ARCHITETTURA DEI SISTEMI
ELETTRONICI

LEZIONE N° 12
Tempi di Setup e Hold
Architettura MASTER - SLAVE
Clock a 2 fassi
Flip-flop J — K master-slave
Flip-flop D Master - Slave
Flip-flop T Master — Slave
Flip-flop D Edge triggered
Tempi di rispetto
Soluzioni alternative

AS.E. 121

Richiami

Reti sequenziali
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Tempi di propagazione
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Temporizzazione schematica

Time

12.4

AS.E.




Durata minima dell’impulso 1
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Tempi di Setup e Hold 2
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Problema dell’instabilita

* Presenza di anelli multipli

* A causa dei ritardi sulle porte le uscite oscillano
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Architettura MASTER - SLAVE

MASTER SLAVE
Q
Q
Chy Cks
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Clock non sovrapposto

* |l clock master e il clock slave non devono mai
essere attivi (alti, = 1) contemporaneamente

* Non possono essere ottenuti con un inverter
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Clock a due fasi non sovrapposte

* Tecnica di generazione a soglia
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Generatore di clock a due fasi

* Un altro modo di generare il Clock a due fasi non
sovrapposte
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Forme d’Onda
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Sequenza di funzionamento

Master accoppiato  Master disaccoppiato
agli Ingressi agli Ingressi
Slave disaccoppiato
dal Master Slave accoppiato
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Master-slave SR flip-flop
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Flip-flop J — K master-slave

Master-slave JK flip-flop

o Qg
S s o= o o
Clack (C) = =
K (e Os _
& o r o Q
Master Slave
(a)
Inputs Cutputs
7K c o+ §* -4 e
—c
o o I | e @ —K&k T
o 1 1| o 1
oo I 10 , o
— -
1 [ I o o —cC
_ —Kk e
X X o o
by «)
AS.E. 11.19
.
Flip-flop J — K master-slave
Master-slave JK flip-flop
0
Q Qs
0 s oo s ol o
Clock (C = _
o 'Kj < (e Og _
1 R’ el & o o
Master Slave 1
(a)
Inputs Outputs
7K c o+ B* -’ e
—cC
o o I | ¢ © —Kk T
o 1 _I1.| o 1
oo L 1o . °
— —
11 I e e —C
- — K o
X X o o
[¢:3) {c)
A.S.E. 11.20

10



Flip-flop J — K master-slave

Master-slave JK flip-flop
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Flip-flop J — K master-slave

Master-slave JK flip-flop
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Forme d’onda (J-K master-slave)

Master-slave JK flip-flop
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D Master - Slave
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Forme d’onda
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Flip-flop D Edge Triggered
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Ck=0, D=0 (1)
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Ck=0, D=0 (2)
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Ck=0, D=0 (Fine)
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Ck=1, D=0 (2)
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Ck=1, D=0 (4)
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, Q=0 (Fine)
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Ck=1, D=0, Q=1 (Fine)
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Ck=1, D=1 (2)

X

o 1

11 1
=

X

Inputs Outputs

=

Rl

Clock (C) —— (h)y
—D Or— —D 0—
—pC —>C
4 ot— op—
p= |
(a) (c)
AS.E. 12.45

Ck=1, D=1 (3)

Ll
=

X

Clock (C) ——

=

: Inputs | Outputs
D C ot o
o 1 0 1
1 1 1
B °
- X

=

Rl

(b)

AS.E.

(c)
12.46

23



Ck=1, D=1 (4)
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Ck=1, D=1 (1")
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Ck=1, D=1, Q=0 (Fine)
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Ck=1-0, D=0

, Q=1 (Fine)
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Ck=1-0, D=1, Q=1 (Fine)
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Ck=0—1, D=0, Q=0 (Fine)

D

il

Clock (C) ——

Inputs Outputs
c o 0
1 0o 1
1 10
o |le 0
1 |le @

(h)

A.S.E.

(©
12.57
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Ck=0—-1, D=1

, Q=1 (Fine)
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Tempi di Rispetto

Per evitare errori in fase di memorizzazione é necessario
che il dato sia stabile un po’ prima e un po’ dopo la
commutazione del clock
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D X ) S
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e
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A.S.E. 12.61

D Edge Triggered con
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31



(I

Inputs Outputs
PRCLR D € 0" 0"
1 CLR ¢ X X 1o
I 0 X X o 1
Clock (C) —f
o 00 X X g
_ [ ] o 1
o t
oot 1o
11X 0 0 0
[ S o 0
*Unpredictable behavior will
result if PR and CLR return

to | simultaneously

(a) h)

PR=0,CK=0,D=0(1)
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0 Pr
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Flip-flop J-K Positive Edge triggered
(soluzione alternativa)

J
D Q e
—PC
K 0 ]
Clock (C)y
(a)
A.S.E.

Inputs Outputs
J K C o+ 0t
o 0t 0
0 1 1 0 1
1 o0 t 10
Lot 00
0 o 0
! o 0
(b)
7 o —J o
C —C
K o— —K Q
(e)
12.68

34



Flip-flop T Positive Edge triggered
(soluzione alternativa)

(a)

Inputs Qutputs
T C ot ot
ot | oo T ¢— —/T 9—
1t o 0 —>C —>C
A o— op—
X 1 0 0

(b) (€)

A.S.E. 12.69
Conclusioni

Architettura MASTER - SLAVE
Clock a 2 fassi

Flip-flop J — K master-slave

D Master - Slave

T Master — Slave

Flip-flop D Edge triggered
Tempi di rispetto

Soluzioni alternative

AS.E. 12,70
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