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問題 3 電子工学 

（1頁目／2頁中） 

Fig. 3(a)に示す n チャネル金属酸化膜半導体電界効果型トランジスタ（MOSFET）M1，M2

のカスコード接続を用いた増幅回路について，以下の問に答えよ．なお， 𝑉𝑉DD， 𝑉𝑉Bはそれぞ

れ電源電圧，バイアス電圧である．

(1) 飽和領域で動作中の n チャネル MOSFET について，チャネル，ピンチオフ点，空乏層を

含んだ断面構造図を描き，ドレイン電圧の増加に対してドレイン―ソース間電流が飽和す

る理由を説明せよ．

(2) Fig. 3(a)に示すカスコード接続を用いた増幅回路の特長を 1 つ述べよ．

(3) Fig. 3(a)に示す増幅回路の微小信号等価回路を考える．

(a) 微小信号等価回路を描け．ただし，M1，M2 の微小信号モデルには，Fig. 3(b)に示すモ

デルを用いよ．

(b) 𝑅𝑅L = ∞ , 𝑣𝑣𝑖𝑖 = 0とする．増幅回路の出力抵抗を 𝑔𝑔m，𝑟𝑟D を用いて表せ．また，導出結果

から，M2がなく点 A と点 B とが短絡している場合と比べて出力抵抗がどう変化するか

答えよ．

(c) Fig. 3(a)に示す増幅回路の電圧利得 𝐾𝐾V = 𝑣𝑣𝑜𝑜/𝑣𝑣𝑖𝑖  を 𝑔𝑔m，𝑟𝑟D，𝑅𝑅Lを用いて表せ．ただし，

𝑅𝑅L ≠ ∞ , 𝑣𝑣𝑖𝑖 ≠ 0, 1 ≪ 𝑔𝑔m𝑟𝑟Dとする．

(4) M1，M2 が飽和領域で動作できる𝑣𝑣𝑜𝑜の下限値を 𝑉𝑉B， 𝑉𝑉th，𝑣𝑣𝑖𝑖を用いて求めよ．なお，𝑉𝑉th は
M1，M2のしきい値電圧を表す．必要に応じて計算の過程で𝑣𝑣𝑥𝑥を用いても良い．

Fig. 3(a)   Fig. 3(b) 
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Answer the following questions on an amplifier circuit using n-channel metal-oxide-semiconductor 
field-effect transistors (MOSFETs) M1 and M2 with cascode connection shown in Fig. 3(a). Here, 𝑉𝑉DD 
and 𝑉𝑉B are supply voltage and bias voltage, respectively.  

(1) Draw the cross sectional structure of an n-channel MOSFET under saturation region with channel, 
pinch-off point and depletion layer, and explain the reason why the drain-source current saturates  
against an increase of the drain voltage.   

(2) State a merit of the amplifier circuit with cascode connection shown in Fig. 3(a).    

(3) Consider the small-signal equivalent circuit for the amplifier circuit shown in Fig. 3(a). 
(a) Draw the small-signal equivalent circuit. Here, for the small-signal model of M1 and M2, use the 

model shown in Fig. 3(b).  
(b) Suppose 𝑅𝑅L = ∞  and 𝑣𝑣𝑖𝑖 = 0 . Express the output resistance of the amplifier circuit using 

𝑔𝑔m and 𝑟𝑟D. Also, from the derived result, answer how the output resistance changes compared to 
when points A and B are shorted without M2.  

(c) Express the voltage gain 𝐾𝐾𝑉𝑉 = 𝑣𝑣𝑜𝑜/𝑣𝑣𝑖𝑖  of the amplifier circuit shown in Fig. 3(a) using 𝑔𝑔m , 
𝑟𝑟D and 𝑅𝑅L. Here, suppose 𝑅𝑅L ≠ ∞ ,  𝑣𝑣𝑖𝑖 ≠ 0 and 1 ≪ 𝑔𝑔m𝑟𝑟D. 

(4) Derive an expression for the lower limit of 𝑣𝑣𝑜𝑜 for M1 and M2 to be working under the saturation 

region using  𝑉𝑉B， 𝑉𝑉th and 𝑣𝑣𝑖𝑖. Here, 𝑉𝑉th is the threshold voltage of M1 and M2. May use 𝑣𝑣𝑥𝑥  for 
the calculation process if necessary.  

 
             Fig. 3(a)                   Fig. 3(b)        
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