Data Storagein Digital Circuits

The ability to store binary datais critical to the operation of computer systems as well as to other
digital circuits. The simple circuits that have been examined so far - NAND, OR, the adder circuits -
all are combinational logic circuits: their outputs are purely a function of their inputs. For these
circuits, if the inputs are known, then the output values can be determined; thisis not true for circuits
that can store binary information.

The general structure of adigital circuit isthat it has a number of inter-connected functional units, or
gates, and that the circuit has some inputs and some outputs. If the circuit can be arranged into
ordered layers of gates such that the circuit’ s inputs drive the first layer, the outputs of this layer drive
the second layer, and so on, with no feedback of signals from alayer into that layer or a previous one,
then the circuit is combinational and the circuit’s outputs are purely afunction of its inputs. The adder
circuits of page 12 are of thisform and are combinational. If at least one output from alayer isfed
back into that layer or a previous layer, then the outputs are no longer just a function of the inputs, but
are afunction of the inputs and the feedback signals. The feedback signals can be made to reflect
earlier (in time) signal inputs, so that the circuit has some sort of ‘'memory’ of earlier inputs. In the

circuit on the right, once A has been set to 1, C isaways 1 after that A
regardless of A. Thus, this circuit has 2 responsesto the input A =0, c
depending on whether C = 0 or C= 1. Circuitslike this are said to have

internal state, which modifiestheir response to inputs.
Circuits with internal state are extremely useful for they enable the current output of acircuit to be
determined by previous inputs to the circuit, not purely by the current inputs. For examplein a coin-
operated ticket machine, the digital control circuit must wait until the correct amount of money has
been inserted and only then produce the ticket and the correct change. This circuit has to keep track of
the sequence of inputs, the coin values, and activate particular outputs at appropriate times only: this
cannot be done with a combinational circuit, it needs a circuit with state (a State Machine).

Very complex State Machine circuits can be produced; they are examined in more detail later.

Once amachine has state, it has a storage A different form of electronic storage, which will be
capability: it stores the current state. Thisisthe | mentioned later, is used in the dynamic memory chips
basis of one major form of storage capability in | used for main computer memory, while computer disks

digital circuits and computer systems. and tapes use magnetic storage, not electronic.
The feedback circuit with state, which isthe basis of many digital
B storage circuits, is shown below.

This circuit has no inputs: obviously, A, the output value of the upper
inverter, and B, the output value of the lower inverter could be used as

A outputs of the circuit. A=0B=1
There are 2 possible stable states of thiscircuit:-  , _ 1’ B=0

Because there are no inputsto
o S¥ the circuit, there is no means
|‘° to change its state. When
| power is applied to the circuit,

E B L - the circuit enters one of the 2
I_i oV

states, which one cannot be
determined in advance.

sv ‘?’ sv Although there seemsto be a
flow around the circuit, there
Eh . \o—‘ A isn't any. Thiscan be seenin
J the figures to the side. On the
}J |eft isthe circuit redrawn at
E oV transistor level in CMOS; on
oy

the right the switch
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representation of the CMOS circuit for A =1 (5V) and B =0 (OV). Thereis no current flow in the
circuit. The output voltage of one inverter maintains the switch settings of the other. While power is
applied to the circuit, this configuration will remain. Only if the power is turned off and then turned
on again is there any chance of the other circuit state being obtained.

To turn thisinverter-based feedback circuit into a memory requires input signalsto alter the state.
There are several ways of doing this, one of which is demonstrated here.

The circuit on the right has one of theinvertersreplacedby &

aNOR gate and thereis now an input R. The circuit can by j}L Truth Table B B
setting R = 1 be put into state (A=0,B=1), if it isn’t already 6 ® 1
in that state. However, it is not possible to change the R
circuit from the state (A=0,B=1) once entered. State B nq : : :
(A=1,B=0) can only occur by chance on power up.

The figure below has both inverters replaced by NOR gates and 2 inputs R and S (short-hand for
Reset and Set). It is now possible to switch the circuit between its 2 states. The truth table shows the
effect of the 4 combinations of the 2 inputs:

R
A
— Truth Table:
R S Comment
' storage mode: A and B stay as set by previous input
B
-

cooRr XX
or o wWw

kL OO

0
1
0
1

Sets to state A=1,B=0
resetsto state A=0,B=1
thisis not a useful input arrangement
For inputs R=1,5=0, the ‘1’ on R makes A=0 so that B =1.
ChangingRto‘0’,sothat R=0& S=0,Bat ‘1’ keeps A=0.
Now changing Sto ‘1" makes B=0, so that A=1, since R=0 & B=0.
Setting Sback to ‘0, sothat R=0& S=0, Aat ‘1 keeps B=0.
Thus for R=0,S=0 the circuit outputs reflects the previous operation, i.e. it has amemory.

The input combination R=1, S=1 is not useful for the circuit’s operation as a memory, because
» on changing to the ‘storage’ combination of inputs (R=0,5=0), it cannot be determined which
of the 2 possible states the circuit will enter: A=0,B=1or A=1,B=0.
» changing oneinput at atime, the circuit state entered will depend on the order of change.

‘Switch’ Model with R = 5V

5V R The circuit to the left 7
'_ ‘{ shows the CMOS i

logic implementation
of the circuit, while

_( }_ the figure to the right R -
shows the switch B
representation of the
ov
5V

CMOScircuit for R at ~ N
5V.If Rissetto OV, 0
—"{ . only the switches —_

marked by an arrow

change, and the values I | | _
onA or B are B =5V é l
—{ ‘4 unchanged.
S ov

g

Thiscircuit isusually caled an RS flip-flop: flip-flop is one
name for an electronic storage device another nameis latch.
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The circuit below isthe traditiona layout of the RS-lipflop.
Since for al the useful input combinations the outputs are opposite binary values, the outputs are

marked as Q and itsinverse. It can be seen that R resets Q, while S sets Q. The signal feedback in the
circuit is clearly shown in this layout.

) a

If the circuit’ s states are labelled, State 0 and State 1 as Q is 0 or 1, then Q outputs the stored state of
the circuit.
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