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 

 

 

 

http://www.cnrs.fr/
http://www.kuleuven.be/
http://www.ihp-microelectronics.com/
http://www.ihp-microelectronics.com/
http://www.research.ibm.com/labs/zurich/
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𝑊𝑆𝑖 · 𝐻𝑆𝑖

𝑊𝐴𝑙 · 𝐻𝐴𝑙

𝐻𝑆𝑖𝑂2
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𝑀

𝐸𝑅

𝐼𝐿 𝐿𝑅

𝐻𝑆𝑖𝑂2

𝐸𝑦 𝐸𝑥

(a) (b)
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𝐸𝑥 𝐸𝑦

 𝐸𝑦

𝐸𝑥

(b)(a)

(e)(d)
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𝐸𝑥 𝐸𝑦
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𝐻𝑆𝑖 𝑊𝑐

𝐻𝑆𝑖𝑂2

𝐿𝑐

𝐷

(a) (b)
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𝐻𝑆𝑖𝑂2 𝑊𝑐
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𝑛𝑒𝑓𝑓 = 1.74

(a) (b) (c)
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(a)

(b) (c)

(d) (e)

(f)
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(a) (b)

(c)

(a) (b)

(c) (d)
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𝑊3 · 𝐻𝑚 𝑊4 · 𝐻𝑚

𝑊𝑆𝑖 · 𝐻𝑆𝑖

𝑊2 · 𝐻𝑆𝑖 𝑊𝑆𝑖 𝐻𝑆𝑖
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𝑊2

𝐿𝑐 μ

𝐷
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𝑊3

𝐺1
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λ 𝑾𝟑 𝑮𝟏

(a)

(b)
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𝐸𝑦 𝐸𝑥
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𝑊4 𝐺2
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𝑊4 𝐺2

λ 𝑾𝟑 𝑮𝟏 𝑾𝟒 𝑮𝟐

μ μ

(a) (b)

(c) (d)
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𝐸𝑦 𝐸𝑥

μ
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ω β

ω β

β β

β β
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π

π π

γ γ

π π

λ

𝜆𝑜 = 𝜆𝑚𝑎𝑥 + 𝛾 ·
𝐹𝑆𝑅

2

λ

γ

γ

π γ π

π

γ



54 
 

γ

γ

γ

γ

λ λ

𝑁 =
2𝑛𝑒𝑓𝑓𝜆𝑚𝑎𝑥

𝑛𝑔𝐹𝑆𝑅

∆𝐿 =
𝑁𝑒𝑣𝑒𝑛𝜆𝑚𝑎𝑥

2𝑛𝑒𝑓𝑓
 

λ

μ
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γ

π γ

π π γ

γ

γ

π
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π
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π γ

π

π

γ

γ

γ
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π
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IN

OUT

OUT
VO2(m)VO2(i)

IN

(b)(a)
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𝑃𝑜𝑢𝑡 =
𝑎𝑖(1 − 𝑡2)2

  1 − 2𝑡2𝑎𝑖𝑐𝑜𝑠𝜙𝑖 + (𝑡2𝑎𝑖)2

𝑃𝑐𝑟𝑜𝑠𝑠𝑡𝑎𝑙𝑘 =
𝑡2𝑎𝑖

2 − 2𝑡2𝑎𝑖𝑐𝑜𝑠𝜙𝑖 + 𝑡2

1 − 2𝑡2𝑎𝑖𝑐𝑜𝑠𝜙𝑖 + (𝑡2𝑎𝑖)2

∅i ai

 

 

Ai = 20 log10(ai) = 

∅i = 0
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am

am

Am = 20 log10(am) = 5

∅m > ∅i

∅i = 0 Ai = 0.5dB ∅m = 0.2π Am = 5dB

(a) (b)

Crosstalk

IN

OUT

VO2(i)

(d)(c)

OUT

IN

Crosstalk

VO2(m)
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∅i = 0 Ai = 0.5dB ∅m = 0.2π

Am = 5dB

∆α = Am − Ai

∆∅ = ∅m − ∅i = 0

∆α

∆∅ = 0

Ai
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∆α > 20𝑑𝐵

∆∅ = 0.25π

π

Ai
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λ

VO2(i)

(a)

VO2(m)

(b) (c)
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∆neff

π π

𝐿𝜋 =
𝜆

2 · ∆𝑛𝑒𝑓𝑓

μ

𝛼 (
𝑑𝐵

𝜇𝑚
) = 10 · log(𝑒) · (

4 · 𝜋 · 𝑘

1.55
) ≈ 35.2 · 𝑘

π

𝑎(𝑑𝐵) = 𝛼 (
𝑑𝐵

𝜇𝑚
) · 𝐿𝜋(𝜇𝑚)

𝜶 (
𝒅𝑩

𝝁𝒎
) ∆𝒏𝒆𝒇𝒇 𝑳𝝅 𝝁𝒎 𝒂(𝒅𝑩)

𝐿𝜋 2.53µ𝑚
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μ

Slot:VO2(i)

(b)

Slot:SiO2

(a)

Slot:VO2(i)

(e)

Slot:SiO2

(d)

Slot:VO2(m)

(c)

Slot:VO2(m)

(f)
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𝜶 (
𝒅𝑩

𝝁𝒎
) ∆𝒏𝒆𝒇𝒇 𝑳𝝅 𝝁𝒎 𝒂(𝒅𝑩)

 

Slot:VO2(i)

(b)

Slot:SiO2

(a)

Slot:VO2(i)

(e)

Slot:SiO2

(d)

Slot:VO2(m)

(c)

Slot:VO2(m)

(f)
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𝜶 (
𝒅𝑩

𝝁𝒎
) ∆𝒏𝒆𝒇𝒇 𝑳𝝅 𝝁𝒎 𝒂(𝒅𝑩)

μ

μ

μ
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μ

π π

μ π

π
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π

π

π

π

π

π
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𝛥𝑛𝑒𝑓𝑓 𝐿𝜋

𝐿𝜋

𝐿𝜋

𝐿𝜋

𝛥𝑛𝑒𝑓𝑓
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𝐿𝜋 𝛥𝑛𝑒𝑓𝑓

π

π

𝐿𝜋 𝐿𝜋
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π

π
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π μ

μ

VO2(i)

VO2(m) VO2(m)

VO2(i)

(a)

(c)

(b)

(d)
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VO2(i)

VO2(m) VO2(m)

VO2(i)

(a)

(c)

(b)

(d)
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Re(n)-VO2(i)

(a)

(c)

(b)

(d)

Im(n)-VO2(i)

Re(n)-VO2(m) Im(n)-VO2(m)

VO2(i)

(a) (b)

VO2(m)
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𝐿𝜋

𝐿𝑉𝑂2 𝐿𝜋 

∆𝑛𝑒𝑓𝑓  𝐿𝜋

𝐿𝑉𝑂2

𝑎𝑖 = 0.5𝑑𝐵

𝜙𝑖 = 0

𝑎𝑖 = 0.5𝑑𝐵 𝜙𝑖 = 0

𝑎𝑚, 𝜙𝑚

𝐼𝐿𝑐𝑟𝑜𝑠𝑠 (𝑎𝑖 = 0.5𝑑𝐵, 𝜙𝑖 = 0) =
𝑎𝑖(1 − 𝑡2)2

  1 − 2𝑡2𝑎𝑖𝑐𝑜𝑠𝜙𝑖 + (𝑡2𝑎𝑖)2

𝐶𝑇𝑐𝑟𝑜𝑠𝑠(𝑎𝑖 = 0.5𝑑𝐵, 𝜙𝑖 = 0) =
𝑡2𝑎𝑖

2 − 2𝑡2𝑎𝑖𝑐𝑜𝑠𝜙𝑖 + 𝑡2

1 − 2𝑡2𝑎𝑖𝑐𝑜𝑠𝜙𝑖 + (𝑡2𝑎𝑖)2

𝐼𝐿𝑏𝑎𝑟(𝑎𝑚, 𝜙𝑚) =
𝑡2𝑎𝑚

2 − 2𝑡2𝑎𝑚𝑐𝑜𝑠𝜙𝑚 + 𝑡2

1 − 2𝑡2𝑎𝑚𝑐𝑜𝑠𝜙𝑚 + (𝑡2𝑎𝑚)2

𝐶𝑇𝑏𝑎𝑟(𝑎𝑚, 𝜙𝑚) =
𝑎𝑚(1 − 𝑡2)2

  1 − 2𝑡2𝑎𝑚𝑐𝑜𝑠𝜙𝑚 + (𝑡2𝑎𝑚)2

(a)

(c)

(b)

(d)
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π

 𝐿𝜋

∆𝛼 = [𝐿𝑜𝑠𝑠𝑒𝑠 𝑉𝑂2(𝑚) − 𝐿𝑜𝑠𝑠𝑒𝑠 𝑉𝑂2(𝑖)] · 𝐿𝑉𝑂2

𝑎𝑚(𝑑𝐵) = 𝑎𝑖(𝑑𝐵) + ∆𝛼

∅𝑚 =
𝐿𝑉𝑂2

𝐿𝜋
· 𝜋

μ

(a)

(c) (d)

(b)
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μ

μ

(a)

(b)
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π α

Si-VO2(i)

(b) (c)

Si-VO2(m)Si

(a)
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μ

(a)                       (b)
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Re(n)-VO2(i)

(a)

(c)

(b)

(d)

Im(n)-VO2(i)

Re(n)-VO2(m) Im(n)-VO2(m)

h=20nm,hVO2(m)=20nm

(a)

h=20nm,hVO2(m)=45nm

(b)

h=20nm,hVO2(m)=70nm

(c)

h=80nm,hVO2(m)=20nm

(d)

h=80nm,hVO2(m)=45nm

(e)

h=80nm,hVO2(m)=70nm

(f)

h=200nm,hVO2(m)=20nm

(g)

h=200nm,hVO2(m)=45nm

(h)

h=200nm,hVO2(m)=70nm

(i)
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∆𝑛𝑒𝑓𝑓  𝐿𝜋 𝐿𝑉𝑂2

μ

VO2(i)

(a) (b)

VO2(m)
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(a)

(c)

(b)

(d)

(a)

(c) (d)

(b)
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π α
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Si

(a)

Si-SiO2-VO2(i)

(b)

Si-SiO2-VO2(m)

(c)

Si-SiO2-VO2(m)

(d)
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μ

 

(a)                       (b)
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λ λ

λ λ
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𝑉 > 𝑉𝑆𝑀𝑇

𝑉 < 𝑉𝑀𝑆𝑇
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𝑃 ≈
𝑉𝑠𝑜𝑢𝑟𝑐𝑒

2

𝑅𝑙𝑜𝑎𝑑
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100 
 

𝑃 = 𝐼𝑠𝑜𝑢𝑟𝑐𝑒
2 · 𝑅𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑑𝑒

 𝑃 =
𝑉𝑠𝑜𝑢𝑟𝑐𝑒

2

𝑅𝑙𝑜𝑎𝑑
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ρ
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μ
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μ
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𝑃𝑂𝐹𝐹

(b)(a)
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110 
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(b)(a)
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μ
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VO2

Hysteresis

Optical 
memories

Multiple-
stable 
optical 

systems

Refractive index

Variation in the real part 
of the index

Phase variation

Tunning of 
optical 

resonances 

Beam 
steering

Variation in the imaginary part

Amplitude variation

Electro-
absorption 
modulators

Switches 
based on 
VO2-SPP

Polarization 
managemen

t
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SiO2
VO2

BOX

Si
Metal

(b)(a)
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μ



117 
 

μ
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(a) (b)
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μ μ

 

𝐸𝑅

𝐼𝐿
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𝑤𝑆𝑖 ℎ𝑆𝑖
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 𝑤𝐻

 ℎ𝑆𝑖𝑂2  ℎ𝑉𝑂2

ℎ𝑚

CW TM 
input

Modulated TE 
Output

VO2(m)

VO2(i)
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ℎ𝑆𝑖𝑂2  ℎ𝑉𝑂2 𝑛𝑒𝑓𝑓 = 1.58

ℎ𝑆𝑖𝑂2 ℎ𝑉𝑂2

𝑛𝑒𝑓𝑓 = 1.58
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𝑤𝑆𝑖  𝑤𝐻  ℎ𝑆𝑖𝑂2  ℎ𝑉𝑂2

𝑛𝑒𝑓𝑓 = 1.58

(a) (b)

(c) (d)
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VO2(i) Ey VO2(i) Ex         VO2(m) Ey VO2(m) Ex              

(a) (b) (c) (d)
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𝑃 > 𝑃𝐼−𝑀

𝑃𝑀−𝐼

Ti TM

TM

Ti
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Tip

Heating tip

VO2 pixel in steady conditions

VO2 pixel in metallic state

Input light

Output light
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 

 

 

 



138 
 

 

λ



139 
 



140 
 



141 
 



142 
 



143 
 



144 
 

‐

‐



145 
 


