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Introduction

The technique of expressing Boolean functions in terms of EXCLUSIVE
OR and AND operations has been examined by Reep [1] and MuLrLer [2, 3].
Both have shown that a function of n logical variables may be expressed in the
following canonical form:

Fxy=hyZ hx ... F ha, & h,x3, 5 ...

N I YL N (1)
For example the canonical form for a three-variable logical function is:

Fv)=hZ hyx, © hyx, © hoxy = hyxpr, =

—_~,

Ay DB o D hovor 9
© hyvary D hixxy © hoxgxxg (2)
Corx~ [4] has shown that the replacement. consistently throughout such
a form, of any variable by its complement should vield an equally valid cano-
nical form. The coefficients h; for a given function may be altered.
It all the variables are replaced by their complements, the canonical form
will be:

%X @ 0 & by g ox, (3)

hoa, =000k

o
Z n &

F(x)=h,

Consequently. any logical function can be realized by the NOT-AND-
EXCLUSIVE OR gate.

The logical realization of the NOT-AND-EXCLUSIVE OR gate

The logical diagram of the gate is shown in Fig. 1.

The output logical function F:

F=ux & (xy + 30 + - Xun) (4)
As
a=b=a =a®b (5)
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Thus

F=2x @ (xy + %o+ 0. = Xan) (6)
Applying the De Morgan theorems

F=x ©x,%0m. .. Xan (M)

Thus the gate in Fig. 1 operates as a NOT-AND-EXCLUSIVE OR gate.
Let the symbol in Fig. 2 stand for the NOT-AND-EXCLUSIVE OR gate.

L
Fig. 2

If such gates are connected in cascade by the input v, and the output F.
as shown in Fig. 3, then the output function will be:

Fe=x St Xy S X0 Xy D Xpye. .. X

Noticeably the algebraic form for the output F (8) is conformable to the
canonical form (3), hence any logical function of not more than n variables can
be realized by the gates in Fig. 3.

X471 %

X4n

Fig. 3
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The realization of the NOT-AND-EXCLUSIVE OR gate

The circuit realizing the NOT-AND-EXCLUSIVE OR gate iz shown in
Fig. 1.

The operation of the circuit:

Transistor T, operates as an output inverter and in addition performs
the signal standardization.

Transistors T, and T, form an EXCLUSIVE OR circuit, in which tran-
sistor T, is so arranged that it can operate as an OR-NOT gate too. The EXCLU-

SIVE OR circuit is shown in Fig. 3.

o
Rz R5
) o
2
Fig. 5

The operation of the EXCLUSIVE OR circuit:

Let “not™ level (OV) be at the input x,. In that case transistor T, is cut
off, hence transistor T, goes into saturation independently of the x, value, and
the value of x; appears at its collector. Thus transistor T, eperates as a follower.

Let “yes™ level (—3V) be at the input x,. In that case transistor T, goes
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into saturation and switches the emitter of transistor T, to zerc volts. Thus
transistor T, operates as an inverter.

The operation of the OR-NOT gate formed from the transistor T, and
the operation of the output inverter is of common knowledge.

The design of the NOT-AND-EXCLUSIVE OR gate

The following transistors are chosen:

T, = 0C 44 K
T, = 0C 44 K

T, = 0C 1072
Be:

Uipg = —3V

Ur, = =75V

Ur, = =75V

The design method of the OR-NOT gate formed from transistor T, is well
known.

The design of the EXCLUSIVE OR cireuit

If transistor T, operates as an inverter and is cut off, then the current
through resistor R, should be sufficient for the saturation of transistor T.

According to the characteristics of the transistor T3, — Ig = 0.2 mA is
sufficient for the saturation, if R, > 1 kQ.

Thus

Ro=-Urn . TV 50 ok0
Iz —0.2mA

The restriction on the value of resistor R, is realized if the value
R, =33 k@
is chosen.

If transistor T, operates as an inverter, and there is “yes” level at the

input a, then the value of resistor R, is restricted by the maximum base current
of transistor T}.

Ry>Poe = T3V 510
) IB;’\'I "‘03 mA
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Let the value

R, = 10 k@

be chosen.
If transistor T, operates as a follower, and there is “not™ level at the

input x,, then the restriction on the collector voltage of transistor T:

Uc=>0

Transistor T; operating as a follower mayv be regarded as a short circuit
in first approximation, as shown in Fig. 6.

Urs

i

Urz
If the value

iz chosen, the restriction (9) is realized.
If transistor T, operates as a follower and there is “ves” level at the input
1 3 i

x;. then Ug be sufficient for the saturation of transistor T,

In that case:

The internal resistance:
Ry = Ry X Ry xRy = 6 k2

Thus the base current of transistor T:
—15V U —15V 0.2V -
BE 217 mA

IB: 7 . :—O.
6 k2 6 kQ

And this is sufficient to saturate transistor T, if R, > 1 kQ.
The design of the output inverter:
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The value of resistor R is chosen under the condition that the NOT-AND-
EXCLUSIVE OR gates can be connected into cascade.

If transistor T operates as an inverter and Is in saturation:
Un —7.5V

R,;+R1: = =25k
IB./\’I —0.3 mA

o

Thus
R, =15 k&
If transistor T, operates as a follower and transistor T; of the previous
stage is cut off:
Up = UnRy+UpnR, > (R +R)) — 9233V
Ry + R, > (Ry + R4)
Ry=(R, - R)) »“ R, < Rg=9.35 k@

Thus the base current of transistor T, is:

—3 N § 3 TL02V
[p— =233y ZUps | =233V 02V o778

9.35 k02 9.35 k0

And this is sufficient to saturate transistor T, because R, > 1 k2. So
the value of resistor R, may be:

R, =15k2

Summary

This paper reports on a new circuit realizing the NOT-AND-EXCLUSIVE OR gate.
The relatively economical solution was obtained by the multiple exploitation of the transistors,
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