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The D Flip-Flop

Simplified Logic
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D Flip-FLop Model

|

| Gate models for a 3-valued "trit" type, {0, 1, ?}

| Map a table lookup over input streams.

|

AND = fc:[and *] where and = \[a b]. (idx:a):(idx:b):[[0 0 0] [0 1 2] [0 2 2]]

|

| D flip-flop model.

|

DFF = \[CLK D [a b c e f g]].

rec

A = a ! AND:[D NOT:B]

B = b ! AND:[CLK AND:[NOT:A NOT:C]]

C = c ! AND:[CLK NOT:E]

E = e ! AND:[NOT:C NOT:A]

F = f ! OR:[C NOT:G]

G = g ! OR:[NOT:F B]

in

[CLK D A B C E F G [NL *]]]



2

let

CLK = [0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 1 1

1 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0]

D = [0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1]

in [ "CLK D A B C E F=Ql G=Qh" NL

xps:DFF:[CLK D [2 2 2 2 1 0]]

]

[ [CLK A B C D E F G ]

[ 0 ? ? ? 0 ? 0 1 ]

[ 0 1 1 1 0 ? ? 1 ]

[ 0 1 1 1 0 0 0 ? ]

[ 0 1 1 1 0 0 ? 1 ]

[ 0 1 1 1 0 0 0 ? ]

[ 0 1 1 1 1 0 ? 1 ]

[ 0 1 1 1 1 0 0 ? ]

[ 0 0 1 1 1 0 ? 1 ]

[ 0 0 1 1 1 1 0 ? ]

[ 0 0 1 1 1 1 ? 1 ]

[ 0 0 1 1 0 1 0 ? ]

[ 0 0 1 1 0 1 ? 1 ]

[ 0 1 1 1 0 1 0 ? ]

[ 0 1 1 1 0 0 ? 1 ]

[ 0 1 1 1 0 0 0 ? ]

[ 0 1 1 1 1 0 ? 1 ]

[ 0 1 1 1 1 0 0 ? ]

[ 0 0 1 1 1 0 ? 1 ]

[ 0 0 1 1 1 1 0 ? ]

[ 0 0 1 1 1 1 ? 1 ]

[ 1 0 1 1 1 1 0 ? ] <-- Clock edge

[ 1 0 1 1 1 1 ? 1 ]

[ 1 0 1 0 1 1 0 ? ]

[ 1 0 1 0 1 1 1 1 ]

[ 1 0 1 0 1 1 1 0 ] <-- it takes 4 gate delays to

[ 0 0 1 0 0 1 1 0 ] reach a valid ouput state

[ 0 0 1 0 0 1 1 0 ] (Note: Setup & Hold times

[ 0 1 1 1 0 1 1 0 ] for input D)

[ 0 1 1 1 0 0 1 0 ]

[ 0 1 1 1 0 0 1 0 ]

[ 1 1 1 1 0 0 1 0 ] <-- Clock edge

[ 1 1 1 1 0 0 1 0 ]

[ 1 1 0 1 1 0 1 0 ]

[ 1 1 0 1 1 0 1 1 ]

[ 1 1 0 1 1 0 0 1 ] <-- again, 4 gate delays to register

[ 0 1 0 1 1 0 0 1 ] the value of D=1

[ 0 1 0 1 1 0 0 1 ]

[ 0 1 1 1 1 0 0 1 ]

[ 0 0 1 1 1 0 0 1 ]

[ 0 0 1 1 1 1 0 1 ]

[ 0 0 1 1 1 1 0 1 ]

[ 0 0 1 1 1 1 0 1 ]

[ 0 0 1 1 1 1 0 1 ]

[ 1 0 1 1 1 1 0 1 ] <-- runt pulse on CLK sends the DFF

[ 0 0 1 1 1 1 0 1 ] into metastable oscillation

[ 0 0 1 0 1 1 0 1 ]

[ 0 0 1 1 1 1 1 1 ] <-+
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[ 0 0 1 1 1 1 0 0 ] | <-+

[ 0 0 1 1 1 1 1 1 ] <-+ |

[ 0 0 1 1 1 1 0 0 ] <-+

[ 0 0 1 1 1 1 1 1 ]

[ 0 0 1 1 1 1 0 0 ]

[ 1 0 1 1 1 1 1 1 ] <-- clock edge

[ 1 0 1 1 1 1 0 0 ]

[ 1 0 1 0 1 1 1 1 ]

[ 1 0 1 0 1 1 1 0 ]

[ 1 0 1 0 1 1 1 0 ]

[ 0 0 1 0 1 1 1 0 ]

[ 0 0 1 0 1 1 1 0 ]

[ 0 0 1 1 1 1 1 0 ]

[ 0 0 1 1 1 1 1 0 ]

[ 0 0 1 1 1 1 1 0 ]


