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DFF test bench schematic 

 

 

 



tpcqr and tpcqf simulations 

 

   



Setup time simulations 
There are ​two​:  Capturing D → high and D → low. 

Longest setup time is 92ps.  Use this as the DFF's metric since we want it to work for ​both​ logic 
levels. 

 

tsetup high = 92ps 

 



tsetup low = 85ps 

 

Simulation notes 

The clock input source has a period of 6.00ns, while the D input source has a period of 5.99ns.  At 
each cycle of the clock, the D input will be 10ps ​earlier​ than it was the previous cycle. 

The way the clock buffer is setup adds an inversion between the SPICE source and the probed clock 
node at the input to the DFF. 

The D source is delayed by 200ps.  This means at the first rising clock edge of the simulation around 
3ns, the D input will rise about 190ps ​after​ the clock.  In these first clock edges, the D input is 
therefore ​low​ at the clock edge and Q remains low also. 

At each clock cycle, the D input gets 10ps earlier in time with respect to the clock.  Eventually the D 
input will change ​before​ the clock edge and early enough for the DFF to transfer a ​high​ to the Q 
output. 

By definition, the closest time that D can change before the clock edge is the ​minimum setup time​. 

Setup time, as an unqualified measurement, is a little ambiguous.  It merely means the time that D is 
stable before the clock edge.  We are actually interested in the ​minimum​ time that D needs to be 
stable before the clock edge. 

Therefore ​minimum setup time​ is the better term to use when discussing what we just estimated. 
Note the language!  You can ​estimate​ the minimum setup time, but it is not a quantity that can be 
directly ​measured​, only inferred by observing a setup time failure and a setup time success.  The 
"true" minimum setup time is ​somewhere between​ those two D → CLK times. 

 


