
Transistors

Three terminals : Drain ,Gate, Source 



Signals and Waveform



A nibble adder which treat  as the LSB and  as
MSB, thus gives the  below. 
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Register



clk enables the register to store the input. 



Clock control pulse of our circuits. 

Register Details: Flip-Flops

n-bit wide register is nothing but n instance of flip-flop. 

Input bits is  and output is  , d stands for data, q stands
for quiet a.k.a. stable

edge-triggered d-type flip-flop

di qi



Only consider positive edge-triggered. 

On the rising edge of the clock, the input d is sampled and
transferred to the output. At all other times, the input d is
ignored.

limitations 
ff cannot change their outputs instantaneously. 
Time is need to transfer inputs internally

Therefore, the input  should be stable before the rising
edge and remain stable for a short amount of time after
the edge.
These two called: setup time and hold time . 
Setup time mainly prevent sampling during the input is at
rising edge. 
During this time window, the input shall not change . 
Once the flip-flop captures the new input, it also takes a
small amount time to transfer the new value to output. 

d



This delay is called clk-to-q delay. 

Accumulator







Pipelining -- Adding registers to
improve Performance

Data Multiplexors



ALU

2-to-one , n bit wide. 



We can implement muxes hierarchically. 

Adder/Subtracter



1-bit adder

N-bit adder

MAJ :函数结果为a，b，c 中占多数的0or1。



Overflow

Subtractor

Just cascade N 1-bit adder. 

When doing unsigned operations, carry bit from MSB
means overflow .
When doing signed operations, overflow depends on 

   . cnXOR cn−1



 = +1 

When Sub line is  , then  will flip over, and Sub will
work as  carry bit.

A − B = A + (−B)
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