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MOS: Metal Over Silicon
• Objectives: 

– Design different types of logical structures 
through the use of MOS Technology 

• An introduction to the basic concepts of 
combinational logic structures
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MOS Technology
• Ideal behavior: digital switch
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MOS Technology
• CMOS Inverter:  Complementary MOS
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MOS Technology
• Series nMOS transistors: 

– Output = 0 if S1=1 and S2=1
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MOS Technology
• Series nMOS transistors: 

– Output = 1 if S1=0 and S2=0
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MOS Technology
• Paralꞏlel nMOS transistors: 

– Output = 0 if S1=1 or S2=1
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MOS Technology
• Paralꞏlel nMOS transistors:

– Output = 1 if S1=0 or S2=0
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Complementary CMOS
• Complementary CMOS logic gates

– nMOS pull-down network
– pMOS pull-up network
– a.k.a. static CMOS
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CMOS Gates
• NAND
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CMOS Gates
• NOR
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CMOS Gates
• Complex gates
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CMOS Gates
• Design of inverted functions :

– F= !(……)
– AND “”:

• Pull-down: Transistors nMOS in series
• Pull-up: Transistors pMOS in parallel

– OR “+”:
• Pull-down: Transistors nMOS in parallel
• Pull-up: Transistors pMOS in series
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General CMOS structure:
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MOS transistor resistance
• An approximation to the drive current ability.

• The resistance is:
– Directly proportional to the channel Length (L).
– Inversely proportional to the transistor width (W).

– R~L/W

• In bulk CMOS, pmos transistors have double the resistance of the 
nmos.

Rsp  2 Rs

• Transistor sizes can be defined as:
• Real values (in lambdas or nm)
• The ratio (i.e. Form factor) against the minimum sized (2λ)
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Ideal Voltage Transfer Curve

• The real curve is much more complex. It depends on the 
resistance and capacitances of all the materials/layers 
involved.
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Real Voltage Transfer Curve

• The transfer curve determines the noise margins (NM) 
and the region of uncertainty.
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CMOS Inverter
• Function implemented in the pull-up and the pull-down
• Small static power when compared to previous 

technologies (i.e. Nmos, bipolar)
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CMOS Inverter
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Inversor CMOS
• Simetrical delays if Rpu=Rpd (given 1Rsp = 2Rs)
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CMOS Inverter Delays
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Other CMOS gates

PU(A,B)=A+B
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Case study

Standard Cell implementation
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Standard Cell Implementation
• Cells designed in a certain pattern
• Due to the standard pattern they can be 

used in several circuits

+ Design reuse
- Non-adaptative design
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A typical MOS gate 
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Standard Cell Structure
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Standard Cell Structure
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Standard Cell Structure
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Standard Cell Structure
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Standard Cell Structure
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Standard Cell Structure
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