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Miscellaneous Expression Items (D)

The SOP form, POS form, and the Complement of a function

Let's take a break from expression simplification and take care of some miscellaneous design items.
These topics did not seem to fit well anywhere else but they tend to complement the material that has

already been discussed.

Reasons to choose SOP or POS results

Quite often it is desirable to have an equation in POS form instead of an SOP form. We have
already discussed the POS form but we haven't discussed why we would use one or the other. The SOP
equation works well with 'NAND' and 'AND’ gates while the POS equation works well with NOR's and
OR's. You might also want to use the POS if you desire an ACTIVE LOW output instead of an ACTIVE
HIGH.

The SOP and POS forms of a function from a K-map

K-maps can be used for other things other than equation A 00 01 11 10
_ | | of 1] (3] |2
minimization and expansion. Among other things, they can be used to O T
easily determine the POS form of an SOP expression, and vice versa. ‘ 4 5 u \i

1
The map to the right is a simple K-map showing the SOP of a 1
function. SOP of f(A,B,C)

A BC O0 01 11 10  Oncethe SOP K-map is known, it becomes an easy leap to the POS

0 1 2
0 3 form. We can easily produce the POS form of the same expression
Q @ H 1) H . . . D . 1 .
2 o - 6 by placing O's in all the cell's which didn't contain 1's in the
1 Q ) original map. Remember that this is still representing the same

POS of f(A,B,C) truth table. We are just using the rows which have outputs of 'O

vice the rows which have outputs of '1".
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The complement (INVERSE) of POS and SOP expressions

In order to understand how the inverse of an

expression works, let's first look at the truth table

b

f(A,B,C)

represented by the SOP and POS expressions. The output

column for the functions is shown in column 4. As shown

earlier,

e if a SOP expression was desired, the 1's in that
column would be mapped or,

=== = O|lO0O|lO0|O
O|lO |- | |O|=|O|=-

e if a POS expression were desired, then the O's in
that column would be mapped.

Obviously, if we want to find the inverse of a function in
a table; all that is necessary is to complete a column where the 1's and O's have been inverted as is

demonstrated in column 5 of the table.

Since a K-map is nothing more than a graphical representation of a Truth Table, it should be
possible to get the same result with a K-map. In order to find the complement (or INVERSE) of a POS
expression, all that is done is take the POS K-map and replace all the O's with 1's. It is still an SOP form
but this time it is the SOP form of the COMPLEMENT of the function.

It follows that if it is desired to determine the complement

with O's and solve it as a POS expression.

11 10
3] [z
1
1 \i \i% \i of the SOP expression. All that is necessary is to replace the 1's
T

SOP of f(A.B,C)

One might think that if you wanted to have all four of BC

these equations, one would have to produce four K-maps. Not A 000 011 113 102
true. Notice that the 1 and the last K-map groups are the same 0- (
while the middle two groups are also the same. All that is needed 1 4 5 7 6
is to produce two K-maps and then you can carefully use them to @ E

produce the alternate equations by just imagining 1's or O's in POS of f(A.B.C)

place of the actual contents of the cells.
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Static Timing Hazards

The following discussion requires that we temporarily think about REAL GATES with REAL
characteristics. In this case it is necessary to include the propagation delay of gates into the thought
process. The gates in the circuit below are no longer IDEAL. Each one has a time delay between when the
input is applied and when the effect of that input is seen at the output. This Propagation Delay” is
different for each different type of gate and can be found in the data sheet for the device. It was

discussed briefly in Chapter 2 but now the effect it has on the timing of a circuit is going to be examined.

Yy = XXz
f(XllXZ'X3) = Yl + Yz
X \ .
X; i/ - = XXz + X1 X3
o
Xy | Yo = X X3

The circuit above is going to be analyzed over a very small portion of its response. Specifically, the effect

on the output when the input X; changes as shown here:
f(X.%.X%,)=f(0.11) = f(1,1,1) = £(0,1,1)

In other words, the circuit is going to be examined for the portion of its response when both Xz and X3

remain at a logic ‘1’ and X; is allowed to change from a logic '0’, up to a logic '1’, and then back to a logic 'O".

X, | X, | X Y, X Yo [f(x.%.%)| XX, X,
XIXZ x1x3 ylyz

0 1 1 0 1 1 1 01,1

The figure above is a 'snapshot’ of a truth table for the portion that is going to be examined. One

of the problems with truth tables is that they only examine the IDEAL reaction of a circuit to a set of

inputs. In order to see how a circuit truly reacts to an input change it becomes necessary to look at

a circuit's TIMING DIAGRAM!
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Timing Diagrams

According to the truth table snapshot, the output should always be 1 for the limited change of

inputs being examined. Let's see what happens when we take into account pulse delay times.

Now, let's examine the circuit by examining its TIMING DIAGRAM. Note that this circuit does not

have a clock. This means that it is an Asynchronous circuit which is more likely to have timing issues the

Synchronous circuits.

e Start out the timing diagram by showing the transitions (or non-transitions) of X;, Xz, and X3,
Make sure to show the change in states large enough so that you can apply some make-believe
propagation delays. (Naturally, a logic analyzer would be showing REAL Propagation delays but this

is for example purposes).

5
I | )

5v
%

Ov|——— = ————————

x3 5v
ovq4——— - - - ——————————————————————

Note that as required by the specifications of this analysis, the only input which is changing state on the

timing diagram is the X; line.

£(X.%,%,) = £(0.1,1) = £(1,1,1) > £(0,1,1)

Next you need to take the inverter and the Yy = XX,

“propagation delay” into account. Soa X, trace is X, —
propag y 1 X e

>

X

added to the diagram with some ‘imaginary’

Y, = XX
propagation delay applied to both transitions. X 2 1
5v | |
X
1OV——l —————————————————— ! -
5v ! I
XZ | !
i it Ao mmm oo
S I
Ov — ——: —————————————————— -:» ——————————————
___5v { I ! I
X | | I | ____________
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Enough information is now shown in the diagram fo create both the ¥ and the Y, traces. Again,

example propagation delays for both AND gates are going to be used. Since an AND gate will have

a longer propagation delay then an INVERTER, the ones on the diagram will also be longer.

Y]. +Y2

= X X + X_1X3

|
|
e— Tor(T1) Toun(T1) —>:
|

|
|

i le—tpn(61)  tor(61)—>|

—l le—tpr(62)

|
N P

ToLH(G2)—»

Note that the Y> waveform is referenced to the inverted X waveform while the Y, waveform is referenced

to the non-inverted X waveform. Since they are both out of AND gates, the propagation delays are shown

as the same length.
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e And finally it is time to examine the X =Y1+ Y
1 _
output which is nothing else than an OR Xz = XXz + X1 X3

operation with Yyand Y,

NOTE:

For this example the OR gate will be considered to be ideal, i.e. no propagation delay. This is

to simplify the diagram so that you will not be confused by what you to see. In reality, if the

propagation delay for the OR gate were used, the indicated Glitch would shift to the right.

5y | |
X,
Oy p—ef — ——————————————— == -
| |
5v ) T
Xz | |
Ovd—d———— e e
| |
X |
OVt —d e e — 4 - - _____
by by
__bv L I
% o[ |
v = rrrnrnrnrnn
5 ——>: te— tpr(T1) TpLr(I1) —>: —
v | }
XX | |1 ! !
0 — 1 - -
5v 1 = ! le—tp(61)  tor(61)—> : I'{—
- )"
| P!
xlxv_ e I
. —p! —tm(62) tunG)—» | je—
\'
f (Xl . XZ . >é%)_ ________________________________
Short time when they l— Glitch

both are low

I(Static Hazard)

Note from the timing diagrams output that there is a period of time when the output goes low. The

problem is that the truth table at the beginning of this problem showed that the output should stay high.

This GLITCH (timing hazard) causes a period of time in which the output is in ERROR.

How do you go about solving this problem?
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The main culprit that causes this issue is the propagation delay due to the inverter. This issue

can be addressed by adding in a gate to the circuit. But where would it be added?

In order to formalize the process of finding out the best location a K-map the function needs to be

created. The output expression for the circuit is:

F(X X, X,) = XX, + XX,

X2X
N\ 00 o1
0
0 The problem here is that there are two adjacent min-terms (3 and
1 4 7) which are not connected (grouped). So, it is possibly (but not
necessarily) a 'Static Timing Hazard' in the circuit.

This possible problem can be fixed by breaking our "smallest number of groups” rule and adding in an

additional group as shown. The new equation is:

£(X %, %) = XX, + XX+ XX,

The corrected circuit now is shown below.

63

Y1+Y2+Y3

The new timing diagram is shown on the next page.
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The timing diagram for the corrected circuit is:
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_ |
xl Ov : I /
i — : e\ ____
. +»  re—tpn(T1) ToLr(I1) — {1—
v | | } 1
XX | 1o L
Ov p—— — — — —— — —————— — — +—f—
. T ! le—tpn(G1)  tprL(G1)— : :4—
9V I
| .
. —>l l—tr(62)  tonG)—p | et
\'
o
1T Short time when they _ T
both are low co)
bv
new
Ov{——————————————————————— ——

Note that the output of the three input OR gate now represents the way the truth table indicates

the output should look like. Mission accomplished!

Question: Why not just always do this?

Answer: Because we don't always have an entire circuit which is not synchronous. If we

synchronized each gate by feeding in a "Read” pulse to each gate, we wouldn't have a

static hazard problem except at high frequencies.

Static Hazard Example: AB o0 01 11

T O =

Let's take a look at a 4 bit timing hazard.

01

The timing hazard is corrected by the two cell 11

roup 14 and 15.
group 10

Potential
Timing Hazard
"Fixed"




