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𝐴 = 1 −  
𝑉𝑔𝑟𝑎𝑣𝑢𝑟𝑒 𝑙𝑎𝑡é𝑟𝑎𝑙𝑒

𝑉𝑔𝑟𝑎𝑣𝑢𝑟𝑒 𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙𝑒
 (1.1)

𝑆 =  
𝑉𝑚𝑎𝑡é𝑟𝑖𝑎𝑢 à 𝑔𝑟𝑎𝑣𝑒𝑟

𝑉𝑚𝑎𝑡é𝑟𝑖𝑎𝑢 à 𝑝𝑟é𝑠𝑒𝑟𝑣𝑒𝑟
 (1.2)



 

𝑇𝑒(𝑒𝑛 𝑒𝑉) =  
𝑘

𝑒
𝑇(𝑒𝑛 °𝐾)                                                 (1.3)

 



 

 

𝑒− + 𝐴𝐵 → 𝐴𝐵+ + 2𝑒− (1.4)

𝑒− +  𝐴𝐵 → 𝐴 +  𝐵+ + 2𝑒− (1.5)

 

𝑒− +  𝐴𝐵 → 𝐴 + 𝐵 +  𝑒− (1.6)

 

𝑒− + 𝐴𝐵 →  𝐴 + 𝐵− (1.7)

 

𝑒− + 𝐴𝐵 →  𝐴𝐵∗ +  𝑒− (1.8)

 
𝐴 + 𝐵 + 𝑀 →  𝐴𝐵 +  𝑀 (1.9) 



 

 



 

 



 

𝑌 = 𝐴(√𝐸𝑐 − √𝐸𝑠𝑒𝑢𝑖𝑙) (1.10)
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 →

 →

 →



 



 

 

 



 



 

  

 

 



 

 

 

‐



 

 



 



 



 

 



 

 

𝑓 =  
1

𝑡𝑂𝑁 + 𝑡𝑂𝐹𝐹
 𝑒𝑡 𝑅𝐶 =  

𝑡𝑂𝑁

𝑡𝑂𝑁 + 𝑡𝑂𝐹𝐹
 (1.11)
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Φ0

𝑟𝑝 =
𝐸𝑝𝑟

𝐸𝑝𝑖
= │𝑟𝑝│𝑒𝑗𝛿𝑝  𝑒𝑡 𝑟𝑠 =

𝐸𝑠𝑟

𝐸𝑠𝑝
= │𝑟𝑠│𝑒𝑗𝛿𝑠 (2.1)

│𝑟𝑝│ │𝑟𝑠│ 𝛿𝑝 𝛿𝑠

𝜌

𝜌 =
𝑟𝑝

𝑟𝑠
= 𝑡𝑎𝑛Ψ. 𝑒𝑗Δ (2.2) 

𝑡𝑎𝑛Ψ Δ =  𝛿𝑝 − 𝛿𝑠

Φ1

𝑁0𝑠𝑖𝑛Φ0 =  𝑁1𝑠𝑖𝑛Φ1                                                        (2.3)



 

Φ0

𝑟𝑝 =
𝑁1𝑐𝑜𝑠Φ0 − 𝑁0𝑐𝑜𝑠Φ1

𝑁1𝑐𝑜𝑠Φ0 + 𝑁0𝑐𝑜𝑠Φ1
 𝑒𝑡 𝑟𝑠 =  

𝑁0𝑐𝑜𝑠Φ0 − 𝑁1𝑐𝑜𝑠Φ1

𝑁0𝑐𝑜𝑠Φ0 + 𝑁1𝑐𝑜𝑠Φ1

(2.4)

Φ0

𝜌

𝑁(𝜆) = 𝑛(𝜆) + 𝑗𝑘(𝜆) (2.5)
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μ



 

 

AX = nX.t.λ.SX                                                                 (2.6) 
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𝜈 =
∫ 𝜈𝑓(𝜈)𝑑𝜈

∞

0

𝑛
(2.7) 

𝑛 = ∫ 𝑓(𝜈)𝑑𝜈
∞

0
=  ∫ 𝑓(𝐸)𝑑𝐸

∞

0
(2.8)

𝐽𝑖𝑜𝑛𝑠 = 𝑒 ∫ 𝜈𝑓(𝜈)𝑑𝜈
∞

0

(2.9)

𝐼 = 𝑆𝑒 ∫ 𝜈𝑓(𝜈)𝑑𝜈
∞

0

𝑑𝑛 = 𝑓(𝜈)𝑑𝜈 = 𝑓(𝐸)𝑑𝐸 (2.10)

𝐸 =
1

2
𝑀𝑖𝑜𝑛𝑠𝜈2 𝑑𝐸

𝑑𝜈
= 𝑀𝑖𝑜𝑛𝑠𝜈 ⟺ 𝑑𝜈 =  

𝑑𝐸

𝑀𝑖𝑜𝑛𝑠𝜈

𝐼 =  
𝑆𝑒

𝑀𝑖𝑜𝑛𝑠
∫ 𝑓(𝜈)𝑑𝐸

∞

0

(2.11)

𝑑𝐼

𝑑𝐸
=

𝑆𝑒

𝑀𝑖𝑜𝑛𝑠
𝑓(𝜈) (2.12)

𝑑𝐼

𝑑𝑉
=

𝑆𝑒2

𝑀𝑖𝑜𝑛𝑠
𝑓(𝜈) (2.13)

𝑑𝐼

𝑑𝑉
=  𝑆𝑒2𝜈𝑓(𝐸) (2.14)
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𝐴 = ln (
𝐼0

𝐼𝑇
) (2.15)

𝐴(𝜆, 𝑇) = 𝑁. 𝑙. 𝜎(𝜆, 𝑇) (2.16)
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𝐴 = ln (
𝐼0

𝐼𝑇
) (3.1)



 

𝐼0 = 𝐿𝑂𝑁,𝑣𝑖𝑑𝑒 − 𝐿𝑂𝐹𝐹,𝑣𝑖𝑑𝑒 (3.2)

𝐼𝑇 = 𝐿𝑂𝑁,𝑝𝑙𝑒𝑖𝑛 −  𝐿𝑂𝐹𝐹,𝑣𝑖𝑑𝑒 (3.3)

 𝐿𝑂𝑁,𝑣𝑖𝑑𝑒

 𝐿𝑂𝐹𝐹,𝑣𝑖𝑑𝑒

 𝐿𝑂𝑁,𝑝𝑙𝑒𝑖𝑛 



 

 

𝐴 = ln ( 
𝐼0

𝐼𝑇
) = ln (

𝐿𝑂𝑁,𝑣𝑖𝑑𝑒 − 𝐿𝑂𝑁,4𝑇𝑜𝑟𝑟

𝐿𝑂𝑁,𝑝𝑙𝑒𝑖𝑛 − 𝐿𝑂𝑁,4𝑇𝑜𝑟𝑟
) (3.4)



 

 

𝐿𝑂𝑁,𝑣𝑖𝑑𝑒 =
𝐿𝑂𝑁,𝑝𝑟𝑒 + 𝐿𝑂𝑁,𝑝𝑜𝑠𝑡

2
(3.5)
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𝐴𝑝𝑙𝑎𝑠𝑚𝑎 = 𝐴𝑁𝐹3(𝑋 𝑚𝑇𝑜𝑟𝑟) + 𝐴𝑁𝐻3(𝑌 𝑚𝑇𝑜𝑟𝑟) + 𝐴𝐻𝐹 (𝑍 𝑚𝑇𝑜𝑟𝑟) (3.6)
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𝑁 =
∫ 𝐴𝑑𝜆

𝜆2

𝜆1

𝑙. ∫ 𝜎𝑑𝜆
𝜆2

𝜆1

(3.7)

λ1 = λ

𝑃 = 𝑁𝑘𝐵𝑇 (3.8)
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𝐴𝑋(𝜆) = 𝑎(𝜆)𝑃𝑋 + 𝑏(𝜆)𝑃𝑋
2 + 𝑐(𝜆)𝑃𝑋

3 + 𝑑(𝜆)𝑃𝑋
4 (3.9)

𝐴𝑚é𝑙𝑎𝑛𝑔𝑒 =  𝐴𝑋 +  𝐴𝑌 + 𝐴𝑍 (3.10)
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𝑡𝑎𝑢𝑥 𝑑𝑒 𝑝𝑒𝑟𝑡𝑒 (%) =  
𝑃[𝑋𝑂𝐹𝐹] − 𝑃[𝑋𝑂𝑁]

𝑃[𝑋𝑂𝐹𝐹]
x100 (3.11)



 

  

 

 

𝑁𝐹3 + 𝑒− → 𝑁𝐹2 + 𝐹− (3.12)

𝑁𝐹3 + 𝑒− → 𝑁𝐹2 +  𝐹 + 𝑒− (3.13)

𝑁𝐹3 + 𝑒−  →  𝑁𝐹 + 2𝐹 + 𝑒− (3.14)



 

𝑁𝐹 + 𝑁 → 𝑁2 + 𝐹      𝑘 = 2,5. 10−10 𝑐𝑚3. 𝑠−1 (3.15)

𝑁𝐹 + 𝑁𝐹 →  𝑁2 + 𝐹2     𝑘 =   4. 10−12𝑐𝑚3. 𝑠−1 (3.16)
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𝑒− + 𝑁𝐻3  → 𝑁𝐻 + 𝐻2 + 𝑒− (𝐸𝑎 = 3,9𝑒𝑉) (3.17)

𝑒− + 𝑁𝐻3  → 𝑁𝐻2 + 𝐻 + 𝑒− (𝐸𝑎 = 5,6𝑒𝑉) (3.18)

𝑒− + 𝑁𝐻3  → 𝑁𝐻 + 2𝐻 + 𝑒−(𝐸𝑎 = 8,6𝑒𝑉) (3.19)



 

𝑁𝐻2 + 𝑁𝐻3 → 𝑁2𝐻4 + 𝐻 (3.20)

𝐻 + 𝑁2𝐻4  →  𝑁2𝐻3 +  𝐻2 (3.21)

𝑁𝐻2 +  𝑁2𝐻3 →  𝑁2𝐻2 + 𝑁𝐻3 (3.22)

𝑁2𝐻2  →  𝑁2 +  𝐻2 (3.23)

𝑁 + 𝑁𝐻 → 𝐻 + 𝑁2    𝑘 = 5. 10−11𝑐𝑚3. 𝑠−1 (3.24)

𝑁𝐻 + 𝑁𝐻 → 𝑁2 + 𝐻 + 𝐻    𝑘 = 8,5. 10−11𝑐𝑚3. 𝑠−1 (3.25)
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𝐻2 + 𝐹 → 𝐻𝐹(𝑣) + 𝐻     𝑘 = 6,18. 10−12𝑐𝑚3. 𝑠−1 (3.26)



 

𝐻 + 𝑁𝐹3  → 𝑁𝐹2 + 𝐻𝐹    𝑘 = 7,0. 10−17𝑐𝑚3. 𝑠−1 (3.27)

𝐻 + 𝑁𝐹2  → 𝐻𝐹 + 𝑁𝐹   𝑘 = 1,13. 10−11𝑐𝑚3. 𝑠−1 (3.28)

𝐻 + 𝑁𝐹 →  𝑁 + 𝐻𝐹  𝑘 = 2,5. 10−13𝑐𝑚3. 𝑠−1 (3.29)

𝑁𝐹 + 𝑁𝐹 →  𝑁2 + 2𝐹    𝑘 = 7,0. 10−11𝑐𝑚3. 𝑠−1 (3.30)

𝐻 + 𝐹2 → 𝐹 + 𝐻𝐹 𝑘 = 7,31. 10−14𝑐𝑚3. 𝑠−1 (3.31)

𝐻𝐹 + 𝑂∗ → 𝑂𝐻 + 𝐹   𝑘 = 1,5. 10−11𝑐𝑚3. 𝑠−1 (3.32)



 

[𝐹 𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑒𝑙] = 3. [𝑁𝐹3𝑝𝑒𝑟𝑑𝑢] (3.33)

[𝐹 𝑙𝑖𝑏𝑟𝑒] = [𝐹 𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑒𝑙] − [𝐻𝐹] (3.34)

0 1 2 3 4 5 6 7 8 9 10 11 12 13
0

10

20

30

40

50

 HF créé

 F libre

P
re

s
s
io

n
s
 p

a
rt

ie
ll
e
s
 (

m
T

o
rr

)

H2/NF3

 



 



 

 

0 1 2 3 4 5 6 7 8 9 10 11 12 13

0

10

20

30

40

50
P

re
s

s
io

n
 p

a
rt

ie
ll

e
(m

T
o

rr
)

NH3/NF3

 NF3 plasma OFF

 NF3 plasma ON

 

0 1 2 3 4 5 6 7 8 9 10 11 12 13

0

25

50

75

100

125

150

175

200

225

250

P
re

s
s
io

n
 p

a
rt

ie
ll

e
(m

T
o

rr
)

NH3/NF3

 NH3 plasma OFF

 NH3 plasma ON

 

0 1 2 3 4 5 6 7 8 9 10 11 12 13
0

10

20

30

40

50

60

70

80

90

100

ta
u

x
 d

e
 p

e
rt

e
 (

%
)

NH3/NF3

 NH3

 NF3



 

0 1 2 3 4 5 6 7 8 9 10 11 12 13

0

10

20

30

40

50

60

70

P
re

s
s
io

n
 p

a
rt

ie
ll

e
(m

T
o

rr
)

NH3/NF3

 NF3 plasma ON

 NH3 plasma ON

 HF

 

𝑁𝐻3 + 𝐹 → 𝑁𝐻2 + 𝐻𝐹(𝑣≥2)   𝑘 = 0,61.10−10𝑐𝑚3. 𝑠−1 (3.35)
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𝐻𝐹 + 𝑁𝐻3  → 𝑁𝐻4𝐹 (3.36)

𝐻 𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑒𝑙 = 3 ∗ 𝑁𝐻3 𝑝𝑒𝑟𝑑𝑢 (3.37)
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𝐻2 + 𝐹 → 𝐻𝐹(𝑣) + 𝐻
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𝑆𝑖(𝑠) + 4𝐹(𝑎𝑑𝑠) → 𝑆𝑖𝐹4(𝑔) (4.1)
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𝐻 + 𝐹𝑂 → 𝑂𝐻 + 𝐹     𝑘 = 1,54.10−11𝑐𝑚3. 𝑠−1 (4.5)

𝐻𝐹 + 𝑂∗ → 𝑂𝐻 + 𝐹     𝑘 = 1,5.10−11𝑐𝑚3. 𝑠−1 (4.6)

𝐻𝐹 + 𝑂𝐻 → 𝐻2𝑂 + 𝐹 (4.7)
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𝑁𝐻3 + 𝐻𝐹(𝑣) →  𝐻𝐹 + 𝑁𝐻3(𝑣)   𝑘 = 1,9.10−10𝑐𝑚3. 𝑠−1 (4.8)

𝐻2 + 𝐻𝐹(𝑣) →  𝐻𝐹 + 𝐻2(𝑣)   𝑘 = 8,57.10−13𝑐𝑚3. 𝑠−1 (4.9)
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𝑁𝐻3 + 𝑂∗ → 𝑁𝐻2 + 𝑂𝐻  𝑘 = 2,51.10−10𝑐𝑚3. 𝑠−1 (4.10)
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𝑎 =
𝐸𝑠𝑒𝑙𝑠

𝐸𝑔𝑟𝑎𝑣é
=  

𝑉𝑠𝑒𝑙𝑠

𝑉𝑔𝑟𝑎𝑣é
=  
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.
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𝑀𝑔𝑟𝑎𝑣é
 𝑒𝑡 𝑑𝑜𝑛𝑐 𝜌𝑠𝑒𝑙𝑠 =  

𝑀𝑠𝑒𝑙𝑠. 𝜌𝑔𝑟𝑎𝑣é

𝑎. 𝑀𝑔𝑟𝑎𝑣é
 (4.11)
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𝐸𝑡𝑜𝑡(𝑡) =  𝐸𝑖𝑛𝑖 − 𝐸𝑔𝑟𝑎𝑣é(𝑡) +  𝐸𝑠𝑒𝑙(𝑡) (4.12)

𝐸𝑠𝑒𝑙(𝑡)

𝐸𝑔𝑟𝑎𝑣é(𝑡)
= 3

𝐸𝑔𝑟𝑎𝑣é(𝑡) =  
𝐸𝑡𝑜𝑡(𝑡) −  𝐸𝑖𝑛𝑖

2
(4.13)
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[𝑁𝐻3]𝑝𝑒𝑟𝑑𝑢 𝑎𝑢𝑡𝑟𝑒 = [𝑁𝐻3]𝑝𝑒𝑟𝑑𝑢 − [𝑁𝐻3]𝑝𝑒𝑟𝑑𝑢 𝑅=0,625  (4.14)
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𝑆𝑖3𝑁4(𝑠) + 18𝑁𝐻4𝐹(𝑎𝑑𝑠)  →  3(𝑁𝐻4)2𝑆𝑖𝐹6(𝑠) + 16𝑁𝐻3 (4.15)

2𝐻𝐹(𝑎𝑑𝑠) + 𝑁𝐻3  →  𝐻𝐹2(𝑎𝑑𝑠)
− +  𝑁𝐻4(𝑎𝑑𝑠)

+  (4.16)

𝑆𝑖𝑂2(𝑠) +  2𝐻𝐹2(𝑎𝑑𝑠)
− + 2𝑁𝐻4(𝑎𝑑𝑠)

+  →  𝑆𝑖𝐹4 + 2𝐻2𝑂(𝑎𝑑𝑠) + 2𝑁𝐻3(𝑎𝑑𝑠) (4.17)

𝑆𝑖𝐹4(𝑎𝑑𝑠) + 𝑁𝐻4𝐹. 𝐻𝐹(𝑎𝑑𝑠)  +  𝑁𝐻3(𝑎𝑑𝑠)  →  (𝑁𝐻4)2𝑆𝑖𝐹6(𝑠) (4.18)

𝑆𝑖𝑂2(𝑠) + 3𝑁𝐻4𝐹. 𝐻𝐹(𝑎𝑑𝑠)  →  (𝑁𝐻4)2𝑆𝑖𝐹6(𝑠) + 2𝐻2𝑂(𝑎𝑑𝑠) + 𝑁𝐻3 (4.19)

‐



 

 (𝑁𝐻4)2𝑆𝑖𝐹6(𝑠) → 2𝑁𝐻3(𝑔) + 2𝐻𝐹(𝑔) + 𝑆𝑖𝐹4(𝑔) (4.20)
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𝑆𝑖𝑂2(𝑠) + 3𝑁𝐻4𝐹. 𝐻𝐹(𝑎𝑑𝑠)  →  (𝑁𝐻4)2𝑆𝑖𝐹6(𝑠) + 2𝐻2𝑂(𝑎𝑑𝑠) + 𝑁𝐻3 (4.21)
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𝑆𝑖3𝑁4(𝑠) + 18𝑁𝐻4𝐹(𝑎𝑑𝑠)  →  3(𝑁𝐻4)2𝑆𝑖𝐹6(𝑠) + 16𝑁𝐻3 (4.22)

 

22.7

19.1

25.7

sans plaque avant gravure pendant gravure
0

5

10

15

20

25

30

P
re

s
s
io

n
 p

a
rt

ie
ll
e
 d

e
 H

F
 (

m
T

o
rr

)

 

21.3 21.1

18.6

sans plaque avant gravure pendant gravure
0

5

10

15

20

25

P
re

s
s

io
n

 p
a

rt
ie

ll
e
 d

e
 N

H
3
 p

e
rd

u
 (

m
T

o
rr

)

 



 

 



 

 

0 0,25 0,5 0,625 1 2 4 6,25 10 12,5
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

V
it

e
s

s
e

 d
e

 g
ra

v
u

re
 (

n
m

.s
-1

)

NH3/NF3

Pression (Torr):

 1

 2

 2,5

 



 

0 0,25 0,5 0,625 1 2 4 6,25 10 12,5
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

1.2

1.3

V
it

e
s

s
e

 d
e

 g
ra

v
u

re
 (

n
m

.s
-1

)

NH3/NF3

Pression (Torr):

 1

 2

 2,5

 



 

0 2 4 6 8 10 12 14
0

50

100

150

200

250

300

0 0 0 0

270

120

61.5

21.5
30

39

20 20

te
m

p
s

 d
'i
n

c
u

b
a

ti
o

n
 (

s
)

NH3/NF3

 1

 2

 2,5

 



 

0 0,25 0,5 0,625 1 2 4 6,25 10 12,5
0.0

0.1

0.2

0.3

0.4

0.5

V
it

e
s

s
e

 d
e

 g
ra

v
u

re
 (

n
m

.s
-1

)

NH3/NF3

Pression (Torr):

 1

 2

 2,5

 



 

0 2 4 6 8 10 12 14
0

20

40

60

80

100

84

33

50
46

22

te
m

p
s

 d
'i
n

c
u

b
a

ti
o

n
 (

s
)

NH3/NF3

 2

 2,5

 



 

 

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8
V

it
e
s
s

e
 d

e
 g

ra
v
u

re
 (

n
m

/s
)

NH3/NF3

débit NF3 (sccm):

 40

 80

 120

 

0 0,25 0,5 0,625 1 2 4 6,25 10 12,5
0.0

0.2

0.4

0.6

0.8

1.0

V
it

e
s
s

e
 d

e
 g

ra
v
u

re
 (

n
m

/s
)

NH3/NF3

débit NF3 (sccm):

 40

 80

 120

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
0

20

40

60

80

100

120

P
re

s
s

io
n

 p
a

rt
ie

ll
e

 d
e

 f
lu

o
r 

li
b

re
 (

m
T

o
rr

)

NH3/NF3

débit NF3 (sccm):

 40

 80

 120

 



 

0 0,25 0,5 0,625 1 2 4 6,25 10 12,5
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

1.2

1.3

V
it

e
s

s
e

 d
e

 g
ra

v
u

re
 (

n
m

/s
)

NH3/NF3

débit NF3 (sccm):

 40

 80

 120

0 0,25 0,5 0,625 1 2 4 6,25 10 12,5
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

2.2

V
it

e
s
s

e
 d

e
 g

ra
v
u

re
 (

n
m

/s
)

NH3/NF3

débit NF3 (sccm):

 40

 80

 120

 



 

1 2 3 4 5 6 7 8 9 10 11 12 13

4

6

8

10

12

14

16

18

20

22

24

26

28

30 29

19

16

12

16 16

10

4 4

6
7

4

7

te
m

p
s

 d
'i
n

c
u

b
a
ti

o
n

 (
s
)

NH3/NF3

débit NF3 (sccm):

 40

 80

 120

 

1 2 3 4 5 6 7 8 9 10 11 12 13
0

50

100

150

200

250

300

350

400

2727 25

te
m

p
s

 d
'i
n

c
u

b
a
ti

o
n

 (
s
)

NH3/NF3

débit NF3 (sccm):

 40

 80

 120

 



 

 

0 1 2 3 4 5 6 7 8 9 10 11 12 13

0

5

10

15

20

25

30

35

40

45
P

re
s

s
io

n
 p

a
rt

ie
ll

e
(m

T
o

rr
)

NH3/NF3

 NH3 plasma ON

 HF

 HF perdu (NH4F)

 

0 1 2 3 4 5 6

0

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

 NH3 plasma ON

 HF crée

 HF perdu (NH4F)

P
re

s
s
io

n
 p

a
rt

ie
ll

e
(m

T
o

rr
)

NH3/NF3

 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

0

20

40

60

80

100

120

140

160

180

200

220

P
re

s
s
io

n
 p

a
rt

ie
ll

e
(m

T
o

rr
)

NH3/NF3

 NH3 plasma ON

 HF crée

 HF perdu (NH4F) 



 

 

0 0,25 0,5 0,625 1 2 4 6,25 10 12,5
0.0

0.2

0.4

0.6

0.8

1.0

1.2

V
it

e
s
s

e
 d

e
 g

ra
v
u

re
 (

n
m

/s
)

NH3/NF3

débit NF3 (sccm):

 40

 80

 120

 

0 0,25 0,5 0,625 1 2 4 6,25 10 12,5
0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20

V
it

e
s
s

e
 d

e
 g

ra
v
u

re
 (

n
m

/s
)

NH3/NF3

débit NF3 (sccm):

 40

 80

 120



 

10 20 30 40 50 60 70
0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

40 sccm 1 Torr

R=10

80 sccm 1 Torr

R=6,25

40 sccm 2,5 Torr

R=4

40 sccm 2 Torr

R=4

V
it

e
s
s

e
 d

e
 g

ra
v
u

re
 (

n
m

.s
-1

)

Pression partielle de NH4F (mTorr)

 SiN PECVD

 SiO2

120 sccm 1 Torr

R=4

 



 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

‐



 

‐

‐

‐



 



 

 



 

  

 



 

 

  



 

 

  
 

 



 

 

 

  



 

 



 

 

0 50 100 150 200 250 300
0

2

4

6

8

10

12

14

16

18

20

22

 SiN LPCVD

 SiN LPCVD modifiée par H2

 SiN LPCVD modifiée par He

E
p

a
is

s
e
u

r 
g

ra
v

é
e

 (
n

m
)

temps de gravure (s)

 

0 25 50 75 100 125 150
0

2

4

6

8

10

12

14

16

18

20

 SiN PECVD modifié avec He

 SiN PECVD modifié avec H2

 SiN PECVD

E
p

a
is

s
e

u
r 

g
ra

v
é

e
 (

n
m

)

temps de gravure (s)

 



 

 



 

  



 

 

106 104 102 100 98

0

1000

2000

3000

4000

5000

6000

Si-O-N

Si-O-F

Si-O

Si-N

In
te

n
s

it
é

 (
u

.a
)

Energie de liaison (eV)

0

2000

4000

6000

8000

SiN PECVD fonctionnalisé par H2

Si-N

SiN PECVD

 

404 402 400 398 396 394 392

0

2000

4000

6000

8000

10000

12000

14000

16000

18000

20000

22000

24000

Si-O-N

Si-N

SiN PECVD 

fonctionnalisé par H2

In
te

n
s

it
é

 (
u

.a
)

Energie de liaison (eV)

SiN PECVD

 

538 536 534 532 530 528

0

5000

10000

15000

20000

25000

30000

SiN PECVD

SiN PECVD 

fonctionnalisé par H2

Si-O-F

In
te

n
s

it
é

 (
u

.a
)

Energie de liaison (eV)

Si-O

 

692 690 688 686 684 682

0

2000

4000

6000

8000

10000

12000

14000

16000

18000

20000

Si-O-F
SiN PECVD 

fonctionnalisé par H2

SiN PECVD

In
te

n
s

it
é

 (
u

.a
)

Energie de liaison (eV)



 

0 1 2 3 4 5 6 7
0

10

20

30

40

50

60

70

80

90

100

 SiN

 SiON

 O

 F

Profondeur (nm)

C
o

n
c

e
n

tr
a

ti
o

n
 a

to
m

iq
u

e
 (

%
)

 



 

 



 

0 1 2 3 4 5 6 7 8
0

10000

20000

30000

40000

50000

60000

70000 Fluor                         Oxygene                   Hydrogene

 non modifié       non modifié        non modifié

 H2 60s               H2 60s                H2 60s

In
te

n
s

it
é
 (

u
.a

)

Profondeur (nm)

 



 



 

0 50 100 150 200 250 300 350 400
0.0

2.0x10-9

4.0x10-9

6.0x10-9

8.0x10-9

1.0x10-8

1.2x10-8

1.4x10-8

D
is

tr
ib

u
ti

o
n

 e
n

 v
it

e
s

s
e

 d
e

s
 i
o

n
s

 (
u

.a
)

Energie des ions (eV)

 20W

 50W

 80W



 

100 120 140 160 180 200 220 240

4

5

6

7

8

9

é
p

a
is

s
e
u

r 
m

o
d

if
ié

e
 (

n
m

)

Énergie moyenne des ions (eV)

 mesure XRR

Simulation:

 H+ (1 amu)

 H3
+ (3 amu)

 H3O
+ (19 amu)

 



 

0 10 20 30 40 50 60 70 80 90 100
0

2

4

6

8

10

12

14

 SiN PECVD

SiN PECVD modifié avec:

 NH3

 N2

 O2

é
p

a
is

s
e
u

r 
g

ra
v

é
e

 (
n

m
)

temps de gravure (s)  

 



 

58.92

21.65 20.7
31.46

53.29

23.95
16.45

29.08

39.93

38.57

70.59

30

10.57

1.15

15.84
8.72

22.08

7.06

SiN PECVD H2 O2 N2 NH3

0

20

40

60

80

100
F

SiON

SiO

SiO

SiO

SiO

SiO

SiON

SiON

SiN

SiN
SiNSiN

SiN

p
o

u
rc

e
n

ta
g

e
 (

%
)

 

 



 

 

 

 



 

 

0 1 2 3 4 5 6 7 8
0

10000

20000

30000

40000

50000

60000 Fluor

 SiN PECVD

 H2 60s

 NH3 60s

SiN

 SiN PECVD

 H2 60s

 NH3 60s

In
te

n
s

it
é
 (

u
.a

)

Profondeur (nm)

 

0 2 4 6 8 10 12
0

2000

4000

6000

8000

10000

12000

14000

Oxygène                        SiN

 SiN PECVD            SiN PECVD

 H2 60s                    H2 60s

 NH3 60s                 NH3 60s

In
te

n
s

it
é
 (

u
.a

)

Profondeur (nm)

 

0 1 2 3 4 5 6 7 8 9 10 11 12
0

5000

10000

15000

20000

25000

30000 Hydrogène

 SiN PECVD

 H2 60s

 NH3 60s

SiN

 SiN PECVD

 H2 60s

 NH3 60s

In
te

n
s

it
é
 (

u
.a

)

Profondeur (nm)

 



 

 

0 50 100 150 200 250 300 350 400 450
0.0

5.0x10-10

1.0x10-9

1.5x10-9

2.0x10-9

2.5x10-9

3.0x10-9

3.5x10-9

Energie des ions (eV)

D
is

tr
ib

u
ti

o
n

 e
n

 v
it

e
s

s
e

 d
e

s
 i
o

n
s

 (
u

.a
)

 20W

 50W

 80W

 

0 50 100 150 200 250 300 350 400 450 500
0.0

2.0x10-10

4.0x10-10

6.0x10-10

8.0x10-10

1.0x10-9

1.2x10-9

Energie des ions (eV)

D
is

tr
ib

u
ti

o
n

 e
n

 v
it

e
s
s

e
 d

e
s
 i

o
n

s
 (

u
.a

)

 20W

 80W

 50W

 

0 50 100 150 200 250 300 350 400 450
0.0

5.0x10-10

1.0x10-9

1.5x10-9

2.0x10-9

2.5x10-9

3.0x10-9

3.5x10-9

4.0x10-9

4.5x10-9

D
is

tr
ib

u
ti

o
n

 e
n

 v
it

e
s
s
e

 d
e
s

 i
o

n
s
 (

u
.a

)

Energie des ions (eV)

 20W

 50W

 80W

 

 



 



 

 



 

  

1 2 3 4 5 6
0

1

2

3

4

5

é
p

a
is

s
e
u

r 
g

ra
v

é
e

 (
n

m
)

cycles

 pulvérisé par plasma CCP

 retiré par post décharge



 



 

 



 

 

 



 

  

 



 

  



 

  

 



 



 



 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 



 



 



 



 


