
HAL Id: tel-03471036
https://hal.science/tel-03471036v1

Submitted on 12 Jul 2021 (v1), last revised 8 Dec 2021 (v2)

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

COUPLAGE LUMIERE-MATIERE AU SEIN DE
DETECTEURS INFRAROUGES A BASE DE

NANOCRISTAUX COLLOIDAUX
Audrey Chu

To cite this version:
Audrey Chu. COUPLAGE LUMIERE-MATIERE AU SEIN DE DETECTEURS INFRAROUGES
A BASE DE NANOCRISTAUX COLLOIDAUX. Matériaux. Sorbonne Université, 2021. Français.
�NNT : �. �tel-03471036v1�

https://hal.science/tel-03471036v1
https://hal.archives-ouvertes.fr




 



 



 







 



 



 







 

 



 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

• 

• 

• 

 

• 

• 

• 



 

ε

ε

λ

σ

𝑚𝑒
∗ , 𝑚ℎ

∗

ℛ

τ

μ

α

𝑘⃗ 



𝐻⃗⃗ /𝐸⃗ 

θ

𝑛 = 𝑛 + 𝑖𝑘

𝛿𝑝

ε



 



 

 

 

 

 

 

 

  







 



 

 



𝑬𝒉 = −
ħ𝟐𝒌𝟐

𝟐𝒎𝒉
∗ 𝑬𝒆 = 𝑬𝑩𝒖𝒍𝒌 +

ħ𝟐𝒌𝟐

𝟐𝒎𝒆
∗

𝐸ℎ 𝐸𝑒 𝑚ℎ
∗ 𝑚𝑒

∗

ħ 𝑘 𝐸𝐵𝑢𝑙𝑘

𝑎0

𝒂𝟎 =
𝒉𝟐𝜺𝟎𝜺𝒓

𝒎𝒓
∗𝒆𝟐𝝅

 
𝟏

𝒎𝒓
∗ =

𝟏

𝒎𝒆
∗ +

𝟏

𝒎𝒉
∗

ℎ 𝑒 𝜀0 𝜀𝑟

𝑚𝑟
∗

 

𝑅 < 𝑎0

𝒌𝒏,𝒍 =
𝜱𝒏,𝒍

𝑹
𝑬𝒏,𝒍 =

ħ𝟐𝜱𝒏,𝒍
𝟐

𝟐𝑹𝟐𝒎∗

 

𝑚∗ 𝛷𝑛,𝑙 𝑛 𝑙

𝑛 𝑙 𝑛𝑙 𝑛



𝑙

𝑅 < 𝑎0

𝑚𝑒 > 10 𝑚𝑒

𝐸𝐺 = 𝐸1𝑆𝑒
− 𝐸1𝑆ℎ

= 𝐸𝐵𝑢𝑙𝑘 +
ħ2𝛷1,0

2

2𝑅2𝑚𝑒
∗ +

ħ2𝛷𝑛,𝑙
2

2𝑅2𝑚ℎ
∗ = 𝐸𝐵𝑢𝑙𝑘 +

ħ2𝜋2

2𝑅2𝑚𝑟
∗ (4) 



𝑬𝑮
𝑶𝒑

= 𝑬𝑩𝒖𝒍𝒌 +
ħ𝟐𝝅𝟐

𝟐𝑹𝟐𝒎𝒓
∗ − 𝑬𝑪𝒐𝒖𝒍𝒐𝒎𝒃 𝑬𝑪𝒐𝒖𝒍𝒐𝒎𝒃 =

𝟏.𝟕𝟔𝟓𝒆𝟐

𝜺∞𝑹

 

 𝐸𝐶𝑜𝑢𝑙𝑜𝑚𝑏 𝜀∞

𝜀∞

1 𝑅2⁄
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𝑫 =
𝑲𝝀

𝑯𝒄𝒐𝒔(𝜽)

𝐷 𝐾 𝜆

𝐻 𝜃
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≈



 

 
 



𝒯 = 𝑒−𝛽𝑙 𝑙 𝛽 ≈ -1

 

𝝁 =
𝒆𝑹𝟐

𝟑𝒉𝒌𝑩𝑻
𝒆−𝜷𝒍−𝑬𝒂 𝒌𝑩𝑻⁄

𝐸𝑎



 

 



µ =
𝟏

𝑪𝑺𝑽𝑫𝑺
 
𝑳

𝑾
 
𝝏𝑰𝑫𝑺

𝝏𝑽𝑮𝑺
|
𝑽𝑫𝑺=𝒄𝒕𝒆

𝐶𝑆 𝐿 𝑊

𝜀𝑟 𝑑

𝑆 𝐶𝑆 = 𝜀0𝜀𝑟/𝑑



𝜀𝑟 = 7.5

a. 
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𝑳(𝝀, 𝑻) =
𝟐𝒉𝒄𝟐

𝝀𝟓

𝟏

𝒆𝒉𝒄/(𝝀𝒌𝑩𝑻)−𝟏

𝐿 𝐿(𝜆, 𝑇)



 
 



ℛ

𝐼𝑃ℎ𝑜𝑡𝑜 = 𝐼𝐼𝑙𝑙𝑢 − 𝐼𝐷𝑎𝑟𝑘

𝑃𝑂𝑝

𝓡 =
𝑰𝑷𝒉𝒐𝒕𝒐

𝑷𝑶𝒑



𝛿𝐼𝑡ℎ
𝛿𝐼𝑡ℎ

2 = 4 𝑘𝐵𝑇 ∆𝑓/𝑅𝑒𝑠 ∆𝑓

𝑅𝑒𝑠

𝛿𝐼𝐺𝑅
2 = 2𝑒𝐺𝐼 𝐺 𝐼

𝛿𝐼1/𝑓
2 = 𝛼𝐼2/(𝑁𝑓) 𝛼

𝑁 𝑓

𝛼

𝛼

𝛼

 



 

𝑁𝐸𝑃

𝑁𝐸𝑃 = 𝛿𝐼𝑛/ ℛ 𝛿𝐼𝑛
 ℛ

𝑫∗ =
𝓡√𝑨

𝜹𝑰𝒏

𝐴 𝐷∗

1/𝑓



 
 







 
 

 



𝛿𝐼𝐺𝑅
2 = 2𝑒𝐺𝐼



 

  

 



 



 
 

10 × 10
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𝐸𝐺/2 = 370 𝑚𝑒𝑉





∆𝑬𝑽𝒊𝒅𝒆 = −𝑵
𝝁𝒍𝒊𝒈𝒂𝒏𝒅

𝜺𝟎𝜺𝒍𝒊𝒈𝒂𝒏𝒅



𝑁 𝜇𝑙𝑖𝑔𝑎𝑛𝑑

𝜀𝑙𝑖𝑔𝑎𝑛𝑑
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𝑰𝑫𝒂𝒓𝒌 ∝ 𝒆−𝑬𝑨/𝒌𝑩𝑻
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𝐿𝐷

𝑳𝑫 = √
𝝁𝒌𝑩𝑻𝝉

𝒆

𝜇 𝑘𝐵 𝑇 𝜏

𝑒

𝑳 𝝁

≈

≈

≈

𝑻 = 𝟑𝟎𝟎 𝑲 𝝉 = 𝟑𝟕𝟎 𝒏𝒔

 

 
 

𝛿𝑝

1
𝑒⁄

𝑰 = 𝑰𝟎𝒆
−𝒍

𝜹𝒑
⁄

𝐼 𝑙

𝐴 = −log (𝐼/𝐼0) 𝐴 = 𝛼. 𝑙

𝛿𝑝 𝛼 



𝜹𝒑 =
𝟏

𝜶 𝐥𝐧 (𝟏𝟎)

𝛿𝑝 𝛼

𝛿𝑝

 

 

1 − 10−𝛼𝐿 ≈ 12 %



≈ 200 𝑛𝑚



𝐴 ≈ 35 −  40 %

 



≈ 3

 



 
 

 

𝐻⃗⃗ 

𝟏

𝝀
= |

𝒔𝒊𝒏 (𝜽)

𝝀
+

𝒎

𝒑
|

𝑚 𝑝



𝑘𝑥
(𝑚)

𝑘𝑠𝑝𝑝

𝒌𝒙
(𝒎)

= 𝒌𝟎 𝒔𝒊𝒏(𝜽) +
𝟐𝝅𝒎

𝒑

𝒌𝒔𝒑𝒑 = 𝒌𝟎
𝟏

√𝟏+
𝟏

𝜺𝒎

𝑘0  𝜀𝑚

𝑛𝑒𝑓𝑓 = 𝑛 (1 + 𝛿 𝑊⁄ )  𝑛 𝛿 𝑊



𝜆𝑅 = 2𝑛𝑒𝑓𝑓𝑤 𝑛𝑒𝑓𝑓

𝑛𝑒𝑓𝑓 + 𝑖𝑘𝑒𝑓𝑓 = 𝑛2√1 +
𝑖𝜆

𝜋𝑡𝑙√𝜀𝑀𝑒𝑡𝑎𝑙
𝑡𝑙

𝜆𝑅 = 2𝜋√𝜀𝑠
ℎ𝐵𝑤𝐵 (ℎ𝑠+𝑤𝑠)

𝑤𝑠
𝜀𝑠

𝑤𝑏 → ∞

 



 

 

 

 

𝑝 < 𝜆𝑅 < 𝑛𝑁𝐶  𝑝 𝜆𝑅

𝑛𝑁𝐶



 



𝑛 = 𝑛 + 𝑖𝑘

𝑘

𝑘 k =  
ln (10)αλ

4π
 α

𝑛

𝑛

𝑛 = 2.35

𝑝 𝑤

≈

𝑡𝑆𝑖𝑂2
= 120 𝑛𝑚

𝑡𝑁𝐶𝑠

𝑡𝐴𝑢

𝑡𝑁𝐶𝑠 = 200

𝑛 𝑛 𝑡𝐴𝑢 = 50

𝑡𝑆𝑖𝑂2
= 120 



𝑝 < 𝜆𝑅 < 𝑛𝑁𝐶  𝑝 𝜆𝑅 = 1.55 µ𝑚

0.8 < 𝑝 < 1.55 𝑝 = 1.0 µ𝑚

𝐴𝑁𝐶
𝑇𝑀 = 77 %

𝐴𝑁𝐶
𝑇𝐸 = 𝐴𝑇𝑂𝑇

𝑇𝐸  x 0.89 = 71%

 

 



 

𝜎 = 1/𝜆

k𝑥 = 2𝜋𝜎 𝑠𝑖𝑛(𝜃)

𝑘𝐺𝑀𝑅
⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  =

2𝜋𝑛𝑒𝑓𝑓

𝜆
 𝑥 𝑛𝑒𝑓𝑓

𝑘𝑥
±1

𝒌𝒙
±𝟏 = 𝟐𝝅𝝈𝒔𝒊𝒏(𝜽) ±

𝟐𝝅

𝒑
≈

𝟐𝝅𝒏𝒆𝒇𝒇

𝝀
= 𝒌𝑮𝑴𝑹

𝜃 = 0° 𝑛𝑒𝑓𝑓 ≈
𝝀

𝑝
= 1.55
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𝜏 𝑇𝑡

𝑮 = 𝝉/𝑻𝒕

𝐺

𝐺 ≤ 1 𝐺 > 1

𝜏 𝑇𝑡

𝑻𝒕 =  
𝑳

𝝁𝑬

𝐸 𝐿



 

 
 

𝑡𝑁𝐶𝑠 =

𝑛 𝑛 𝑡𝐴𝑢 =

𝑡𝑆𝑖𝑂2
=
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𝑰𝑫𝒂𝒓𝒌 ∝ 𝒆−𝑬𝑨/𝒌𝑩𝑻 (13)

𝐸𝐴





 



η 𝑡𝑁𝐶 = 200

𝑛 𝑛 𝑡𝐴𝑢 = 50

𝑡𝑆𝑖𝑂2
= 120 

𝑡𝑀𝑖𝑟𝑟𝑜𝑟 = 80

 

 7 : Paramètres géométriques 



finals pour les nanoélectrodes GMR FAPI/PbS.

 

 

 7 : Paramètres géométriques finals 

pour les nanoélectrodes GMR FAPI/PbS.

 



 



 7 : Paramètres géométriques 

finals pour les nanoélectrodes GMR FAPI/PbS.



 



 

 



 

 

 

 



 

 
 

≈



𝐸⃗ 𝑒𝑝⃗⃗⃗⃗ 𝑒𝑠⃗⃗  ⃗ 𝑒𝑠⃗⃗  ⃗

𝑒𝑝⃗⃗⃗⃗ 

𝑟𝑝 = 𝑟𝑝𝑒
𝑖𝛿𝑝 𝑟𝑠 = 𝑟𝑠𝑒

𝑖𝛿𝑠 𝑟𝑝 𝑟𝑠

𝛿𝑝 𝛿𝑠

∆= 𝛿𝑝 − 𝛿𝑠 tan(𝜓) = 𝑟𝑝/𝑟𝑠 ∆ 𝜓

∆ 𝜓



 
 

 



 

 

 



 

 

 𝑡𝑁𝐶𝑠

 

 

 

Couche 
 

  

   - 

 𝑛  𝑡𝐹𝑇𝑂 = 70 - 

 𝑛 𝑛  𝑡𝑀𝑒𝑡𝑎𝑙 = 50  
 

 𝑛  𝑡𝑁𝐶𝑠 = 125 - 

 𝑛  𝑡𝐴𝑔2𝑇𝑒 = 20  - 

  𝑡𝑀𝑖𝑟𝑟𝑜𝑟 = 200 - 
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Publications associées à ces travaux. 

o 

 

 

 

 

Techniques expérimentales associées : 

 

 

 

 

 

 





 



 
 

 
 

𝛿𝐼𝐺𝑅
2 = 2𝑒𝐺𝐼

1/𝑓

𝛿𝐼

𝜹𝐈𝟐 =
𝜶𝐈𝟐

𝑵𝒇

 𝛼 𝑁 𝑓

𝐼

 



 
 

 

 



θ

 
 



 



 



≈

𝑉𝐺𝑆 = −3

𝜆 = 1.55 µ𝑚 𝐸𝑄𝐸

𝐸𝑄𝐸 =
ℛ ℎ𝜈

𝑒
ℛ 𝑒 ℎ𝜈

𝐺 =
𝐸𝑄𝐸

𝑎𝑏𝑠

𝐺 = 5 × 106



 

≈



 
 

 

 



 

∆𝑬 = −
𝟐𝟗

𝟑𝟓𝝅𝟔

𝒆𝟐𝑳𝟒(𝒎𝒆
∗+𝒎𝒉

∗ )

ħ𝟐 𝑭𝟐

𝐹 𝐿

[−
ℏ𝟐

𝟐𝒎∗ (
𝟐

𝒓

𝝏

𝝏𝒓
+

𝝏𝟐

𝝏𝒓𝟐) + 𝑽(𝒓)]𝝍(𝒓) = 𝑬𝝍(𝒓)

ℏ 𝑚∗ 𝑉(𝑟) 𝐸

𝜓(𝑟) 𝑉(𝑟)

∆𝑉(𝑟) = 𝑒𝐹𝑟)

𝑚ℎ
∗ = 0.5 𝑚0 𝑚𝑒

∗ = 0.035 𝑚0



 

 

𝐸1𝑆𝑒
− 𝐸1𝑆ℎ



𝑒𝐹𝑟 ≪ 𝐸𝐺

 



 

0.3 × 0.2 % = 0.02 %

Figure 90  
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𝑷𝒐𝒑 = 𝑨 𝝅 𝐜𝐨𝐬 (𝜽)𝐬𝐢𝐧𝟐(𝜶)∫
𝟐𝒉𝒄𝟐

𝝀𝟓

𝟏

𝒆
𝒉𝒄

𝝀𝒌𝑻⁄ −𝟏
𝒅𝝀

𝝀𝒎𝒂𝒙

𝝀𝒎𝒊𝒏

𝜃 𝜃 = 0

𝛼 ℎ 𝑘

𝑇 𝜆𝑚𝑖𝑛

𝜆𝑚𝑖𝑛 = 1.9 µ𝑚 𝜆𝑚𝑎𝑥

𝓡 =
𝑰𝑷𝒉𝒐𝒕𝒐

𝑷𝑶𝒑
𝑴𝒆𝒔𝒖𝒓E𝒆∗

𝑨𝑫E𝒕𝒆𝒄𝒕𝒆𝒖𝒓
𝑨𝑺𝒑𝒐𝒕

 



 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 





 





 



 

 













 









 



 




