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二種理論 電子回路（２）
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×トランジスタの交流等価回路

𝐵

𝑣𝑖𝑛 𝑅2

ℎ𝑖𝑒

𝑅1

𝐸

𝐶

ℎ𝑓𝑒𝑖𝑏

𝑅𝐿𝑅𝐶

𝑣𝑜𝑢𝑡

𝑖𝑏

𝐸

電圧増幅率

𝐴𝑣 =
𝑣𝑜𝑢𝑡
𝑣𝑖𝑛

, 𝑣𝑜𝑢𝑡 = 𝐴𝑣𝑣𝑖𝑛

𝐴𝑣[dB] = 20log10
𝑣𝑜𝑢𝑡
𝑣𝑖𝑛

[dB]

エミッタ接地増幅回路 交流等価回路

交流等価回路とは、
増幅回路から交流成分だけを取り出した回路

→回路計算の考え方は増幅回路とは全く別物
と考えていい！
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×交流等価回路の計算

𝐵

𝑣𝑖𝑛 𝑅2

ℎ𝑖𝑒

𝑅1

𝐸

𝐶

ℎ𝑓𝑒𝑖𝑏

𝑅𝐿𝑅𝐶

𝑣𝑜𝑢𝑡

𝑖𝑏

𝐸

電圧増幅率

𝐴𝑣 =
𝑣𝑜𝑢𝑡
𝑣𝑖𝑛

, 𝑣𝑜𝑢𝑡 = 𝐴𝑣𝑣𝑖𝑛

𝐴𝑣[dB] = 20log10
𝑣𝑜𝑢𝑡
𝑣𝑖𝑛

[dB]

交流等価回路

電流増幅率を求めるのが一般的
ベース電流𝑖𝑏をうまく使って式を立てる

𝑣𝑖𝑛 = ℎ𝑖𝑒𝑖𝑏

𝑣𝑜𝑢𝑡 =
𝑅𝐶𝑅𝐿

𝑅𝐶 + 𝑅𝐿
× ℎ𝑓𝑒𝑖𝑏

𝐴𝑣 =
𝑣𝑜𝑢𝑡
𝑣𝑖𝑛

=

𝑅𝐶𝑅𝐿
𝑅𝐶 + 𝑅𝐿

× ℎ𝑓𝑒𝑖𝑏

ℎ𝑖𝑒𝑖𝑏
=

𝑅𝐶𝑅𝐿
𝑅𝐶 + 𝑅𝐿

×
ℎ𝑓𝑒

ℎ𝑖𝑒

それぞれ𝑖𝑏を含む式で表す

𝑖𝑏がうまく消える
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×三種 H28 問13
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×三種 H28 問13

𝐵

ℎ𝑖𝑒

𝐸

𝐶

ℎ𝑓𝑒𝑖𝑏 𝑅𝐿
′

𝑖𝑏

𝐸

𝑣𝑖

𝑖𝑐

𝐴𝑣 dB = 40 = 20 log10 𝐴𝑣

log10 𝐴𝑣 = 2 → 𝐴𝑣 = 102 = 100

𝐴𝑣 =
𝑣0
𝑣𝑖

𝑣𝑜 = −𝑅𝐿
′ℎ𝑓𝑒𝑖𝑏

𝑣𝑜

𝐴𝑣 =
𝑣0
𝑣𝑖

=
−𝑅𝐿

′ℎ𝑓𝑒𝑖𝑏

𝑣𝑖
=
𝑅𝐿
′ℎ𝑓𝑒𝑖𝑏

𝑣𝑖

100 =
1k × 100 × 𝑖𝑏

10m

𝑖𝑏 =
10m

1k × 100
× 100 = 10 × 10−6

∴ 𝑖𝑏 = 10 𝜇A
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×H28 問7
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×H28 問7

図１はコレクタ接地増幅回路

𝑖𝑜𝑢𝑡 =

𝑣𝑖𝑛 = 𝑟𝑏𝑖𝑏 + 𝑟𝑒𝑖𝑜𝑢𝑡 + 𝑣𝑜𝑢𝑡 =

キルヒホッフの電圧側より

𝑣𝑜𝑢𝑡
𝑣𝑖𝑛

=
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×H28 問7

図１はコレクタ接地増幅回路

𝑖𝑜𝑢𝑡 = 𝑖𝑏 + 𝛽𝑖𝑏 = 1 + 𝛽 𝑖𝑏

コレクタ

1 + 𝛽 𝑖𝑏

1 + 𝛽 𝑖𝑏

𝑣𝑖𝑛 = 𝑟𝑏𝑖𝑏 + 𝑟𝑒𝑖𝑜𝑢𝑡 + 𝑣𝑜𝑢𝑡
= 𝑟𝑏𝑖𝑏 + 𝑟𝑒 1 + 𝛽 𝑖𝑏 + 𝑅𝐸 1 + 𝛽 𝑖𝑏
= 𝑟𝑏𝑖𝑏 + 1 + 𝛽 𝑟𝑒 + 𝑅𝐸 𝑖𝑏

キルヒホッフの電圧側より

𝑟𝑏𝑖𝑏 + 1 + 𝛽 𝑟𝑒 + 𝑅𝐸 𝑖𝑏

𝑣𝑜𝑢𝑡
𝑣𝑖𝑛

=
𝑅𝐸 1 + 𝛽 𝑖𝑏

𝑟𝑏𝑖𝑏 + 1 + 𝛽 𝑟𝑒 + 𝑅𝐸 𝑖𝑏

=
𝑅𝐸 1 + 𝛽

𝑟𝑏 + 1 + 𝛽 𝑟𝑒 + 𝑅𝐸

𝑅𝐸 1 + 𝛽

𝑟𝑏 + 1+ 𝛽 𝑟𝑒 + 𝑅𝐸

𝑣𝑜𝑢𝑡
𝑣𝑖𝑛

=
𝑅𝐸 1 + 𝛽

𝑟𝑏 + 1 + 𝛽 𝑟𝑒 + 𝑅𝐸
=

100 ⋅ 1 + 200

50 + 1 + 200 2.6 + 100
∼ 0.972

非反転増幅回路であり、ほぼ１倍の電圧利得

非反転増幅回路であり、ほぼ１倍の電圧利得

𝑣𝑜𝑢𝑡 = 𝑅𝐸𝑖𝑜𝑢𝑡 = 𝑅𝐸 1 + 𝛽 𝑖𝑏
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×H28 問7

コレクタ

1 + 𝛽 𝑖𝑏

1 + 𝛽 𝑖𝑏

𝑟𝑏𝑖𝑏 + 1 + 𝛽 𝑟𝑒 + 𝑅𝐸 𝑖𝑏

𝑅𝐸 1 + 𝛽

𝑟𝑏 + 1+ 𝛽 𝑟𝑒 + 𝑅𝐸

非反転増幅回路であり、ほぼ１倍の電圧利得

(1)

(2)

(3)

(4)

(5)
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×H30 問7
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×H30 問7

𝑣𝑏𝑒 =

𝑣𝐸1

(1)、（２）の電圧はそれぞれ
𝑣𝐸1 =

𝑣𝑖𝑛 = 𝑣𝑏𝑒 + 𝑣𝐸1 =

𝑖𝑏 =

𝑧𝑖𝑛 =
𝑣𝑖𝑛
𝑖𝑏

=

𝑣𝑜𝑢𝑡 = −𝑅𝐶ℎ𝑓𝑒𝑖𝑏 =
𝑣𝑜𝑢𝑡
𝑣𝑖𝑛

=
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×H30 問7

𝑣𝑏𝑒 = ℎ𝑖𝑒𝑖𝑏

𝑣𝐸1

(1)、（２）の電圧はそれぞれ

𝑣𝐸1 = 𝑅𝐸1 𝑖𝑏 + ℎ𝑓𝑒𝑖𝑏 = 𝑅𝐸1 1 + ℎ𝑓𝑒 𝑖𝑏

𝑣𝑖𝑛 = 𝑣𝑏𝑒 + 𝑣𝐸1 = ℎ𝑖𝑒𝑖𝑏 + 𝑅𝐸1 1 + ℎ𝑓𝑒 𝑖𝑏

𝑖𝑏 =
𝑣𝑖𝑛

ℎ𝑖𝑒 + 𝑅𝐸1 1 + ℎ𝑓𝑒

ℎ𝑖𝑒𝑖𝑏 𝑅𝐸1 1 + ℎ𝑓𝑒 𝑖𝑏
𝑣𝑖𝑛

ℎ𝑖𝑒 + 𝑅𝐸1 1 + ℎ𝑓𝑒

𝑧𝑖𝑛 =
𝑣𝑖𝑛
𝑖𝑏

= ℎ𝑖𝑒 + 𝑅𝐸1 1 + ℎ𝑓𝑒

ℎ𝑖𝑒 + 𝑅𝐸1 1 + ℎ𝑓𝑒
𝑣𝑖𝑛

ℎ𝑖𝑒 + 𝑅𝐸1 1 + ℎ𝑓𝑒
𝑣𝑜𝑢𝑡 = −𝑅𝐶ℎ𝑓𝑒𝑖𝑏 = −𝑅𝐶ℎ𝑓𝑒

𝑣𝑖𝑛

ℎ𝑖𝑒 + 𝑅𝐸1 1 + ℎ𝑓𝑒

𝑣𝑜𝑢𝑡
𝑣𝑖𝑛

= −
𝑅𝐶ℎ𝑓𝑒

ℎ𝑖𝑒 + 𝑅𝐸1 1 + ℎ𝑓𝑒

−
𝑅𝐶ℎ𝑓𝑒

ℎ𝑖𝑒 + 𝑅𝐸1 1 + ℎ𝑓𝑒
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×H30 問7

ℎ𝑖𝑒𝑖𝑏 𝑅𝐸1 1 + ℎ𝑓𝑒 𝑖𝑏
𝑣𝑖𝑛

ℎ𝑖𝑒 + 𝑅𝐸1 1 + ℎ𝑓𝑒

ℎ𝑖𝑒 + 𝑅𝐸1 1 + ℎ𝑓𝑒
𝑣𝑖𝑛

ℎ𝑖𝑒 + 𝑅𝐸1 1 + ℎ𝑓𝑒 −
𝑅𝐶ℎ𝑓𝑒

ℎ𝑖𝑒 + 𝑅𝐸1 1 + ℎ𝑓𝑒

(1)

(2)

(3)

(4)

(5)
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×H25 問7
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×H25 問7 無視

𝐼1 − 𝐼𝐵 ∼ 𝐼1 =

𝑅1𝐼1 = 𝑉𝐶𝐶 − 𝑉𝐵 → 𝑅1 =

𝑉𝐵 = 𝑉𝐵𝐸 + 𝑅𝐸𝐼𝐸 → 𝑅𝐸 =

𝑉𝐶𝐶 − 𝑉𝑐 = 𝑅𝐿 𝐼𝐸 − 𝐼𝐵 ∼ 𝑅𝐿𝐼𝐸 → 𝑅𝐿 =
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×H25 問7 無視

𝐼1 − 𝐼𝐵 =
𝑉𝐵
𝑅2

→ 𝐼1 ∼
𝑉𝐵
𝑅2

=
1.2 V

30 kΩ
= 40 μA

𝑅1𝐼1 = 𝑉𝐶𝐶 − 𝑉𝐵

→ 𝑅1 =
𝑉𝐶𝐶 − 𝑉𝐵

𝐼1
=

3 − 1.2

40 × 10−6
= 45 kΩ

𝑉𝐵 = 𝑉𝐵𝐸 + 𝑅𝐸𝐼𝐸 → 𝑅𝐸 =
𝑉𝐵 − 𝑉𝐵𝐸

𝐼𝐸
=

1.2 − 0.7

0.1 × 10−3
= 5 kΩ

𝑉𝐶𝐶 − 𝑉𝑐 = 𝑅𝐿 𝐼𝐸 − 𝐼𝐵 ∼ 𝑅𝐿𝐼𝐸

→ 𝑅𝐿 =
𝑉𝐶𝐶 − 𝑉𝑐

𝐼𝐸
=

3 − 2.1

0.1 × 10−3
= 9 kΩ

40 45

5.0

9.0
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×H25 問7

𝑅2

𝑖𝑏 𝑖𝑐

𝑖𝑒
𝑣𝑖𝑛

𝑅𝐿 𝑣𝑜𝑢𝑡

𝑅1

𝐵 𝐶

𝑟𝑏 𝛽𝑖𝑏

𝐸

40 45

5.0

9.0

15 kΩ 𝛽 = 50

30 kΩ45 kΩ

9 kΩ

𝑣𝑖𝑛 = 𝑣𝑜𝑢𝑡 =

𝑣𝑜𝑢𝑡
𝑣𝑖𝑛

=
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×H25 問7

𝑅2

𝑖𝑏 𝑖𝑐

𝑖𝑒
𝑣𝑖𝑛

𝑅𝐿 𝑣𝑜𝑢𝑡

𝑅1

𝐵 𝐶

𝑟𝑏 𝛽𝑖𝑏

𝐸

40 45

5.0

9.0

15 kΩ 𝛽 = 50

30 kΩ45 kΩ

9 kΩ

𝑣𝑖𝑛 = 𝑟𝑏𝑖𝑏 𝑣𝑜𝑢𝑡 = −𝑅𝐿𝑖𝑐 = −𝑅𝐿𝛽𝑖𝑏

𝑣𝑜𝑢𝑡
𝑣𝑖𝑛

= −
𝑅𝐿𝛽𝑖𝑏
𝑟𝑏𝑖𝑏

= −
𝑅𝐿𝛽

𝑟𝑏
= −

9k ⋅ 50

15k
= −30

30
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×H25 問7

40 45

5.0

9.0

30

(1) (2)

(3) (4)

(5)
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×

ご聴講ありがとう
ございました！！
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