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Goal 

• Understand various advanced logic design techniques 
– Mirror circuits 
– Pseudo-nMOS 
– Tri-state circuits 
– Clocked CMOS 
– Dynamic CMOS 
– Dual-rail logic 



Mirror Circuits 

• Uses the same transistor topology for the nFET and pFET networks. 
 

• When there are equal numbers of input combinations producing 0s 
and 1s. 
– XOR 
– XNOR 
– … 

 
• Advantages 

– More symmetric layouts 
– Shorter rise and fall times 



Mirror Circuits 

• XOR 
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Traditional static CMOS Mirror circuit 

𝜏𝜏𝑛𝑛 = 2𝑅𝑅𝑛𝑛𝐶𝐶𝑜𝑜𝑜𝑜𝑜𝑜 + 𝑅𝑅𝑛𝑛𝐶𝐶𝑥𝑥 
𝜏𝜏𝑝𝑝 = 2𝑅𝑅𝑝𝑝𝐶𝐶𝑜𝑜𝑜𝑜𝑜𝑜 + 𝑅𝑅𝑝𝑝(2𝐶𝐶𝑥𝑥) 
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𝜏𝜏𝑝𝑝 = 2𝑅𝑅𝑝𝑝𝐶𝐶𝑜𝑜𝑜𝑜𝑜𝑜 + 𝑅𝑅𝑝𝑝𝐶𝐶𝑥𝑥 



Mirror Circuits 

• XNOR 
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Traditional static CMOS Mirror circuit 

𝜏𝜏𝑛𝑛 = 2𝑅𝑅𝑛𝑛𝐶𝐶𝑜𝑜𝑜𝑜𝑜𝑜 + 𝑅𝑅𝑛𝑛𝐶𝐶𝑥𝑥 
𝜏𝜏𝑝𝑝 = 2𝑅𝑅𝑝𝑝𝐶𝐶𝑜𝑜𝑜𝑜𝑜𝑜 + 𝑅𝑅𝑝𝑝(2𝐶𝐶𝑥𝑥) 
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Pseudo-NMOS 

• Ratioed logic 
 

• If the nFET logic is turned off, 𝐹𝐹 = 1. 
 

• If the nFET logic is turned on, 𝐹𝐹 = 0 (ideally). 
 

• 𝑉𝑉𝑂𝑂𝑂𝑂 is determined by the resistance ratio 
     between the pFET and the nFETs. 

 
• Smaller, but 𝑉𝑉𝑂𝑂𝑂𝑂 > 0. 

 
• Static power consumption. 
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nFET logic 



Pseudo-NMOS 
• Pseudo-NMOS inverter 

 
 
 
 
 

• If 𝐴𝐴 = 0: 𝐹𝐹 = 𝑉𝑉𝐷𝐷𝐷𝐷. 
• If 𝐴𝐴 = 1 

– nFET: 𝑉𝑉𝐺𝐺𝐺𝐺 − 𝑉𝑉𝑇𝑇𝑇𝑇 = 𝑉𝑉𝐷𝐷𝐷𝐷 − 𝑉𝑉𝑇𝑇𝑇𝑇 > 𝑉𝑉𝐷𝐷𝐷𝐷 = 𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜 
– pFET: 𝑉𝑉𝑆𝑆𝑆𝑆 − 𝑉𝑉𝑇𝑇𝑇𝑇 = 𝑉𝑉𝐷𝐷𝐷𝐷 − 𝑉𝑉𝑇𝑇𝑇𝑇 < 𝑉𝑉𝑆𝑆𝑆𝑆 = 𝑉𝑉𝐷𝐷𝐷𝐷 − 𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜 
– Linear region. 

– 𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷 = 𝛽𝛽𝑛𝑛 𝑉𝑉𝐷𝐷𝐷𝐷 − 𝑉𝑉𝑇𝑇𝑇𝑇 𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜 −
1
2 𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜

2 = 𝐼𝐼𝑆𝑆𝑆𝑆𝑆𝑆 = 1
2𝛽𝛽𝑝𝑝(𝑉𝑉𝐷𝐷𝐷𝐷 − 𝑉𝑉𝑇𝑇𝑇𝑇 )2 

– 𝑉𝑉𝑂𝑂𝑂𝑂 = 𝑉𝑉𝐷𝐷𝐷𝐷 − 𝑉𝑉𝑇𝑇𝑇𝑇 − (𝑉𝑉𝐷𝐷𝐷𝐷 − 𝑉𝑉𝑇𝑇𝑇𝑇)2−𝛽𝛽𝑝𝑝
𝛽𝛽𝑛𝑛

(𝑉𝑉𝐷𝐷𝐷𝐷 − 𝑉𝑉𝑇𝑇𝑇𝑇 )2 
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Tri-State Circuits 

• Tri-state inverter 
– 𝐸𝐸𝐸𝐸 = 1: 𝐹𝐹 = 𝐴̅𝐴 
– 𝐸𝐸𝐸𝐸 = 0: 𝐹𝐹 = 𝑍𝑍 

𝐸𝐸𝐸𝐸 
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Clocked CMOS 

• C2MOS 
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