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(57) This mvention 1s concerned with semiconductor mtegrated circuits of the type comprising configurable logic
circuit arrays of the type disclosed 1n specification No. GB B-2180382. Such an array may be programmed to configure
a plurality of NAND-gates (G1) 1n the array to perform various and different logic functions. This mvention 1s
particularly concerned with the provision of an additional logic circuit (¢) at each discrete site or cell which additional

logic circuit (¢) 1s controllable by a control means (GCS) to cause the additional logic circuit (¢) and the logic circuit
to operate as either a ssmple NAND logic function or a ssmple LATCH logic function.
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ABSTRACT

SEMICONDUCTOR INTEGRATED CIRCUIT

This invention is concerned with semiconductor integrated
circuits of the type comprising configurable logic circuit
arrays of the type disclosed in specification No. GB B-2180382.
Such an array may be programmed to configure a plurality of
MAND-gates (Gl) in the array to perform various and different
logic functions. This invention is particularly concerned with
the proviﬁion of an additional logic circuit (c) at each
discrete site or cell which additional logic circuit (c) is
controllable by a'contrOT means {GCS) to cause the additional
Togic circuit (¢) and the logic circuit to operate as either a

simple NAND logic function or a simple LATCH logic function.
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SEMICONDUCTOR INTEGRATED CIRCUIT

The present invention relates to electronic integrated circuits of the type comprising
configurable logic circuit arrays.

This invention finds particular utility in a configurable logic circuit array of the
type as disclosed in our specification No. GB B-2180382 (the disclosure of which may be
referred to for further details) in which the logic circuit array comprises a matrix of
discrete sites or cells at each of which 1s a logic circuit which is adapted to perform a
simple logic function. Typically the simple logic function is implemented by means of a
two-input NAND gate.

An array of this type 1s capable of being programmed in such a manner as to
configure the various NAND gates, as required, to perform various and different logic
functions. One such function 1s known as a latching function and in the logic array as
disclosed 1n specification No. GB B-2180382, a latching function may be implemented
using four NAND gates. '

This has the disadvantage that the greater number of latching functions that may be
required from any logic array, the fewer NAND gates remain for other required functions.
This has the effect of reducing the overall effectiveness of the array.

An object of this invention is to overcome this disadvantage by providing an

additional logic circuit for inclusion in each of the logic circuits at each discrete site to
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enable each site to have a greater programmable facility and thereby increase the overall

utilization of the array.

According to the present invention there is provided a configurable semiconductor
Integrated circuit as set forth in patent specification No. GB B-2180382 which, as made,
comprises an area thereof formed both with a plurality of logic circuits at discrete sites
respectively, each said circuit having a restricted simple logic function capability and only
being capable of implementing a simple logic function and with a restricted signal
translation system between inputs and outputs of the logic circuits affording direct
connection paths each selectable as to its conduction state, those paths extending, for each
said logic circuit, from its output to inputs of a first set of some of other said logic circuits
and from its inputs to outputs of a second set of some of other said logic circuits, all of
the sets (for all of the logic circuits) each being unique, characterized by the integrated
circuit further comprising an additional logic circuit for each discrete site or cell, said
additional logic circuit being so arranged within‘ the logic circuit of-the site or cell to be
selectively controlled by control means to cause the logic circuit and additional logic

circuit comprising the cell to operate as either a first or a second different simple logic

function.
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According to the present invention, there 1s further
provided a semiconductor integrated circuit including a
configurable 1logic array formed on an area of the
integrated circuit. The logic array comprises a plurality
of discrete sites, and a plurality of first logic circuilts
individually defined at each of the sites, with each first

logic circuit only being capable of implementing a first

simple logic function. The plurality of logic clrcuits 1s
divided into a multiplicity of unique sets of the logic
circuits, each logic circuit having a conductlon path
extending between inputs thereof and outputs of one of the
unigque sets and a conduction path extending between the
outputs and inputs of another of the unique sets. The
conduction state of the conduction paths for each of the
logic circuits 1s individually selectable so as to
constitute a restricted signal translation system. The
logic array comprises an additional logic circult at each
diliscrete site, the additional logic circuit being
interconnected with the first logic circuilt 1n a manner
which, under the control of selection means provided at
each discrete site, enables either the first logic circuit
to function by itself to implement the first simple logic
function or the first logic circuit to function 1in
combination with the additional logic circuit to i1mplement

a second simple logic function.
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The additional logic circuit includes an inverter which is
arranged in parallel and in back-to-back relationship with an
jnverter in the logic circuit within the cell to serve as a
latching mechanism, a first switching means and a second
switching means.

Preferably the first switching means is a transmission gate
comprising first and second transistors, the transmission gate
being controllable to closed and open operative states by
signals input to the transmission gate from said logic circuit.
The second switching means comprises a single transistor whose
conduction state is controlled by the said control means.

'tonvenient1y the con£r01 means is constituted by a gate
control signal which when present causes the single transfstor
to be in a conduction state as a consequence of which the
transmission gate becomes short circuited and inoperative and
thereby the cell operates exclusively as a NAND gate function.

When the gate control signal is not present, the single
transistor is caused to be in a none cdnduction state enabling
the tranémission gate to be controliled to the open and closed
operative states and the cell operates exclusively as a LATCH
circuit function.

The logic circuit includes a logic gate circuit, and it 1is

arranged that the signal transient time for an input signal to

pass to the transmission gate is shorter than the transient time
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for the same signal to pass through the logic gate circuit to
thereby effect rapid switching of the transmission gate between
the closed to the open state.

A further aspect of this invention envisages the cascading
of a plurality of individual cells which are configured for the
LATCH circuit function to form a shift register.

The invention will be more readily understood from the
following description of an exemplary embodiment which should be
read in conjunction with the accompanying drawing.

The drawing illustrates a schematic diagram of two
interconnected logic circuits or cells each of which
incorporates the additional logic circuit in accordance with
this invention.

Referring to the drawing, for convenience 1ike combonents
in each cell have been identically designated. The two cells
shown are master MC and slave SC latch cells.

Each cell comprises a basic two-input NAND gate Gl together
with an output buffer 11 in the form of an inverter and a
further inverter I12. Referring to the master cell MC, one of
the inputs CK of the gate Gl carries clock signais from a
multiplexer means MUX1 to the cell while the other input D
carries data signals from a further multiplexer means MUXZ to
the cell.

An additional logic circuit C is interconnected between the
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NAND gate Gl and the output buffer I1. By the utilisation of
control signals from a bit store BS, which also provides control
signals for the multiplexers MUX1 and MUX2, the additional logic
circuit is arranged to change the NAND function of.the cell into
5 a LATCH circuit function.

The additional logic circuit comprises an additional

inverter I3 which is connected 1n parallel and in back-to-back

relationship with inverter 12 in the existing logic circuit and

is so arranged to perform a latching mechanism. A further
10 inverter 14 is included to invert the clock signals from input
CK of cell MC to the transistor T2 of cell SC.
Two switching means are provided, the first comprises two

transistors Tl and T2 of opposite polarity types connected in

parallel to form a transmission gate, and the second a single

15 transistor T3 serving as a simple switch.

In operation, selection of the cell (comprising the logic
circuit together with the additional logic circuit) to operate

either as a NAND gate function or as a LATCH function, 1s

controlled by a gate control signal GCS which emanates from the

20 hit store BS. When the signal GCS is present the transistor T3
is caused to conduct and +he switch short circuits transistors

T1 and T2 forming the transmission gate making it inoperative.

In these circumstances the cell operates as a NAND gate

function exclusively.
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On the other hand when the signal GCS is not present,
+ransistor T3 is none conducting and transistors Tl and TZ are
now controlled by the clock signals from the input CK of the
NAND gate Gl, being applied directly to transistor Tl on the one
hand and through an inverter I4 to transistor T2 on the other
hand, together with the prevailing output OP of the gate 6l
itself to the transmission gate. The signals now passed by the

transmission gate (T1 + T2) from the output OP are effectively

‘latched by the latching mechanism comprising inverters 12 and

13. In these circumstances the cell operates as a LATCH circuit

function exclusively..

The operation of the latching function and control of the

transmission gate are summarised in the following table:

TABLE 1

TRANSMISSION GATE (T1 + T2)
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When the input signal CK is at a binary one condition and
the transmission gate is closed, the LATCH (I2 and 13) follows
the data signal on input D. However, in order to prevent the
signal stored in the latch being lost when the transmission gate
is about to be opened the signals to the transmission gate must
be fast enough to effect a change of state of the switch before
the signal at the input of gate Gl is effective at the LATCH (I2
+ 13). Thus, a rapid switching of the LATCH (12 + I3) is
achieved as a consequence of the shorter signal transient times
for signals to pass to the transmission gate than through the
NAND gate Gl itself. In the utilisation of this invention
including cells operating in a latch mode as described herein
and further interconnected in the manner of a shift register
(two such stages being shown as master cell MC and slave cell
SC), it is conveniént to use the inverted output by way of the
inverter I4 from a preceding cell to serve as an inverted clock
input to the succeeding cell.

In such an arrangement, it will be apparent to those
skilled in the art that using a number of latches cascaded
together will form a suitable shift register which not only
give an increase in operating speed but will also contribute to

a more effective use of the array itself.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A semiconductor integrated circuit including a
configurable 1logic array formed on an area of said
integrated circuit, said logic array comprising:

a plurality of discrete sites;

a plurality of first 1logic circuits individually
defined at each of said sites, each first logic circuit
only being capable of implementing a first simple logic
function;

wherein said plurality of logic circuits 1is divided
into a multiplicity of unique sets of said logic circults,
each logic circuit having a conduction path extending
between inputs thereof and outputs of one of said unique
sets and a conduction path extending between said outputs
and inputs of another of said unique sets, the conduction
state of the conduction paths for each of the 1logic
circuits being individually selectable so as to constitute
a restricted signal translation system; and

said logic array comprising an additional 1logic
circuit at each discrete site, said additional 1logic
circuit being interconnected with said first logic circult
in a manner which, under the control of selection means
provided at each discrete site, enables either the first
logic circuit to function by itself to implement said first
simple logic function or the first logic circuit to
function in combination with the additional logic circult

to implement a second simple logic function.
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2. An integrated circuit according to c¢laim 1,
wherein the logic circuilt at each site comprises a logic
gate (Gl) and an inverter (I2) coupled to an output of said
gate and wherein the additional logic circuit includes: a
further inverter (I3) connected across said inverter in the
logic circuit with the input of one inverter connected to
the output of the other thereby to serve as a latching
mechanism; a first switching means; and a second switching

means.

3. An integfated circuit according to c¢laim 2,
wherein the first switching means is a transmission gate
comprising first and second transistors (T1,T2), the
transmission gate being controllable between closed and

open operative states by signals input to the transmission

gate from said logic gate.

4 . An integrated circuit according to claim 2 or
claim 3, wherein the second switching means comprises a
single transistor (T3) whose conduction state is controlled

by the said selection means.

5. An integrated circuit according to claim 4,
wherein the selection means generates a gate control signal
which when present causes the single transistor to be 1n a

conduction state and short circuits the transmission gate

whereby the first logic function is implemented.
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6. An 1ntegrated circuit according to claim 4, wherein the selection means
generates a gate control signal which, when not present, causes the single transistor to be
in a non-conducting state enabling the transmission gate to be controlled between open and

closed operative states whereby the second logic function is implemented.

7. An integrated circuit according to claim 1, 2, 3, 4, 5 or 6, wherein the logic
gate of each logic circuit is arranged such that the transient time for an input signal to pass
to the transmission gate is shorter than the transient time for the same signal to pass
through the logic gate to thereby effect rapid switching of the transmission gate between

the closed and open state.

8. An integrated circuit according to claim 1, 2, 3, 4, 5, 6 or 7, wherein the
first logic function 1s a NAND gate function and the second logic function is a LATCH

function.

9. An integrated circuit according to claim 8 wherein a plurality of individual
sites which are configured for the LATCH circuit function are cascaded to form a shift

register.
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