
Basic Logic Gates Number Conversion Verilog for D_latch

Verilog for D-Flip Flop

Verilog for FF (Stores on both edges)

Verilog for T- Flip Flop

Latch D-Flip Flop

Octal 
Base 

(Base 8)



Combinational logic is characterized by its
propagation delay and contamination delay. The
propagation delay tpd is the maximum time from

when any input changes until the output or
outputs reach their final value. The contamination

delay tcd is the minimum time from when any
input changes until any output starts to change

its value.

Timing Analysis

The critical path, shown in blue, is the path from
input A or B to output Y. It is the longest—and,
therefore, the slowest—path because the input
travels. through three gates to the output. This

path is critical because it limits the speed at
which the circuit operates. The short path

through the circuit, shown in gray, is from input D
to output Y.

The propagation delay of a combinational circuit
is the sum of the propagation delays through each

element on the critical path. The contamination
delay is the sum of the contamination delays

through each element on the short path.
T_cq -> “Clock to Q” Propagation Delay in Flip Flop 

T_su -> Set-up time - The data D must be stable
during the set-up time

T_h -> Hold time - The data D must remain stable
during the hold time

To calculate “the clock: Maximum clock
frequency results from a minimum time delay.

Look for the longest path between 2 Flip Flops &
includes the Set-up Time

T_min = T_cq + T_logic (gates) + T_su

Hold Time Violation - Shortest path between 2
Flip flops, Data racing through the clock (set up
time not used) To check for hold time violation

use t_h + Delta < = T_cq + T_logic_min (short Path)
if inequality balances out - no hold time violation

if doens’t balance...there is hold time violation

Setup Time violation - Logic too slow for correct
value to arrive at input to FF on right (D2) by T_su

before clock edge.


