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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 휀0 휀𝑟

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 휀∞

휀∞

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

휀𝑟 𝑑

𝑆 𝐶𝑆 = 휀0휀𝑟/𝑑



휀𝑟 = 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
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𝐸𝐺/2 = 370 𝑚𝑒𝑉





∆𝑬𝑽𝒊𝒅𝒆 = −𝑵
𝝁𝒍𝒊𝒈𝒂𝒏𝒅

𝜺𝟎𝜺𝒍𝒊𝒈𝒂𝒏𝒅



𝑁 𝜇𝑙𝑖𝑔𝑎𝑛𝑑

휀𝑙𝑖𝑔𝑎𝑛𝑑

 

ℛ



 



 

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
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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  휀𝑚

𝑛𝑒𝑓𝑓 = 𝑛 (1 + 𝛿 𝑊⁄ )  𝑛 𝛿 𝑊



𝜆𝑅 = 2𝑛𝑒𝑓𝑓𝑤 𝑛𝑒𝑓𝑓

𝑛𝑒𝑓𝑓 + 𝑖𝑘𝑒𝑓𝑓 = 𝑛2√1 +
𝑖𝜆

𝜋𝑡𝑙√ 𝑀𝑒𝑡𝑎𝑙
𝑡𝑙

𝜆𝑅 = 2𝜋√휀𝑠
ℎ𝐵𝑤𝐵 (ℎ𝑠+𝑤𝑠)

𝑤𝑠
휀𝑠

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.
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�⃗� 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. 
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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
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∆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

 



 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 





 





 



 

 













 









 



 




