
Boundary Condition: TE
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Incidence layer:

1st layer:

Assign as HW, calculate two H field components and check boundary conditions.



Boundary Condition: TE
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௜ܣ ൅ ௜ܤ ൌ ଵܣ ൅ ଵܤ

1
௜ߤ

݇௜௫ܣ௜ െ ݇௜௫ܤ௜ ൌ
1
ଵߤ

݇ଵ௫ܣଵ െ ݇ଵ௫ܤଵ

1 1
݇௜௫
௜ߤ

െ
݇௜௫
௜ߤ

௜ܣ
௜ܤ

ൌ
1 1
݇ଵ௫
ଵߤ

െ
݇ଵ௫
ଵߤ

ଵܣ
ଵܤ



Boundary Condition: TE
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TE Transfer Matrix
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⋯

⋯
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௜ܣ
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௧ܤ
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்ா ଵ்ாܦ ିଵܦ௜்ா

Assign as HW: determine the transfer matrix between the Nth and the transmission layer.



Reflection and Transmission: TE
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Boundary Condition:
Only outgoing uniform EM wave 
exist in the transmission layer 
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Reflection: TE
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ଶ Reflection coefficient R represents the fraction of 
EM wave reflected back by the planar structure.

ܵ௥௫: Poynting vector associated with the reflected wave.
ܵ௧௫: Poynting vector associated with the transmitted wave.



Transmission: TE
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Transmission: TE
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Reflection and Transmission: TE
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• EM fields take the form of uniform plane wave in the 
transmission layer:

• Calculate the transmission matrix of the entire 
layered planar structure:

• Calculate reflection and transmission coefficient:

• Calculate the (amplitude and power) reflection and 
transmission coefficients: 
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TM Solution
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⋯
⋯

௜ߝ ௜ߤ ௧ߝ ௧ߤ
௡ߝ ௡ߤ ேߝ ேߤ

௡ܮேܮ
ଵߝ ଵߤ
ଵܮ

x

z

ݔ ൌ ଵݔ ݔ ൌ ௡ݔ ݔ ൌ ேݔ ݔ ൌ ௧ݔ

௧ܣ

௜ܤ௧ܤ

௜ܣ

௡ܪ ൌ ݁௝ ఠ௧ିఉ௭ ௡݁ି௝௞೙ೣܥ ௫ି௫೙ ൅ ௡݁௝௞೙ೣܦ ௫ି௫೙ Ԧ݁௬
ߘ ൈ ܪ ൌ ߝ

ܧ߲
ݐ߲

ܧ ൌ
ߘ ൈ ܪ
߱ߝ݆ ௡௭ܧ ൌ

1
௡߱ߝ݆

݁௝ ఠ௧ିఉ௭ െ݆݇௡௫ܥ௡݁ି௝௞೙ೣ ௫ି௫೙ ൅ ݆݇௡௫ܦ௡݁௝௞೙ೣ ௫ି௫೙

௡௫ܧ ൌ
ߚ
௡߱ߝ

݁௝ ఠ௧ିఉ௭ ௡݁ି௝௞೙ೣܥ ௫ି௫೙ ൅ ௡݁௝௞೙ೣܦ ௫ି௫೙

Contains Hy, Ex, and Ez components. All other components are zero.



TM Solution

௡௬ܪ ൌ ݁௝ ఠ௧ିఉ௭ ௡݁ି௝௞೙ೣ௅೙ܥ ൅ ௡݁௝௞೙ೣ௅೙ܦ

௡௭ܧ ൌ
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݁௝ ఠ௧ିఉ௭ െ݆݇௡௫ܥ௡݁ି௝௞೙ೣ௅೙ ൅ ݆݇௡௫ܦ௡݁௝௞೙ೣ௅೙
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௡ܮ
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ݔ ൌ ௡ିଵݔ ݔ ൌ ௡ݔ ݔ ൌ ௡ାଵݔ ݔ ൌ ௡ାଶݔ

nth layer(n‐1)th layer (n+1)th layer

௡ିଵܮ ௡ାଵܮ

௡ିଵߝ ௡ାଵߝ
௡ିଵߤ ௡ାଵߤ

௡ܥ

௡ܦ

௡ିଵܥ௡ାଵܥ

௡ିଵܦ ௡ାଵܦ

ݔ@ ൌ ௡ାଵݔ

nth layer
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௡ାଵ,௬ܪ ൌ ݁௝ ఠ௧ିఉ௭ ௡ାଵܥ ൅ ௡ାଵܦ

௡ାଵ,௭ܧ ൌ
1

௡ାଵ߱ߝ݆
݁௝ ఠ௧ିఉ௭ െ݆݇௡ାଵ,௫ܥ௡ାଵ ൅ ݆݇௡ାଵ,௫ܦ௡ାଵ



TM Solution

௡݁ି௝௞೙ೣ௅೙ܥ ൅ ௡݁௝௞೙ೣ௅೙ܦ ൌ ௡ାଵܥ ൅ ௡ାଵܦ
݇௡௫
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݇௡௫
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௡݁௝௞೙ೣ௅೙ܦ ൌ
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݇௡ାଵ,௫
௡ାଵߝ

௡ାଵܦ
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௡ܥ

௡ܦ

௡ିଵܥ௡ାଵܥ
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ൌ
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TM Transfer 
Matrixz

௡ߝ ௡ߤ
௡ܮ

x
ݔ ൌ ௡ିଵݔ ݔ ൌ ௡ݔ ݔ ൌ ௡ାଵݔ ݔ ൌ ௡ାଶݔ

nth layer(n‐1)th layer (n+1)th layer

௡ିଵܮ ௡ାଵܮ

௡ିଵߝ ௡ାଵߝ
௡ିଵߤ ௡ାଵߤ

௡ܥ

௡ܦ

௡ିଵܥ௡ାଵܥ

௡ିଵܦ ௡ାଵܦ

௡்ெܦ ௡ܲ
்ெ ௡ܥ

௡ܦ
ൌ ௡ାଵ்ெܦ ௡ାଵܥ

௡ାଵܦ
௡்ெܦ ൌ

1 1
݇௡௫
௡ߝ

െ
݇௡௫
௡ߝ

௡ܲ
்ெ ൌ ݁ି௝௞೙ೣ௅೙ 0

0 ݁௝௞೙ೣ௅೙
௡ାଵ்ெܦ ൌ

1 1
݇௡ାଵ,௫
௡ାଵߝ

െ
݇௡ାଵ,௫
௡ାଵߝ



TM Transfer Matrix

௡ܶ
்ெ ൌ ௡ାଵ்ெܦ ିଵܦ௡்ெ ௡ܲ

்ெܥ௡ାଵ
௡ାଵܦ

ൌ ௡ܶ
்ெ ௡ܥ

௡ܦ

ேܥ
ேܦ

ൌ ேܶିଵ
்ெ ⋯ ௡ܶ

்ெ ⋯ ଶܶ
்ெ

ଵܶ
்ெ ଵܥ

ଵܦ

௡ܪ ൌ ݁௝ ఠ௧ିఉ௭ ௡݁ି௝௞೙ೣܥ ௫ି௫೙ ൅ ௡݁௝௞೙ೣܦ ௫ି௫೙ Ԧ݁௬

⋯

⋯
⋯

⋯

⋯
⋯

௜ߝ ௜ߤ ௧ߝ ௧ߤ
௡ߝ ௡ߤ ேߝ ேߤ

௡ܮேܮ
ଵߝ ଵߤ
ଵܮ

x

z

ݔ ൌ ଵݔ ݔ ൌ ௡ݔ ݔ ൌ ேݔ ݔ ൌ ௧ݔ

௡ܥ

௡ܦ

௜ܥଵܥ௧ܥ ேܥ

௜ܦଵܦ ேܦ ௧ܦ



Reflection and Transmission: TM

௧ܥ
௧ܦ

ൌ ௧்ெܦ ିଵܦே்ெ ேܲ
்ெ

ேܶିଵ
்ெ ⋯ ௡ܶ

்ெ ⋯ ଶܶ
்ெ

ଵܶ
்ெ ଵ்ெܦ ିଵܦ௜்ெ

௜ܥ
௜ܦ

⋯

⋯
⋯

⋯

⋯
⋯

௜ߝ ௜ߤ ௧ߝ ௧ߤ
௡ߝ ௡ߤ ேߝ ேߤ

௡ܮேܮ
ଵߝ ଵߤ
ଵܮ

x

z

ݔ ൌ ଵݔ ݔ ൌ ௡ݔ ݔ ൌ ேݔ ݔ ൌ ௧ݔ

௡ܥ

௡ܦ

௜ܥଵܥ௧ܥ ேܥ

௜ܦଵܦ ேܦ ௧ܦ

௧ܥ
௧ܦ

ൌ ்ܶெ
௜ܥ
௜ܦ
்ܶெ ൌ ௧்ெܦ ିଵܦே்ெ ேܲ

்ெ
ேܶିଵ
்ெ ⋯ ௡ܶ

்ெ ⋯ ଶܶ
்ெ

ଵܶ
்ெ ଵ்ெܦ ିଵܦ௜்ெ

௡ܶ
்ெ ൌ ௡ାଵ்ெܦ ିଵܦ௡்ெ ௡ܲ

்ெ

Assign as HW, derive this transfer matrix
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⋯
⋯

⋯

⋯
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௜ߝ ௜ߤ ௧ߝ ௧ߤ
௡ߝ ௡ߤ ேߝ ேߤ

௡ܮேܮ
ଵߝ ଵߤ
ଵܮ
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z

ݔ ൌ ଵݔ ݔ ൌ ௡ݔ ݔ ൌ ேݔ ݔ ൌ ௧ݔ

௡ܥ

௡ܦ

௜ܥଵܥ௧ܥ ேܥ

௜ܦଵܦ ேܦ ௧ܦ

௡ܪ ൌ ݁௝ ఠ௧ିఉ௭ ௡݁ି௝௞೙ೣܥ ௫ି௫೙ ൅ ௡݁௝௞೙ೣܦ ௫ି௫೙ Ԧ݁௬

ܼ ൌ
ܧ
ܪ

ൌ
ߤ
ߝ

Ԧܵ ൌ
1
2ܴ݁ ܧ ൈ ∗ܪ ൌ

1
2ܼ ܧ

ଶ
ൌ
ܼ
2 ܪ

ଶ

Uniform Plane Wave

Ԧܵ ൌ
1
2
݇
ߤ߱ ܧ

ଶ
ൌ
1
2
݇
ߤ߱

ߤ
ߝ ܪ

ଶ
ൌ
1
2
݇
ߝ߱ ܪ

ଶ

௜ܵ௫ ൌ
1
2
݇௜௫
௜ߝ߱

௜ܥ ଶ

ܵ௥௫ ൌ
1
2
݇௜௫
௜ߝ߱

௜ܦ ଶ

ܵ௧௫ ൌ
1
2
݇௧௫
௧ߝ߱

௧ܥ ଶ

Uniform 
plane wave in 
the 
transmission 
layer.

ߚ ൏ ߱ ௧ߤ௧ߝ
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z

ݔ ൌ ଵݔ ݔ ൌ ௡ݔ ݔ ൌ ேݔ ݔ ൌ ௧ݔ

௡ܥ

௡ܦ

௜ܥଵܥ௧ܥ ேܥ

௜ܦଵܦ ேܦ ௧ܦ

௧ܥ
௧ܦ

ൌ ்ܶெ
௜ܥ
௜ܦ

ߚ ൏ ߱ ௧ߤ௧ߝ

௜ܥ
௜ܦ

ൌ ்ܶெ
ିଵ

ଵଵ

்ܶெ
ିଵ

ଶଵ

௧ܥ
௧ܦ

ൌ 1
0

ܴ ൌ
ܵ௥௫
௜ܵ௫
ൌ

௜ܦ
௜ܥ

ଶ

ൌ ்ܶெ
ିଵ

ଶଵ

்ܶெ
ିଵ

ଵଵ

ଶ

Uniform plane wave in the 
transmission layer.
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⋯

⋯
⋯

⋯

⋯
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௡ܮேܮ
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z
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Reflection and Transmission: TM
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• EM fields take the form of uniform plane wave in the 
transmission layer:

• Calculate the transmission matrix of the entire 
layered planar structure:

• Calculate reflection and transmission coefficient:

• Calculate the (amplitude and power) reflection and 
transmission coefficients: 
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