
マイクロ波ミリ波及びテラヘルツ用の高周波デバイスの開発  

※概要：高い周波数帯(GHz帯〜THz帯)での電磁波応用を目的とした回路工夫を検討 
     ⇒具体的には、以下の２つの回路について検討 

[1]伝送路に周期的に不連続を並べた、 
   歯型構造のフィルタ回路の工夫 
 
 
 

  
 
 

 
 

 
    図1,2 歯型構造の計算例(図2の   が通過帯域） 

 
・レーダや基地局など電力増幅後の帯域外に生じる  
  不要成分の除去 
・周期構造導波路を応用した歯型構造回路 
・まず、フロケの定理に基づくFDTD法で、１周期長の 
 計算領域で任意形状を含めた計算 
・次に、一般的なFDTD法で周期の段数を見積って、  
 歯型構造の長さを決定(図1,2) 
⇒その際、計算時の収束状況を確認、分割数などを 
 工夫し、精度の良い計算方法を検討 
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[2]テラヘルツ帯でのアレイ化を工夫した、 
     高出力発振器の開発 
 
 

  
 
 

 
 

 

 
 
 

・スマートフォンなどの普及で、大容量高速無線通信 
  の需要は拡大  
・300GHz以上のテラヘルツ帯を用いた大容量超高速  
  無線通信の実現を目指す  
・1.98THz発振報告⇒共鳴トンネルダイオード(RTD)に 
 着目⇒線路を結合構造に用いた自己補対ボウタイ 
 アンテナ集積RTD発振器のアレイ化を工夫(図3)  
・RTDの等価回路:抵抗とキャパシタを並列接続した 
  構造を採用 (図3右上、図4電源の位相モード依存) 
⇒さらに、評価用RTDの作製を検討  
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High-speed and high-capacity wireless communications using terahertz frequency range has been developing. A
resonant tunneling diode (RTD) has been receiving attention as a terahertz source with a small-size and operating
at room temperature. However, there is a problem that an output power of the terahertz oscillator using the RTD is
low. To increase the output power, arrayed RTD oscillators integrated slot antennas with a M etal-insulator-metal
stub coupler for frequency synchronized structure has been reported [1]. However, this coupler has problems that
fabrication process and designing a coupler structure are complicated. W e propose an arrayed oscillators using
RTDs integrated with bow-tie antennas with a coupler which joins to individual oscillators as shown Fig.1. W ith
this structure, the process can be simplified because it can be fabricated antennas metalls, bias structure and the
coupler at the same time. In this paper, an equivalent circuit of Fig.1 has calculated time domain analysis and
evaluate phase mode due to supplied voltage in arrayed oscillators using RTDs integrated with bow-tie antennas
with the coupler.
F igure 2 shows calculated oscillation waveforms of the voltage at RTD in the equivalent circuit of F ig.1. At

the supplied voltage Vb = 3.8V(F ig. 2.(a)) , a phase between oscillators is “Even mode”. On the other hand, at
Vb = 4.42V (F ig. 2.(b)) , the phase between oscilaltors is switched from the even mode to “Not even mode” after
transient time⌧t . T herefore, these phase modes are depending on the supplied voltage Vb.
F igure 3 shows a transient time from the even mode to the not even mode oscillation at each the supplied

voltage Vb. An oscillation region is from 3.38V to 4.68V which is matched the NDR region of the RTD. An edge
area of the oscillation region has oscillated the not even mode oscillation. On the other hand, a center area of the
oscillation region has oscillated the even mode oscillation.

F igure 1: A schematic diagram and a euquivalent circuit
of our proposed device structure.

F igure 2: W aveforms of two phase modes. (a) Even
mode oscillation at Vb = 3.8V. (b) Not even mode oscil-
lation at Vb = 4.42V.

F igure 3: A transient time from the even mode oscilla-
tion to the not even mode oscillation at each bias voltage
Vb.
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of our proposed device structure.

F igure 2: W aveforms of two phase modes. (a) Even
mode oscillation at Vb = 3.8V. (b) Not even mode oscil-
lation at Vb = 4.42V.

Figure 3: A transient time from the even mode oscilla-
tion to the not even mode oscillation at each bias voltage
Vb.
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図3 提案のアレイ化発振器 

図4 アレイ化発振器の
位相モード依存(同相) 
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