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Device For Processing An Object Using Plasma 

 

Technical domain  

 

The invention concerns the domain of plasma 5 

surface processing. 

By plasma surface processing is understood, in 

the sense of the present invention, different types  of 

applications. 

Applications can notably be cited consisting of 10 

the removal (or etching) of materials (and in 

particular materials such as photosensitive resins,  

metals, dielectrics or again semiconductors, etc.),  the 

etching of structures such as holes or trenches in a 

silicon substrate or a layer comprised of metals, 15 

dielectrics or other substances, typically followin g a 

surface pattern printed in a photosensitive resin b y 

photolithography, or again applications consisting of 

the removal of sacrificial layers.  

Applications can again be cited consisting of the 20 

cleaning of residues and of contaminants, or the 

activation of surfaces (that is the physical and/or  

chemical modification of the "extreme surface"), or  

again the passivation of surfaces (that is the 

protection against physical and/or chemical attack of 25 

the latter) 

These applications concern notably the micro-

electronics and semi-conductor domain, but also e.g . 

the fabrication of flat screens and photovoltaic 

panels.  30 

 

State of the art  

 

A plasma is a partially ionized gas containing 

electrically charged species (ions and electrons) a s 35 
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well as electrically neutral but very chemically ac tive 

species, free radicals: these are atoms and molecul es 

in an electronically "excited" state but not having  

lost an electron. By means of these radicals and/or  

ions and of a controlled vacuum environment, the pl asma 5 

offers unique possibilities for the depositing, etc hing 

and removal of materials. 

At the current time, there exist two dominant 

types of plasma technology for the surface processi ng 

of semi-conductors: micro-wave plasmas and inductiv ely 10 

coupled plasmas. Each of the present technologies 

presents advantages and inconveniences. 

The principal advantage of micro-wave plasmas 

comes from their ability to generate a high density  of 

active chemical species (greater than 10 17 cm -3 ). This 15 

technology presents numerous inconveniences, howeve r, 

such as the complexity of the plasma source and the  

non-uniformity of the processing. The plasma source  

necessitates the vertical assembly of numerous part s 

(wave-guide, magnetron, etc.), that generates a 20 

significant bulk and renders it unreliable. In 

addition, the plasma source is positioned upstream 

(with respect to the gas flow) and in the centre of  a 

processing chamber, and this provides insufficient 

uniformity of the density of active plasma species,  and 25 

therefore the processing of the substrate (position ed 

in the processing chamber), between the centre of t he 

chamber (where the density of active species is ver y 

high) and its edge (where the density of active spe cies 

is very low). Moreover, this type of plasma source 30 

presents the inconvenience of requiring very high 

electrical power, as well as very high gas flow-rat es. 

All these inconveniences make this plasma process 

expensive, difficult to make reliable and difficult  to 

control. 35 
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Inductively Coupled Plasmas or ICPs are easier to 

implement than micro-wave plasmas: the technology i s 

simpler, less expensive and more easily controllabl e 

than micro-wave technology. However, the principal 

inconvenience of this technology comes from the low  5 

density of chemically active species (about 10 15 cm -3 ) 

thus obtained. Moreover, like micro-wave plasmas, I CP 

plasmas suffer from the problem of non-uniformity i n 

the density of active species between the centre of  the 

chamber (where the density of active species is hig her) 10 

and its edge (where the density of active species i s 

lower), that makes the surface processing non-unifo rm. 

Processing speeds required by users impose the use of 

high power RF generators that are very costly and w hich 

lead to the heating of the gases used. Lastly, 15 

depending upon the design of the processing chamber , 

the plasma generated by the ICP sources can induce 

significant ionic bombardment of the substrates (fo r 

example semi-conductor wafers) whether voluntarily (RIE 

mode (reactive ion etching)) or not. 20 

One of the major problems encountered by current 

plasma technologies is therefore that of the non-

uniformity of the density of active species and 

consequently that of the design of a device adapted  to 

the increase in size of substrates (or scale-up). I n 25 

fact, the passage from 200 mm diameter substrates t o 

300 mm diameter substrates has already been difficu lt 

and very costly for equipment manufacturers 

implementing plasma technology. This change of size  of 

substrates has in fact necessitated a considerable 30 

increase in the size of plasma sources whether 

Inductively Coupled plasma sources (or ICP) or micr o-

wave sources, and the addition of miscellaneous par ts 

such as diffusers or magnets to artificially reduce  the 

lack of uniformity. These two technologies (ICP and  35 
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micro-wave) are therefore very costly today and com plex 

for the users thereof, the manufacturers of 

semiconductors. The feasibility of passage from 300  mm 

diameter substrates to 450 mm diameter substrates i s 

therefore a complex problem that still remains to b e 5 

solved. 

Moreover, ICP and micro-wave sources attain a 

rate of dissociation of the gas that does not excee d 

30%, which causes considerable dilution of the acti ve 

species generated and very high consumption of gas.  10 

They are used in a unitary fashion: a single source  is 

used per processing chamber and the size of the sou rce 

is proportional to the volume treated. All of this 

imposes the implementation of voluminous sources th at 

operate at high power, creating undesirable thermal  15 

effects on the substrates and significantly increas ing 

the cost of these systems. Amongst these two types of 

sources, micro-wave plasmas are the most dense in t erms 

of chemically active species but control of the pro cess 

is difficult. 20 

Consequently, ICP plasma technology at medium 

chemically active species density is dominant today .  

Moreover, plasmas contain, other than free 

radicals that are electrically neutral, ions, elect rons 

and UV radiation in the form of energetic photons t hat 25 

damage semi-conductor devices. The latter become mo re 

and more sensitive to this damage with miniaturizat ion 

on the nanometre scale. 

The presence of metal on the substrate (or 

"wafer") can produce the risk of coupling with the 30 

micro-waves and very high heating that damages the 

components. This is the case of ultra-sensitive 

structures of micro-electro-mechanical systems (als o 

designated by the acronym MEMS), as well as three-

dimensional assemblies and interconnections that wi ll 35 
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be implemented in future generations of semi-

conductors. 

Lastly, in the framework of the fabrication of 

integrated circuits, it is known to plasma process 

semi-conductor devices composed of an assembly of v ery 5 

different materials, present notably in the form of  a 

stack of thin layers. To fabricate an integrated 

circuit from a semi-conductor device, the plasma 

processing must act on a single material, leaving t he 

other materials of the assembly unaffected. This is  10 

what is called selectivity. This characteristic is not 

sufficiently raised at this time, which degrades th e 

performance of components. 

For the fabrication of integrated circuits on a 

silicon wafer (which is the normal base material us ed 15 

for fabricating integrated circuit wafers), the lev el 

of integration of the integrated circuits on the 

nanometre scale today imposes new technologies of 

surface processing with extreme sensitivity, that i s 

without consuming the other exposed materials. 20 

The problem of selectivity is particularly 

important with the use of stacks of metallic grids and 

dielectric grids of type " high k" and dielectric 

interconnection networks of type " low-k". These 

materials are particularly susceptible to 25 

physico-chemical modifications and loss of material . 

Up until the present, a slight loss of material 

caused by the surface processing was tolerated as i t 

did not have a negative impact on the performance o f 

the circuit and the principal objective was to clea n 30 

off all undesirable materials and contaminants. Tod ay, 

the surface processing, in particular stripping and  

cleaning, can directly impact the performance of 

integrated circuits by the modification of dimensio ns 

and/or of materials. An additional objective for 35 
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surface processings is therefore to minimize and 

control these modifications. 

The problems of selectivity have therefore been 

more and more present because of the decrease of th e 

size of integrated circuits and the use of new 5 

materials, in particular for logic components, 

typically microprocessors, and memory circuits.  

Current plasma technologies suffer therefore from 

four major inconveniences: damage to the devices by  

ionized species, low density of chemically active 10 

species notably for ICP plasmas, low uniformity and  

lack of selectivity. 

There exists therefore a real need for a plasma 

processing system compensating for these faults, 

inconveniences and obstacles of the prior art and i n 15 

particular aiming to increase the selectivity of pl asma 

processings and to improve the uniformity of plasma  

processings notably for substrates of large diamete r 

such as 300 or 450 mm. 

A person skilled in the art knows plasma 20 

processing systems using a plurality of plasma sour ces, 

such as e.g. that described in the American patent 

application US 2005/0178746.  The system aims to 

improve the uniformity of the plasma processing by 

putting in parallel a plurality of plasma sources 25 

emitting the same chemically homogeneous plasma.  

 

Description of the invention  

 

The present invention has therefore the subject 30 

matter of supplying a system for the plasma process ing 

of an object and a process implementing such a devi ce 

that will remedy these inconveniences. 

To resolve these faults and inconveniences, the 

applicant has developed a system of plasma processi ng 35 
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comprising a processing vacuum chamber and a plural ity 

of plasma sources configured in independent 

subassemblies each generating a chemically differen t 

plasma. 

More particularly, the present invention has as 5 

subject matter a system for plasma processing of an  

object, said system comprising: 

• a processing vacuum chamber comprising a support 

on which the object to be processed is placed; 

and 10 

• at least two subassemblies each comprising at 

least one plasma source allowing a plasma to be 

generated, each plasma source of a subassembly 

being supplied independently by radiofrequency 

power Pi and by a flow-rate ni of gas i. 15 

According to the invention, the plasma generated 

by a subassembly is a partially ionized gas or gas 

mixture of different chemical nature from the plasm a 

generated by the other subassembly or subassemblies . 

Advantageously, each plasma source of a 20 

subassembly comprises: 

o a gas inlet system; 

o a discharge chamber in a 

material inert to the plasma,  

e.g. in the form of a tube; 25 

o a  device for coupling the 

radiofrequency (RF) power to 

the discharge chamber; and 

o a gas outlet. 

 Advantageously, a control device controls each of 30 

the subassemblies depending upon a specific 

configuration by application of radiofrequency powe r Pi 

and/or a flow-rate of gas ni, specific to each 

subassembly. 
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Advantageously, each subassembly comprises a gas 

inlet specific to the subassembly connected to the gas 

inlet of each plasma source of the subassembly.   

Advantageously, each subassembly comprises a 

conductor element connected to the coupling device of 5 

each plasma source of the subassembly. 

Advantageously, the subassemblies are arranged as 

concentric rings. 

Advantageously, the subassemblies are arranged in 

parallel.  10 

Advantageously, in each subassembly comprising at 

least two plasma sources, each plasma source compri ses 

at least two discharge chambers in series. 

The present invention also has the subject matter 

of a selective plasma processing method for process ing 15 

a composite object comprising at least two differen t 

materials A and B, said process implementing a 

processing system according to the invention and 

comprising the following steps: 

• a step of generating a first plasma by a first of  20 

the subassemblies and processing of the object usin g 

said first plasma;  

• a step of generating a second plasma by a second 

of the subassemblies and processing of the object u sing 

said second plasma;  25 

By composite object, it is understood, as defined 

by the present invention, an assembly of materials of 

very different nature, being able notably to take t he 

form of a stack of thin films.  As an example of 

composite objects able to be processed by the proce ss 30 

of the invention, semiconductor-devices, and in 

particular, silicon wafers comprising transistor 

structures and materials and other constituting 

elements of integrated circuits overlapped by one o r a 
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plurality of silicon oxide SiO 2 layers overlapped by 

silicon nitride Si 3N4, can be cited. 

Advantageously, the steps of generation of plasma 

are repeated alternately, or with a partial or tota l 

overlap, and preferably with a partial overlap of s teps 5 

of at most 25%. 

According to a particularly advantageous 

embodiment, the process according to the invention may 

consist of an etching treatment of the composite 

object, said composite object comprising at least t wo 10 

layers of different materials A and B, the layer of  

material A overlapping at least partially the layer  of 

material B, said process comprising; 

• the processing using the first plasma of at 

least a first zone of the object comprising, 15 

on the surface, the material B, said 

processing using the first plasma consisting 

of a step of passivation or activation of 

material B, and 

• the processing using the second plasma of at 20 

least a second zone of the object comprising, 

on the surface, the material A, said 

processing using the second plasma consisting 

of a partial or total removal of material A, 

that can lead to the formation of a zone 25 

comprising the material B on the surface when 

the removal of the material A is total, 

said process able to start either with a step of 

passivation or activation using the first plasma, o r 

with a step of removal using the second plasma.  30 

As an example of a composite object being 

selectively etched according to the process of the 

invention, spacers (more particularly the thinning or 

removal of spacers), STI (" Shallow Trench Isolation") 

structures (more particularly the total or partial 35 
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removal " pull back" of the STI mask), transistors and 

advanced CMOS circuits (processors, memories) 

comprising layers of silicon nitride Si 3N4 (material A) 

on layers of silicon oxide SiO 2 (material B) can be 

cited, the silicon nitride often being a sacrificia l 5 

material. 

This embodiment of the process of the invention 

presents the major advantage of allying high 

selectivity with a high etching speed. 

Selectivity is understood in the present invention 10 

to be the ratio of the speed of etching of the targ et 

material (material A, e.g. Si 3N4) to the speed of 

etching of another exposed material or material tha t 

can be exposed during the processing (here the mate rial 

B, for example SiO 2), that ideally should not be 15 

etched.  

This is a fundamental property of processes of 

removal of material (or etching) that is critical a s 

much for "dry" type processes such as the plasma 

process according to the invention as for "wet" 20 

processes e.g. using phosphoric acid. 

For example, the fabrication of advanced CMOS 

circuits (processors, memories) necessitates the 

removal of silicon nitride Si 3N4 with very high 

selectivity, in particular compared to SiO 2 and/or Si: 25 

the removal of Si 3N4 must not damage the other 

materials. At this time, the two processes used to 

perform this step of the removal of silicon nitride  are 

on the one hand "wet" processes using phosphoric ac id, 

and on the other hand, "dry" plasma processes with a 30 

fluorocarbon plasma containing a gas mixture 

CxFyHz/O 2/H 2/N 2. These current processes do not allow a 

very high selectivity in the removal of silicon nit ride 

to be achieved as it is typically only 50 .  
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Moreover, the fabrication of an Si 3N4 spacer is 

done by directional etching of the previously depos ited 

Si 3N4 layer. According to the scientific research 

article “ Plasma Etch Challenges for FinFET transistors” 

published by the company Lam in the journal, Solid 5 

State Technology – April 2012 (pages 15, 16, 17 and  

26), the principal difficulty of current etching 

processes resides in obtaining a spacer with a very  

specific shape, without consuming the silicon 

substrate. The solution proposed in this article fo r 10 

obtaining this objective consists in modulating the  

plasma conditions (" time modulation of plasma 

parameters"). For example, sync pulsing is a technique 

consisting of switching on/off the power of the RF 

source and the RF power of the substrate carrier wi th a 15 

period of about 100 µs. This type of directional 

etching is often used for the later removal of the 

spacer. However, such a process presents the 

inconvenience of inducing a loss of silicon at the foot 

of the spacer as well as the faceting of neighbouri ng 20 

patterns such as the edge of the active area or the  

edge of the grid.  

The etching process according to the invention 

resolves the inconveniences of the prior art and al lows 

the allying of a high sensitivity with a high etchi ng 25 

speed. 

Advantageously the steps of processing using the 

first plasma and the processing using the second pl asma 

are performed in an alternate manner according to a  

periodicity varying between 0.5 second and 120 seco nds, 30 

and preferably from 2 to 30 seconds, so as to repea t 

the sequence of the plasma processing steps a plura lity 

of times until the desired removal of material A is  

obtained. 



12 

Advantageously the ratio of the duration of the 

activation step or the passivation step to the dura tion 

of the removal varies between 0.1 and 10 and prefer ably 

between 0.5 and 2. 

The subject matter of the present invention is 5 

again an etched composite object likely to be obtai ned 

by the process of etching such as defined above. It  

could be notably an integrated-circuit wafer, or a 

substrate for a flat screen, or a substrate for sol ar 

cells, or a substrate for an electronically printed  10 

device. 

Other advantages and particularities of the 

present invention will result from the following 

description, given as a non-limiting example and ma de 

with reference to the attached figures and to the 15 

examples:  

- figure 1 is a cross-sectional functional view of 

a processing chamber according to an embodiment 

corresponding to a plasma processing system of 

the prior art; 20 

- figure 2 is a cross-sectional functional view of 

a plasma source of the system shown in figure 1; 

- figure 3 is a functional perspective view of a 

configuration of plasma sources in two 

independent subassemblies according to an 25 

embodiment of the invention; 

- figure 4 is a perspective functional view of a 

plasma source of a system of plasma processing 

according to another embodiment of the 

invention, comprising two discharge chambers in 30 

series;  

- figure 5 shows a plasma etching machine of the 

prior art, that is implemented in the 

comparative example 2; 
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- figure 6 shows another plasma etching machine of 

the prior art, that is implemented in the 

comparative example 3; 

- figure 7 shows the selectivity and etching speed 

obtained by the process implementing the machine 5 

of figure 6 (comparative example 3); 

- figure 8 shows the evolutions of the etching 

speed and of the selectivity as a function of 

the gas mixture measured during the process 

implemented in the comparative example 3; 10 

- figures 9 and 10 show the use of two plasma 

source assemblies of the device according to the 

invention implemented in the examples according 

to the invention; 

- figures 11A, 11B, 11C shown the timing chart of 15 

the operation of the two subassemblies of figure 

10 ; 

- figures 12 to 14 show the results obtained with 

the process described in the examples according 

to the invention and implementing the device 20 

shown schematically in figures 9 and 10; and 

- figure 15 shows the result of the etching 

according to the process described on a silicon 

oxide layer overlapped with silicon nitride for 

the fabrication of insulating composite 25 

structures. 

 

 

Particular embodiments  

 30 

Such as shown in figure 1, a device for plasma 

processing according to the prior art consists of 

different elements: a processing chamber 10, an 

assembly 20 of plasma sources 201, 202, 203, a syst em 

of gas dispersion gas 30 and/or of isolation of the  35 
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processing chamber 10 from damaging species generat ed 

by each of the plasma sources, a gas confinement sy stem 

31, and a pumping system 40. The processing chamber  10 

is composed of a chamber of specially processed 

material so as not to interact with the active spec ies 5 

created in the plasma and with a shape adapted to t he 

processing of the desired parts, that could be 

cylindrical, cubic or of another form that will all ow 

the industrial use of the chamber. One of the faces  of 

the processing chamber is intended for loading. It is a 10 

"door". Other faces are intended for the entry of 

species, it is there that the plasma sources 201, 2 02, 

203 are attached and another face most often opposi te 

the sources or at the base of the chamber 10 is 

intended for pumping the chamber.  15 

Each plasma source, such as represented in figure 

2, is here composed of a gas inlet system 25, a 

discharge chamber in the form of a tube 201, 202, 2 03 

and a material, inert to the plasma and the diamete r of 

which is adapted to optimize the transfer of 20 

radiofrequency power by induction via a coupling de vice 

26 (e.g. an antenna) with several coils connected t o a 

tuner and an RF generator upstream, and an insulati ng 

discharge capacitor downstream, not shown.  

The vacuum in the processing chamber 10 necessary 25 

for the creation of the plasma and for the circulat ion 

of the gases, is obtained by pumping using a pump 4 0. 

The pump 40 is e.g. a roughing pump or a turbomolec ular 

pump connected to the base of the chamber 10, most 

often facing the sources 201, 202, 203. The gas, 30 

enriched with active species, circulates in the cha mber 

10 before being pumped. 

In figure 3, a functional perspective view of a 

configuration of plasma sources in two independent 

subassemblies 21, 22 according to an embodiment of the 35 
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processing system according to the invention is sho wn. 

In the embodiment illustrated in figure 3, the 

subassemblies 21, 22 are arranged according to 

concentric rings. Other configurations are, however , 

possible depending upon the desired final result to  be 5 

obtained. 

Each subassembly 21, 22 comprises at least one 

plasma source allowing a plasma to be generated. Fi gure 

3 shows that each subassembly comprises three plasm a 

sources 210, 211 and 212 for subassembly 21 and 220 , 10 

221 and 222 for the subassembly 22). In the subasse mbly 

21, each source comprises a single discharge chambe r 

(here in the form of a tube), while in the subassem bly 

22, each source 220, 221 and 222 comprises two 

discharge chambers in series (also here in the form  of 15 

tubes: tubes 2201 and 2202 as illustrated in figure  4). 

Each plasma source of a subassembly is supplied 

independently by radiofrequency power Pi and by a g as i 

with flow-rate n i . The plasma generated by a 

subassembly (e.g. the subassembly 21) is a partiall y 20 

ionized gas or a gas mixture of different chemical 

nature from the plasma generated by the other 

subassembly 22. 

A control device controls each of the 

subassemblies 21, 22 depending upon a specific 25 

configuration by application of radiofrequency powe r 

and a gas flow rate specific to each subassembly. 

The plasma processing system according to the 

invention allows the plasma sources to be controlle d 

independently of one another by applying a differen t 30 

radiofrequency power and/or gas flow-rate for each 

subassembly of sources, in order to be able to cont rol 

the uniformity of processing, notably between the 

centre and the edge of a part to process. 
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The different plasma sources 210, 211, 212, 220, 

221, 222 are advantageously of small size with 

discharge chambers of small size, here in the form of 

small-diameter tubes, thus allowing their 

multiplication in a subassembly (in the case where a 5 

source comprises a single discharge chamber, here i n 

the form of a tube) or the multiplication of source s 

(in the case where a source comprises discharge 

chambers in series).  

The multiplication of sources in addition allows 10 

the number of active species generated by said 

subassembly in the processing chamber to be increas ed. 

It also allows the processing to be optimized and 

homogenized even for large-diameter wafers. In fact , by 

the adequate combination of the diffusion cones of the 15 

sources, using their overlap and/or their 

superposition, and by the management of the circula tion 

of gas via the pumping of the chamber, it is possib le 

to obtain a uniform processing of the surfaces. 

On the other hand, these plasma sources can be 20 

placed in different strategic places so as to 

correspond to the form to be processed, for the 

optimization of its processing or the uniformity of  its 

processing. 

With regard to the configuration of the plasma 25 

sources in independent subassemblies, their small b ulk, 

and the independent management of the subassemblies , 

both in gas and in radiofrequency power, it is poss ible 

to allocate, in the plasma processing system, diffe rent 

subassemblies to different geometrical zones in the  30 

processing chamber. These zones being independent f rom 

one another, they are more or less activated, both in 

gas and radiofrequency power, so as to allow contro l of 

the action of the localized activated species in th e 

processing chamber 10. 35 
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Thus, in working by zone and with independent 

subassemblies, the geometry of the process is activ ely 

controlled. 

Not only does this arrangement allow the 

uniformity of the process to be controlled across t he 5 

substrate, but the process can be developed without  

limit for the size of the object to process, in 

particular for the diameter of wafers from 300 mm t o 

450 mm, by adding additional peripheral zones one a fter 

the other. 10 

For substrates or wafers of 300 mm diameter, a 

processing system can be used comprising, for examp le, 

two subassemblies arranged in two concentric rings,  as 

illustrated in figure 3.  

The central ring 21 is here comprised of three 15 

discharge chambers (here in the form of tubes 210, 211 

and 212) comprising plasma sources (generally betwe en 

one and six discharge chambers) arranged in the cen tre 

of the source and supplied by radiofrequency power P1 

and by a gas comprised of a mixture of, e.g., O 2, Ar, 20 

CF4, CHF 3, NF 3, H 2O, H 2, Cl 2, CF 3Br, C xHyFz, etc., mixed 

in a block F1, where F1 implements a mixing operati on 

with a gas 1 of flow-rate 1.1, a gas 2 of flow-rate  

2.1, a gas 3 of flow-rate 3.1, etc. up to a gas n o f 

flow-rate n.1. 25 

A second ring 22 surrounds the central ring, that 

is comprised of, for example, three sources (but 

preferably between four and eight sources), each 

comprising two discharge chambers in series, the ri ng 

22 being concentric with the central ring 21. The 30 

different discharge chambers (here in the form of 

tubes) of the ring 22 are supplied by radiofrequenc y 

power P2 and by a gas mixed in a block F2, here a 

mixture of e.g. gaseous O 2, Ar, CF 4, CHF 3, NF 3, H 2O, H 2, 

Cl 2, CF 3Br, C xHyFz, etc., where the block F2 implements a 35 
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mixing operation with a gas 1 of flow-rate 1.2, a g as 2 

of flow-rate 2.2, a gas 3 of flow-rate 3.2, etc. up  to 

a gas n of flow-rate n.2. 

It is possible also to use three or more zones, 

in 300 mm. 5 

For wafers of 450 mm in diameter, one or several 

concentric rings of plasma sources can advantageous ly 

be added (each ring corresponding to a subassembly)  to 

those already existing depending upon the requireme nts 

of uniformity, using the same principle. 10 

For example, a third ring 23 can be used, 

surrounding the ring 22 previously described, this ring 

23 comprising eight to sixteen discharge chambers ( here 

in the form of tubes), the tubes being supplied by  

radiofrequency power P3 and by gases mixed in a blo ck 15 

F3, said gases being for example O 2, Ar, CF 4, CHF 3, NF 3, 

H2O, H 2, Cl 2, CF 3Br, C xHyFz, etc., where the block F3 

implements a mixing operation with a gas 1 of flow- rate 

1.3, a gas 2 of flow-rate 2.3, a gas 3 of flow-rate  

3.3, etc. up to a gas n of flow-rate n.3. 20 

The uniformity of the processes is ensured by the 

independent control of different zones of the sourc e in 

terms of gas flow-rate F1, F2, F3 and radiofrequenc y 

power P1, P2, P3. 

For that, each ring corresponds to a subassembly 25 

of sources, which subassembly comprises a gas inlet  

that is specific to said subassembly, connected to the 

gas inlet of each plasma source of the subassembly 

considered. A control device controls the flow-rate  of 

gas in the gas inlet of each subassembly. The contr ol 30 

device additionally controls the mixture of gas 

injected in the gas inlet of each subassembly. 

In terms of electrical implementation, each 

subassembly comprises here a conducting element 

connected to the antenna 26 of each discharge chamb er 35 
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(here in the form of a tube) of the subassembly. Th e 

control device controls the radiofrequency power 

supplied to the conducting element of a subassembly .  

According to an advantageous arrangement, in 

addition, the substrate is turned to average the sp eed 5 

of processing and thus to improve uniformity. 

According to another advantageous arrangement, 

concentric rings in anodized aluminium or quartz ar e 

typically added between each source and the substra te 

to process, typically in the upper part of the 10 

processing chamber 10, these rings being showerhead s, 

such showerheads being used currently in semi-condu ctor 

fabrication equipment, to distribute the injection of 

chemical species over hundreds of injection points.  

Such rings are formed,with small holes pierced into  the 15 

lower face thereof, opposite the substrate to proce ss.  

In the present case, they allow the uniformity of t he 

processing to be improved even more and even reduce  the 

number of discharge chambers necessary to process a  

substrate of 300 mm and 450 mm.  20 

According to another advantageous arrangement, 

the parameters of the gas flow-rate and radiofreque ncy 

power are adjusted from a measurement of the 

performance in terms of uniformity of the process. 

Using a device for measuring the local 25 

performances of the process, whether for example 

directly by spectroscopy or indirectly by thickness  

measurement, it is possible, by multiplexing the 

sources, to actively correct the process so as to 

optimize the quality of the processing in terms of 30 

speed, of homogeneity and of uniformity while 

guaranteeing the innocuousness of the processing.  

Such an adjustment of parameters of gas flow and 

of radiofrequency power is e.g. performed in the fo rm 
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of a closed cycle or in the form of a feed forward 

cycle. 

A feed forward adjustment consists here in 

measuring the state of the surface of the wafer pri or 

to processing (such as e.g. the thickness of the re sin) 5 

so as to adjust the processing parameters to compen sate 

for the non-uniformity already present.  

The closed cycle consists here of measuring the 

state of the surface of the wafer following process ing 

in order to adjust the process parameters before 10 

processing the following wafer. 

The advantages brought by the plasma processing 

system described are notably a better uniformity an d a 

better efficiency in terms of processing speed. In 

addition, the multiplexing of sources allows 15 

independent control of the flow of active species i n 

terms of quantity, dissociation rate, chemical 

composition and of energy over certain work zones a nd 

thus allows the processing of sensitive components to 

be actively corrected.  The system, therefore, allo ws 20 

substrates to be processed without limit of size, w hich 

procures a very large potential of applications, be yond 

the applications of cleaning and stripping. 

The system also allows a uniform distribution of 

the gaseous flux of active species to be obtained. It 25 

allows the efficiency of residue cleaning and etchi ng 

speeds to be improved, while increasing considerabl y 

the selectivity compared to current performances. 

The selectivity is the ratio of the etching speed 

of the target material (e.g. silicon nitride Si 3N4) to 30 

the etching speed of another exposed material, that  

ideally must not be etched (e.g. silicon oxide SiO 2). 

Selectivity is critical and must be constantly 

increased, with the appearance of new generations o f 

technology. The device, with the multiple discharge  35 
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chambers thereof, (here in the form of tubes) allow s 

the selectivity of plasma processes to be increased  by 

independently controlling the etching speed of the 

target material and that of one or more other expos ed 

materials. The device allows infinite selectivity t o be 5 

obtained. 

In particular, the alternate use or partial 

overlap of a stripping plasma generated by a 

subassembly and of a passivation plasma generated b y 

another subassembly allows this selectivity to be 10 

substantially increased. 

 
EXAMPLES  

 

Products  15 

• Silicon semiconductor substrates (wafers), 

overlapped by a layer of silicon nitride (Si 3N4) as 

target material to be etched, and by a layer of 

silicon oxide SiO 2 as material not to be etched, 

or by composite zones of the preceding materials; 20 

• Silicon semiconductor substrates (wafers), 

overlapped by a layer of silicon oxide SiO 2 

(material not to be etched) overlapped by a layer 

of Si 3N4 (target material to be etched); 

• Silicon semiconductor substrates (wafers) 25 

comprising composite zones of the preceding stacks 

 

Test: measurement of selectivity  

 

The selectivity is measured by taking the ratio, af ter 30 

processing, of the thickness removed from material A 

compared to the thickness removed from material B f or 
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the same processing time. This can also be expresse d in 

the form of the ratio of the etching or stripping 

speeds of the two materials. 

 

COMPARATIVE EXAMPLE 1 5 

 

Substrates of silicon overlapped by a layer of sili con 

nitride (Si 3N4) and substrates of silicon overlapped by 

a layer of silicon oxide (SiO 2) have been respectively 

etched by phosphoric acid wet processing. 10 

 

Results  

A selectivity of 50:1 was obtained. 

 

 15 

COMPARATIVE EXAMPLE 2 

 

In order to determine the etching speed of SiO 2, an Si 

substrate covered only in SiO 2 is used, i.e. SiO 2/Si, 

from which SiO 2 is partially removed. In order to 20 

determine the etching speed of Si 3N4 an Si substrate 

covered only in Si 3N4 is used, i.e. Si 3N4/Si or most 

frequently an Si substrate with Si 3N4 on SiO 2 i.e. 

Si 3N4/SiO 2/Si, from which Si 3N4 is partially removed. 

The process is then applied to the real structure o n an 25 

Si substrate. The real structure is most often a 

composite, that is to say made of SiO 2 zones and 

Si 3N4/SiO 2 zones. The geometry and the topography of the 

zones depend on the fabrication step (figure 15 is an 

example thereof). 30 

Test wafers such as described above were etched by the 

plasma process of the prior art presented by the IM EC 

R&D Centre (Belgium) during the PESM 2012 conferenc e in 

Grenoble. The plasma etching processing was perform ed 

in an etching machine of the company LAM RESEARCH s uch 35 
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as illustrated in figure 5: it comprises a single 

discharge chamber and a single chemistry.  

 

Results  

• plasma (gas mixture used )      NF3/O 2/CH3F 5 

• Speed v1 of etching of Si 3N4   44 nm/min 

• Speed v2 of etching of   SiO 2    0.8 nm/min 

• Selectivity   v1/v2      55:1 

 

 10 

COMPARATIVE EXAMPLE 3 

 

The applicant has performed selective etching 

experiments of Si 3N4 based on equipment comprising a 

plasma source comprised of several discharge chambe rs 15 

(here in the form of tubes) such as illustrated in 

figure 6. In this device, the discharge tubes are a ll 

connected in parallel and controlled by a single 

generator. It was not possible to independently con trol 

the tubes, that is, to apply a different RF power t o 20 

the different tubes. The active gases of type O 2, N 2, 

CF4, etc. are mixed prior to being injected into the 

discharge tubes. It was also not possible to inject  

different gases into different tubes. The plasma so urce 

used by the applicant, while being composed of a 25 

plurality of discharge tubes, generates a single ty pe 

of plasma in the processing chamber, just like 

traditional plasma sources (micro-wave or by induct ive 

coupling). 

Figure 7 demonstrates the selectivity and the etchi ng 30 

speed as a function of different gas mixtures. This  

figure shows that: 

• the addition of O 2 is the principal parameter 

for increasing the etching speed of Si 3N4; and 
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• the addition of H 2 greatly improves the 

Si 3N4:SiO 2 selectivity, but the etching speed of 

Si 3N4 remains low. 

Figure 8 demonstrates the selectivity and the etchi ng 

speed as a function of the amount of H 2 in the gas 5 

mixture. It is noted that: 

• the etching speed of Si 3N4 and the Si 3N4:SiO 2 

selectivity are closely correlated: the etching 

speed of Si 3N4 decreases when the SiO 2 

selectivity increases. It is not possible to 10 

de-correlate the two in a traditional plasma 

source configuration (that is, generating a 

single type of plasma in the processing 

chamber); 

• the etching speed of Si 3N4 is about 80 Å/min for 15 

a selectivity Si 3N4:SiO 2 of 110:1; 

• the etching speed of Si 3N4 is about 250 Å/min 

for a selectivity Si 3N4:SiO 2 of about 35:1. 

 

Comparative examples demonstrate therefore that it is 20 

not possible to ally high selectivity with high etc hing 

speed (see the results presented in figure 8 and 

comparative example 2). 

 

 25 

EXAMPLE 1 ACCORDING TO THE INVENTION 

 

Substrates of silicon covered in silicon oxide and/ or 

covered in silicon nitride (Si 3N4/SiO 2) such as 

previously described, were etched using the plasma 30 

etching process according to an embodiment of the 

invention, comprising the repetition of the two 

following fundamental steps until obtaining the des ired 

result: 
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• passivation step : it serves to protect (or 

"passivate") certain surfaces from chemical 

attack taking place during the etching step. 

Passivation consists of depositing, onto the 

substrate, a polymer of type e.g. C xFyHz (e.g. 5 

CF4, or C 4F8 or C 2F6, CHF 3, CH 3F, etc.), 

• removal or etching step : It serves to remove 

("etch") a material, either partially or 

entirely. During step 2, the passivation layer 

can be partially or entirely removed, 10 

the duration of each step being of the order of sev eral 

seconds if not several tens of seconds but also cou ld 

be extremely short, of the order of 0.1 s.  

This process is implemented using a plasma processi ng 

device according to the invention comprising two 15 

subassemblies of different plasma sources (here 

represented by tubes 1 and 2 in figure 9), each tub e 

performing a step (passivation or etching) of the 

invention (as illustrated in figure 10). The time 

charts of the operation of each source are shown in  20 

figures 11A, 11B and 11C, respectively for an opera tion 

with alternating steps of removal and passivation w ith 

no overlap, (figure 11A), for an operation with ste ps 

of removal and passivation with partial overlap (fi gure 

11B) and steps of removal and passivation with tota l 25 

overlap (figure 11C). 

 

As shown in figures 12 to 14, 

- the process described allows the etching speed 

of Si 3N4 to be controlled without apparent 30 

consumption of SiO 2;  

- the etching speed of Si 3N4 is about 120 Å/min for 

a selectivity Si 3N4:SiO 2 of about 700:1 with a 

CF4/O 2/H 2 plasma. 

 35 
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These tests demonstrate therefore that the plasma 

etching process according to the invention allows t he 

speed of etching of Si 3N4 and that of SiO 2 to be 

controlled independently and thus very high selecti vity 

to be obtained. 5 

 

The experimental conditions of the etching tests 

according to the invention are detailed below and 

illustrated in figures 11A, 11B and 11C. 

 10 

Processes used per tube: values  Min       Max 

 

Passivation step (Tube 2): 

 

Conditions 1  15 

- RF power =   120 W 80  360 

- Flow-rate CF 4 =  40 sccm 20  80 

- Flow-rate H 2 =   13.5 sccm 5  30 

- tON2 =    20 sec  2  35 

- Period 2 =   35 sec 3  80 20 

 

or  

 

Conditions 2  

- RF power =   360 W 120  360 25 

- Flow-rate C 4F8 =  45 sccm 20  50 

- Flow-rate O 2 =   5 sccm 0  20 

- tON2 =    20 sec  2  35 

- Period 2 =   35 sec 3  80 

 30 

or  

 

Conditions 3  

- RF power =   240 W 120  360 

- Flow-rate C 2F6 =  30 sccm 30  70 35 



27 

- Flow-rate O 2 =    0 sccm 0  5 

- tON2 =    20 sec  2  35 

- Period 2 =   35 sec 3  50 

 

 5 

 

Removal step (Tube 1) 

 

Conditions 1  

- RF power =   120 W 120  360 10 

- Flow-rate CF 4 =  40 sccm 20  80 

- Flow-rate O 2 =   5 sccm 0  10 

- tON1 =    15 sec  1  35 

- Period 1 =   35 sec 3  85 

 15 

or 

 

Conditions 2  

- RF power =   240 W 120  360  

- Flow-rate CHF 3 =  40 sccm 0  100 20 

- Flow-rate O 2 =   30 sccm 0  60 

- tON1 =    15 sec 1  35 

- Period 1 =   35 sec 3  85 

 

Other parameters:  25 

- Temperature of substrate = between 135°C and 150°C 

- Pressure = 200 mTorr to 1 Torr 

- Total processing time = from 1 min to 3 min 

- RF power = 50 to 1000 W / discharge tube and up to 

5000 W for a subassembly composed of a plurality 30 

of discharge tubes. 

- Gas flow-rate = 1 sccm to 5000 sccm 

- tON = 0.1 sec to 30 sec 
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Other plasma gases that can be used in the frame of  the 

present invention : 

• for the passivation step: CF 4, CHF 3, CH 3F, C 2F6, 

C4F8, CF 3Br, HBr with or without H 2, with or 

without N 2, and their mixtures 5 

• for the etching step: CF 4, CHF 3, CH 3F, NF 3, Cl 2, 

HBr, SF 6, with or without O 2, with or without N 2, 

and their mixtures 

• Additive gases: O 2, N 2, Ar, H 2, Xe, He  

 10 

 

EXAMPLE 2 ACCORDING TO THE INVENTION 

 

From substrates composed of silicon covered by sili con 

oxide and/or covered in silicon nitride, the silico n 15 

nitride Si 3N4 layer, serving as a mask for the 

fabrication of composite so-called STI (shallow tre nch 

isolation) structures, was selectively etched.   

To do this, the sequence of steps of passivation an d 

removal implementing conditions 1 of example 1 was 20 

repeated eight times, for a period of 7 and 15 seco nds 

respectively. The composite structure before the 

removal is illustrated in figure 15A (left), while that 

after processing is illustrated in figure 15B (righ t). 

Silicon nitride Si 3N4 is referenced as 151 and silicon 25 

oxide as 153. A suppression of silicon nitride is n oted 

while the silicon oxide is intact. 
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CLAIMS 

 

1) System for the treatment of an object by plasma, 

said system comprising: 

a treatment vacuum chamber (10) comprising a support on 5 

which the object to be treated is placed; and 

at least two subassemblies (21, 22) each comprising at 

least one plasma source (210, 220) allowing a plasma to 

be generated, each plasma source (210, 220) of a 

subassembly (21, 22) being supplied by radiofrequency 10 

power Pi and independently by a gas i at a flow-rate ni 

characterized in that the plasma generated by one 

subassembly (21) is a partially ionized gas or a gas 

mixture, of different chemical nature from the plasma 

generated by the other subassembly or subassemblies 15 

(22).  

 

2) System according to Claim 1 in which each source 

of plasma (210, 220) of a subassembly (21, 22) 

comprises: 20 
 

• a gas inlet system (25); 

• a discharge chamber (210, 220) made of a 

plasma-inert material; and 

• a device (26) for coupling the 25 

radiofrequency (RF) power to the 

discharge chamber; 

• a gas outlet (27). 

 

3) System according to Claim 1 or 2 in which a 30 

control device controls each of the subassemblies (21, 

22) depending upon a specific parameterization by 
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application of radiofrequency power Pi and/ or a flow-

rate of gas ni specific to each subassembly (21, 22).  

 

4) System according to any of the previous claims in 

which each subassembly (21, 22) comprises a gas inlet, 5 

specific to the subassembly connected to the gas inlet 

(25) of each plasma source (210, 220) of said 

subassembly (21, 22).  

 

5) System according to any of the previous claims in 10 

which each subassembly (21, 22) comprises a conducting 

element connected to the coupling device (26) of each 

plasma source (210, 220) of said subassembly (21, 22). 

 

6) System according to any of the previous claims 15 

characterized in that the subassemblies (21, 22) are 

arranged along concentric rings. 

 

7) System according to any of the previous claims in 

which the subassemblies (21, 22) are arranged in 20 

parallel.  

 

8) System according to Claim 7 in which each 

subassembly comprises at least two plasma sources (210, 

211, 220, 221), each plasma source comprising two 25 

chambers in series. 

 

9) Selective plasma treatment process of a composite 

object (3) comprising at least two different materials 

A and B, said process implementing a Treatment System 30 

according to any of the Claims 1 to 8 and comprising 

the following steps: 

• a step of generating a first plasma by a 

first of the subassemblies (21) and 
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treatment of the object (3) using said 

first plasma;  

• a step of generating a second plasma by a 

second of the subassemblies (22) and 

treatment of the object (3) using said 5 

second plasma.  

 

10) Process according to Claim 9 in which the plasma 

generation steps are repeated alternately, or with 

partial or total overlap. 10 

 

11) Process according to Claim 9 or 10 in which the 

plasma generation steps are repeated with a partial 

overlap of the steps by at most 25%. 

 15 

12) Process consisting of an etching treatment of the 

composite object (3), said composite object (3) 

comprising at least two layers of different materials A 

and B, the layer of material B covering at least 

partially the layer of material B, said process 20 

comprising; 

• the treatment using the first plasma of 

at least a first zone (31) of said object 

(3) comprising on the surface, the 

material A, said treatment using the 25 

first plasma consisting of a passivation 

or activation of material B; and  

• the treatment using the second plasma of 

at least a second zone (32) of said 

object (3) comprising on the surface, the 30 

material A, said treatment using the 

second plasma consisting of a step of 

partial or total removal of material A, 
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that can lead to the formation of a zone 

(32) comprising the material B on the 

surface when the removal is total, said 

process able to start either with a step 

of activation or passivation using the 5 

first plasma, or with a step of removal 

using the second plasma . 

 

13) Process according to Claim 12 in which the first 

and second steps are performed in an alternating manner 10 

according to a periodicity varying between 0.5 seconds 

and 120 seconds, and preferably from 2 to 30 seconds, 

so as to repeat the sequence of said first and second 

steps a plurality of times until the desired removal of 

material A is obtained.  15 

 

14) Process according to Claim 12 or 13 in which the 

ratio of the duration of the activation step or the 

passivation step to the duration of the removal varies 

between 0.1 and 10 and preferably between 0.5 and 2. 20 

 

15) Process according to Claims 12 to 14 in which the 

first material A is silicon nitride Si3N4 and the second 

material B is the oxide of silicon SiO2.  

 25 

16) Etched composite object (3) able to be obtained by 

the process such as defined according to any of the 

Claims 12 to 15. 

 

17) Composite object (3) according to Claim 16 30 

consisting of an integrated circuit wafer, or a 

substrate for a flat screen, or a substrate for solar 

cells, or a substrate for an electronically printed 

device. 
 35 


