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 Application as an inverter (NOT gate)

Digital application

 In the MOSFET circuit:

Small voltage at 𝑉𝐼 < 𝑉𝑡 → 𝑉𝑂 = 𝑉𝐷𝐷 (𝑙𝑎𝑟𝑔𝑒 𝑣𝑜𝑙𝑡𝑎𝑔𝑒)

Large Voltage at 𝑉𝐼 (close to 𝑉𝐷𝐷) →𝑉𝑂 is very small
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We can also build a NOR gate as follows: 
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Proper Biasing is the key: 

MOSFET should be saturated 

with a good range for the voltage 

and a large gain.
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 Application as an Amplifier ANALOG:

𝐺𝑎𝑖𝑛 =
𝑉𝑜𝑝𝑝

𝑉𝑖𝑝𝑝

𝑆𝑚𝑎𝑙𝑙 𝑠𝑖𝑔𝑛𝑎𝑙 𝑔𝑎𝑖𝑛 =
𝑑𝑣𝑜

𝑑𝑣𝑖
at Q

 In saturation: 𝑉𝑂 = 𝑉𝐷𝐷 −
1

2
𝑅𝑘 𝑉𝐼 − 𝑉𝑡

2

𝑑𝑣𝑜
𝑑𝑣𝑖

= −𝑅𝑘 𝑉𝐼 − 𝑉𝑡

At Q: 𝑔𝑎𝑖𝑛 = −𝑅𝑘 𝑉𝐼𝑄 − 𝑉𝑡 = −𝑅𝑘𝑉𝑜𝑉𝑄

What are the limits to avoid distortion: A and B keep it in SAT

Limits in input:

𝑉𝐼𝑄 + 𝑉𝑖 𝑠𝑖𝑔𝑛𝑎𝑙 𝑚𝑎𝑥 ≤ 𝑉1𝐵

𝑉𝐼𝑄 − 𝑉𝑖 𝑠𝑖𝑔𝑛𝑎𝑙 𝑚𝑎𝑥 ≥ 𝑉1𝐴
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From circuit: 𝑉𝐷𝐷 − 𝑅𝐷𝑖𝐷 − 𝑉𝐷𝑆 = 0

Straight line called load line

 iD = VDD/RD – VDS/RDD

𝑆𝑙𝑜𝑝𝑒 = −
1

𝑅𝐷
VDD/RD
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𝑬𝒇𝒇𝒆𝒄𝒕 𝒐𝒇 𝑹𝑫

Distortion: 

• For large RD, MOSFET leaves SAT

• For small RR, no room for swing as 

VDS reach VDD



EECE 310 - Fall 201913

Thank you !


