlet ports are coupled to a vacuum source. 

30. The plasma etch processing tool of claim 1, further comprising at least one 

monitoring instrument. 

31. The plasma etch processing tool of claim 30, wherein the monitoring 

instrument monitors a byproduct output from the plasma microchamber. 

32. The plasma etch processing tool of claim 30, wherein the monitoring 

instrument monitors a spectrum of light emitted from the plasma microchamber. 

33. The plasma etch processing tool of claim 30, wherein the monitoring 

instrument is coupled to a controller. 

34. The plasma etch processing tool of claim 30, wherein the monitoring 

instrument monitors the surface of the substrate. 

35. The plasma etch processing tool of claim 1, wherein an inner volume of the 

plasma microchamber has a constant width along a length of the plasma 

microchamber. 

38 

26. The plasnla etch processing tool of claim 1, wherein the microchamber 

includes a plurality of inlet ports and a plurality of outlet ports. 

27. The plasma etch processing tool of claim 26, wherein at least one of the 

plurality of inlet ports is coupled to one of a plurality of process material sources. 

28. The plasma etch processing tool of claim 26, wherein at least one of the 

plurality of inlet ports are coupled to a purge material source. 

29. The plasma etch processing tool of claim 26, wherein at least one of the 

plurality of outlet ports are coupled to a vacuum source. 

30. The plasma etch processing tool of claim 1, further comprising at least one 

monitoring instrument. 

31. The plasma etch processing tool of claim 30, wherein the monitoring 

instrument monitors a byproduct output from the plasnla microchamber. 

32. The plasma etch processing tool of claim 30, wherein the monitoring 

instrument monitors a spectrum of light emitted from the plasma micro chamber. 
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instrument monitors the surface of the substrate. 
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plasma microchamber has a constant width along a length of the plasma 

micro chamber. 
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36. The plasma etch processing tool of claim 1, wherein an inner volume of the 

plasma microchamber has a width that varies along a length of the plasma 

microchamber. 

37. The plasma etch processing tool of claim 1, wherein an inner volume of the 

plasma microchamber has a constant depth that along a length of the plasma 

microchamber. 

38. The plasma etch processing tool of claim 1, wherein an inner volume of the 

plasma microchamber has a depth that varies along a length of the plasma 

microchamber. 

39. The plasma etch processing tool of claim 1, wherein an inner volume of the 

plasma microchamber has a depth that is adjustable along a length of the plasma 

microchamber. 

40. The plasma etch processing tool of claim 1, wherein the plasma etch processing 

tool includes a plurality of plasma microchambers. 

41. The plasma etch processing tool of claim 40, wherein the plurality of plasma 

microchambers have a linear arrangement. 

42. The plasma etch processing tool of claim 40, wherein the plurality of plasma 

microchambers have a rotary arrangement. 

43. A method of performing a plasma etch comprising: 

forming a plasma in a plasma microchamber, the microchamber including: 

a substrate support for supporting a substrate having a substrate surface 

area; 

a processing head including a plasma microchamber having an open 

side that is oriented over the substrate support, the open side of the plasma 

microchamber having a process area that is less than the substrate surface area; 
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microchamber. 

37. The plasma etch processing tool of claim 1, wherein an inner volume of the 

plasma microchamber has a constant depth that along a length of the plasma 

microchamber. 
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tool includes a plurality of plasma microchambers. 

41. The plasma etch processing tool of claim 40, wherein the plurality of plasma 

micro chambers have a linear arrangement. 

42. The plasma etch processing tool of claim 40, wherein the plurality of plasma 

micro chambers have a rotary arrangement. 

43. A method of performing a plasma etch comprising: 

forming a plasma in a plasma microchamber, the microchamber including: 

a substrate support for supporting a substrate having a substrate surface 

area; 

a processing head including a plasma micro chamber having an open 

side that is oriented over the substrate support, the open side of the plasma 

micro chamber having a process area that is less than the substrate smiace area; 
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a sealing structure defined between the substrate support and the 

processing head; and 

a power supply connected to the plasma rnicrochamber and the 

substrate support; and 

moving the plasma microchamber relative to a surface of the substrate, when 

present in the substrate support, until a selected one of a plurality of surfaces of the 

substrate is exposed to the plasma. 

44. The method of claim 43, further comprising drawing a plurality of plasma 

byproducts out of the plasma microchamber. 

45. The method of claim 44, wherein the plurality of plasma byproducts are drawn 

out of the plasma microchamber near a top portion of the plasma microchamber. 
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