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BJT Currents in Forward-Active Mode

𝟐. 𝑰𝑪 = 𝜷𝑰𝑩

𝟏. 𝑰𝑬 = 𝑰𝑩 + 𝑰𝑪

𝟑. 𝜷 =
𝜶

𝟏−𝜶
(20 – 200)

𝟒. 𝜶 =
𝜷

𝟏+𝜷
(0.95 – 0.995)
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BJT DC and Small Signal Equivalent

ib ic

ie

rπ ib

DC Equivalent Circuit

AC Equivalent Circuit
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➢ Common-Emitter Configuration

➢ Common-Collector Configuration

➢ Common-Base Configuration

BJT Amplifier/Circuit Configurations
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Common-Emitter Configuration



ELECTRICAL        ELECTRONICS COMMUNICATION INSTRUMENTATION

6

Common-Emitter Configuration
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Common-Emitter Configuration
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Common-Emitter Configuration
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Common-Emitter Configuration
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Common-Emitter Configuration

𝑔𝑚𝑉𝜋 = 𝛽𝑖𝑏

𝑔𝑚 =
𝛽𝑖

𝑏

𝑉
𝜋

=
𝛽

𝑟
𝜋

𝑉𝑖𝑛 = 𝑖𝑏 𝑟𝜋 (𝑅𝑠 ≪ 𝑟𝜋,≪ 𝑅𝑏)

𝑖𝑐 = 𝛽𝑖𝑏
𝑉𝑜𝑢𝑡 = −𝑖𝑐𝑅𝐶 (𝑟0 ≫ 𝑅𝐶, 𝑅𝐿 ≫ 𝑅𝐶 )

G𝑎𝑖𝑛 = −
𝛽𝑅

𝐶

𝑟
𝜋
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Common-Emitter Configuration

𝐼𝑛𝑝𝑢𝑡 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 ℎ𝑖𝑒 = 𝑅𝑏||𝑟
𝜋

𝑂𝑢𝑡𝑝𝑢𝑡 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 ℎ𝑜𝑒 = 𝑅𝐶||𝑟𝑜

𝑉𝑜𝑙𝑡𝑎𝑔𝑒 𝐺𝑎𝑖𝑛 = −
𝛽(𝑅𝐶| 𝑟𝑜 |𝑅𝐿)

𝑟
𝜋

(𝑅𝑏||𝑟
𝜋
)

(𝑅𝑏||𝑟
𝜋
+𝑅𝑆)

𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝐺𝑎𝑖𝑛

𝑃𝑜𝑤𝑒𝑟 𝐺𝑎𝑖𝑛

𝐼𝑛𝑝𝑢𝑡 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 ℎ𝑖𝑒 = 𝑟
𝜋
(𝑅𝑏 ≫ 𝑟

𝜋
)
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Common-Emitter Configuration

Common-Emitter Configuration with Un-Bypassed Emitter Resistance

𝐼𝑛𝑝𝑢𝑡 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 = ℎ𝑖𝑒 = 𝑟
𝜋
+ 1 + 𝛽 𝑅𝐸

𝑂𝑢𝑡𝑝𝑢𝑡 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 ℎ𝑜𝑒 = 𝑅𝐶||(𝑟𝑜+ 𝑅𝐸)
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Common-Emitter Configuration

𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝐺𝑎𝑖𝑛

𝑃𝑜𝑤𝑒𝑟 𝐺𝑎𝑖𝑛

Common-Emitter Configuration with Bypassed Emitter Resistance

𝐼𝑛𝑝𝑢𝑡 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 ℎ𝑖𝑒 = 𝑅𝑏||𝑟
𝜋

𝑂𝑢𝑡𝑝𝑢𝑡 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 ℎ𝑜𝑒 = 𝑅𝐶||𝑟𝑜

𝑉𝑜𝑙𝑡𝑎𝑔𝑒 𝐺𝑎𝑖𝑛 = −
𝛽(𝑅𝐶| 𝑟𝑜 |𝑅𝐿)

𝑟
𝜋

(𝑅𝑏||𝑟
𝜋
)

(𝑅𝑏||𝑟
𝜋
+𝑅𝑆)

𝐼𝑛𝑝𝑢𝑡 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 ℎ𝑖𝑒 = 𝑟
𝜋
(𝑅𝑏 ≫ 𝑟

𝜋
)
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Design of Amplifier

24 V, 35 AH Battery Microphone (10 mV) Speakers (8 Ohms) 1 V p-p

Gain 100

Audio Amplifier

Common-Emitter Configuration
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Common-Emitter Configuration

𝑅𝐶 =
24−(2.4+0.2)

2𝑋1𝑚𝐴
≈ 10 𝐾

𝑅𝐸 =
2.4

2𝑋1𝑚𝐴
≈ 2.2 𝐾

𝑉𝐵𝐵 ≈ 3.1 𝑉

𝑅2 =
3.1 𝑥 50

10 𝑋 1𝑚𝐴
≈ 15 𝐾

𝑅1 =
21𝑥 50

10 𝑋 1𝑚𝐴
≈ 220 𝐾
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Common-Emitter Configuration

𝑅𝐶 =
24−(2.4+0.2)

2𝑋1𝑚𝐴
≈ 10 𝐾

𝑅𝐸 =
2.4

1𝑚𝐴
≈ 2.2 𝐾

𝑉𝐵𝐵 ≈ 3.1 𝑉

𝑅2 =
3.1 𝑥 50

10 𝑋 1𝑚𝐴
≈ 15 𝐾

𝑅1 =
21𝑥 50

10 𝑋 1𝑚𝐴
≈ 120 𝐾
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Design of Amplifier

Common-Emitter Configuration
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Thank you


