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Binary to Decimal Conversion
value=B,+B,*2' +B,*2* +B,*2° +...

N -1 |
value= > B, *2

1=0

How do we convert from decimal
to binary?

Andrew H. Fagg: Embedded Real- 2
Time Systems: Sequential Logic



Decimal to Binary Conversion

Int value,
Foreach 1. B[i]=0

while(value > 0) {
If(remainder of value / 21s 1) {
Bl[i] = 1;
}

value = value / 2;

}
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Time
Until now: we have ignored the issue of time

 We assumed that our digital logic circuits
perform their computations
Instantaneously

 Our digital logic circuits have been
“stateless”

— Once you present a new input, they forget
everything about previous inputs

— We call this type of digital system
combinatorial logic
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Time

In reality, time Is an important issue:

 Even our logic gates induce a small
amount of delay (on the order of a few

nanoseconds)

e For much of what we do — we actually
want our circuits to have some form of
memory
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Timing Notation
high

/ In transition

\ / (unde rrlr?iWed)

time >
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Timing Notation
Either hlgh or low (but well

efin 'iﬁac,rbﬁjl%?é‘nt
/ /(} undetermlned)

time >

low

Andrew H. Fagg: Embedded Real- 7
Time Systems: Sequential Logic



D Flip Flops

Data Input

_> Qa NI
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D Flip Flops

Stored value

(output)
A/

_> Qa NI
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D Flip Flops
NOT of stored

value
_> Qa |
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D Flip Flops

_> N
A7 .

Clock input
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D Flip Flops

_> Qa NI

When the clock transitions from high to low:
the value of D Is stored
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D/ \

D Flip Flop

/

c /N

/ N\

What happens to

Q— Q and Q’?
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D Flip Flop

/ N\ /N

What happens to

Qand Q’?
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D Flip Flop

/3 /N

\ What happens to

Qand Q’?
/7

Andrew H. Fagg: Embedded Real-
Time Systems: Sequential Logic

15



D Flip Flop

\

N

\

No change
In state

/
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An Application of D Flip Flops

What does this circuit do?

X0 X1

X2

il

CLK [

3 I T> Qa_

.
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Shift Register

On each clock transition from high to low:
e X0 takes on the current value of D
e X1 becomes the old value of X0

e X2 becomes the old value of X1
X0 X1 X2

D Q l D Q J D Q —|
F> Qo T> QH— > Qo
CLK
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Another D Flip Flop Circuit

How does this circuit behave?

D Q Q

CLK—)p Q
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Another D Flip Flop Circuit

How does this circuit behave?

Lk /N /NN

CLK—p @
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Frequency Divider

Q flips state on every downward edge of the

clock

Lk /NN SN

Q \ / \

CLK—
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Binary Counter

How would we build a
circuit that counts the
number of clock ticks
that have gone by?
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Binary Counter

How would we build a
circuit that counts the
number of clock ticks
that have gone by?

Combinatorial circuit
design: for a given set
of input Q values,
output the D’s for the
next number in the
sequence

Time Systems: Sequential Logic

02| Q1| Qo0
0/0]|0
0|01
0|10
0|11
100
1|01
1]1]0
1|11
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