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Amplifiers Review

• Large capacitor help to separate AC signal from DC bias

• Since capacitors are large, they are considered short circuit 

during AC analysis (𝑍𝐶 =
1

𝑗𝜔𝐶
)

• DC Analysis: 

• At DC, caps are open circuit

• Since gate current = 0, 𝑅𝐺 will not impact 𝑉𝐺 , DC analysis is 
very similar to basic common source amplifier (for this 
example)

• After solving the DC analysis, calculate the small singal 
parameters (𝑔𝑚, 𝑟𝑜) 

• AC Analysis:

• At AC, caps are short circuit

• DC voltage sources are short circuit

• DC current sources are open circuit

• Draw small signal model and calculate 𝐺𝑚, 𝑍𝑜𝑢𝑡 , 𝑎𝑛𝑑 𝐴𝑣.
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Single-Ended Amplifier Summary

• 𝑅𝑖𝑛 = 𝑅𝐺

• 𝑅𝑜𝑢𝑡 = 𝑅𝐷

• 𝐺𝑚 = −𝑔𝑚

• 𝐴𝑣 = −𝑔𝑚𝑅𝐷

• 𝐺𝑎𝑖𝑛𝑡𝑜𝑡 = −
𝑅𝐺

𝑅𝐺+𝑅𝑠𝑖𝑔
𝑔𝑚 𝑅𝐷||𝑅𝐿
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• Common source amplifier: input at gate, output at drain (𝒓𝒐 = ∞)

• 𝑅𝑖𝑛 = 𝑅𝐺

• 𝑅𝑜𝑢𝑡 = 𝑅𝐷

• 𝐺𝑚 = −
𝑔𝑚

1+𝑔𝑚𝑅𝑠

• 𝐴𝑣 = −
𝑔𝑚𝑅𝐷

1+𝑔𝑚𝑅𝑠

• 𝐺𝑎𝑖𝑛𝑡𝑜𝑡 = −
𝑅𝐺

𝑅𝐺+𝑅𝑠𝑖𝑔

𝑔𝑚

1+𝑔𝑚𝑅𝑠
𝑅𝐿||𝑅𝐷

Cc is a large cap
• S.C. for AC 
• O.C. for DC



Single-Ended Amplifier Summary

• 𝑅𝑖𝑛 = 𝑅𝐺

• 𝑅𝑜𝑢𝑡 = 𝑅𝐷||𝑟𝑜

• 𝐺𝑚 = −𝑔𝑚

• 𝐴𝑣 = −𝑔𝑚(𝑅𝐷||𝑟𝑜)

• 𝐺𝑎𝑖𝑛𝑡𝑜𝑡 = −
𝑅𝐺

𝑅𝐺+𝑅𝑠𝑖𝑔
𝑔𝑚 𝑅𝐷 𝑟𝑜 𝑅𝐿
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• Common source amplifier: input at gate, output at drain (𝒓𝒐 ≠ ∞)

• 𝑅𝑖𝑛 = 𝑅𝐺

• 𝑅𝑜𝑢𝑡 = 𝑅𝐷|| 𝑟𝑜 + 1 + 𝑔𝑚𝑟𝑜 𝑅𝑠

• 𝐺𝑚 = −
𝑔𝑚

1+𝑔𝑚𝑅𝑠

• 𝐴𝑣 = −
𝑔𝑚

1+𝑔𝑚𝑅𝑠
𝑅𝐷|| 𝑟𝑜 + 1 + 𝑔𝑚𝑟𝑜 𝑅𝑠

• 𝐺𝑎𝑖𝑛𝑡𝑜𝑡 = −
𝑅𝐺

𝑅𝐺+𝑅𝑠𝑖𝑔

𝑔𝑚

1+𝑔𝑚𝑅𝑠
𝑅𝐿||𝑅𝐷|| 𝑟𝑜 + 1 + 𝑔𝑚𝑟𝑜 𝑅𝑠

Cc is a large cap
• S.C. for AC 
• O.C. for DC



Single-Ended Amplifier Summary

• 𝑅𝑖𝑛 = 1/𝑔𝑚

• 𝑅𝑜𝑢𝑡 = 𝑅𝐷

• 𝐺𝑚 = 𝑔𝑚

• 𝐴𝑣 = 𝑔𝑚𝑅𝐷

• 𝐺𝑎𝑖𝑛𝑡𝑜𝑡 =
1/𝑔𝑚

1/𝑔𝑚+𝑅𝑠𝑖𝑔
𝑔𝑚 𝑅𝐷||𝑅𝐿
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• Common gate amplifier: input at 
source, output at drain (𝒓𝒐 = ∞)

• 𝑅𝑖𝑛 = 𝑅𝐺

• 𝑅𝑜𝑢𝑡 = 1/𝑔𝑚

• 𝐺𝑚 = 𝑔𝑚

• 𝐴𝑣 =
𝑔𝑚

𝑔𝑚
= 1

• 𝐺𝑎𝑖𝑛𝑡𝑜𝑡 =
𝑅𝐺

𝑅𝐺+𝑅𝑠𝑖𝑔
𝑔𝑚 𝑅𝐿||

1

𝑔𝑚
=

𝑅𝐺

𝑅𝐺+𝑅𝑠𝑖𝑔

𝑔𝑚𝑅𝐿

1+𝑔𝑚𝑅𝐿

• Common drain amplifier (source follower): 
input at gate, output at source (𝒓𝒐 = ∞)

Cc is a large cap
• S.C. for AC 
• O.C. for DC



Example 1

• Calculate amplifier gain given that:

𝐾′ =
0.2𝑚𝐴

𝑉2
, 𝑉𝑇𝐻 = 0.5𝑉, 𝑉𝐷𝐷 = 2𝑉, 𝑉𝐺𝑆 = 1𝑉, 𝑅𝐷 = 4𝑘Ω,

𝑊

𝐿
= 10

• Solution:
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Example 2

• Calculate amplifier gain.

• DC Analysis:

• 𝐼𝐷 =
𝐾

2
𝑉𝐺𝑆 − 𝑉𝑇𝐻

2

• 𝑉𝐺𝑆 = 𝑉𝐺 − 𝐼𝐷𝑅𝑆

• 𝐼𝐷 =
𝐾

2
𝑉𝐺 − 𝐼𝐷𝑅𝑆 − 𝑉𝑇𝐻

2 = 0.5 1.5 − 𝐼𝐷
2

• 𝐼𝐷
2 − 5𝐼𝐷 + 2.25 = 0

• 𝐼𝐷 = 4.5𝑚𝐴 → rejected as 𝑉𝐷𝑆 < 0

• 𝐼𝐷 = 0.5𝑚𝐴

• 𝑔𝑚 = 2𝐾𝐼𝐷 =
1𝑚𝐴

𝑉

• 𝑉𝐷𝑆 = 𝑉𝐷𝐷 − 𝐼𝐷𝑅𝐷 − 𝐼𝐷𝑅𝑆 = 1.5𝑉 > 𝑉𝐺𝑆 − 𝑉𝑇𝐻

• AC Analysis:

• 𝐴𝑣 = −
𝑔𝑚𝑅𝐷

1+𝑔𝑚𝑅𝑠
= −

6

1+1
= −3𝑉/𝑉

• 𝐺𝑎𝑖𝑛𝑡𝑜𝑡 = −
𝑅𝐺

𝑅𝐺+𝑅𝑠𝑖𝑔

𝑔𝑚

1+𝑔𝑚𝑅𝑠
𝑅𝐿||𝑅𝐷 = −

0.9

0.9+0.1

1

1+1
9||6 =

− 1.62𝑉/𝑉
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𝑅𝑆 = 1𝐾𝛺
𝑅𝐷 = 6𝐾𝛺

𝐾 =
1𝑚𝐴

𝑉2

𝑉𝐺 = 2𝑉, 
𝑉𝑇𝐻 = 0. 5𝑉
𝑉𝐷𝐷 = 5𝑉
𝑅𝑠𝑖𝑔 = 0. 1𝐾𝛺
𝑅𝐺 = 0. 9𝐾𝛺
𝑅𝐿 = 9𝐾Ω
𝜆 = 0



Example 3

• Calculate the overall gain.

• Assume that both transistors has 𝑔𝑚 = 10𝑚𝐴/𝑉,𝑅𝐷 = 
1𝐾Ω, 𝑅𝑠𝑖𝑔 = 0Ω, 𝑅𝐿 = 100Ω

• Solution:

• 𝐺𝑎𝑖𝑛𝑡𝑜𝑡 =
𝑣𝑜

𝑣𝑖
=

𝑣𝑜

𝑣1
×

𝑣1

𝑣𝑖

•
𝑣1

𝑣𝑖
= −𝑔𝑚𝑅𝐷 = −10𝑉/𝑉

•
𝑣𝑜

𝑣𝑖
=

𝑔𝑚𝑅𝐿

1+𝑔𝑚𝑅𝐿
= 0.5𝑉/𝑉

• 𝐺𝑎𝑖𝑛𝑡𝑜𝑡 =
𝑣𝑜

𝑣𝑖
=

𝑣𝑜

𝑣1
×

𝑣1

𝑣𝑖
= −5𝑉/𝑉
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Example 4

• Derive an expression for the voltage gain. 
Assume M2 and M3 are identical. All 
transistors are in saturation. Ignore channel 
length modulation.

• Solutions:

• 𝐴𝑣 = 𝑔𝑚𝑅1
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𝑔𝑚1𝑣𝑖𝑛

𝑔𝑚1𝑣𝑖𝑛 𝑔𝑚1𝑣𝑖𝑛

𝑔𝑚1𝑣𝑖𝑛



Example 5

• What is the small signal voltage gain?

• Assume all transistors are in saturation.

• Assume 𝑟𝑜2, 𝑟𝑜3 and 𝑟𝑜4 are very large.
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• Solution:

• 𝐴𝑣 = −𝑔𝑚4𝑟𝑜1

𝑔𝑚4𝑣𝑖𝑛

𝑔𝑚4𝑣𝑖𝑛

𝑔𝑚4𝑣𝑖𝑛 𝑟𝑜1
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