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Transistor 

• Very important device used in amplifiers and 
logic gates 

• Metal-oxide-semiconductor field-effect 
transistor (MOSFET) is the key device that has 
propelled our rapid technology growth 

 Can be easily fabricated on silicon wafers 

 Small area which enables large numbers of 
transistors on a chip and faster processing 

 Cheap 

 

 Insulated-gate field-effect transistor (IGFET) is the 
more general term for today’s transistors 
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Physical Transistor 
• A MOSFET transistor is a 4 

terminal device that is 
fabricated on the surface of a 
silicon wafer 

 

• 4 terminals 

▫ (D)rain 

▫ (G)ate 

▫ (S)ource 

▫ (B)ody or substrate 

 

• Body is often tied to the source 
to make a 3 terminal device 

• When voltage is applied on the 
gate and voltage is applied 
between the drain and source 

▫ Current flows into the drain 
and out the source terminal 

▫ Amount of current is 
controlled by the gate voltage 
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NMOS and PMOS Transistors 
• NMOS 

▫ n-channel device  electrons carry 
charge into device 

▫ Current flows in from drain (out of 
source) 

• Circuit symbol 

▫ Body arrow pointing to gate 

▫ Arrow pointing out from source 

 

• PMOS 

▫ p-channel device  “holes” carry 
positive charge  

▫ Current flows out of drain (in from 
source) 

• Circuit symbol 

▫ Body arrow pointing away from 
gate 

▫ Arrow pointing in from source 

▫ Invert bubble on the gate 
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Transistor Operation 
• Cutoff region 

▫ No drain current when gate 
voltage is below a threshold  

▫ 𝑖𝐷 = 0 for 𝑣𝐺𝑆 ≤ 𝑉𝑡𝑜 

• Triode (linear) region 

▫ Transistor behaves like a 
resistor 

▫ 𝑣𝐷𝑆 < 𝑣𝐺𝑆 − 𝑉𝑡𝑜  and 𝑣𝐺𝑆 ≥ 𝑉𝑡𝑜 

• Saturation region 

▫ Constant current operation 

▫ 𝑣𝐷𝑆 ≥ 𝑣𝐺𝑆 − 𝑉𝑡𝑜  and 𝑣𝐺𝑆 ≥ 𝑉𝑡𝑜 

 

• Above definitions for NMOS, 
PMOS has the same I/V 
characteristics but the signs of 
the voltages are inverted 
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MOSFET Summary 
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CMOS Logic Gates 

• Logic gates composed of complementary metal-
oxide semiconductor (CMOS) transistors 
▫ Both NMOS and PMOS transistors utilized in circuits 

• With CMOS it is easy to build fundamental gates 
▫ E.g. NAND and NOR 

 

• MOS operation is simplified with logic levels 
▫ The transistor is a voltage controlled switch 
▫ Either in cutoff or saturation 

 Cutoff = “off” = open switch 
 NMOS gate voltage low, PMOS gate voltage high 

 Saturation = “on” = closed switch 
 NMOS gate voltage high, PMOS gate voltage low  
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CMOS Inverter 
• Stack a PMOS transistor above 

a NMOS transistor 

• Tie gates together for the input 

• 𝑉𝑖𝑛 high 

▫ 𝑉𝐺𝑆 NMOS: high  “on” 

▫ 𝑉𝐺𝑆 PMOS: low  “off” 

 

 

▫ 𝑉𝑜𝑢𝑡 is low 

 Connection to ground 

 

 

• 𝑉𝑖𝑛 low 

▫ 𝑉𝐺𝑆 NMOS: low  “off” 

▫ 𝑉𝐺𝑆 PMOS: high  “on” 

 

 

 

▫ 𝑉𝑜𝑢𝑡 is high 

 Connection to supply 
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CMOS NAND Gate 
• Parallel PMOS gates 

• Stacked NMOS gates 

• 𝐴 high and 𝐵 low 

▫ NMOS on for high 

▫ PMOS on for low 

 

 

 

 

 

 

 

 

 

 

• Only PMOS path connected 

▫ 𝑉𝑜𝑢𝑡 is high 
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CMOS NOR Gate 
• Stacked PMOS gates 

• Parallel NMOS gates 

• 𝐴 high and 𝐵 low 

▫ NMOS on for high 

▫ PMOS on for low 

 

 

 

 

 

 

 

 

• Only NMOS path connected 

▫ 𝑉𝑜𝑢𝑡 is low 
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