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Building Blocks for Digital Architectures 

Arithmetic unit  
• Bit sliced data path – adder, multiplier, shifter, comparator, etc. 

Memory 
• RAM, ROM, buffers, shift registers 

Control 
• Finite state machine (PLA, random logic) 

• Counters 

Interconnect 
• Switches, arbiters, bus 



Bit-Sliced Design 



Bit Adder Circuits 

Half adder circuit 
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 Consider two binary digits A an B, binary sum is denoted by A+B 

such that 
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Transistor-level schematic of the one-bit full-adder circuit  AOI Full-Adder Logic 



Full-Adder Circuits 



Full-adder logic networks 



Full-adder truth-table 

Generate (G) = AB 

Propagate (P) = A     B 



Inversion Property 
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Minimize Critical Path by Reducing Inverting Stages 

Exploit Inversion Property 
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Mirror Circuits 

 Based on series-parallel logic gates 

 Usually faster, more uniform layout 

 Same transistor topology for nFETs and 

pFETs 



Evolution of carry-out circuit 



A Better Structure: The Mirror Adder 
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Transmission-gate full-adder circuit 





Complementary Pass-Transistor Logic 



Full Adder using Half Adders 



• A carry ripple adder chain : 16-bit binary adder 

 

 

 

 

 

 

 
 Cascade-connection 

 Fast carry-out response is essential 

 the delay will increase significantly when the number of bit is increased 

Ripple Carry Adders 
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Ripple-Carry Adders 



Carry Look-Ahead Adder 



Carry Look-Ahead Adders 



Carry Look-Ahead Adders 



Manchester Carry Chains 



Multipliers 



Binary Multiplication 
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Multipliers 



Partial product generation logic 



Shift-right multiplication sequence 



Register based multiplier network 



Partial Product Accumulation- Array 
Multipliers 



General Rotator 



4-bit rotate-right network 



Left-rotate switching array 



8 x 4 Barrel Shifter 



FET Array Barrel Shifter 



Thank You 


