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Sequencing Methods
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Timing Diagrams

(Contamination and

®ropagation Delays
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Logic Delay
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Clock to Output Delay (Flipflop)
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Clock to Output Delay (Latch)

clk
I
S
D—&s—Q
-
clk
|
D § Q
[) )
L)
—tCCC{y N
.
't]‘?ch-
clk
S ﬂ
D Q
—
@) tg(‘&;
~/ (] (
QO |
Cleson
tp-l:q Latr;hIFInp|CIk >Q|Pmp. Delay (\) o
teeg Latch/Flop Clk->Q Cont. Delay 5
0
toda mem.!mnp.nelay fok
teda Latch@Q—;;@C?nt. Delay ¢




Setup & Hold Time (Latch & FF)
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Max-Delay Path Constraints (FF)

Max-Delay: Flip-Flops
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Min-Delay Path Constraints (FF)

Min-Delay: Flip-Flops
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Hold Time Violation (FF)

Race Condition

— Second flip-flop fires late
— Sees first flip-flop change and captures its result
— Called hold-time failure or race condition
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\ Max-Delay Path Constraints (Latch)

Max Delay: 2-Phase Latches
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‘Min-Delay Path Constraints (Latch)

Min-Delay: 2-Phase Latches
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But a flop is made of
two latches!
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