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A programmed logic array (PLA) which implements ELSE statements. This is accomplished through the use of a
combinatorial logic element located between the DECODER and ROM arrays of the PLA.




FOR THE PURPOSES OF INFORMATION ONLY

plications under the PCT.

AT Austria

AU Australia

BE Belgium

BR Brazil

CF Central African Republic
cG Congo

CH Switzerland

™M Cameroon

DE Germany, Federal Republic of
DK . Denmark

34 Finland

FR France

GA Gabon

GB United Kingdom

HU Hungary

JP Japan

KP
LI
LK
LU
MC
MG
MW

NO
RO
SE
SN
SU

TG
us

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international ap-

Democratic People’s Republic of Korea
Liechtenstein

St Lanka

Luxembourg

Monaco

Madagascar

Malawi

Netherlands

Norway

Romania

Sweden

Senegal

Soviet Union

Chad '

Togo

United States of America

A

)



WO 83/00786 PCT/US82/01080

10

15

20

25

30

35

STRUCTURED LOGIC ARRAY

1. Field of the Invention
This invention relates to apparatus including a
programmed logic array (PLA) for processing binary input
signals to produce binary output signals, the PLA
comprising a first logic array having a plurality of input
lines for receiving said binary input signals, a second
logic array having a plurality of output lines on which the

binary output signals emanate, a first plurality of
intermediate wordlines which emanate from the first array,
and a second plurality of wordlines, operably connected to
the first plurality of intermediate wordlines, which enter
into the second array.

Background of the Invention

pProgrammed logic arrays (PLAs) provide an easily
designed and well structured alternative to combinatorial
logic.

Internally, a conventional prior art PLA
comprises two logic arrays known as the DECODER array and
the ROM array. The two arrays are electrically connected
by paths known as wordlines. Each wordline corresponds to
one minterm of the Boolean functions implemented by the
PLA. PLA input signals are entered into the DECODER array
on a plurality of input lines and PLA output signals
emanate from the ROM array on a plurality of output lines.

A PLA is in many ways similar to a Read-Only-
Mmemory (ROM). As black boxes, both are presented with a
binary input word and in response both output a predefined
binary word. The most significant difference between a PLA
and a ROM is that in the former every possible combination
of binary input signals (of which there are 2N for
N PLA input lines) is not presented. A typical PLA
produces a meaningful output only in response to certain
preselected combinations of binary input signals. These

preselected combinations generally number less than 2N for
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a PLA having N inputs. If a given one of the preselected
combinations of binary input signals is present on the
PLA input lines, then a given preselected combination of
binary output signals emanates from the PLA. If the
combination of binary input signals present on the
PLA input lines does not correspond to a given one of the
preselected combinations of binary input signals, the PLA
may not produce a meaningful output. In contrast, a ROM
having N input lines is capable of producing a binary
output for each of the 2N unique combinations of binary
input signals. As a result, for the same technology of
fabrication the PLA is generally smaller and faster than
the ROM which wduld be required to replace it, assuming
implementation of the same Boolean functions. .

When specifying Boolean functions to be
implemented in hardware, it is often the case that there

are combinations of input signals that contain don't cares.

That is, one or more of the input signals are not needed to
uniguely determine the output. When designing, apparatus
for computing Boolean functions with conventional
combinatorial and sequential logic elements which includes
gates and registers, there are many optimization
techniques, such as Karnaugh mapping, that take advantage
of these don't cares to reduce logic complexity. When

replacing conventional combinatorial logic elements with
ROM, there is no way to make use of this savings because a
unigue output pattern capability will exist for every one
of the 2N combinations of input signals that can be entered
into a ROM having N binary input lines. However, a PLA

differs from a ROM in that don't cares are -taken advantage

of and a savings accrues. Preselected combinations of
binary PLA input signals may be incompletely specified, or
fully specified, as the designer sees fit.

To further understand the type of function which
can be implemented with a conventional PLA, it is useful to
consider an illustrative PLA which has four input lines,

three output lines and two wordlines (corresponding to two

“;
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Boolean minterms), and which implements the following

Boolean function:

IF

(input 1 = 1 AND

input 2 = 0 AND

input 3 = AND

input 4 = X) (X is a don't care

which can be zero or one)

THEN

(output 1 =1

output 2 =

output 3 = 0)
OR
IF

(input 1 = 1 AND

input 2 = X AND

input 3 = 1 AND

input 4 = 1) (X is a don't care

which can be zero or one)

THEN

(output 1 = 1

output 2 = 0

output 3 = 0)

A conventional prior art PLA which implements
this Boolean function is illustrated in FIG. 1. 1In the
above-mentioned PLA example, if either of the preselected
combinations of binary input signals is present on the PLA
input lines, the corresponding combination of binary
PLA output signals results. (Note, that in the above-
mentioned PLA example, the use of don't cares indicates
that the preselected combinations of binary input signals
are incompletely specified.) If the conbination of binary
signals present on the PLA input lines does nét correspond
to either of the preselected combinations of binary input
signals, no meaningful PLA output results.,

Thus, as can be seen from the above-mentioned

Boolean function, the conventional PLA should be viewed by
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the designer as implementing a series of IF, THEN
statements. This can be understood by considering the
internal operation of the PLA as shown in FIG. 1. This PLA
has two wordlines connecting the ROM and DECODER arrays.
There is one wordline corresponding to each incompletely
specified preselected combination of input signals. There
is no ELSE capability which can be used to produce a
meaningful PLA output if neither of the two (101X and 1X1l)
preselected combination of PLA input signals is present on
the PLA input lines.

Providing a true ELSE capability would allow one
to design a PLA capable of implementing functions similar
to the IF, THEN or ELSE statement (CASE statements) of a
high-level computer language. A PLA which implements a
CASE statement should be capable of producing a meaningful
Boolean output to indicate that none of a preselected
plurality of combinations of binary input signals is
present on the PLA input lines. In other words, IF one of
the plurality of preselected combinations of binary input
signals is present on the PLA input lines, THEN the
corresponding PLA output results; ELSE an output results,
indicating the simultaneous absence of any of the
preselected plurality of combinations of binary input
signals. '

Ordinarily a PLA with N input lines is designed
to process only a prespecified limited number m of the 2N
possible combinations of binary input signals; i.e., only m
prespecified input words are to be processed in order to
reduce the required number of intermediate wordlines to a
relatively small fraction of 2¥ and thereby to conserve
precious semiconductor area. On the other hand, it is a
problem in some PLA implementations to sense when any of
the remaining (2N—m) input words are present on the input
line, i.e., to implement an ELSE statement without
increasing the number of wordlines to 2N, The problem is
solved, in accordance with the invention in apparatus

including a prorammed logic array, by adding to the
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apparatus a combinatorial logic element, responsive to
binary signals emanating from the first logic array on the
first plurality of wordlines which processes the binary
signals so that the programmed logic array can implenent an
ELSE statement.

summary of the Invention

The present invention is a programmed logic array
able to implement IF, THEN, or ELSE statements. This is
accompl ished through the use of combinatorial logic element
located between the DECODER and ROM arrays of the PLA.

In a particular embodiment of the invention, a
pLaA, for processing binary input signals to produce binary
output signals, éomprises: a first logic array (DECODER)
having a plurality of input lines for receiving the binary
input signals; a second logic array (ROM) having a
plurality of output lines on which the binary output
signals emanate; a first plurality of wordlines which
emanate from the first array, the binary signal on each of
the first plurality of wordlines being responsive to a
preselected combination of the binary input signals; a
second plurality of wordlines which enter the second logic
array; and combinatorial logic elements for processing
binary signals emanating from the first array on the first
plurality of wordlines as these binary signals are
forwarded to the second array on the second plurality of
wordlines so that the PLA can implement a CASE statemeht.
Illustratively, the CASE statement 1is implemented by using
a combinatorial logic element such as a plural input NOR
gate to form at least one additional wordline in the second
plurality of wordlines which can be used to produce a
prescribed PLA output if none of a preselected plurality of
combinations of binary input signals is present.

In an alternative embodiment of the invention,
the plurality of PLA input lines comprises a plurality of

mutually exclusive groups of input lines and the

combinatorial logic elements is adapted so that the PLA can

implement a CASE statement for combinations of input
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signals present on at least one of the groups of input
lines. Illustratively, the plurality of PLA input lines
comprises two mutually exclusive groups and the
combinatorial logic element is adapted such that the PLA
5 implements a CASE statement for combinations of input

signals present on the second group of input lines only
when a preselected combination of input signals is present
on the first group of input lines. Alternatively a CASE
statement can be implemented for combinations of input

10 signals present on the second group of input lines only
when a preselected combination of input signals is not
present on the first group of input lines.

| Use of the structures encompassed within the

scope of the present invention gives rise to various

15 advantages in the design of micPoprogrammable
microprocessor controllers. Firstly, a relatively complex
Boolean function can be implemented at the expense of a
relatively small amount of design time. Secondly, the
present invention can be used to implement relatively

20 complex Boolean functions with relatively small PLA's. For
example, suppose in a large group of OP CODES or program
instructions to be interpreted by a PLA controller, a
specified plurality (e.g., ten) of mutually exclusive OP

CODES (no common don't cares) result in the same specified

25 PLA output. A conventional PLA might require one wordline
for each of the specified plurality of OP CODES resulting
in the same PLA output (e.g. ten wordlines) in addition to
separate wordlines for each other OP CODE. A PLA designed
in accordance with the principles of the present invention

30 would be expected to eliminate all (ten) of the wordlines X
corresponding to the specified plurality of OP CODES but
would contain separate wordlines for each of the other 0P
CODES. The inventive PLA would produce the specified
output corresponding to the specified plurality of (ten)

35 OP CODES through use of an ELSE capability by explicitly
indicating that all of the other OP CODES are not present. -
In this way, the presence of one of the specified plurality
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of (ten) OP CODES is implicitly indicated.

Brief Description of the Drawing

FIG. 1 shows a standard PLA of the type found in
the prior art;

FIG. 2 shows a prior art PLA having an inverter
between the DECODER and ROM arrays of the PLA in order to
expénd the range of functions implementable by the PLA;

FIG. 3 shows in block schematic form a PLA having
logic between the DECODER and ROM arrays of the PLA in
order to implement a CASE statement, in accordance with
illustrative embodiments of the invention; and

FIG. 4 shows in block schematic form a PLA having
logic between the DECODER and ROM arrays in order to
implement an alternative type of IF, THEN, ELSE statement
in acdordance with an alternative illustrative embodiment
of the invention.

Detailed Description

In order to understand the principles of the
present invention, it is helpful to briefly review the
operation of the conventional prior art PLA which, as
previously indicated, implements statements of the IF, THEN
type. An example of such a PLA is shown in FIG. 1.

The PLA of FIG. 1 is composed of two logic
arrays, DECODER array 11 and ROM array 1l2. Binary
PLA input signals s;, S,, S3, and S, in thelir true and
complementary forms, are fed into the decoder array on
input lines 1, 2, 3, and 4. Input inversion is provided by
inverters la, 2a, 3a, and 4a, for the illustrative PLA
shown in FIG. 1. PLA output signals N;, Ny, and N3 emanate
from the ROM array on output lines 1, 2, and 3. Between
the two logic arrays run wordlines, two of which
(wordline 1 and wordline 2) are shown for purposes of
illustration in FIG. 1. Each wordline represents one
minterm of the Boolean function implemented by the PLA.

The PLA shown in FIG. 1 is a dynamic structure.
That is, it relies on its own intrinsic capacitance for
proper operation. Any dynamic logic structure requires a

_oMrl_
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period of time to precharge itself, During the precharge
time, a capacitative charge is accumulated which causes and
maintains a voltage level within elements of the array.
After this follows a period of time during which chearges
are selectively held or dissipated. This selection process
is based upon the input signals which enter the structure.
Note that in FIG. 1 the DECODER and ROM arrays are formed
using n-channel transistors (indicated by inward pointing
arrow) and that the PLA uses negative logic.

The operation of the illustrative PLA shown in
FIG. 1 can be understood as follows. Wordlines 1 and 2 are
precharged through p-type transistors 38 and 39,
respectively (p-channel transistors are indicated by an
outward pointing arrow), by voltage éDb on phase 9, of a
four phase clock cycle and are discharged to ground through
n-channel transistor 33 which is operative on phase ¢, of
the four phase clock cycle. A precharged (logic HI)
wordline is deselected when it is discharged (logic LOW) by
any.one of the intersecting n—-channel transistors (e.g.,
transistor 14 of array 11) in the DECODER array, each of
which is responsive to a particular inpdt signal.
Transistors are placed in the DECODER array so that their
locations correspond to the presence of the complement of
each desired input signal (negative logic). Therefore, if
any one of the desired input signals is false, the wordline
will be diécharged (logic LOW). 'Only if all of the desired
input signals are true will the wordline remain precharged
(Logic HI), thereby selecting the Boolean minterm
represented by the wordline. 1In the illustrative example
of FIG. 1, wordline 1 remains precharged if the input
combination is 101x where x is a don't care, and wordline 2
remains precharged if the input combination is 1x00 where x

is a don't care. Accordingly, transistors 14, 15, and 16

can discharge wordline 1, and transistors 17, 18, and 19
can discharge wordline 2.
' The wordlines are then used'to select or deselectt

the output lines, each of which has also been precharged.
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In FIG. 1 output lines 1, 2, and 3 are precharged through
p-channel transistors 35, 36 and 37, respectively, by
voltage ¢,5p during phase ¢; of the four phase clock cycle
and are discharged to ground through n-channel

transistor 34 which is operative on phase ¢, of the four
phase clock cycle. Where it is desired that an output
signal be zero for the presence of a given minterm, an n-
channel transistor (e.g., 21 of array 12) is placed in the
ROM array. If the output signal is to be a one for the
presence of a given minterm, the transistor is omitted in
the ROM array. Thus, the selected wordlines, which
themselves remain precharged (logic HI), selectively enable
the transistors -which discharge the output lines, resulting
in an output signal of zero. On the other hand, i1f the
wordline is discharged (logic LOW) or there is no
transistor in the ROM array, the output line remains
precharged resulting in an output signal of one. Thus, in
the PLA of FIG. 1, if wordline 1 remains precharged
transistor 21 discharges output line. 3 so that the output
is 110. Similarly, if wordline 2 remains precharged
transistors 22 and 23 discharge output lines 2 and 3,
respectively, so that the output is 100.

The range of Boolean functions which can be
implemented using a conventional PLA can be expanded by
altering the meaning of the wordlines by adding inverters
in their paths between the DECODER array and ROM array as
shown in U.S. Patent No. 4,032,894. '

An example of a PLA which includes an inverter to
alter the meaning of a wordline is shown in FIG. 2. Common
elements in FIGs. 1 and 2 have the same identifying names
and numerals. The PLA of FIG. 2 includes inverter 20 to
process the binary signal emanating from DECODER array 11
on DECODER wordline la before the binary signal enters ROM
array 12 on ROM wordline 1lb. Thus in FIG. 1, wordline 1
remains precharged (logic HI) when the combination of input
signals is 10lx. The inclusion of inverter 20 in FI1G. 2
means that in the PLA of FIG. 2 ROM wordline 1b is
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deselected (logic LOW) by input signal combination 101x and

selected (logic HI) by the absence of input signal

combination 10l1x. Note also that in contrast to the PLA of

FIG. 1, p-channel transistor 38 of FIG. 2, which is a

precharging transistor, precharges DECODER wordline la of

FIG. 2.
In a particular embodiment of the present

7

invention combinatorial logic element is placed between the

DECODER array and the ROM array of a PLA in order to
implement IF, THEN, or ELSE. statements.

As an example of the invention, FIG. 3
schematically shows a PLA which implements a

CASE statement. The PLA of FIG. 3 comprises a first logic
array 401 (DECODER) and a second logic array 402 (ROM).

Illustratively, the arrays of FIG. 3 are formed using the

same type of logic as the arrays of FIGs. 1 and 2.

PLA binary input signals S; through S, enter array 401 on

input lines 1 through n (where n is an integer), and

PLA binary output signalg Ny through N, emanate from

m

array 402 on output lines 1 through m. Binary signals

emanate from array 401 on first plurality of wordlines 4la

through 45a. Binary signals enter array 402 on second

plurality of wordlines 41b through 46b. 1In this

embodiment, lines 41b through 45b are identical with

lines 41a through 45a, respectively, but in some instances

it is feasible to interpose combinatorial logic elements

between the two sets of lines, In addition, there is

provided an additional wordline 46b which emanates from a

combinatorial logic element in the form of a plural NOR

gate 49,

Wordlines 41b through 45b implement statements of
the IF, THEN type. If the PLA of FIG. 3 is implemented

using logic of the type shown in FIGs. 1 and 2, at least

one of wordlines, 41b through 45b, remains precharged

(Logic HI) for a given preselected combination of input

signals and everyone of the wordlines is discharged (logic-

LOW) if a combination of input signals other than one of

g@REAU
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the given preselected combination of input signals is
present, thereby implementing the IF, THEN, portion of the
CASE statement. Thus, wordlines 41b-45b are labeled THEN
wordlines in FIG. 3. If a given combination of inpdt
signals does not correspond to any of the preselected
combinations of input signals associated with wordlines 41b
through 45b, all are discharged. 1In this case all of the
input signals to plural input NOR gate 49 are logic LOW and
wordline 46b is selected (logic HI), thereby resulting in a
unique combination of PLA output signals corresponding to
the selection of wordline 46b. This successfully
implements the ELSE portion of the CASE statement; Thus,
additional wordline 46b is labeled &n "ELSE" wordline in
FIG. 3.

In many cofitrol applications it is desirable to
have a PLA which implements an ELSE statement for a series
of combinations of input signals known as test conditions
only if another, mutually exclusive, combination of input
signals known as the state is also present. Such a Boolean
function is implemented by the PLA schematically
illustrated in FIG. 4, in accordance with another
illustrative embodiment of the invention.

The PLA of FIG. 4 comprises DECODER array 61 and
ROM array 62. Illustratively, the arrays of FIG. 4 are
formed using the same type of logic as the arrays of
FIGs. 1 and 2. In the PLA of FIG. 4, input signals S5,
through S, enter array 61 on input lines 1 through n.
Output signals Nj through N emanate from array 62 on
output lines 1 through m. DECODER wordlines 51 through 56
emanate from DECODER array 61 and ROM wordlines 71 through
76 enter ROM 62. Combinatorial logic elements A and B of
FIG. 4 are adapted to process binary signals which emanate
from the DECODER array on wordlines 51-56 before entering
the ROM array on wordlines 71-76. The signal on DECODER
wordline 51 responds when a preselected combination of
binary input signals known as the "state" is present on a

first group of PLA input lines (e.g., Group I of FIG. 4).
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The signals on wordlines 52-56 each respond to the
presence, on a second group of PLA input lines (e.g.,
Group IT of FIG. 4), of a given preselected combination of
binary input signals known as a test condition. Note that
5 in the illustrative embodiment of the inveﬁtion shown in
FIG. 4 the two groups of input lines are mutually
exclusive. Through the use of combinatorial logic
element A, which illustratively comprises AND gates, each
of ROW wordlines 71 through 75 responds to the presence of
10 the state and a given one of the test conditions. If the
state is present and none of the test conditions are
present, combinatorial logic element B, which comprises
multiple input NOR gate 81 and AND gate 82, causes the
signal on ROM wordline 76 to respond, thereby implementing
15 a single ELSE. Note, in the illustrative embodiment of the
invention shown in FIG. 4 the presence of the state is
detected in all cases which result in a meaningful PLA
output. Thus the illustrative PLA shown in FIG. 4
implenents a CASE statement for the test conditions only if
20 the state is present. That is, if the state is present,
wordlines 71-75 implement a series of IF, THENS for the
test conditions and wordline 76 implements an ELSE. 1In an
alternative embodiment of the invention, an inverter can be
placed on wordline 51 of FIG. 4 in order to implement a
25 CASE statement for the test conditions if the state is
absent.
The illustrative embodiment of the invention
shown in FIG. 4 can be viewed from another point of view.
The binary signal on each of wordlines 71 through 76 is
30 dependent on the binary signal on at least two of
wordlines 51 through 56. Thus, for example, the binary
signal on wordline 71 is dependent in a first way on the
binary signals on wordlines 51 and 52; and the binary
signal on wordline 76 is dependent in a second way on the
35 binary signals on wordlines 51 and 52 in addition to being
dependent on the binary signals on wordlines 53 through 56.
Thus, in FIG. 4, the signal on wordline 71 is LOGIC HI if

IA’ ";;"T?—E‘ s
e aTION
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the signal on wordlines 51 and 52 are both LOGIC HI, and
the signal on wordline 76 is LOGIC HI if the signal on
wordline 51 is LOGIC HI and the signals on wordlines 52-56
are LOGIC LOW.

Finally, it is to be understood that the above-
described structures and arrangements are only illustrative
of the present invention. In accordance with these
principles, numerous structural configurations may be
devised by those skilled in the art without departing from
the spirit and scope of the invention. For example, the
same test condition can be combined with a plurality of
different states and the presence or absence of these

combinations can be detected.
Furthermore, PLAs implementing Boolean functions

in accordance with the principles of the present invention
can be formed from psuedo NMOS logic as shown in FIGs. 1
and 2 or from other types of logic such as TTL, CMOS, and

ECL.
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Claims
1. Apparatus including a programmed logic array
for processing binary input signals to produce binary
output signals comprising: s
5 a first logic array (401) having a plurality of
input lines for receiving said binary input‘signals;
a second logic array (402) having a plurality of
output lines on which the binary output signals emanate;
a first plurality of intermediate wordlines
10 (4la-45a) which emanate from the first array;
a second plurality of wordlines (41b-45b),
operably connected to the first plurality of intermediate
wordlines, which enter into the second array; and
CHARACTERIZED IN THAT
15 the apparatus further comprises:
a combinatorial logic element (49) responsive to
binary signals emanating from the first logic array on the
first plurality of wordlines (4la-45a), which processes the
binary signals so that the programmed logic array can
20 implement an ELSE statement.
2. Apparatus in accordance with claim 1
comprising:
& plurality of mutually exclusive groups of input
lines (Group 1, Group 2);
25 _ CHARACTERIZED IN THAT
the combinatorial logic element (B) is adapted so
that an ELSE statement can be implemented for at least one
of the groups of the input lines.
3. Apparatus in accordance with claim 2 in which .
30 the plurality of groups consists of
first andusecond mutually exclusive groups of
input lines;
CHARACTERIZED IN THAT
_ the combinatorial logic element is adapted such
35 that the programmed logic array can implement the ELSE state-"
ment for combinations of input signals present on the first

group of input lines when and only when the any one of a
SUREAT
OMFI
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preselected set of combinations of input signals is also

present on the second group of input lines,
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