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ΒΕͨɻݟͷҰக͕޲܏प೾ଆʹ͓͍ͯɺଌఆ஋ͱߴৼप೾਺ΑΓڞʹɻಛͨ͠ࢉܭৼ఺ۙ๣ʹ͓͚Δ௨աಛੑΛڞ
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Abstract The objective of this research is to develop a small-size large-aperture antenna for microwave power

transmission. In this paper, the principle and the schematic structure of a spherical dielectric resonator antenna

is explained. For the design of the spherical dielectric resonator antenna, it is necessary to know the resonant

characteristics of the resonator. We have measured the resonant characteristics of a spherical dielectric resonator

by using a rectangular waveguide. Obtained characteristics are in good agreement with the calculation by the

electromagnetic field simulator. Moreover, we have analyzed TM11-mode of the resonator by using a equivalent

circuit. Propagation characteristics obtained by the circuit simulator has some agreement with experiment.

Key words Superdirective antenna, Spherical dielectric resonator, Rectangular waveguide, External Q, Equiva-

lent-circuit estimation

1. ͸ ͡ Ί ʹ

ϚΠΫϩ೾ిྗ఻ૹ͸์ࣹ೾Λ༻͍ΔͨΊɺ௕ڑ཭ͷిྗ఻

ૹ͕ՄೳͰ͋ΔɻϚΠΫϩ೾डిిྗ͸ۭؒͷిྗີ౓ͱΞϯ

ςφͷ༗ޮ։ޱ໘ੵʹΑܾͬͯ·Δɻੜۭؒ׆ʹ͓͚ΔϚΠΫ

ϩ೾ૹిͷ৔߹ɺۭؒͷిྗີ౓͸ਓମͷి೾๷ࢦޢ਑ʹΑͬ

໘ੵ͕े෼େ͖͍ඞཁޱΕΔͨΊɺΞϯςφͷ༗ޮ։͞ݶ੍ͯ

͕͋Δɻ։ޱ໘Ξϯςφͷ৔߹ɺ༗ޮ։ޱ໘ੵ͸෺ཧత։ޱ໘

ੵʹ΄΅౳͍ͨ͠ΊɺΞϯςφΛখܕԽ͢Δ͜ͱ͸೉͍͠ɻຊ

཰ϚΠΫϩ೾ిྗ఻ૹͷͨΊͷ࣮ޮతେ։ޮߴͷ໨త͸ɺڀݚ

Ξϯςφͷ։ൃͰ͋ΔɻܕΛ࣋ͭখܘޱ

Ξϯςφͷ༗ޮ։ޱ໘ੵ͸ੑ޲ࢦརಘʹΑͬͯද͞ΕΔɻߴ

Ξϯςφͱͯ͠ɺΞϨΠΞϯςφͷૉܕརಘΛ࣋ͭখੑ޲ࢦ͍

Ξϯςφ͕஌ΒΕ͍ͯੑ޲ࢦΛ୹͘͢Δ͜ͱʹΑΔ௒ִؒࢠ

Δ [1]ɻ͔͠͠ɺΞϯςφૉؒࢠͷ݁߹ʹΑͬͯෛͷೖྗΠϯ

ϐʔμϯεͱͳΔૉݱ͕ࢠΕɺిڅճ࿏ͷઃࠔ͕ܭ೉Ͱ͋Δɻ

·ͨɺେ͖ͳిྲྀ͕ΞϯςφૉࢠʹྲྀΕΔ͜ͱͰδϡʔϧଛࣦ

͕૿Ճ͠ɺޮ཰ͷେ෯ͳ௿Լ͕͜ىΔɻզʑ͸͜ΕΒͷ՝୊Λ
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ղܾ͢ΔͨΊʹɺܗٿ༠ిମڞৼثΞϯςφͷݕ౼ΛਐΊ͍ͯ

ΔɻຊߘͰ͸ɺܗٿ༠ిମڞৼثΞϯςφͷ֓ཁʹ͍ͭͯઆ໌

ৼಛੑͷଌڞͷثৼڞ༠ిମܗٿ͍ͨ༺ಋ೾؅Λܗɺํޙͨ͠

ఆͱͦͷղੳ݁Ռʹ͍ͭͯड़΂Δɻ

2. Ξϯςφثৼڞ༠ిମܗٿ

·ͣɺܗٿ༠ిମڞৼثΞϯςφͷݪཧͰ͋Δ࣍ߴ·Ͱͷٿ

໘೾߹੒ʹΑΔੑ޲ࢦʹ͍ͭͯड़΂Δɻٿ໘೾͸ϚΫε΢Σϧ

ํఔࣜͷ࠲ٿඪܥʹ͓͚ΔҰൠղͰ͋Δɻ࣍਺ lɺmͷ TE೾

ͱ TM೾͕͋Δɻ֎ٿ͖޲໘೾ͷి࣓ք͸ୈ 1छٿϋϯέϧؔ

਺ɺϧδϟϯυϧജؔ਺ɺࢦ਺ؔ਺Λ༻͍ͯղੳతʹද͢͜ͱ

͕ग़དྷΔɻz Δ൒ۭؒฏ໘೾ͷୈ͢ߦਐʹ޲ํ 1छϋϯέϧؔ

਺Λ༻͍ͨల։ʹ͸ɺm = 1 ͷٿ໘೾ͷΈΛ༻͍Δ [2]ɻྫ͑

͹ɺ࣍਺ ! = 1͔Β ! = !max ·Ͱͷ TE೾ͱ TM೾ͷ߹੒ٿ

໘೾ͷి࣓ք͸࣍ࣜͰ༩͑ΒΕΔɻ

E =
!max∑

!=1

[a(TM)
! E(TM)

!m + a(TE)
! E(TE)

!m ]

∣∣∣∣∣
m=1

(1)

H =
!max∑

!=1

[a(TM)
! H(TM)

!m + a(TE)
! H(TE)

!m ]

∣∣∣∣∣
m=1

(2)

େ࣍਺࠷ !max ͕૿Ճ͢Δͱ z ͷ൒ۭؒͷฏ໘೾ʹ઴ۙ͢޲ํ

Δɻ͜͜ͰɺE(TM)
!m ͼH(TM)ٴ

!m ͸ TM ೾ͷి࣓քΛද͠ɺ

E(TE)
!m ͼH(TE)ٴ

!m ͸ TE ೾ͷి࣓քΛද͢ɻa(TM) ͱ a(TE)

͸ z ਺Ͱ͋Δɻ܎ͷฏ໘೾ͷల։޲ํ

a(TM)
! = a(TE)

! = i!
!(!+ 1)
2!+ 1

(3)

ਤ 1 ໘೾ͷٿʹ xz ฏ໘ʢϕ = 0ʣʹ͓͚Δݪ఺ۙ๣ͷॠ࣌

ిྗີ౓෼෍Λࣔ͢ɻਤ 1a ͸࣍਺ 10ͷ TMϞʔυͷిྗີ

౓෼෍Ͱ͋ΔɻΤωϧΪʔ͕શํ͠ࢄ֦ʹ޲ɺத৺ʹ࣓ి͍ڧ

ք͕ੜ͍ͯ͡Δ͜ͱ͕Θ͔Δɻզʑ͸͜ͷྗڧͳి࣓քྖҬΛ

ͼɺ֎ଆͷൺֱతऑ͍ྖҬΛ์ࣹి࣓քྖݺৼి࣓քྖҬͱڞ

ҬͱݺͿɻ! = 10ͷٿ໘೾͸֎ܘ໿ 3.5Еͷେ͖͞ͷڞৼి࣓

քྖҬΛ࣋ͭɻਤ 1b ͸ࣜ (1)ɺࣜ (2)ʹ͓͍ͯ !max = 10ͷ߹

੒ٿ໘೾ͷॠ࣌ిྗີ౓෼෍Λ͍ࣔͯ͠ΔɻҟͳΔ࣍਺ͷٿ໘

೾ͷ߹੒ʹΑΓ z ੑ޲ࢦΔɻ͜ىΛ࣋ͬͨ์ࣹ͕ੑ޲ࢦʹ޲ํ

རಘ͔Βٻ·Δ༗ޮ։ޱ൒ܘ͸࠷େ࣍਺ͷ ! = 10ͷڞৼి࣓

քྖҬͱ΄΅Ұக͢Δɻ

(a) (b)

4 λ 4 λ

ਤ 1 xz ฏ໘ʹ͓͚Δ 5.8 GHzͷٿ໘೾ͷిྗີ౓෼෍ɻ(a) ! = 10

ͷ TM ೾ (b) !max = 10 ͷ߹੒ٿ໘೾

఺ۙ๣ݪͱ͢ΔͨΊɺݯΛ೾ۃখͷଟॏݶ໘೾͸ແٿͷ࣍ߴ

ʹ͓͚ΔΤωϧΪʔີ౓͸ඇৗʹେ͖͘ɺݪ఺ۙ๣ͷి࣓ք͸

ෳࡶͰ͋ΔɻΑͬͯ௚઀ΞϯςφΛߏ੒͢Δ͜ͱ͸ࠔ೉Ͱ͋Δɻ

ͦ͜Ͱզʑ͸ɺܗٿ༠ిମڞৼثΞϯςφΛఏҊ͢Δɻ༗ݶͳ

େ͖͞Λ࣋ͭڞৼثʹΑͬͯɺଟॏۃͷඍখͳճ࿏ߏ੒Λճආ

͢Δ͜ͱ͕ग़དྷΔɻ·ͨɺ௿ଛࣦͳ༠ిମࡐྉΛ༻͍Δ͜ͱʹ

ΑΓɺిྲྀूதʹΑΔδϡʔϧଛࣦΛճආ͢Δ͜ͱ͕ग़དྷΔɻ

͞Βʹɺෳࡶͳి࣓ք͸௚ަ͢Δڞৼثͷݻ༗Ϟʔυʹ෼ղ͢

Δ͜ͱ͕ग़དྷΔɻ͜ͷΑ͏ʹɺܗٿ༠ిମڞৼثΞϯςφ͸޻

෰ࠀΞϯςφͷ՝୊Λੑ޲ࢦՄೳͳେ͖͞Λ࣋ͪɺैདྷͷ௒࡞

͢ΔՄೳੑΛ࣋ͭɻਤ 2ʹఏҊ͢Δܗٿ༠ిମڞৼثΞϯςφ

ͷུ֓ߏ଄Λࣔ͢ɻϞʔυίωΫλʹΑͬͯྭৼ͞Εͨ௚ަ͢

Δి࣓քͷΤωϧΪʔ͸ϗʔϯΞϯςφͱԁப༠ిମઢ࿏Λ௨

ͯ͠ଟ૚ߏ଄Λ࣋ͭܗٿ༠ిମڞৼث [3]ͷڞৼϞʔυʹͦΕ

ͧΕ݁߹͢ΔɻఏҊ͢Δܗٿ༠ిମڞৼثΞϯςφʹΑΓɺෳ

໘೾ͷి࣓քΛϞʔυ͝ͱʹ෼ղͯ͠ྭৼ͢Δ͜ͱٿͳ߹੒ࡶ

͕ग़དྷΔɻ

ਤ 2 ఏҊ͢Δܗٿ༠ిମڞৼثΞϯςφͷུ֓ߏ଄

3. ༠ిମܗٿ͍ͨ༺ಋ೾؅ͷ఻ൖϞʔυΛܗํ

ৼಛੑͷଌఆڞͷثৼڞ

ఏҊ͢Δܗٿ༠ిମڞৼثΞϯςφͷઃܭʹ͸ɺܗٿ༠ిମ

ৼಛੑΛ஌Δ͜ͱ͕ॏཁڞ༗ϞʔυͷݻͷͦΕͧΕͷثৼڞ

Ͱ͋Δɻํܗಋ೾؅ͷ఻ൖϞʔυΛ༻͍ͯܗٿͨ͠࡞ࢼ༠ి

ମڞৼثͷڞৼಛੑͷଌఆΛͨͬߦɻܗٿ༠ిମڞৼث͸༠ి

཰ 38.68 ͷηϥϛοΫٿͰ͋Γɺ௚ܘ͸ 13 mm Ͱ͋Δɻਤ 3

Λثৼڞ༠ిମܗٿͨ͠࡞ࢼͱܥݧ࣮͍ͨ༺ಋ೾؅Λܗํʹ

ࣔ͢ɻํܗಋ೾؅͸چ JIS֨نͷWRJ–6Λ༻͍ͨɻ಺ੇܘ๏

͸ 40.00 mmʷ 20.00 mmɺप೾਺ଳҬ͸ 4.90 GHz ͔Β 7.05

GHzɺಋ೾؅ͷ TE10ϞʔυͷΧοτΦϑप೾਺͸ 3.75 GHz

Ͱ͋Δɻ఻ൖಛੑͷଌఆʹ͸ژ౎େֶੜଘڀݚݍॴͷશڞࠃಉ

ར༻ઃඋϚΠΫϩ೾ΤωϧΪʔ఻ૹ࣮ݧ૷ஔʢMETLABʣͷ

Agilent ࣾͷωοτϫʔΫΞφϥΠβʔ PNA E8364C Λ༻͍

ͨɻಉ࣠ಋ೾؅มػ׵ʹ͸ౡాཧԽࣜגۀ޻ձࣾͷ 5C253 Λ

༻͍ͨɻωοτϫʔΫΞφϥΠβʔͷ̎ͭͷϙʔτ͸֤ࢀর໘

͕ͦΕͧΕ SMAίωΫλ෦෼ͱͳΔΑ͏ʹֱਖ਼ͨ͠ɻଌఆप

೾਺͸ 3.0 GHz ͔Β 8.0 GHz ͱ͠ɺଌఆ఺͸ 0.025 GHz ຖ

ͷ 200఺ͱͨ͠ɻ
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ಋ೾؅ͷ఻ൖಛੑͷมԽΛਤܗΑΔํʹثৼڞ༠ిମܗٿ 4

ʹࣔ͢ɻԣ࣠ʹप೾਺ΛऔΓɺॎ࣠ʹಁա܎਺ S21ͷେ͖͞Λ

͍ࣔͯ͠Δɻ੨৭ͷ࣮ઢ͸ܗٿ༠ిମڞৼثΛ಺෦ʹ഑ஔͨ͠

࣌ͷ఻ൖಛੑͰ͋Γɺ྘৭ͷ೾ઢ͸ಋ೾؅ͷΈͷ৔߹ͷ఻ൖಛ

ੑͰ͋Δɻಋ೾؅ͷΈͷ৔߹͸ɺΧοτΦϑप೾਺Ͱ͋Δ 3.75

GHzҎ্ͷप೾਺ʹ͓͍ͯ͸ S21͸΄΅ 0 dB ͱͳ͓ͬͯΓɺ

ಋ೾؅಺Λ൓ࣹͳ͘఻ൖ͍ͯ͠Δ͜ͱ͕Θ͔ΔɻͦΕʹର͠ɺ

Δ৔߹ʹ͸ɺS21͕͋ثৼڞ༠ిମܗٿ ͕௿Լ͢Δ఺͕ଘࡏ

͢Δ͜ͱ͕Θ͔ΔɻS21 ͕௿Լ͢Δप೾਺͸ 3.65 GHzɺ5.05

GHzɺ6.60 GHzɺ7.425 GHz Ͱ͋ͬͨɻ͜ΕΒͷप೾਺ʹ͓

͍ͯɺܗٿ༠ిମڞৼڞ͕ثৼ͍ͯ͠Δͱ͑ߟΒΕΔɻ

ਤ 3 ثৼڞ༠ిମܗٿͨ͠࡞ࢼͱܥಋ೾؅Λ༻͍ͨଌఆܗํ

ਤ 4 ΑΔ఻ൖಛੑͷมԽʹثৼڞ༠ిମܗٿ

4. ి࣓քγϛϡϨʔλʔʹΑΔڞৼϞʔυղੳ

ͷి࣓ք෼෍Λௐ΂Δثৼڞ༠ిମܗٿৼ఺ʹ͓͚Δڞ֤

ͨΊɺํܗಋ೾؅Λ༻͍࣮ͨܥݧͷి࣓քγϛϡϨʔγϣϯΛ

ཁૉ๏Λݶॴͷ༗࡞ձࣾଜా੡ࣜגɻγϛϡϨʔλʔ͸ͨͬߦ

༻͍ͨి࣓քγϛϡϨʔλʔ Femtet R©Λ༻͍ͨɻਤ 5ʹγϛϡ

ϨʔγϣϯϞσϧΛࣔ͢ɻೖग़ྗϙʔτ͸໘Ͱఆٛ͠ɺಉ࣠ಋ

೾؅Λཧ૝తͳ΋ͷͱͨ͠ɻಋ೾ٴ؅ͼ༠ిମͷαΠζ͸࣮ݧ

ͱಉ༷ͱͳΔΑ͏ʹఆٛͨ͠ɻͨͩ͠ɺಋ೾ٴ؅ͼܗٿ༠ిମ

ʹͱಉ༷ݧΔप೾਺΋࣮͢ࢉܭ͸ແଛࣦͱͨ͠ɻ·ͨɺثৼڞ

3 GHz ͔Β 8 GHz·Ͱͷ 200఺ͱͨ͠ɻϝογϡ͸ಋ೾؅಺

Ͱ 5 mmͱ͠ɺܗٿ༠ిମڞৼث಺Ͱ͸ 0.5 mm ͱͨ͠ɻ

ਤ 6ʹγϛϡϨʔγϣϯʹΑͬͯ͞ࢉܭΕͨ఻ൖಛੑΛࣔ͢ɻ

੺ͷ೾ઢ͕γϛϡϨʔγϣϯʹΑΔࢉܭ஋Ͱ͋Γɺ੨ͷ࣮ઢ͕

஋Ͱ͋Δɻ4ݧ࣮ GHzҎ্ͷप೾਺ʹ͓͍ͯɺ྆ऀ͕ྑ͘Ұக

͍ͯ͠Δ͜ͱ͕Θ͔ΔɻγϛϡϨʔγϣϯͷ஋͕ߴप೾ଆʹͣ

Ε͍ͯΔͷ͸ɺܗٿ༠ిମڞৼثͷϝογϡ͕ૈ͍ͨΊͰ͋Δ

ͱ͑ߟΒΕΔɻ·ͨɺ3 GHz͔Β 4 GHzͷप೾਺ʹ͓͍ͯ͸

஋͕ͣΕ͍ͯΔͷ͸ɺಋ೾؅͕ΧοτΦϑঢ়ଶͰ͋ΔͨΊɺಉ

࣠ಋ೾؅ͷ༗ແ͕େ͖͘Өͨ͠ڹͱ͑ߟΒΕΔɻ

γϛϡϨʔγϣϯʹ͓͍֤ͯڞৼ఺ͷి࣓ք෼෍Λௐ΂ͨ݁Ռɺ

ਤ 4ʹ͓͚Δ 3.65 GHzɺ5.05 GHzɺ6.60 GHzɺ7.425 GHzͷ

ৼ఺͸ͦΕͧΕڞ TE11(1)ϞʔυɺTM11ϞʔυɺTM21Ϟʔ

υɺTE11(2) ϞʔυʹΑΔ΋ͷͰ͋Δ͜ͱ͕Θ͔ͬͨɻ7.425

GHz ʹ͓͚Δ TE11(2) Ϟʔυ͸ڞৼثͷ޲ํܘʹ೾͕ 2 ͭ

ೖͬͨ࣍ߴͷ TE11ϞʔυͰ͋Δɻ͜͜Ͱɺܗٿ༠ిମڞৼث

ͷ TE11(1)ϞʔυɺTM11ϞʔυɺTM21Ϟʔυͷڞৼप೾਺

ͷݻ༗஋ํఔ͔ࣜΒٻ·Δཧ࿦஋͸ͦΕͧΕ 3.63 GHzɺ5.12

GHzɺ6.69 GHzͰ͋Δɻํܗಋ೾؅ͷ఻ൖಛੑΛௐ΂Δ͜ͱ

ͰɺͦΕͧΕͷϞʔυͷڞৼप೾਺Λ 1% ఔ౓ͷࠩޡͰଌఆ͢

Δ͜ͱ͕ग़དྷͨɻ͔͠͠ɺ5.25 GHzʹڞৼप೾਺Λ࣋ͭ TE21

Ϟʔυʹରͯ͠ಋ೾؅ͷ TE10Ϟʔυ͸΄ͱΜͲ݁߹͠ͳ͍͜

ͱ͕Θ͔ͬͨɻܗٿ༠ిମڞৼثͷ֤ϞʔυͷڞৼಛੑΛΑΓ

ਖ਼֬ʹଌఆ͢ΔͨΊʹ͸ɺඃଌఆϞʔυͷ݁߹౓Λௐ੔ՄೳͰ

͋ΓɺϞʔυͷܗΛ่͞ͳ͍ଌఆ࣏۩͕ඞཁͰ͋Δɻ

ਤ 5 ͷి࣓քγϛϡϨʔγϣϯϞσϧܥݧ࣮

ਤ 6 ఻ൖಛੑͷϐʔΫͱܗٿ༠ిମڞৼثͷϞʔυͷؔ܎
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5. ౳Ձճ࿏Λ༻͍ͨTM11Ϟʔυͷղੳ

ͷثৼڞ༠ిମܗٿ TM11Ϟʔυͷڞৼಛੑʹ͍ͭͯɺ౳Ձ

ճ࿏Λ༻͍ͯ͞Βʹৄ͘͠ղੳͨ͠ɻTM11Ϟʔυ͸ਤ 4ʹ͓

͚Δ 5.05 GHzͷ఺ͷڞৼϞʔυͰ͋Δɻڞৼ఺ʹ͓͍ͯϙʔ

τ 1͔Β 1 WͷిྗΛೖྗͨ࣌͠ͷɺಋ೾؅அ໘ʹ͓͚Δి

քϕΫτϧͷ༷ࢠΛਤ 7ʹࣔ͢ɻڞৼثͷࠨଆͷϙʔτ 1͔Β

ೖྗ͞Εͨిྗ͸ɺڞৼثͷӈଆͷϙʔτ 2΁ͱ΄ͲΜͲ఻ൖ

͍ͯ͠ͳ͍͜ͱ͕Θ͔Δɻ·ͨɺ͜ͷͱ͖ڞৼث͸ TM11Ϟʔ

υͰڞৼ͍ͯ͠Δ͜ͱ͕Θ͔Δɻ

ਤ 8a ʹਤ 7ͷి࣓քͷ౳Ձճ࿏දݱΛࣔ͢ɻ͜͜ͰɺZ0 ͸

ಋ೾؅಺ͷ೾ಈΠϯϐʔμϯεɺCm ͸ڞৼثͱಋ೾؅ͷిք

݁߹ɺCR ͓Αͼ LR ͸ڞৼثʹ஝͑ΒΕͨిؾΤωϧΪʔ͓

Αͼ࣓ؾΤωϧΪʔΛͦΕͧΕද͢ɻCR ͱ LR ͸௚ྻʹ઀ଓ

͞ΕɺBand stop filterͷճ࿏ͱͳ͍ͬͯΔɻ؅಺೾௕͕ܗٿ

༠ిମڞৼثʹ༩͑ΔӨڹ͸ Z0 ʹؚ·Ε͍ͯΔɻਤ 8a ʹࣔ

ͨ͠౳Ձճ࿏͔Βɺ͞Βʹਤ 8b ͷΑ͏ʹॻ͖௚͢͜ͱʹΑΓɺ

ಁա܎਺ S21Λ͢ࢉܭΔ͜ͱ͕ग़དྷΔɻ͜͜ͰɺC ͸ CR ͓Α

ͼ Cm ͔Βٻ·ΓɺL͸ LR Λද͠ɺr ͸༠ిମٴͼಋ೾؅ͷ

ಋମนʹΑΔڞৼثͷଛࣦΛද͢ɻిిݯѹΛ 2V ͱ͢Δ͜ͱ

ਤ 7 TM11 Ϟʔυڞৼ࣌ͷಋ೾؅಺෦ͷిքϕΫτϧ෼෍

ਤ 8 (a) TM11 Ϟʔυڞৼ࣌ͷి࣓քΛද͢౳Ձճ࿏ɹ (b) ಁա܎

਺ S21 Λ͢ࢉܭΔͨΊͷ౳Ձճ࿏

ʹΑΓɺ2࣍ଆͷΠϯϐʔμϯεʹ͔͔Δిѹ Vout ͸

Vout =
2Z

Z0 + Z
V (4)

ͱͳΔɻਤ 8b ͕ਤ 8a ʹ͓͚Δಁա܎਺ S21Λ͢ࢉܭΔͨΊ

ͷ౳Ձճ࿏දݱͱͳ͍ͬͯΔ͜ͱ͕෼͔Δɻͨͩ͠ɺ

Z =

[
1
Z0

+

(
r + jωL+

1
jωC

)−1
]−1

(5)

Ͱ͋Δɻ

஌Ͱ͋ΔͨΊɺ֎෦طৼप೾਺͸ڞ Q ஋ΛٻΊΔ͜ͱʹΑ

Γɺ౳Ձճ࿏ఆ਺ͷ C ͓Αͼ Lͷ஋Λܾఆ͢Δ͜ͱ͕ग़དྷΔɻ

TM11 Ϟʔυͷڞৼ఺ʹ͓͚Δ S11 ͷҐ૬ࣼ܏ͷଌఆ஋ΑΓ

֎෦ Q ஋ΛٻΊΔɻڞৼ఺ʹ͓͍ͯ͸ɺਤ 8b ͷ 2 ࣍ଆͷΠ

ϯϐʔμϯε͸े෼େ͖͘ղ์ͱΈͳ͢͜ͱ͕ग़དྷΔͨΊɺ1

ϙʔτͷ௚ྻڞৼճ࿏ͱΈͳ͢͜ͱ͕ग़དྷΔɻΑͬͯɺΠϯ

ϐʔμϯεͷৼ෯ಛੑ͓Αͼ r ͕े෼খ͍͞ͱ͖ɺS11ͷҐ૬

֯Λ θ ͱ͢Δͱɺ֎෦ Q஋͸

Qex =
ω0

2

∣∣∣∣∣
dθ
dω

∣∣∣∣
ω=ω0

∣∣∣∣∣ (6)

ͷΑ͏ʹڞৼ఺ ω0 ʹ͓͚Δ S11 ͷҐ૬͔ࣼ܏Βٻ·Δ [4]ɻ

ਤ 9 ʹ 4.5 GHz ͔Β 5.5 GHz ·ͰͷҐ૬֯ͷଌఆ஋Λࣔ͢ɻ

TM11Ϟʔυ͕ڞৼ͢Δ 5.05 GHzʹ͓͚ΔҐ૬ࣼ܏ΑΓɺQex

͸ 33.7ͱٻ·Δɻ

ਤ 9 TM11 Ϟʔυڞৼ࣌ʹ͓͚Δ S11 ͷҐ૬ࣼ܏

ৼप೾਺ͱ֎෦ڞ Q஋͔Β౳Ձճ࿏ఆ਺ͷ C ͓Αͼ LΛٻ

ΊΔɻਤ 8b ʹΑΔͱ֎෦Q஋͸Qex = 1/ω0CZ0Ͱ͋Δ͔Βɺ

C =
1

ω0QexZ0
(7)

ʹΑͬͯٻΊΔ͜ͱ͕ग़དྷΔɻ͜͜ͰɺZ0 ͸ 5.05 GHzʹ͓͚

Δ TE10Ϟʔυͷ೾ಈΠϯϐʔμϯεͰ͋Δ͔Βɺ

Z0 = 120π




√

1−
(
3750
5050

)2



−1

Ω = 563Ω (8)

ͱٻ·Δ [5]ɻΑͬͯɺࣜ (7) ΑΓ C = 1.67 fF ͱٻ·Δɻ·

ͨɺL = 1/ω2
0C Ͱ͋Δ͔ΒɺL = 592 nHͱٻ·Δɻ
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Ίͨ౳Ձճ࿏ύϥϝʔλʔͱਤٻ 8b ͷ౳Ձճ࿏Λ༻͍ͯɺ

ಁա܎਺ S21 Λͨ͠ࢉܭɻࢉܭʹ͸ Linear Technology ࣾͷ

LTspice Λ༻͍ͨɻਤ 10 ʹղੳʹ༻͍ͨύϥϝʔλʔͱճ࿏

ਤΛࣔ͢ɻ·ͨɺ݁ࢉܭՌΛਤ 11ʹࣔ͢ɻڞৼप೾਺ΑΓ͍ߴ

प೾਺ͷۂઢͷۂ཰ͱ΄΅Ұக͍ͯ͠Δ͜ͱ͕Θ͔Δɻ௿प೾

ଆͰ S21ͷ࣮ݧ஋͕௿Լ͍ͯ͠Δͷ͸ TE11ϞʔυͷӨ͕ڹද

Ε͍ͯΔͨΊͱ͑ߟΒΕΔɻڞৼثͷଛࣦ r ͸ϐʔΫ஋͕࣮ݧ

஋ʹ߹͏Α͏ʹܾఆͨ͠ɻͦͷ݁Ռ r͸ 11.4 ΩͱͰ͋ͬͨɻ͜

ͷͱ͖ɺ౳Ձճ࿏͔Βٻ·Δແෛՙ Q஋͸ 1685ͱͳΔɻܗٿ

༠ిମڞৼثʹ༻͍ͨ༠ిମࡐྉͷ Q஋ͷσʔλ͸ 5.05 GHz

Ͱ 6392Ͱ͋Δ͔Βɺಋ೾؅ͷಋମʹΑΔଛࣦ͕ࢧ഑తͰ͋Δ

͜ͱ͕Θ͔Δɻܗٿ༠ిମڞৼثͷແෛՙQ஋Λଌఆ͢ΔͨΊ

ʹ͸ɺͳΔ΂͘ಋମʹిྲྀΛྲྀ͞ͳ͍ଌఆ࣏۩͕ඞཁͰ͋Δɻ

ਤ 10 ౳Ձճ࿏ղੳʹ༻͍ͨ spice ύϥϝʔλʔ

ਤ 11 ౳Ձճ࿏ύϥϝʔλʔΛ༻͍ͨ S21 ͷղੳ݁Ռ

6. · ͱ Ί

ৼಛੑͷଌఆΛڞͷثৼڞ༠ిମܗٿ͍ͯ༺ಋ೾؅Λܗํ

Λಋ೾؅ͷ಺෦ʹஔ͍ͨ৔߹ʹ͸ɺثৼڞ༠ిମܗٿɻͨͬߦ

ಋ೾؅ͷΈͷ৔߹ʹ͸ݟΒΕͳ͔ͬͨෳ਺ͷڞৼ఺͕ଌఆ͞Ε

ͨɻి࣓քγϛϡϨʔλʔΛ༻͍ͯ͜ΕΒͷڞৼ఺ʹ͓͚Δٿ

ৼपڞৼ఺ͷڞৼϞʔυΛ໌Β͔ʹͨ͠ɻڞͷثৼڞ༠ిମܗ

೾਺͸ɺܗٿ༠ిମڞৼثͷͦΕͧΕͷݻ༗Ϟʔυͷڞৼप೾

਺ͱྑ͘Ұகͨ͠ɻ౳Ձճ࿏Λ༻͍ͯ TM11Ϟʔυͷڞৼಛੑ

ৼ఺ʹ͓͚ΔڞɻTM11ϞʔυͷͨͬߦͳղੳΛࡉৄ͍ͯͭʹ

ి࣓ք෼෍Λ౳Ձճ࿏Ͱද͠ɺଌఆ஋͔Β౳Ձճ࿏ఆ਺Λܾఆ

ͨ͠ɻճ࿏γϛϡϨʔλʔΛ༻͍ͯ TM11Ϟʔυͷڞৼ఺ʹ͓

͚Δ௨աಛੑΛͨ͠ݱ࠶ɻಛʹڞৼप೾਺ΑΓߴप೾ଆʹ͓͍

ͯɺଌఆ஋ͱ޲܏ͷҰக͕ݟΒΕͨɻ

༠ܗٿಋ೾؅Λ༻͍Δ͜ͱʹΑΓɺ఻ൖಛੑͷมԽ͔Βܗํ

ిମڞৼثͷಛੑΛ஌Δ͜ͱ͕ग़དྷͨɻ͔͠͠ͳ͕ΒɺఏҊ͢

Δܗٿ༠ిମڞৼثΞϯςφͷઃܭʹ͸ɺ֤Ϟʔυ͝ͱͷڞৼ

ಛੑΛΑΓΞϯςφͷ࣮ܗ͍ۙʹࡍͰଌఆ͢Δඞཁ͕͋Δɻ
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