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(57) ABSTRACT 

In a process for treatment of a substrate placed in a vacuum 
enclosure, the invention provides for compensating any 
variation of the active gas supply ?oWrate through an active 
gas supply pipe by injecting a complementary ?oWrate of 
control gas into an area near controlled gas aspiration means. 
This circumvents the inability of pressure control systems 
and impedance matching systems to respond in times of the 
order of one second to variations of the input active gas 
?oWrate. 
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PLASMA VACUUM SUBSTRATE TREATMENT 
PROCESS AND SYSTEM 

[0001] The present invention relates to plasma vacuum 
treatment (etching or deposition) of a substrate. 

BACKGROUND OF THE INVENTION 

[0002] Plasma vacuum substrate treatment processes are 
already knoWn in the art, such as the etching process 
described in document W0 94/ 14187, in Which the substrate 
is placed in a vacuum enclosure containing active gases 
injected in particular via controlled active gas injection 
means and evacuated via controlled gas aspiration means. 
The active gases are ioniZed by plasma-generating means. 
The substrate in the vacuum enclosure receives bombard 
ment electrical energy generated by a controlled bombard 
ment generator to Which it is connected. 

[0003] During an etching step, ions of a reactive material 
such as sulfur hexa?uoride, generated by ioniZation, are 
accelerated by the bombardment energy and impinge on the 
substrate, for example a silicon-based substrate, in areas that 
are not covered by a mask. The active ions combine With the 
material of the substrate to form a gaseous substance that is 
evacuated by the gas aspiration means. 

[0004] One problem is to obtain etching With Well-de?ned 
outlines, i.e. in Which the cavities have side Walls that are as 
regular as possible and perpendicular to the surface of the 
substrate. 

[0005] To this end, document WO 94/14187 teaches that 
etching should be carried out by means of an alternating 
succession of etching steps and protection layer generating 
steps. During a protection layer generating step, the vacuum 
enclosure contains an active gas of a ?rst type, such as 
tri?uoromethane (CHF3), Which produces a polymeriZed 
layer over all of the surface of the substrate, including the 
bottom and side faces of the cavity. During an etching step 
the vacuum enclosure contains an active gas of a second 
type, such as sulfur hexa?uoride, Which produces ions Which 
are accelerated toWards the substrate to produce directional 
bombardment that impinges selectively on the bottom of the 
cavities to remove the material of the substrate selectively 
from the bottom of the cavities Without attacking the side 
faces. 

[0006] HoWever, it is clear that the etching step loWers the 
bottom of the cavity relative to the bottom edge of the lateral 
polymeriZed protection layer, With the result that an area 
appears at the bottom of the side face that is not protected by 
a layer of polymeriZed material. The active ion bombard 
ment tends to undercut the cavity at the bottom and Widen 
it, affecting the regularity of the side face of the cavity. 

[0007] To avoid this phenomenon, it is necessary to use a 
fast alternation of short etching and protection layer gener 
ating steps. 

[0008] Another problem is to optimiZe performance in 
terms of etching and protection layer generation. 

[0009] In most plasma vacuum treatment processes (etch 
ing or deposition), the main parameters that can be altered 
to optimiZe etching or deposition performance are: the 
?oWrates of the various gases, the Working pressure, the 
electromagnetic poWer coupled to the plasma to generate it, 
and the energy With Which the substrate is bombarded. 
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[0010] Like the rate of deposition or etching, the selectiv 
ity relative to the mask, the regularity of the etching pro?les, 
and the conformity of the deposited layers, etching or 
deposition performance depends on the conditions of the 
gaseous phase discharge in terms of the poWer coupled to the 
plasma, Working pressure and substrate bombardment 
energy. 

[0011] As a general rule, to optimiZe a deposition or 
etching process, the ?oWrates of the various gases, the 
electromagnetic poWer coupled to the plasma and the sub 
strate bombardment energy are optimiZed at precise and 
constant values throughout the treatment. 

[0012] For example, if patterns are to be plasma etched 
into a silicon Wafer, the active gas ?oWrates are set at 
Well-de?ned and constant values, the electromagnetic poWer 
coupled to the plasma to a precise value, and likeWise the 
value of the Working pressure and the bias voltage, Which 
determine the energy With Which the substrate is bombarded 
by the ions. The above values are held constant throughout 
the treatment step. In particular, the gas ?oWrates are set to 
a precise value and the pressure is maintained at a prede 
termined value using a pressure regulator system. The 
pressure regulator system is generally a pump system 
including at least one pump doWnstream of a regulator valve 
slaved to the Working pressure, thereby constituting con 
trolled gas aspiration means. Accordingly, regardless of the 
gas ?oWrates required, the pressure regulator valve is set so 
that it procures the required Working pressure in the reaction 
chamber. 

[0013] The above controlled gas aspiration means operate 
correctly to regulate the pressure in the event of sloW 
variations in the gas ?oWrates. HoWever, it is apparent that 
they cannot ef?ciently track fast variations in the gas ?oW 
rates, such as the variations that can occur if it is required to 
optimiZe not only the etching steps but also the protection 
layer generation steps in an etching process according to 
document WO 94/14187 by alternating the etching and 
protection layer generation steps at a suf?ciently high fre 
quency to attain suf?ciently regular lateral cavity faces. For 
example, it may be bene?cial for the alternating phases to 
include etching phases With a duration of approximately 
three seconds and protection layer generation phases With a 
duration of approximately one second. If the gas ?oWrate 
during the etching step is different from the gas ?oWrate 
during the protection layer generation step, the mechanical 
inertia of the controlled regulation valve is unable to track 
variations this fast. 

[0014] Nor does the mechanical inertia of the controlled 
regulator valve alloW rapid setting of the gas pressure to tWo 
successive different values to optimiZe tWo successive short 
treatment steps. 

[0015] Another problem is that if the gas pressure inside 
the vacuum enclosure varies betWeen tWo successive steps, 
this produces a variation in the impedance of the plasma as 
seen by the controlled bombardment energy generator con 
nected to the substrate, and it is then no longer possible to 
control the bombardment energy ef?ciently to assure the 
regularity of the treatment. 

[0016] The controlled bombardment energy generator is 
generally associated With an impedance adapter for match 
ing the impedance of the energy source to that of the plasma. 
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The impedance adapter can track sloW variations in the 
impedance of the plasma, for Which purpose it comprises a 
variable capacitor Whose capacitance is varied by mechani 
cally moving the capacitor plates relative to each other. 
HoWever, a device of the above kind is not able to track fast 
impedance variations, i.e. variations occurring at a fre 
quency in the order of 1 HZ. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

[0017] The problem addressed by the present invention is 
therefore that of devising a process and a system in Which 
the How of active gas in the vacuum enclosure can be varied 
quickly for vacuum treatment of a substrate Without inter 
fering With the means for controlling and regulating ionic 
bombardment of the substrate. 

[0018] Another object of the invention is to provide means 
for obtaining a controlled pressure in the vacuum enclosure 
using conventional controlled gas aspiration means employ 
ing pressure regulator valves but alloWing the active gas 
?oWrates to be varied quickly. 

[0019] To achieve the above and other objects, in a plasma 
vacuum substrate treatment process of the invention the 
substrate is placed in a vacuum enclosure containing active 
gases injected via controlled active gas injection means and 
evacuated via controlled gas aspiration means, the active 
gases are ioniZed by plasma-generating means, and the 
substrate receives electrical bombardment energy generated 
by a controlled bombardment energy generator; the process 
includes at least one sequence of variation of the ?ow of 
injected active gas at a rate of variation greater than the 
capacity to regulate the gas pressure in the vacuum enclo 
sure of the controlled gas aspiration means; the impedance 
of the plasma as seen by the controlled bombardment energy 
generator is maintained at a substantially constant level by 
auXiliary compensation means during the active gas injec 
tion ?oW variation sequence. 

[0020] In an advantageous embodiment of the invention 
the impedance of the plasma as seen by the controlled 
bombardment energy generator is maintained substantially 
constant by controlled injection of at least one passive 
control gas into the vacuum enclosure to maintain substan 
tially constant the total How of gas injected into the vacuum 
enclosure. 

[0021] The passive control gas is preferably injected into 
the vacuum enclosure in an area close to the control gas 
aspiration means in order to prevent it being ioniZed. 

[0022] In a ?rst application, the process includes a suc 
cession of steps of injecting active gas at a ?rst injection 
?oWrate and steps of injecting active gas at a second 
injection ?oWrate different from the ?rst injection ?oWrate, 
at least some of the steps being shorter than the reaction time 
of the controlled gas aspiration means. 

[0023] The bombardment poWer communicated to the 
substrate can differ from one step to another. 

[0024] The process can be applied to etching a substrate, 
for eXample a silicon-based substrate. In this case, a suc 
cession of alternating short steps is advantageously used 
comprising an etching step in Which the ?rst active gas is 
SF6 during a ?rst time period at a ?rst ?oWrate and a 
protection layer generating step during Which the second 
active gas is C4F8 during a second time period at a second 
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?oWrate With simultaneous injection of a complementary 
?oWrate of a passive control gas such as nitrogen or argon. 

[0025] The process can instead be applied to depositing a 
deposit on the substrate. 

[0026] Aplasma vacuum substrate treatment system of the 
invention for implementing a process of the above kind 
comprises: 

[0027] 
[0028] controlled active gas injection means for 

injecting gas into the vacuum enclosure, 

[0029] controlled gas aspiration means for aspirating 
gas out of the vacuum enclosure, 

a vacuum GIIClOSIlIG, 

[0030] plasma-generating means in the vacuum 
enclosure, 

[0031] substrate support means for supporting the 
substrate in the vacuum enclosure, 

[0032] a controlled bombardment energy generator 
adapted to communicate to the substrate placed on 
the substrate support means an appropriate level of 
bombardment energy, and 

[0033] auXiliary compensation means for maintain 
ing substantially constant the impedance of the 
plasma as seen by the controlled bombardment 
energy generator in the event of variation of the gas 
entry ?oWrate and for maintaining substantially con 
stant the gas aspiration ?oWrate. 

[0034] In an advantageous embodiment the auXiliary com 
pensation means include means for controlled injection of at 
least one passive control gas into the vacuum enclosure. 

[0035] The controlled control gas injection means are 
preferably adapted to inject the passive control gas into an 
area of the vacuum enclosure near the controlled gas aspi 
ration means. 

[0036] The system advantageously includes control means 
for controlling the controlled control gas injection means to 
maintain substantially constant the total How of gas injected 
into the vacuum enclosure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0037] Other objects, features and advantages of the 
present invention emerge from the folloWing description of 
particular embodiments of the invention, Which description 
is given With reference to the accompanying diagrammatic 
draWings, in Which: 

[0038] FIG. 1 shoWs a ?rst embodiment of a plasma 
vacuum substrate treatment system of the present invention; 

[0039] FIG. 2 shoWs a timing diagram shoWing the varia 
tions in the ?oWrate of the various gases fed into the vacuum 
chamber in one embodiment of a plasma vacuum substrate 
treatment process of the invention; and 

[0040] FIGS. 3 and 4 are lateral sections of a substrate 
illustrating application of a process of the invention to 
etching the substrate. 

MORE DETAILED DESCRIPTION 

[0041] In the embodiment shoWn in FIG. 1, the plasma 
vacuum substrate treatment system includes a vacuum 
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enclosure 1 With controlled active gas injection means 2 for 
injecting gas into the vacuum enclosure 1 and controlled gas 
aspiration means 3 for aspirating gas out of the vacuum 
enclosure 1. 

[0042] The controlled active gas injection means 2 include 
an active gas supply pipe 4 connected to the top part 5 of the 
vacuum enclosure 1 and receiving a ?rst active gas G1 from 
a ?rst active gas supply 6 and a second active gas G2 from 
a second active gas supply 7, each active gas supply being 
associated With a respective ?oWmeter 8, 9. 

[0043] The top part 5 of the vacuum enclosure 1 also 
includes plasma generating means 10 including a high 
frequency excitation generator 11 connected via an excita 
tion impedance adapter 12 to an excitation Winding 13. The 
plasma generating means 10 ioniZe the gases in the top part 
of the vacuum enclosure 1 to form a plasma. 

[0044] A substrate support 15 in the bottom part 14 of the 
vacuum enclosure 1 supports a substrate 16 to be treated. 
The substrate 16 faces toWards the top part 5 containing the 
plasma. The substrate support 15 is electrically connected to 
a controlled bombardment energy generator 17 via a bom 
bardment impedance adapter 18. 

[0045] The controlled gas aspiration means 3 include gas 
pumping means 19 Whose aspiration inlet is connected to the 
bottom part 14 of the vacuum enclosure 1 via a pressure 
controlled valve 20. The pressure-controlled valve 20 is 
controlled by a control device, not shoWn, receiving infor 
mation from a pressure gauge 121 adapted to sense the 
pressure inside the vacuum enclosure 1. 

[0046] The system of the invention further includes aux 
iliary compensation means for maintaining the impedance of 
the plasma as seen by the controlled bombardment energy 
generator 17 constant in the event of variations in the entry 
?oWrate of the gases fed via the active gas supply pipe 4 and 
for maintaining a substantially constant ?oWrate of the gas 
aspirated through the pressure-controlled valve 20. 

[0047] In the embodiment shoWn, the auxiliary compen 
sation means include controlled control gas injection means 
21. The controlled control gas injection means 21 include a 
control gas supply 22, a control ?oWmeter 23 and an 
auxiliary pipe 24 for injecting a control gas G3 into an area 
25 of the vacuum enclosure near the controlled gas aspira 
tion means 3, for example. 

[0048] The ?oWmeters 8, 9 and 23 respectively monitor 
the input ?oWrates of the active gases G1 and G2 and the 
control gas G3 and to this end are controlled by control 
means Which are not shoWn in the ?gure. 

[0049] According to the invention, the control means are 
preferably adapted to control the control gas injection 
means, i.e. the ?oWmeter 23, so as to maintain at a substan 
tially constant level the total How of gas injected into the 
vacuum enclosure 1 in the event of variations in the ?oWrate 
of the active gases entering via the active gas supply pipe 4. 

[0050] FIG. 2 shoWs one example of regulation in accor 
dance With the invention: the curve 26 is a timing diagram 
of the ?oWrate D1 of a ?rst active gas G1 in the active gas 
supply pipe 4 and comprises in succession a constant 
maximum ?oWrate step D1, for example from time t0 to 
time t1, folloWed by a minimum ?oWrate step D‘1, possibly 
a Zero ?oWrate step, from time t1 to time t2, then a maximum 
?oWrate step D1 from time t2 to time t3, etc. The curve 27 
is a timing diagram of the ?oWrate D2 of a second active gas 
G2 and in the diagram the ?oWrate is at a minimum D‘2, 
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Which can be Zero, betWeen times t0 and t1 and at maximum 
equal to D2 betWeen times t1 and t2. It is then again at a 
minimum D‘2 betWeen times t2 and t3, etc. 

[0051] The step betWeen times t0 and t1 can correspond to 
an etching step, for example, and the step betWeen times t1 
and t2 can correspond to a protection layer generation step, 
for example. 

[0052] Note that the ?oWrate D2+D‘1 betWeen times t1 
and t2 is less than the ?oWrate D1+D‘2 betWeen times to and 
t1. Consequently, the total active gas ?oWrate takes a value 
greater than D1+D‘2 betWeen times t0 and t1 and a value less 
than D2+D‘1 betWeen times t1 and t2. 

[0053] According to the invention, betWeen times t1 and 
t2, a passive control gas G3 is injected at a ?oWrate D3 
substantially equal to (D1+D‘2)—(D2+D‘1), as shoWn by the 
curve 28, via the controlled control gas injection means 21. 

[0054] Because of the complementary passive control gas 
G3, the total gas ?oWrate entering the vacuum enclosure 1 
is maintained substantially constant, regardless of the ?oW 
rate of the alternating active gases G1 and G2 employed. As 
a result, the gas pressure inside the vacuum enclosure 1 is 
substantially constant and the impedance of the plasma is 
likeWise substantially constant. The bombardment imped 
ance adapter 18 therefore operates correctly and transmits a 
controlled bombardment energy to the substrate 16 and the 
pressure-controlled valve 20 operates correctly for sloW 
control of pressure inside the vacuum enclosure 1. 

[0055] By feeding the passive control gas G3 into the area 
25 of the vacuum enclosure 1 near the controlled gas 
aspiration means 3, the control gas is prevented from being 
ioniZed in the plasma and therefore contributes to some 
degree to the results of the current treatment of the substrate 
16. 

[0056] Thus the invention overcomes the inability of pres 
sure control and impedance matching systems as used in 
plasma vacuum deposition or etching systems to respond to 
active gas ?oWrate variations Within a time period in the 
order of one second. 

[0057] Consequently and as shoWn in FIG. 1, the system 
of the invention can be used to choose different gas ?oWrates 
G1 and G2 during successive treatment steps, to optimiZe 
each step. 

[0058] In a plasma vacuum substrate treatment process of 
the invention, the overall active gas injection ?oW changes 
suddenly at certain times at least, and at a rate greater than 
the capacity of the controlled gas aspiration means 3 to 
regulate the gas pressure in the vacuum enclosure 1. Such 
active gas injection ?oW variations occur at times t1, t2 or 
t3 in FIG. 2, for example. The auxiliary compensation 
means consisting of the controlled control gas injector 
means 21 maintain substantially constant the impedance of 
the plasma as seen by the controlled bombardment energy 
generator 17 and its bombardment impedance adapter 18. 

[0059] The impedance of the plasma as seen by the 
controlled bombardment energy generator 17 is maintained 
substantially constant by controlled injection of at least one 
passive control gas G3 into the vacuum enclosure 1 to 
maintain a substantially constant gas pressure inside the 
vacuum enclosure 1. 

[0060] One application of the process of the invention lies 
in etching the substrate 16, for example. For etching a 
silicon-based substrate 16 it is possible to use a succession 
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of short steps comprising, alternately, an etching step in 
Which the ?rst active gas G1 is sulfur hexa?uoride SF6 at a 
?rst ?oWrate D1 during a ?rst time period T1=t1=t0 and a 
protection layer generation step in Which the second active 
gas G2 is C4138 at a second ?oWrate D2 during a second time 
period T2=t2—t1, With injection of a complementary ?oWrate 
D3=D1—D2 of a passive control gas G3 such as nitrogen or 
argon. For example, D1=300 Sccm of SF6 for 3 seconds and 
D2=200 Sccm of C4138 for one second. D3=100 Sccm, 
simultaneously With the ?oWrate D2. 

[0061] Naturally, in the invention, and depending on the 
nature of the substrate to be treated and the type of treatment, 
other active gases, other passive gases and other duration 
and gas ?oWrate parameters can be chosen. 

[0062] Thanks to the rapid adaptability of the system 
according to the present invention, it is possible to alternate 
quickly successive treatment steps in Which the active gas 
?oWrates are different. It is also possible to vary quickly the 
?oWrate of the same active gas. 

[0063] The invention applies equally to etching and to 
deposition. 
[0064] FIGS. 3 and 4 shoW one application of the process 
according to the invention to etching. 

[0065] FIG. 3 shoWs the step of generating a protection 
layer: the substrate 16, partly covered by the mask 116, 
already incorporates a cavity 216 in an area that is not 
covered by the mask 116. During the step of generating the 
protection layer, the passivating gas generates a protection 
layer 316 over all of the top surface, not just the horiZontal 
surfaces, including over the bottom 416 and the side face 
516 of the cavity 216. 

[0066] During the etching step shoWn in FIG. 4, direc 
tional ion bombardment in the direction toWards the bottom 
416 of the cavity 216 progressively loWers the bottom 416. 
The protection layer 316 is still present on the side face 516. 
HoWever, as a result of the loWering of the level of the 
bottom 416, a bottom portion 616 of the side face 516 is 
deprived of the protection layer 316. This is Why it is 
necessary to alternate short etching steps (FIG. 4) and short 
protection layer generation steps (FIG. 3) and therefore to 
operate at a sufficiently high frequency, for example a 
frequency of the order of 1 HZ. 

[0067] The present invention is not limited to the embodi 
ments explicitly described but includes variants and gener 
aliZations thereof that Will be evident to the skilled person. 

1. Aplasma vacuum substrate treatment process in Which 
the substrate is placed in a vacuum enclosure containing 
active gases injected via controlled active gas injection 
means and evacuated via controlled gas aspiration means, 
the active gases are ioniZed by plasma-generating means, 
and the substrate receives electrical bombardment energy 
generated by a controlled bombardment energy generator, 
Wherein: 

the process includes at least one sequence of variation of 
the How of injected active gas at a rate of variation 
greater than the capacity to regulate the gas pressure in 
the vacuum enclosure of the controlled gas aspiration 
means, and 

the impedance of the plasma as seen by the controlled 
bombardment energy generator is maintained substan 
tially constant by auxiliary compensation means during 
the active gas injection ?oW variation sequence. 
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2. Aprocess according to claim 1, Wherein the impedance 
of the plasma as seen by the controlled bombardment energy 
generator is maintained substantially constant by controlled 
injection of at least one passive control gas into the vacuum 
enclosure to maintain substantially constant the total How of 
gas injected into the vacuum enclosure. 

3. A process according to claim 2, Wherein the passive 
control gas is injected into the vacuum enclosure in an area 
close to the controlled gas aspiration means in order to 
prevent it being ioniZed. 

4. Aprocess according to claim 1, including a succession 
of steps of injecting active gas at a ?rst injection ?oWrate D1 
and steps of injecting active gas at a second injection 
?oWrate D2 different from the ?rst injection ?oWrate D1, at 
least some of the steps being shorter than the reaction time 
of the controlled gas aspiration means. 

5. Aprocess according to claim 4, Wherein the bombard 
ment poWer communicated to the substrate differs from one 
step to another. 

6. A process according to claim 2, the process being 
applied to etching the substrate. 

7. Aprocess according to claim 6, Wherein, for etching a 
silicon-based substrate, a succession of alternating short 
steps is used comprising an etching step in Which the ?rst 
active gas is SF6 at a ?rst ?oWrate D1 during a ?rst time 
period and a protection layer generating step during Which 
the second active gas is C4138 at a second ?oWrate D2 during 
a second time period With simultaneous injection of a 
complementary ?oWrate D3=D1—D2 of a passive control 
gas such as nitrogen or argon. 

8. A process according to claim 1, the process being 
applied to depositing a deposit on the substrate. 

9. Aplasma vacuum substrate treatment system compris 
mg: 

a vacuum enclosure , 

controlled active gas injection means for injecting gas into 
the vacuum enclosure, 

controlled gas aspiration means for aspirating gas out of 
the vacuum enclosure, 

plasma-generating means in the vacuum enclosure, 

substrate support means for supporting the substrate in the 
vacuum enclosure, and 

a controlled bombardment energy generator adapted to 
communicate to the substrate placed on the substrate 
support means an appropriate level of bombardment 
energy, the system further including auxiliary compen 
sation means for maintaining substantially constant the 
impedance of the plasma as seen by the controlled 
bombardment energy generator in the event of varia 
tions in the gas entry ?oWrate and for maintaining 
substantially constant the gas aspiration ?oWrate. 

10. A system according to claim 9, Wherein the auxiliary 
compensation means include means for controlled injection 
of at least one passive control gas into the vacuum enclosure. 

11. A system according to claim 10, Wherein the con 
trolled control gas injection means are adapted to inject the 
passive control gas into an area of the vacuum enclosure 
near the controlled gas aspiration means. 

12. A system according to claim 9, including control 
means for controlling the controlled control gas injection 
means to maintain substantially constant the total How of gas 
injected into the vacuum enclosure. 

* * * * * 


