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Temporizacdo de um flip-flop
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Figure 5.14

Flip-flop timing parameters.



Analise de tempo (timing analysis)

o t,, = 0,6 ns
o< o tp =04 ns

e 08ns <to<10ns
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Figure 5.66 A simple flip-flop circuit.
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Figure 5.66 A simple flip-flop circuit.



Analise de tempo (timing analysis)

e t,, = 0,6 ns
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Figure 5.66 A simple flip-flop circuit.



Analise de tempo (timing analysis)
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Figure 5.67 A 4-bit counter.



Analise de tempo (timing analysis)
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Figure 5.67

A 4-bit counter.

tsy = 0,6 ns

thy = 0,4 ns

08ns <to<10ns

Vit = o/ [T

Timin = teq + 3(tanp) + txor + tsu

Tmin =10+ 3(1,2) + 1,2 + 0,6 = 6,4 ns
Fmax = 1/6,4 ns = 156,25 MHz



Analise de tempo (timing analysis)
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® Frax = 1/6,4 ns = 156,25 MHz

) > b o J 0 ® teg+itxor =08 +12=
20ns >t, =0,4ns

Clock

Figure 5.67 A 4-bit counter.



Conceito geral de clock skew
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Figure 5.68 A general example of clock skew. 5



Relégio “distorcido” (clock skew)

Enable 4I—>D7D Q‘LQO O gy = 1,5 ns

® Trmin = te@ + 3(tanp) + txor + tsu — tskew

¢ Thmin=10+3(12)+12+06—-15=49ns
o Trmin =t +2(tanp) + txor + tsu
Tmin=10+2(12) + 1,2+ 0,6 =52 ns

Fmax = 1/5,2 ns = 192,31 MHz
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Figure 5.67 A 4-bit counter.



Relégio “distorcido” (clock skew)

Enable 4I—>D7D Q‘LQO O gy = 1,5 ns

® Trmin = te@ + 3(tanp) + txor + tsu — tskew
o Tin=1,0+3(1,2) + 12+ 0,6 — 1,5 = 4,9 ns

Q

® Tmin = tc@ + 2(tanp) + txor + tsu
Tmin=104+2(12)+12+06 =52ns
max = 1/5,2 ns = 192,31 MHz

o t.Q + tanp + txor = 08+ 12+ 12=32ns
> th+ tskew = 0,4+ 1,5 =19 ns
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Figure 5.67 A 4-bit counter.



Exemplo de analise de tempo
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(b) Timing diagram

Circuit for Example 5.18.
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