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ʄʀʂʈʆʊɸʃɸʉʅʀ ʌʀʃʊʈʀ ʅɽʇʈʆʇʋʉʅʀʎʀ ʆʇʉɽɻɸ 

ʋʏɽʉʊɸʅʆʉʊʀ ʉɸ ʇʈɽɻʈɸɼɸʄɸ ʋ ɽ- ʠ ʅ- ʈɸɺʅʀ 

ʊɸʃɸʉʆɺʆɼɸ

ʋʥʠʚʝʨʟʠʪʝʪ ʫ ɹʝʦʛʨʘʜʫ,

ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ



ʋʚʦʜ

Å ʅʝʧʨʝʢʠʜʥʠʨʘʟʚʦʿʠʥʬʦʨʤʘʮʠʦʥʦ-ʢʦʤʫʥʠʢʘʮʠʦʥʠʭʪʝʭʥʦʣʦʛʠʿʘ, ʧʦʩʪʘʚˀʘʥʦʚʝʟʘʭʪʝʚʝʧʨʠ

ʧʨʦʿʝʢʪʦʚʘˁʫʢʦʤʧʦʥʝʥʪʠʢʦʿʝʩʫʠʥʪʝʛʨʘʣʥʠʜʝʣʦʚʠʩʠʩʪʝʤʘʢʦʿʠʨʘʜʝʥʘʈʌʠʤʠʢʨʦʪʘʣʘʩʥʠʤ

ʫʯʝʩʪʘʥʦʩʪʠʤʘ.

Å ʈʌʠʤʠʢʨʦʪʘʣʘʩʥʘʪʝʭʥʠʢʘʿʝʫʩʤʝʨʝʥʘʧʨʝʤʘʩʢʣʦʧʦʚʠʤʘʢʦʿʠʨʘʜʝʫʦʧʩʝʛʫʫʯʝʩʪʘʥʦʩʪʠ

300 MHz ʜʦ300 GHz, ʘʧʨʦʿʝʢʪʦʚʘʥʠʩʫʟʘʧʦʪʨʝʙʝ:

Åʤʦʙʠʣʥʠʭʩʠʩʪʝʤʘ,

Åʟʝʤʘˀʩʢʠʭʠʩʘʪʝʣʠʪʩʢʠʭʪʝʣʝʢʦʤʫʥʠʢʘʮʠʿʘ,

Åʨʘʜʠʦʥʘʚʠʛʘʮʠʿʝʠʨʘʜʘʨʩʢʝʪʝʭʥʠʢʝ,

Åʩʠʩʪʝʤʘʟʘʥʘʜʟʦʨʠʢʦʥʪʨʦʣʫʠ

Åʩʠʩʪʝʤʘʠʥʩʪʨʫʤʝʥʪʘʮʠʿʝ.

Å ʋʩʣʝʜʥʝʧʨʝʢʠʜʥʦʛʨʘʟʚʦʿʘʢʦʤʫʥʠʢʘʮʠʦʥʠʭʩʝʨʚʠʩʘ,ʜʦʣʘʟʠʜʦʧʦʨʘʩʪʘʝʢʩʧʣʦʘʪʘʮʠʿʝʩʧʝʢʪʨʘ,

ʪʝʿ ʝʥʝʦʧʭʦʜʥʦʝʬʠʢʘʩʥʦʦʙʝʟʙʝʜʠʪʠʧʨʝʥʦʩʩʘʤʦʞʝˀʝʥʠʭʩʠʛʥʘʣʘ,ʘʜʘʩʝʧʨʠʪʦʤʧʘʨʘʟʠʪʥʠ

ʝʬʝʢʪʠʧʦʪʠʩʥʫ,ʢʦʿʠʤʦʛʫʙʠʪʠʧʦʩʣʝʜʠʮʘʧʦʿʘʚʝʰʫʤʘʠʣʠʥʝʞʝˀʝʥʠʭʩʧʝʢʪʨʘʣʥʠʭʢʦʤʧʦʥʝʥʪʠ.

Å ʌʠʣʪʨʠʩʫ ʥʝʠʟʦʩʪʘʚʥʝʢʦʤʧʦʥʝʥʪʝʢʦʤʫʥʠʢʘʮʠʦʥʠʭʩʠʩʪʝʤʘ,ʿʝʨʿʝʩʫʰʪʠʥʩʢʠ,ʬʠʣʪʘʨ

ʧʦʜʩʠʩʪʝʤʯʠʿʠʿʝʟʘʜʘʪʘʢʜʘʠʟʩʧʝʢʪʨʘʬʨʝʢʚʝʥʮʠʿʩʢʠʩʣʦʞʝʥʦʛʫʣʘʟʥʦʛʩʠʛʥʘʣʘʠʟʜʚʦʿʠʠ

ʧʨʦʧʫʩʪʠʞʝˀʝʥʝʢʦʤʧʦʥʝʥʪʝʙʝʟʩʣʘʙˀʝˁʘʠʣʠʩʘʤʠʥʠʤʘʣʥʠʤʜʦʟʚʦˀʝʥʠʤʩʣʘʙˀʝˁʝʤ,ʘ

ʧʦʪʠʩʥʝʞʝˀʝʥʝʢʦʤʧʦʥʝʥʪʝ.



ʊʝʤʘ 

Å˽͔͔͔ͪ͒ͦ͗ͤ͊ͭͣ͊͒ͦ͡ ͔͙͔ͭͦͪͫ͒ͫͪͭ͊͟͟ͼ͙͔͙ͣ͊ͤ͊͘͞;͔͔͔͔͎͔͊ͤͦͯͭͣͥͯͨͦ͒ͯ͢͞͡
͔ͪ΄͍͔͙͙͙͊͊ͥ͊ͨͪͦ͋ͣ͊ͣͤ͊ͭͯͪ͊͘͡͞ͼ͙͔͍͙ͭ͊͊ͫͦͦ͒ͤ͞͡ͻͺ͙ͭ͊ͪ͊͡, ͙ͦͤ͊͟͞ ͔͊͘͡
͙͔ͨͪͣͤͯͯͫ ͙͔͙͎͔ͫͭͣͣ͊͒ͫͨͯ ͔͔͍͔͙͔͎͔͙ͦͭͪ͋ͤͫͤ͊ͣ͟͡ ͙͎͊ͯ͡ ͙͋ͼ͙.

Å˻͙͒ ͔͔͔͍͙ͯͭͤ͊͗ͤͦͫͭ͒͊ͨ͘͘͞ ͔͍͙͔ͪͦͭͦ͊ͤͯͪ͟͞Ώ͙͔͙͊ͦ͒ͯͯͣ͊͒͟͞͡͞͡ ͔͙͔͙ͣͤ͘͞
͔ͫͨͼ͙ͺ͙ͼ͙͔͔͙͙͔ͪ͊ͤ͊ͪ͊ͭͪͫͭ͟͟͟.

Å˽͔͍͔͍͔͔ͪͦͭͦ͊ͥͦ͊ͫ͟͟͞͡ͺ͙͔͍ͭ͊ͪ͊ͨͪ͒ͫͭ͊͊͊͘͢͡ͻ͔͍ͭ͊ͤͨͪͦͼ͔͔ͫͪͣͦͪ͊͒͊͞
͙͍͔͔͍͙͍͙ͫͭͦͪͣͤͦ͊͒ͦͦ͘͢΄͔͙͔͙ͪͭͪͯͣ͊͟͞. ˽͔͍͔ͦͫͭͯͨ͊ͨͪͦͭͦ͊ͥ͊ͭͪ͋͊͒͊͟͟͞
͍͙͊͒ͦͦ͊͘͘͢ͻ͔͍͔͔ͭͫͨͼ͙ͺ͙͊͟ͼ͙͔͞:
Å͟ ͦͣͨ͊ͭͤͦͫͭ͟
Ǻ ͔͍͙͙ͭͦ͒ͤͦͫͭ͊ͤͨͦͫͭͯͨ͊͟͞͞ͺ͙͊͋ͪ͊͟ͼ͙͔͞
Å͒ ͔͔ͦ͋ͪͨͪͺ͔ͦͪͣ͊ͤͫ
Åͤ ͙ͫ͊͟ͼ͔ͤ͊ͦ͟ ͔͔ͣͨͦͤͤͭ



ʇʨʝʜʤʝʪ ʠ ʮʠˀ ʠʩʪʨʘʞʠʚʘˁʘ

Å ˽͔͔ͪ͒ͣͭͨͪͦͯ;͍͙͔͊͊ͥ͊͒ͫͪͭ͊ͼ͙͔͔͍͙͙͙͍͙ͨͪ͒ͫͭ͊͊ͯͣͤ͊ͭͯͪͦ͊ͤ͘͢͞͞͞ͺ͙͙ͭͪ͡
͔͔͔͎͔͙͔͔͔͔͎͔ͪͦͤ͊ͤͭͤͨͪͪ͊͒ͯͦͪͫͭͪͦͤ͊ͤͭͤͨͪͪ͊͒ͯ͘͘͟E- ͙ H-͍͙ͪ͊ͤ
͍͎͎͍ͨͪ͊ͦͯ͊ͦͤͦͭ͊͊ͫͦͦ͒͊͡.

Å ͍͙́͊͊ͫͦͦ͒ͤ͡ͺ͙͙͔͍͔͙͙ͭͪͨͪ͒ͫͭ͊͊ͯͨͦͫ͋ͤͯ͊ͫͯͣͪͦͭ͊͊ͫͤ͢͟͟͡͞͡͡ͻͺ͙ͭ͊ͪ͊͡
;͙͙͔ͫͪ͊͒͊͘͞ ͙͍͙ͫͤ͊ͤ͊ͨͪͤͼ͙ͨͯͯ͋͊ͼ͙͍͙͙͙͔͊ͥ͊͒ͫͦͤͭͤͯͭͭ͊ͯͭ͟ ͍͊͊ͫͦͦ͒͡.

Å ͙͙̇͢ ͙͍͔͔͔ͫͭͪ͊͗͊ͥ͊ͯͫͣͪͤͤ͊ͨ͞ ͔͍͔͙ͪͦͭͦ͊ͥͦͣͨ͊ͭͤ͟͟͟͞ͻ͍͙ͭ͊͊ͫͦͦ͒ͤ͡ͻ
ͺ͙͍͙ͭ͊ͪ͊͡΄͔͎͔ͪ͒͊Σ͍͙ͫ͊΄͔͔ͤ ͙ͨͪͦͨͯͫͤͻ͔͎ͦͨͫ͊ͯ;͔͙ͫͭ͊ͤͦͫͭ.

Å ˮ͍͔͔ͫͭͦͪͣͤͦΣ͙ͫͭͪŀ͙͍͔͔͗͊ͥͫ ͍͙͋͊ͪ ͍͔͎͔͔͙͍͙͊ͦͣͤͪ͊ͦ͊ͤ͘͘͞͡ͻ
͔͍͙͍͔͙͊ͤͭͤ͟͡ͻ͔͔͙ͭͪ͟͡;͙ͤͻ΄͔ͣ͊ͫ͊͘ ͍͙͊ͦ͒ͨ͟ ͔͍͙ͪͦͭͦ͊ͤ͟͞ͻͺ͙ͭ͊ͪ͊͡.

Å ˽͙͙͍͔͍͙͍͔͔ͪͦͣͪ͊ͦ͊͊ͤͭͤ͘͟͟͡͞͡΄͔͔ͣΣ͔͎͔ͨͦͫ͋͊ͤͤ͊͊ͫ͊ͫ͟͡͞ ͍͔ͭ͊ͤͤ͊͢
͔͍͔͔͎͙ͣͦ͒ͦ͊ͥͫͨͪͤͯͭ͡ͻ͔͙͙͙ͪͦͤ͊ͭͦͪ͊ͫͣ͋ͦ͘͡;͔ͦͦ͒ͪ͟Ώ͙͍͔͔͊ͥͨ͊ͪ͊ͣͭ͊ͪ͊
͔͎͔ͫͨͪ.



ʅʘʫʯʥʠ ʜʦʧʨʠʥʦʩ ʜʠʩʝʨʪʘʮʠʿʝ
Å˹͊ͯ;͙͙͔͙͔ͤ͒ͦͨͪͤͦͫ͒ͦͭͦͪͫ͒ͫͪͭ͊͟͟ͼ͙͔͍͙͔ͫͯͤͦͣ͞ ͙͔͍͙ͭͦ͒ͨͪͦͭͦ͊ͥ͊ͦͣͨ͊ͭͤ͟͟͟͞ͻ
͙͙ͣͪͦͭ͊͊ͫͤ͟͡ͻͺ͙͍͙ͭ͊ͪ͊͡΄͔͎͔͍͙ͪ͒͊ͫ͊΄͔͔ͤ ͙ͨͪͦͨͯͫͤͻ͔͎ͦͨͫ͊ͯ;͔͙ͫͭ͊ͤͦͫͭͫ͊
΄͙͔͙͔͎͍͔͙ͭ͊ͣͨ͊ͤͣͪͦͤ͊ͤͭͤͣͨͪͪ͊͒͊ͣ͊ͨͦͫͭ͊ͤͣͯ͘͢ -˩ ͙ -˹͍͙͍͎͎ͪ͊ͤͨͪ͊ͦͯ͊ͦͤͦ
͍ͭ͊͊ͫͦͦ͒͊͡.

Å˻͙ͦͫͤ͟ͼ͔͔͎͔͔͍͊ͨͪ͒ͦ͗ͤͦͣͭͦ͒͊ͨͪͦͭͦ͊ͥ͊͟͡͞ͺ͙͍͙ͭ͊ͪ͊ͫ͊͡΄͔͔ͤ ͙ͨͪͦͨͯͫͤͻ͔͎ͦͨͫ͊
͞;͔͙͔͙ͥͤͼ͊͒͊ͤ ͔ͨ ͙͔͔͔͔͎͙͔ͦͫͭͦͤ͗ͤ͊ͫͨͪ͊ͣ͘͢͞Ώ͔͙ͯͪͦͤ͊ͭͦͪ͊ͦͯ͘͟͞;͔͍ͫͭͯͯͯ͞
͔͙ͪ͊͊͘͡ͼ͙͙͔ͫͨ͞ͼ͙ͺ͙ͼ͙͙ͪ͊ͤͻ͔͎ͦͨͫ͊.

Å˻͍͙ͫͤͦͤͦͤ͟ͼ͔͙͙͔ͨͭͨͦͫͭ͊ͥ͊ͦͣͨ͊ͭͤͦͫͭͣ͘͟͟͞ ͔͙͔͊ͤ͒ͪͪ͊ͥ΄͙ͭ͊ͣͨ͊ͤͻ͍͍ͦ͒ͦ͊
͔ͪͦͤ͊ͭͦͪ͊͘ͼ͙ͯͯͫͣ͢ ͔͍͊ͥͥ͊ͨͦͪ΄͙͔͙͙͔͔͙ͤͦͯ͊ͯͣ͊ͯͤ͊͒ͭͪ͘͘͟͟͞͞͡;ͤͦͣͤͦͫ͊;ͯ.

Å͎͔͙͙̂ͨͦ͒ͯͨͦͫͭ͊ͥ͊ͦͣͨ͊ͭͤͦͫͭ͘͟͟͡ͺ͙ͭ͊ͪ͊͡Σ͍͙΄͔͎͔͍͙ͪ͒͊ͫ͊΄͔͔ͤ ͙ͨͪͦͨͯͫͤͻ
͔͎ͦͨͫ͊Σ͔ͭͻ͙͔͙͙͙ͤͣͤ͊ͭͯͪ͊͘͟͞ͼ͙͔͔ͫͨ͞ ͙͔ͪͣͥͯͯͯ͘͞ ͍͙͙͊ͫͤͦͫͭͦ͒ͪ ͍͙͊ͤͯ͟ ͔ͦͦͫ͞͞
͔͎͙ͨͪͪ͊͒͊ͨͦ͘ͼ͙͙ͦͤͪ͊.

Å˨͙͙͔ͦ͒͊ͭͤ͒ͦͨͪͤͦͫͫͦ ͎͔͔͒͊ͯͯͤ͊ͨͪ͡Ώ͔͔͙͙ͥͯ͊ͪ͊ͭͪͫͭ͊͟͟͟ͺ͙͙ͭ͊ͪ͊ͨͪͦͨͯͫͤ͊͟͡
͔͎ͦͨͫ͊ͯ;͔͙ͫͭ͊ͤͦͫͭ. ͙́ͪ͊͒ͼ͙͙͔͔ͦͤ͊ͤ͊ͣͨͣͤͭ͊͡͡ͼ͙͊ͦ͊ͦ͟͟͞͞ ͙͙͔͎͔ͪͫͭͫͨͪͤͯͭ
͔͔͔͔ͨͦͯͭ͊͊ͫͤͪͦͤ͊ͭͦͪͤ͊͘͘͡͡͞;͊ͤͦͨͦ͋ͦ͢͞΄͔͙͊ͤ͊ͯͨͦͭͪ͋ͦͣ͒ͦ͒͊ͭͤͻ
;͔͍͙ͭͪͭͭ͊͊ͫͤ͡ͻ͔ͪͦͤ͊ͭͦͪ͊͘.



ʇʦʿʤʦʚʥʦ ʦʜʨʝʹʠʚʘˁʝ ʬʠʣʪʘʨʘ

Å 9͔͙ͭͪ͟͡;͙ͤ ͺ͙͙ͭͪ͡ ͔͍ͨͪ͒ͫͭ͊͊ͯ͢͞ ͺ͔͍͔ͪͤ͟ͼ͙͙ͫ͟͞ ͔͔͙͍͔ͫͭͤ͟͡ ͔͔ͣͪ͗ͫ͊ ͍͒͊ ͙͙͡ ͍͙΄͔ 
͙ͨͪͫͭͯͨ͊Σ ͙ͦ͟͞ ͙͍͒͊͊ͯ͘͞͞ ͔ͦ͒ͪΏ͔͔ͤ ͺ͔͍͔ͪͤ͟ͼ͙͔ͫ͟͞ ͔͔ͦͣͨͦͤͤͭ͟ ͙͎ͫͤ͊͊͡Σ ͒ͦ͟ ͎͔͒ͪͯ ͔ͫ͊͋͡Φ
˭͊  ͙ͅ ͔ͭͪ͡ ͔ͫ ͔͒ͺ͙͙ͤ΄͔Υ ͙ͨͪͦͨͯͫͤΣ ͔͙ͤͨͪͦͨͯͫͤ ͔͎ͦͨͫ ͙ ͔ͨͪ͊ͤ͊͘͡ ͦ͋͊ͫͭ͡

˴͙͊ͫ͡ͺ͙͊͟ͼ͙͊͞:
̂ ͫ͊͒ͯ͟͡ ͫ͊ ͔͎ͦͨͫͦͣ ͯ;͔͙͔ͫͭ͊ͤͦͫͭͦ͟͞ ͙͍͒͊͊ͯ͘͞͞:

Å ͺ͙͙ͭͪ͡ ͙ͨͪͦͨͯͫͤͼ͙ ͙͙ͤͫ͟ͻ ͯ;͔͙ͫͭ͊ͤͦͫͭ
Å ͺ͙͙ͭͪ͡ ͙ͨͪͦͨͯͫͤͼ͙ ͍͙͙ͫͦ͟ͻ ͯ;͔͙ͫͭ͊ͤͦͫͭ
Å ͺ͙͙ͭͪ͡ ͙ͨͪͦͨͯͫͤͼ͙ ͔͎ͦͨͫ͊ ͯ;͔͙ͫͭ͊ͤͦͫͭ
Å ͺ͙͙ͭͪ͡ ͔͙ͤͨͪͦͨͯͫͤͼ͙ ͔͎ͦͨͫ͊ ͯ;͔͙ͫͭ͊ͤͦͫͭ

˿ͻͦ͒ͤͦ ͙͙ͨͪͪͦ͒ ͙͎͔ͫͤ͊͊ͦ͟͡͞ ͨͪͦͨͯ΄ͭ͊ͯ͞Σ ͎ͣͦͯ ͔ͫ ͔͙͙ͨͦ͒ͭ͡ ͤ͊Υ
Å ͎͔͊ͤ͊ͦͤ͡ ͺ͙͔ͭͪ͡
Å ͙͎͙͔͒ͭ͊ͤ͡ ͺ͙͔ͭͪ͡

˭͍͙͊ͫͤͦ ͦ͒ ͙͍͙ͦͤͫͭͪͯͭͤ͟͟ͻ ͔͔͔ͣͤ͊ͭ͊͡, ͊ ͎͙ͤ͊ͦͤ͡ ͺ͙͙ͭͪ͡ ͔ͫ ͔͔͒͡ ͤ͊Υ
Å ͙͍͔ͨ͊ͫͤ
Å ͙͍͔͊ͭͤ͟



ʇʨʦʿʝʢʪʦʚʘˁʝ ʬʠʣʪʘʨʘ
ʇʨʦʿʝʢʪʦʚʘˁʝ ʬʠʣʪʘʨʘ ʧʦʜʨʘʟʫʤʝʚʘ ʫʨʝʹʝʥ ʥʠʟ ʜʝʬʠʥʠʩʘʥʠʭ ʢʦʨʘʢʘ ʢʦʿʝ ʪʨʝʙʘ ʨʝʘʣʠʟʦʚʘʪʠ:
ʉʧʝʮʠʬʠʢʘʮʠʿʘ

Åɸʧʨʦʢʩʠʤʘʮʠʿʘ

Åʉʠʥʪʝʟʘ 

Åʉʠʤʫʣʘʮʠʦʥʠ ʤʦʜʝʣ ʬʠʣʪʨʘ

Åʈʝʘʣʠʟʘʮʠʿʘ

Åʉʪʫʜʠʿʘ ʠʤʧʝʨʬʝʢʮʠʿʝ

Åʆʧʪʠʤʠʟʘʮʠʿʘ

*ʇʦʣʘʟʥʠ ʢʦʨʘʢ ʫ ʧʨʦʿʝʢʪʦʚʘˁʫ ʬʠʣʪʨʘ ʧʦʜʨʘʟʫʤʝʚʘ ʫʩʧʦʩʪʘʚˀʘˁʝ ʟʘʭʪʝʚʘ ʢʦʿʝ ʬʠʣʪʘʨ 

ʪʨʝʙʘ ʜʘ ʟʘʜʦʚʦˀʠ, ʦʜʥʦʩʥʦ,ʜʝʬʠʥʠʩʘˁʝ ʩʧʝʮʠʬʠʢʘʮʠʿʝ.

ʌʘʟʝ ʬʘʙʨʠʢʘʮʠʿʝ ʣʘʙʦʨʘʪʦʨʠʿʩʢʦʛ ʧʨʦʪʦʪʠʧʘ:

ʌʘʙʨʠʢʘʮʠʿʘ 
ʨʝʟʦʥʘʥʪʥʝ ʧʨʝʛʨʘʜʝ 
ʥʘ ʦʩʥʦʚʫ ʬʠʣʤʘ

ʂʦʥʪʨʦʣʥʦ ʤʝʨʝˁʝ 
ʜʠʤʝʥʟʠʿʘ 

ʇʨʠʧʨʝʤʘ ʬʠʣʤʘ
ʄʝʨʝˁʝ ʦʜʟʠʚʘ 

ʧʨʦʪʦʪʠʧʘ



ʇʨʦʮʝʩ ʠʩʪʨʘʞʠʚʘˁʘ

ʊʘʣʘʩʦʚʦʜ:

Å ʩʠʩʪʝʤ ʟʘ ʚʦʹʝˁʝ ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʠʭ ʪʘʣʘʩa

Å ʫhʧˀʘ ʤʝʪʘʣʥʘ ʮʝʚ

Å ʧʨʘʚʦʫʛʘʦʥʠ, ʢʨʫʞʥʠ ʠʣʠ ʝʣʠʧʩʦʠʜʥʠ 

ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʢ

ʇʨʦʮʝʩ ʠʩʪʨʘʞʠʚʘˁʘ ʦʙʫʭʚʘʪʘ:

Å ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʦ ʤʦʜʝʣʦʚʘˁʝ ʠ ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʫ ʘʥʘʣʠʟʫ ʨʘʟʤʘʪʨʘʥʠʭ ʬʠʣʪʘʨʘ

Å ʝʢʚʠʚʘʣʝʥʪʥʝ ʝʣʝʢʪʨʠʯʥʝ ʰʝʤʝ ʬʠʣʪʘʨʘ ʢʦʿʠ ʩʫ ʫ ʪʦʢʫ ʘʥʘʣʠʟʝ ʟʘʜʦʚʦˀʠʣʠ ʩʧʝʮʠʬʠʢʘʮʠʿʫ, ʫ ʮʠˀʫ 

ʣʘʢʰʝʛ ʠʩʧʠʪʠʚʘˁʘ ˁʠʭʦʚʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ

Å ʬʘʙʨʠʢʘʮʠʿʫ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʭ ʧʨʦʪʦʪʠʧʦʚʘ ʬʠʣʪʘʨʘ ʠ ʧʦʩʪ-ʬʘʙʨʠʢʘʮʠʿʩʢʘ ʢʦʥʪʨʦʣʥʘ ʤʝʨʝˁʘ 

ʜʠʤʝʥʟʠʿʘ

Å ʤʝʨʝˁʝ ʧʝʨʬʦʨʤʘʥʩʠ ʣʘʙʦʨʘʪʦʨʠʿʩʢʦʛ ʧʨʦʪʦʪʠʧʘ, ʩʧʨʦʚʝʜʝʥʦ ʧʦʤʦ˂ʫ ʚʝʢʪʦʨʩʢʦʛ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ 

Å ʘʥʘʣʠʟʫ ʨʝʟʫʣʪʘʪʘ ʤʝʨʝˁʘ, ʫ ʮʠˀʫ ʚʝʨʠʬʠʢʘʮʠʿʝ ʧʦʣʘʟʥʦʛ ʤʝʪʦʜʘ ʠ ʧʦʨʝʹʝˁʘ ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ 

ʨʝʰʝˁʠʤʘ ʠʟ ʣʠʪʝʨʘʪʫʨʝ

ʇʨʦʿʝʢʪʦʚʘʥʠ ʤʠʢʨʦʪʘʣʘʩʥʠ ʬʠʣʪʨʠ ʪʨʝʙʘ ʜʘ ʠʤʘʿʫ ʚʝ˂ʫ ʢʦʤʧʘʢʪʥʦʩʪ ʠ ʙʦˀʝ ʧʝʨʬʦʨʤʘʥʩʝ ʥʝʛʦ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʬʠʣʪʨʠ ʧʨʠʢʘʟʘʥʠ ʫ ʜʦʩʪʫʧʥʦʿ ʣʠʪʝʨʘʪʫʨʠ.



ʇʨʦʮʝʩ ʠʩʪʨʘʞʠʚʘˁʘ- ʩʦʬʪʚʝʨ



͙͙̅ͭͪ͡ ͔͙ͤͨͪͦͨͯͫͤͼ͙ ͔͎ͦͨͫ͊ ͯ;͔͙ͫͭ͊ͤͦͫͭ ͫ͊ ͔ͪͦͤ͊ͤͭͤͦͣ͘ ͔͎ͨͪͪ͊͒ͦͣ ͯ ˩-͍͙ͪ͊ͤ

͙͙̅ͭͪ͡ ͔͙ͤͨͪͦͨͯͫͤͼ͙ ͔͎ͦͨͫ͊ ͯ;͔͙ͫͭ͊ͤͦͫͭ ͫ͊ ͔ͪͦͤ͊ͤͭͤͦͣ͘ ͔͎ͨͪͪ͊͒ͦͣ ͯ ˹-͍͙ͪ͊ͤ

͙͙̅ͭͪ͡ ͔͙ͤͨͪͦͨͯͫͤͼ͙ ͔͎ͦͨͫ͊ ͯ;͔͙ͫͭ͊ͤͦͫͭ ͫ͊ ;͔͍͙ͭͪͭͭ͊͊ͫͤͣ͡ ͔͙ͪͦͤ͊ͭͦͪͣ͊͘

͙͙̅ͭͪ͡ ͔͙ͤͨͪͦͨͯͫͤͼ͙ ͔͎ͦͨͫ͊ ͯ;͔͙ͫͭ͊ͤͦͫͭ ͫ͊ ͙ͨͦͯͭ͊͊ͫͤͣ͡͡ ͔͙ͪͦͤ͊ͭͦͪͣ͊͘

˽͔͍͔ͪͦͭͦ͊ͥ͟͞ ͫ͊ ͔͙ͪͦͤ͊ͭͦͪͣ͊͘ ͍͔͙͊ͤͣ͘ ͊͘ ͙͙ͫͭ ͙͒͘ ͍ͭ͊͊ͫͦͦ͒͊͡

˽͔͍͔ͪͦͭͦ͊ͥ͟͞ ͫ͊ ͔͙ͪͦͤ͊ͭͦͪͣ͊͘ ͍͔͙͊ͤͣ͘ ͊͘ ͔ͤ͊ͫͨͪ͊ͣͤ ͙͍͔͒ͦ͘ ͍ͭ͊͊ͫͦͦ͒͊͡

͙͙̅ͭͪ͡ ͙ͨͪͦͨͯͫͤͼ͙ ͔͎ͦͨͫ͊ ͯ;͔͙ͫͭ͊ͤͦͫͭ 



͙͙̅ͭͪ͡ ͔͙ͤͨͪͦͨͯͫͤͼ͙ ͔͎ͦͨͫ͊ ͯ;͔͙ͫͭ͊ͤͦͫͭ ͫ͊ ͔ͪͦͤ͊ͤͭͤͦͣ͘ ͔͎ͨͪͪ͊͒ͦͣ ͯ ˩-͍͙ͪ͊ͤ

͙͙̅ͭͪ͡ ͔͙ͤͨͪͦͨͯͫͤͼ͙ ͔͎ͦͨͫ͊ ͯ;͔͙ͫͭ͊ͤͦͫͭ ͫ͊ ͔ͪͦͤ͊ͤͭͤͦͣ͘ ͔͎ͨͪͪ͊͒ͦͣ ͯ ˹-͍͙ͪ͊ͤ

͙͙̅ͭͪ͡ ͔͙ͤͨͪͦͨͯͫͤͼ͙ ͔͎ͦͨͫ͊ ͯ;͔͙ͫͭ͊ͤͦͫͭ ͫ͊ ;͔͍͙ͭͪͭͭ͊͊ͫͤͣ͡ ͔͙ͪͦͤ͊ͭͦͪͣ͊͘

͙͙̅ͭͪ͡ ͔͙ͤͨͪͦͨͯͫͤͼ͙ ͔͎ͦͨͫ͊ ͯ;͔͙ͫͭ͊ͤͦͫͭ ͫ͊ ͙ͨͦͯͭ͊͊ͫͤͣ͡͡ ͔͙ͪͦͤ͊ͭͦͪͣ͊͘

˽͔͍͔ͪͦͭͦ͊ͥ͟͞ ͫ͊ ͔͙ͪͦͤ͊ͭͦͪͣ͊͘ ͍͔͙͊ͤͣ͘ ͊͘ ͙͙ͫͭ ͙͒͘ ͍ͭ͊͊ͫͦͦ͒͊͡

˽͔͍͔ͪͦͭͦ͊ͥ͟͞ ͫ͊ ͔͙ͪͦͤ͊ͭͦͪͣ͊͘ ͍͔͙͊ͤͣ͘ ͊͘ ͔ͤ͊ͫͨͪ͊ͣͤ ͙͍͔͒ͦ͘ ͍ͭ͊͊ͫͦͦ͒͊͡

͙͙̅ͭͪ͡ ͙ͨͪͦͨͯͫͤͼ͙ ͔͎ͦͨͫ͊ ͯ;͔͙ͫͭ͊ͤͦͫͭ 



͙͙̅ͭͪ͡ ͔͙ͤͨͪͦͨͯͫͤͼ͙ ͔͎ͦͨͫ͊ ͯ;͔͙ͫͭ͊ͤͦͫͭ ͫ͊ ͔ͪͦͤ͊ͤͭͤͦͣ͘ ͔͎ͨͪͪ͊͒ͦͣ ͯ ˩-͍͙ͪ͊ͤ

͙͙̅ͭͪ͡ ͔͙ͤͨͪͦͨͯͫͤͼ͙ ͔͎ͦͨͫ͊ ͯ;͔͙ͫͭ͊ͤͦͫͭ ͫ͊ ͔ͪͦͤ͊ͤͭͤͦͣ͘ ͔͎ͨͪͪ͊͒ͦͣ ͯ ˹-͍͙ͪ͊ͤ

͙͙̅ͭͪ͡ ͔͙ͤͨͪͦͨͯͫͤͼ͙ ͔͎ͦͨͫ͊ ͯ;͔͙ͫͭ͊ͤͦͫͭ ͫ͊ ;͔͍͙ͭͪͭͭ͊͊ͫͤͣ͡ ͔͙ͪͦͤ͊ͭͦͪͣ͊͘

͙͙̅ͭͪ͡ ͔͙ͤͨͪͦͨͯͫͤͼ͙ ͔͎ͦͨͫ͊ ͯ;͔͙ͫͭ͊ͤͦͫͭ ͫ͊ ͙ͨͦͯͭ͊͊ͫͤͣ͡͡ ͔͙ͪͦͤ͊ͭͦͪͣ͊͘

˽͔͍͔ͪͦͭͦ͊ͥ͟͞ ͫ͊ ͔͙ͪͦͤ͊ͭͦͪͣ͊͘ ͍͔͙͊ͤͣ͘ ͊͘ ͙͙ͫͭ ͙͒͘ ͍ͭ͊͊ͫͦͦ͒͊͡

˽͔͍͔ͪͦͭͦ͊ͥ͟͞ ͫ͊ ͔͙ͪͦͤ͊ͭͦͪͣ͊͘ ͍͔͙͊ͤͣ͘ ͊͘ ͔ͤ͊ͫͨͪ͊ͣͤ ͙͍͔͒ͦ͘ ͍ͭ͊͊ͫͦͦ͒͊͡

͙͙̅ͭͪ͡ ͙ͨͪͦͨͯͫͤͼ͙ ͔͎ͦͨͫ͊ ͯ;͔͙ͫͭ͊ͤͦͫͭ 



ʇʘʨʘʤʝʪʘʨ ɺʨʝʜʥʦʩʪ

ɼʠʝʣʝʢʪʨʠʯʥʘ ʢʦʥʩʪʘʥʪʘ2.55

Tʘʥʛʝʥʩ ʫʛʣʘ ʛʫʙʠʪʘʢʘ0.0019

ɼʝʙˀʠʥʘ ʩʫʧʩʪʨʘʪʘ [mm]1.143

ɼʝʙˀʠʥʘ ʤʝʪʘʣʠʟʘʮʠʿʝ [mm]0.018

ʏʝʪʚʨʪʪʘʣʘʩʥʠʪʘʣʘʩʦʚʦʜʥʠ ʨʝʟʦʥʘʪʦʨ

RT/Duroid5880

c [ɛm] 200 300 400 500 600

f0 [GHz] 9.0 8.86 8.65 8.52 8.35

B3dB [GHz] 0.38 0.53 0.62 0.75 0.895

Meʘʥʜʨʠʨʘʥʠ ʨʝʟʦʥʘʪʦʨ



ɽʢʚʠʚʘʣʝʥʪʥʘ ʰʝʤʘ ʪʘʣʘʩʦʚʦʜʥʦʛ 

ʯʝʪʚʨʪʪʘʣʘʩʥʦʛ ʨʝʟʦʥʘʪʦʨʘ
R=
|S11(jɤ0)|Z0
1ī|S11(jɤ0)|

,

L=
2B3dB|S11(jɤ0)|Z0

ɤ0
2

C=
ρ

2B3dB|S11(jɤ0)|Z0

Z0=
ϳɛŮ

1ī ϳfcf
2

R= 6646Ý, L= 0.7047nH, C= 0.4437pF

QL=
ɤ0
æɤ3dB

QU=
QL

1ī|S21ɤ0|

f0=11GHzR= 7861Ý, L= 0.57637nH, C= 0.3666pF

f0=9GHz

Mʦʜʝʣ f

[GHz]

B3dB
[MHz]

f0
[GHz]

B3dB
[MHz]

3ɼ ɽʄ 9.00 380 11.02 523

ʂʦʣʦ 9.0 385 11.03 520



f0=11GHz

ʈʝʰʝˁʘ ʢʦʿʘ ʢʦʨʠʩʪʝ ʨʝʟʦʥʘʪʦʨʝ ʚʝʟʘʥʝ ʟʘ 

ʥʘʩʧʨʘʤʥʝ ʟʠʜʦʚʝ ʪʘʣʘʩʦʚʦʜʘ

0.450 GHz 0.520 GHz

f02=11GHz

f01=9GHz

0.075ɚg



ʌʠʣʪʨʠ ʚʠʰʝʛ ʨʝʜʘ ʩʘ ʚʠʰʝ ʥʝʧʨʦʧʫʩʥʠʭ 

ʦʧʩʝʛʘ ʫʯʝʩʪʘʥʦʩʪʠ
0.42 ɚg

8.99GHz 11.01 GHz

1070 MHz 1070 MHz

M. Mrviĺ, M. Potrebiĺ, D. Toġiĺ, Z. Cvetkoviĺ, 

ñMiniaturization of waveguide bandstop filterò, 

The 12th International Conference on 

Applied Electromagnetics(ʇɽʉ 2015), Niġ, Serbia, 2015.



͙͙̅ͭͪ͡ ͔͙ͤͨͪͦͨͯͫͤͼ͙ ͔͎ͦͨͫ͊ ͯ;͔͙ͫͭ͊ͤͦͫͭ ͫ͊ ͔ͪͦͤ͊ͤͭͤͦͣ͘ ͔͎ͨͪͪ͊͒ͦͣ ͯ ˩-͍͙ͪ͊ͤ

͙͙̅ͭͪ͡ ͔͙ͤͨͪͦͨͯͫͤͼ͙ ͔͎ͦͨͫ͊ ͯ;͔͙ͫͭ͊ͤͦͫͭ ͫ͊ ͔ͪͦͤ͊ͤͭͤͦͣ͘ ͔͎ͨͪͪ͊͒ͦͣ ͯ ˹-͍͙ͪ͊ͤ

͙͙̅ͭͪ͡ ͔͙ͤͨͪͦͨͯͫͤͼ͙ ͔͎ͦͨͫ͊ ͯ;͔͙ͫͭ͊ͤͦͫͭ ͫ͊ ;͔͍͙ͭͪͭͭ͊͊ͫͤͣ͡ ͔͙ͪͦͤ͊ͭͦͪͣ͊͘

͙͙̅ͭͪ͡ ͔͙ͤͨͪͦͨͯͫͤͼ͙ ͔͎ͦͨͫ͊ ͯ;͔͙ͫͭ͊ͤͦͫͭ ͫ͊ ͙ͨͦͯͭ͊͊ͫͤͣ͡͡ ͔͙ͪͦͤ͊ͭͦͪͣ͊͘

˽͔͍͔ͪͦͭͦ͊ͥ͟͞ ͫ͊ ͔͙ͪͦͤ͊ͭͦͪͣ͊͘ ͍͔͙͊ͤͣ͘ ͊͘ ͙͙ͫͭ ͙͒͘ ͍ͭ͊͊ͫͦͦ͒͊͡

˽͔͍͔ͪͦͭͦ͊ͥ͟͞ ͫ͊ ͔͙ͪͦͤ͊ͭͦͪͣ͊͘ ͍͔͙͊ͤͣ͘ ͊͘ ͔ͤ͊ͫͨͪ͊ͣͤ ͙͍͔͒ͦ͘ ͍ͭ͊͊ͫͦͦ͒͊͡

͙͙̅ͭͪ͡ ͙ͨͪͦͨͯͫͤͼ͙ ͔͎ͦͨͫ͊ ͯ;͔͙ͫͭ͊ͤͦͫͭ 



c [ɛm] 200 400 600 800

f0 [GHz] 9.00 8.80 8.64 8.47

B3dB [GHz] 0.67 0.91 1.18 1.50

d11=2.75 mm

d11=2.75 mm

d11=2.85 mm

d11=2.85 mm

d11=2.93 mm

d11=2.93 mm

d11=3.05 mm

d11=3.05 mm

GHz

S21

S11

R

[mm]

B3dB 

[GHz]

5.2 0.710

6.7 0.700

7.3 0.690

8 0.680

9 0.670

ʌʠʣʪʘʨ ʜʨʫʛʦʛ ʨʝʜʘ ʥʝʧʨʦʧʫʩʥʠʢ ʦʧʩʝʛʘ 

ʫʯʝʩʪʘʥʦʩʪʠ

˽͔͊ͪ͊ͣͭ͊ͪ

Ⱡ► 3

ÔÁÎ♯ 0.0028

˨͔͙͋ͤ͊͢ [mm] 0.11176

˸͔͙ͭ͊͊͘͡ͼ͙͔͞ [mm] 0.0175



ʆʜʨʝʹʠʚʘˁʝ ʢʦʝʬʠʮʠʿʝʥʪʘ ʩʧʨʝʛʝ

f2

f1

k=
f2
2
īf1
2

f2
2
+f1
2

R [mm] k

5.6 0.09378

6 0.09284

6.2 0.09181

6.6 0.09087

7 0.08889

7.3 0.08783
M. Mrviĺ, S. Stefanovski, M. Potrebiĺ, D. Toġiĺ, 

ñNova realizacija talasovodnog filtra sa dva nepropusna opsega 

pomoĺu ļetvrttalasnih rezonatoraò,Tehnika, vol. 70, no. 3, 

pp. 473ï480, 2015



ɽʢʚʠʚʘʣʝʥʪʥʦ ʝʣʝʢʪʨʠʯʥʦ ʢʦʣʦ ʬʠʣʪʨʘ

ʥʝʧʨʦʧʫʩʥʠʢʘ ʦʧʩʝʛʘ

I1=CīCm ĀjɤĀV1īV2+I╛,

I1p=CīCm ĀjɤĀV1pīV2p+IL,

V1īV2=LĀjɤĀIL1
+LmĀjɤIL2

,

V1pīV2p=LĀjɤĀIL2
+LmĀjɤIL1

,

V1pīV2p=LĀjɤĀIL2
+LmĀjɤIL1

,

V2=V2pĀcosɗījZcĀI1pĀsinɗ,

I1=jĀ
1

Zc
ĀV2pĀsinɗīI1pĀcosɗ,

I1_port=I1+CmĀjɤĀV1īV1p,

I1p_port=I1pīCmĀjɤĀV1īV1p.

Y=
Y11Y12
Y21Y22

f1=
2(LīLm) ϳɗ2(ϳɗ2)

4(CīCm)(LīLm)Zc
+

2cscϳɗ2 (LīLm)4CīCmZc
2
+LīLm+(4īC+CmZc

2
+LīLm)cosɗ

4(CīCm)(LīLm)Zc
,

f2=
ī(LīLm)tan(ɗ2)+(L+Lm)(4CīCmZc

2
+(L+Lm)tanɗ2

2
)/sign(cos(ɗ/2))

2(CīCm)(L+Lm)Zc
.



ʄʠʥʠʿʘʪʫʨʠʟʘʮʠʿʘ ʬʠʣʪʨʘ 

f01=9GHz
f02=11GHz

FBW1 = 5.77% FBW2 = 5.27%



ʀʟʨʘʜʘ ʣʘʙʦʨʘʪʦʨʠʿʩʢʦʛ ʧʨʦʪʦʪʠʧʘ
ʆʜʩʝʯʘʢ WR-90 

ʧʨʘʚʦʫʛʘʦʥʦʛ ʪʘʣʘʩʦʚʦʜʘ 

M. Mrviĺ, M. Potrebiĺ, D. Toġiĺ, ñCompact E-plane 

waveguide filter with multiple stopbandsò, 

RadioScience, vol. 51, no.12, pp. 1895-1904, 2016.



Eʢʚʠʚʘʣʝʥʪʥʘ ʰʝʤʘ ʤʠʥʠʿʘʪʫʨʠʟʦʚʘʥʦʛ ʬʠʣʪʨʘ 

ʚʠʰʝʛ ʨʝʜʘ ʩʘ ʚʠʰʝ ʥʝʧʨʦʧʫʩʥʠʭ ʦʧʩʝʛʘ



ɼʦʜʘʪʥʘ ʤʠʥʠʿʘʪʫʨʠʟʘʮʠʿʘ - ʋʣʪʨʘ-ʢʦʤʧʘʢʪʥʠ 

ʬʠʣʪʘʨ
˽͊ͪ͊

.(mm)

f01 

(GHz)

B3dB1 

(MHz)

f02 

(GHz)

B3dB2 

(GHz)

c21ҧ ҍ ҍ Ҩ ҧ

c11Ҩ Ҩ Ҩ Ҩ ҧ

R2Ҩ ҍ Ҩ ҍ ҧ

R1Ҩ ҧ ҧ Ҩ ҧ

d11ҧ Ҩ ҧ ҍ ҧ

Ƴ ҧ ҧ ҧ ҍ Ҩ

M. Mrviĺ, M. Potrebiĺ, D. Toġiĺ, ñCompact E-plane 

waveguide filter with multiple stopbandsò, Radio

Science, vol. 51, no.12, pp. 1895-1904, 2016.



ʉʅɸɻɸʊɸʃɸʉʆɺʆɼʅʆɻ ʌʀʃʊʈɸ



ʇʨʦʨʘʯʫʥ ʤʘʢʩʠʤʘʣʥʝ ʩʥʘʛʝ

ʈʘʩʧʦʜʝʣʘ ʝʣʝʢʪʨʠʯʥʦʛ ʧʦˀa ʫʥʫʪʘʨ ʪʘʣʘʩʦʚʦʜʘ ʫ 

ʩʣʫʯʘʿʫ ʧʦʙʫʜʝ ʜʦʤʠʥʘʥʪʥʠʤ TE10ʤʦʜʦʤ

Ekritiļno=3 MV/m

Emax,iåP0

P0=1W

Ptmax=nP0

Emaxīispod_kritiļneånEmax,i<Ekritiļno

Ptmax=1003W



͙͙̅ͭͪ͡ ͔͙ͤͨͪͦͨͯͫͤͼ͙ ͔͎ͦͨͫ͊ ͯ;͔͙ͫͭ͊ͤͦͫͭ ͫ͊ ͔ͪͦͤ͊ͤͭͤͦͣ͘ ͔͎ͨͪͪ͊͒ͦͣ ͯ ˩-͍͙ͪ͊ͤ

͙͙̅ͭͪ͡ ͔͙ͤͨͪͦͨͯͫͤͼ͙ ͔͎ͦͨͫ͊ ͯ;͔͙ͫͭ͊ͤͦͫͭ ͫ͊ ͔ͪͦͤ͊ͤͭͤͦͣ͘ ͔͎ͨͪͪ͊͒ͦͣ ͯ ˹-͍͙ͪ͊ͤ

͙͙̅ͭͪ͡ ͔͙ͤͨͪͦͨͯͫͤͼ͙ ͔͎ͦͨͫ͊ ͯ;͔͙ͫͭ͊ͤͦͫͭ ͫ͊ ;͔͍͙ͭͪͭͭ͊͊ͫͤͣ͡ ͔͙ͪͦͤ͊ͭͦͪͣ͊͘

͙͙̅ͭͪ͡ ͔͙ͤͨͪͦͨͯͫͤͼ͙ ͔͎ͦͨͫ͊ ͯ;͔͙ͫͭ͊ͤͦͫͭ ͫ͊ ͙ͨͦͯͭ͊͊ͫͤͣ͡͡ ͔͙ͪͦͤ͊ͭͦͪͣ͊͘

˽͔͍͔ͪͦͭͦ͊ͥ͟͞ ͫ͊ ͔͙ͪͦͤ͊ͭͦͪͣ͊͘ ͍͔͙͊ͤͣ͘ ͊͘ ͙͙ͫͭ ͙͒͘ ͍ͭ͊͊ͫͦͦ͒͊͡

˽͔͍͔ͪͦͭͦ͊ͥ͟͞ ͫ͊ ͔͙ͪͦͤ͊ͭͦͪͣ͊͘ ͍͔͙͊ͤͣ͘ ͊͘ ͔ͤ͊ͫͨͪ͊ͣͤ ͙͍͔͒ͦ͘ ͍ͭ͊͊ͫͦͦ͒͊͡

͙͙̅ͭͪ͡ ͙ͨͪͦͨͯͫͤͼ͙ ͔͎ͦͨͫ͊ ͯ;͔͙ͫͭ͊ͤͦͫͭ 



ʤʝʪʘʣ

ʜʠʝʣʝʢʪʨʠʢ

ʇʦʣʫʪʘʣʘʩʥʠʪʘʣʘʩʦʚʦʜʥʠ ʨʝʟʦʥʘʪʦʨ



M. Mrviĺ, M. Potrebiĺ, D. Toġiĺ, Z. Cvetkoviĺ,

ñE-plane microwave resonator for realisation of waveguide filtersò, 

XII International SAUM Conference on Systems, Automatic Control 

and Measurements, Niġ, Serbia, 2014.

ʌʠʣʪʘʨ ʪʨʝ˂ʝʛ ʨʝʜʘ ʩʘ ʧʦʣʫʪʘʣʘʩʥʠʤ 

ʨʝʟʦʥʘʪʦʨʠʤʘ



ʌʠʣʪʘʨ ʜʨʫʛʦʛ ʨʝʜʘ ʥʝʧʨʦʧʫʩʥʠʢ ʦʧʩʝʛʘ

0.720GHz 0.760 GHz



͙͙̅ͭͪ͡ ͔͙ͤͨͪͦͨͯͫͤͼ͙ ͔͎ͦͨͫ͊ ͯ;͔͙ͫͭ͊ͤͦͫͭ ͫ͊ ͔ͪͦͤ͊ͤͭͤͦͣ͘ ͔͎ͨͪͪ͊͒ͦͣ ͯ ˩-͍͙ͪ͊ͤ

͙͙̅ͭͪ͡ ͔͙ͤͨͪͦͨͯͫͤͼ͙ ͔͎ͦͨͫ͊ ͯ;͔͙ͫͭ͊ͤͦͫͭ ͫ͊ ͔ͪͦͤ͊ͤͭͤͦͣ͘ ͔͎ͨͪͪ͊͒ͦͣ ͯ ˹-͍͙ͪ͊ͤ

͙͙̅ͭͪ͡ ͔͙ͤͨͪͦͨͯͫͤͼ͙ ͔͎ͦͨͫ͊ ͯ;͔͙ͫͭ͊ͤͦͫͭ ͫ͊ ;͔͍͙ͭͪͭͭ͊͊ͫͤͣ͡ ͔͙ͪͦͤ͊ͭͦͪͣ͊͘

͙͙̅ͭͪ͡ ͔͙ͤͨͪͦͨͯͫͤͼ͙ ͔͎ͦͨͫ͊ ͯ;͔͙ͫͭ͊ͤͦͫͭ ͫ͊ ͙ͨͦͯͭ͊͊ͫͤͣ͡͡ ͔͙ͪͦͤ͊ͭͦͪͣ͊͘

˽͔͍͔ͪͦͭͦ͊ͥ͟͞ ͫ͊ ͔͙ͪͦͤ͊ͭͦͪͣ͊͘ ͍͔͙͊ͤͣ͘ ͊͘ ͙͙ͫͭ ͙͒͘ ͍ͭ͊͊ͫͦͦ͒͊͡

˽͔͍͔ͪͦͭͦ͊ͥ͟͞ ͫ͊ ͔͙ͪͦͤ͊ͭͦͪͣ͊͘ ͍͔͙͊ͤͣ͘ ͊͘ ͔ͤ͊ͫͨͪ͊ͣͤ ͙͍͔͒ͦ͘ ͍ͭ͊͊ͫͦͦ͒͊͡

͙͙̅ͭͪ͡ ͙ͨͪͦͨͯͫͤͼ͙ ͔͎ͦͨͫ͊ ͯ;͔͙ͫͭ͊ͤͦͫͭ 



ɸʣʛʦʨʠʪʘʤ ʧʨʦʿʝʢʪʦʚʘˁʘ ʪʘʣʘʩʦʚʦʜʥʦʛ ʨʝʟʦʥʘʪʦʨʘ 

ʫ  ʅ-ʨʘʚʥʠ

ʊʨʘʥʩʬʦʨʤʘʮʠʿʘ ʦʙʣʠʢʘ 

ʧʦʣʫʪʘʣʘʩʥʦʛ ʨʝʟʦʥʘʪʦʨʘ

ʀʟʙʦʨ ʛʝʦʤʝʪʨʠʿʝ 

ʰʪʘʤʧʘʥʝ ʨʝʟʦʥʘʥʪʥʝ 

ʧʨʝʛʨʘʜʝ

ʀʟʨʘʯʫʥʘʚʘˁʝ ʜʫʞʠʥʝ 

ʢʚʘʜʨʘʪʥʦʛ ʧʦʣʫʪʘʣʘʩʥʦʛ 

ʨʝʟʦʥʘʪʦʨʘ ʟʘ 

ʩʧʝʮʠʬʠʮʠʨʘʥʫ 

ʨʝʟʦʥʘʥʪʥʫ ʫʯʝʩʪʘʥʦʩʪ

ʀʟʙʦʨ ʧʦʟʠʮʠʿʝ 

ʨʝʟʦʥʘʪʦʨʘ ʫ ʨʝʛʠʦʥʫ 

ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ 

ʪʘʣʘʩʦʚʦʜʘ

ʐʝʤʘ

3ɼ ɽʄ

ʐʝʤʘ

3ɼ ɽʄ



ʇʦʩʤʘʪʨʘʥʠʩʣʫʯʘʿʝʚʠ:

Å ʢʚʘʜʨʘʪʥʠʨʝʟʦʥʘʪʦʨʫʚʘʟʜʫʭʫ

(ʙʝʟʜʠʝʣʝʢʪʨʠʯʥʦʛʥʦʩʘʯʘ)

Å ʨʝʟʦʥʘʪʦʨʰʪʘʤʧʘʥʥʘ

ʨʘʟʣʠʯʠʪʠʤʩʫʧʩʪʨʘʪʠʤʘ:

Rogers5880(ʀ= 2.2),

Rogers4003(ʀ σȢφ),

Rogers3010(ʀ= 11.2).

Aʥʘʣʠʟʘ ʬʨʝʢʚʝʥʮʠʿʩʢʦʛ ʦʜʟʠʚʘ ʧʦʣʫʪʘʣʘʩʥʦʛ 

ʨʝʟʦʥʘʪʦʨʘ

ɼʝʙˀʠʥʘ ʩʫʧʩʪʨʘʪʘ ʿʝ ʫ ʩʚʠʤ 

ʧʦʩʤʘʪʨʘʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʠʤʘʣʘ 

ʠʩʪʫ ʚʨʝʜʥʦʩʪ (h=1.143mm).

Ůr = 1 Ůr = 2.2

[%] kr nr kr nr

wI 0 0 0 0.52

wII 0 0.49 0.14 0

wIII 0 0 0 0

wIV 0 0 0 0.52

Ůr = 3.6 Ůr = 11.2

[%] kr
nr kr nr

wI 0 0 0 0

wII 0.117 0 0.117 0

wIII 0 0 0 0

wIV 0.117 0.52 0.117 0.52



ʇʦʨʝʹʝˁʝ ʧʝʨʬʦʨʤʘʥʩʠ ʢʚʘʜʨʘʪʥʦʛ ʠ 

ʧʨʘʚʦʫʛʘʦʥʦʛ ʨʝʟʦʥʘʪʦʨʘ  ʫ ʧʦʛʣʝʜʫ ʧʨʦʤʝʥʝ 

ʨʝʟʦʥʘʥʪʥʝ ʫʯʝʩʪʘʥʦʩʪʠ ʫʥʫʪʘʨ ʍ-ʦʧʩʝʛʘ

ʇʨʦʤʝʥʘ ʨʝʟʦʥʘʥʪʥʝ ʫʯʝʩʪʘʥʦʩʪʠ ʫ ʟʘʚʠʩʥʦʩʪʠ 

ʦʜ ʧʦʤʝʨʘʿʘ ʨʝʟʦʥʘʪʦʨʘʜʫʞ ʚʝʨʪʠʢʘʣʥʝ ʦʩʝ 

ʪʘʣʘʩʦʚʦʜʘ

ʇʨʦʩʪʦʨʥʠ ʧʦʤʝʨʘʿ ʿʝ ʦʟʥʘʯʝʥ ʩʠʤʙʦʣʦʤ ȹm

Aʥʘʣʠʟʘ ʬʨʝʢʚʝʥʮʠʿʩʢʦʛ ʦʜʟʠʚʘ ʧʦʣʫʪʘʣʘʩʥʦʛ 

ʨʝʟʦʥʘʪʦʨʘ



ʌʠʣʪʘʨ ʪʨʝ˂ʝʛ ʨʝʜʘ ʥʝʧʨʦʧʫʩʥʠʢ ʦʧʩʝʛʘ 

ʫʯʝʩʪʘʥʦʩʪʠ ʫ ʅ-ʨʘʚʥʠ

f0=10.90GHz

B3dB=340MHz
D= ϳɚg10.90GHz4=8.615mm

˽͙͔ͦͫͭ͊ͥ͘ 
͙ͦͣͨ͊ͭͤͦͫͭ͟͟ 
͙ ͦ;͍͔ͯ͊ͥ 
͙͍ͦ͒͊͘

ʉʪʨʫʢʪʫʨʘ 
ʟʘ 

ʬʠʢʩʠʨʘˁʝ

ʥʝʞʝˀʝʥʘ 
ʩʧʨʝʛʘ 
ʠʟʤʝʹʫ 
ʨʝʟʦʥʘʪʦʨʘ 
ʠ ʫʤʝʪʥʫʪʝ 
ʧʨʝʛʨʘʜʝ

ʥʝʞʝˀʝʥʘ 
ʩʧʨʝʛʘ 
ʠʟʤʝʹʫ 
ʨʝʟʦʥʘʪʦʨʘ 

ʟʘ 
ʨʘʟʣʠʯʠʪʝ 
ʦʧʩʝʛʝ

ˢ͔͙ͫͨͭ͟ 
͔͍ͨͪͦͭͦ͊ͥ͊͟͞ 
ͺ͙ͭͪ͊͡ ͫ͊ 
͍͙΄͔ 

͔͙ͤͨͪͦͨͯͫͤͻ 
͔͎ͦͨͫ͊



ʌʠʣʪʘʨ ʪʨʝ˂ʝʛ ʨʝʜʘ ʫ ʅ-ʨʘʚʥʠ ʩʘ ʜʚʘ ʥʝʧʨʦʧʫʩʥʘ 

ʦʧʩʝʛʘ ʫʯʝʩʪʘʥʦʩʪʠ ɻʣʘʚʥʝʧʨʝʜʥʦʩʪʠ

ʢʦʤʧʘʢʪʥʦʛʨʝʰʝˁʘ:

Åʤʘˁʘʫʢʫʧʥʘʜʫʞʠʥʘ

ʩʪʨʫʢʪʫʨʝ

Åʥʝʟʘʚʠʩʥʦ ʧʦʜʝʰʘʚʘˁʝ 

ʧʨʦʿʝʢʪʦʚʘʥʠʭ 

ʥʝʧʨʦʧʫʩʥʠʭ ʦʧʩʝʛʘ

Åʦʯʫʚʘˁʝ ʘʤʧʣʠʪʫʜʩʢʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʫ 

ʦʜʥʦʩʫ ʥʘ ʦʨʠʛʠʥʘʣʥʠ 

ʬʠʣʪʘʨ ʩʘ ʜʚʘ 

ʥʝʧʨʦʧʫʩʥʘ ʦʧʩʝʛʘ 

ʫʯʝʩʪʘʥʦʩʪʠ

ɼʦʜʘʪʥʠ ʧʦʪʝʥʮʠʿʘʣ ʟʘ ʤʠʥʠʿʘʪʫʨʠʟʘʮʠʿʫ ʩʝ 

ʦʛʣʝʜʘ ʫ ʜʦʜʘʪʥʦʤ ʩʢʨʘ˂ʠʚʘˁʫ ʩʝʢʮʠʿʝ ʪʘʣʘʩʦʚʦʜʘ 

ʢʦʿʘ ʠʤʘ ʫʣʦʛʫ ʠʥʚʝʨʪʦʨʘ!

M. Mrviĺ, M. Potrebiĺ, D. Toġiĺ, ñCompact 

H-plane dual-band bandstop waveguide filterò,

Journal of Computational Electronics, 

vol.16, no.3, pp.939-951,Jun 2017.

B3dB1ȡ

450MHz

B3dB2ȡ

650MHz


