
Digital Electronic Circuits – Semester A 2012

Practice 5:

The CMOS Inverter



Voltage Transfer Characteristic
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Exercise 1 – VTC Extraction

 Given the Following Parameters:

 Draw the inverter’s VTC and find the

nominal voltage levels.
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Exercise 1 – VTC Extraction

 Guessing the Operating Regions:
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Exercise 1 – VTC Extraction

 Find VOHmax:

 Find VIL and VOHmin:
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Exercise 1 – VTC Extraction

 Differentiate by dV:
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Exercise 1 – VTC Extraction
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Exercise 1 – VTC Extraction

 Find VOLmax and VIH:
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Exercise 1 – VTC Extraction
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Exercise 1 – VTC Extraction

 Find VOLmin:

 Draw the VTC:
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Exercise 2 – Propagation Delay

 Given a CMOS inverter made up of long channel devices with 

the following parameters:

 Find the inverter’s propagation delay when driving a 50fF 

load.
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Exercise 2 – Propagation Delay

 At t<0, Vin=0 Vout=VDD=2.5V

 At t=0, Vin=2.5V:

 VSGp=0  cut-off

 VGSn=VDD  on

 VDSn=VDDsaturation
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Exercise 2 – Propagation Delay

 The nMOS is saturated until VDS<VGS-VT=VDD-VT.

 Now the transistor enters linear…
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Exercise 2 – Propagation Delay

 The cap current is: 

 Which equals:

 So we get: 
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Exercise 2 – Propagation Delay

 We need to integrate until VDD/2:

 The total delay is:
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