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FLOATING POINT CALCULATOR WITH RAM
SHIFT REGISTER

OTHER APPLICATIONS

* This application is a continuation of application Ser.
No. 165,908 filed July 26, 1971 and now abandoned.

BACKGROUND OF THE INVENTION

This invention relates to calculators and is pertinent
particularly to desk and pocket calculators.

Present electronic desk calculators utilize fixed point
logic in their calculations but this gives the disadvan-
tage of a limited number of decimal places with any one
calculation so that data, often affecting significant dig-
its of a computation, can be lost during a calculation.
This disadvantage is partially overcome in large calcu-
lators, which can contain a sufficient number of com-
ponents to deal with a large number of bit positions.
However, such calculators are expensive and lose the
ease of portability of the smaller calculators.

It is an object of the invention to provide a calculator
which avoids computation by fixed point logic and the
disadvantages of such logic.

SUMMARY OF THE INVENTION

According to the invention, a calculator comprises
an arithmetic unit, a plurality of numeral-storage regis-
ters which are sequentially addressable random-access
memories, reversible-direction timing means for se-
quentially addressing the bit positions of each of said
registers, a number routing arrangement for directing
numbers between said registers and said arithmetic
unit, and a programming arrangement operable to
cause said registers to store, and manipulate in con-
junction with the routing arrangement and the arithme-
tic unit, numeérical data in the form of the mantissa and
exponent of a number, the storage capacity in each of
said registers for the exponent corresponding to a plu-
rality of decades of the stored number in excess of the
number of storable decades of the mantissa.

The type and operation of said registers enables float-
ing point logic to be employed for storage and compu-
tation, so that numbers with a large exponent, positive
or negative, can be handled without loss of digits of the
mantissa up to the extent of the mantissa storage capac-
ity. For example, with a two-digit exponent capacity,
numbers up to ninety-nine decades can be processed,
e.g. numbers from 1.0 X 1072 to 9.99 X 10™. This
applies not only to the supplied numbers and the final
answers but also to intermediate answers. Moreover,
calculation can be facilitated by the use of random
access memories and reversible timing means, enabling
digit locations to be supplied with data independently
of each other and the digits to be moved from between
locations in either direction. Thus, preferably, there is
control logic enabling a digit to be read from one digit
position and written back into one of the two adjacent
positions, depending upon the operating direction of
the -timing means, to produce mantissa multiplication
and division by ten. With shift register storage this
multiplying and dividing facility could only be provided
with a considerable increase in logic. This is very rele-
vant to the preferred embodiment implemented in inte-
grated form, in which space is at a premium.

Advantageously, an additional, decimal point, regis-
ter, of random access form and sequentially addressed
by the timing means, is provided for decimal point
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2

position storage, this additional register being used with
one of the other registers in an output mode to deliver
the content of that one register in fixed-point fashion.
Said one register may be used for input and output of
data, one of the other numerical-storage registers re-
taining the data in floating point form. The decimal
point registér may also have control logic for transfer-
ring data from one digit position to an adjacent posi-
tion. :

The registers may be of dynamic form with control
logic for recirculating digits to reinforce the data.

Advantageously, the registers, the arithmetic unit,
the routing arrangement, the timing means and the
programming arrangement, are in integrated form,
preferably on a single semiconductor chip. In a pre-
ferred embodiment, the active devices of the integrated
circuits are insulated-gate field-effect (IGFET) devices
in which the above-mentioned dynamic registers can be
implemented conveniently with three active devices
only per bit of storage, these being a storage device, a
writing device and a reading device.

The programming arrangement may take the form of
a read-only memory which is readily formed of IGFET
devices in an integrated-circuit, with ‘1’ and ‘0’ bits
stored by the presence and absence of gate electrodes
of a matrix of IGFET devices. The memory defines a
plurality of addresses at which bits are stored defining
operations, e.g. operations in the routing logic, relating
to the respective addresses. One significant feature of a
preferred memory is a self-addressing arrangement
which enables the programming arrangement to step
itself through a sequence of appropriate addresses
when a piece of data has been entered into the calcula-
tor. For this purpose, the memory has a section defin-
ing at a plurality of memory addresses ‘next addresses’
to which the memory is to be directed via the self-
addressing arrangement. In the preferred memory,
there is facility for defining two alternative next ad-
dresses and for defining test signals for initiating tests in
test logic of the calculator to determine which of the
two next addresses is to be effective. Accordingly, a
particular memory address can be used during each of
two distinct operations. This considerably reduces the
number of memory addresses required, and, as will be
apparent, this is particularly significant when imple-
menting the invention in integrated form in view of the
space saving effect. The test logic is designed to test
signals determined by input data and instructions and
by the states at digit positions in the registers and to
select a next address according to those signals. The
test logic also contains bistable circuits supplying fur-
ther of these signals. At least some of the bistable cir-
cuits are set and reset by signals generated by some of
the memory addresses. One or more of the bistable
circuits may be set and reset by input data.

One further facility provided by the preferred em-
bodiment is a “constant” mode in which a stored num-
ber may be held as a constant value for repetitive use in
calculations. One of said bistable circuits of the test
logic might be operated by a constant input instruction
to cause programme addresses appropriate to this
mode to be selected. The constant number is utilised by
the calculator as if it were the last of two numbers
entered for a calculation, e.g. in division the “constant”
number is the divisor. The number, which itself might
have been formed as an answer, can also be used as a
dividend if required by cancelling the constant mode,
when the number is treated by the calculator as a first
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number entered. This facility is achieved in that the
register allocated by the programming arrangement for
holding the number Y for a calculation such as X + Y
or X —Y, when Y is normally the second of the num-
bers entered, will be caused in the constant mode to
hold the “constant number”, whilst the number en-
tered to be arithmetically combined with the constant
number already stored in the calculator will be allo-
cated to the register which would normally contain X,
i.e. the number normally first entered. By setting up a
constant mode, then, the functions of two registers are
reversed by the programming arrangement for a partic-
ular calculation. However, the two registers involved
are not necessarily the same two for each arithmetic
operation. Moreover, after a calculation, the constant
number is still stored in one of the registers for further
computation, whilst in other modes only the last-
formed answer need be stored.

It is also to be noted that these facilities can be pro-
vided with only three numerical storage registers and
one decimal point register.

It has already been mentioned that the calculator
circuit can be formed on a single semiconductor sub-
strate, particularly with IGFET devices. In this connec-
tion a significant topological arrangement of the circuit
is employed in the preferred embodiment. In this ar-
rangement, a matrix-like array of signal paths is em-
ployed, more particularly, the timing or addressing
signals from the timing means flow through the regis-
ters to the test logic substantially at right angles to the
data flow from the registers through the routing logic to
the arithmetic unit. Moreover, control signals flow
from the read-only memory to the routing logic sub-
stantially at right angles to said data flow, whilst other
memory signals flow from the memory to the test logic
substantially at right angles to the timing signals and the
control signals. A tapering form to the memory enables
signals to be emitted from parallel signal paths of the
memory at right angles to one another. The crossing
paths of signal flows are achieved in IGFET devices by
parallel strips of diffused source and drain regions and
overlying conductors.

For a better understanding of the invention and to
show how the same may be carried into effect, refer-
ence will now be made, by way of example, to the
accompanying drawings, in which:

FIG. 1 is a perspective view of a desk calculator;

FIG. 2 is a diagrammatic sectional view of an actua-
tor panel of the calculator of FIG. 1;

FIG. 3 is a schematic diagram showing the arrange-
ment of circuit parts of an integrated circuit included in
the desk calculator of FIG. 1;

FIG. 4 shows in block diagram and circuit form a
system timer of the calculator;

FIG. 5 is a circuit diagram of a portion of a register of
the calculator;

FIGS. 6 to 8 are respective circuit diagrams of por-
tions of three other registers of the calculator;

FIG. 9 shows routing logic of the calculator;

FIG. 10 shows a portion of an address decoder and a
read-only memory of the calculator;

FIG. 11 is a block diagram of test logic;

FIG. 12 is a diagram illustrating the derivation of test
signals from the registers of the calculator; and

FIGS. 13 and 14 are diagrams showing successive
operating conditions of the registers of the calculator.

FIG. 1 illustrates in perspective a desk calculator the
computation circuits of which are defined by an inte-
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4

grated circuit of insulated-gate field-effect (IGFET)
devices on a single piece of semiconductor shown in
schematic form in FIG. 3.

The calculator has a display 1 consisting of four sev-
en-bar display lamps 2 each capable of indicating any
one of the numerals 0 to 9, together with a decimal
point as illustrated for the first of the lamps and a minus
sign.

The calculator also has an actuator panel formed in
the manner of a keyboard in that it comprises an array
3 of zones each to be contacted to feed in data to the
calculator. The zones are constituted by respective
conductive pads 4 each having a character or com-
mand indication according to the data which the pad is
intended to feed into the calculator.

The pads 4 are intended to be electrically-conduc-
tively contacted by the conductive tip 5 of a stylus 6
connected by a wire 7 to the circuitry within the calcu-
lator.

FIG. 2 is a sectional and diagrammatic view of the
array 3 and shows that the pads 4 are mounted on an
insulating support through which conductors 8 extend
to the circuitry of the calculator. It will be apparent
that the stylus 6 and the array of pads 4 provide a sin-
gle-pole multi-way switch giving the same end result as
a keyboard the keys of which are coupled to distinct
electrical switches, but with a cost saving compared
with a conventional keyboard.

The facilities provided by this calculator will now be
described. An important facility is that calculations can
be effected merely by contacting the pads 4 logically
according to the arithmetical operations required. As a
simple example, if one wished to calculate 2.5 + 5 X 3
+ 1, the pads 4 would be contacted in the arithmetic
sequence: (2), (.),(5),(+),(5),(X),(3),(+), (1), and
(=). The display 1 would then give the indication
*2.500”. This enables successive chain calculations to
be performed smoothly without having to arrive at
intermediate answers. It will be observed that it is not
necessary to contact the decimal point pad (.) having
contacted the pad (5) for the second time in order to
indicate the value 5.0 instead of, say, 0.5. The calcula-
tor will recognise the correct position of the decimal
point when no further numbers are fed in.

Another facility is that the display can be caused by
contacting pad (<>) to display the next less significant
group of four digits of an answer, so that the display is
capable of giving an answer to eight significant digits.
In the above example, when the key (<>) is contacted,
the display will read “0.0.0.0.”, the decimal points
being included to indicate that the display relates to the
least significant digits at the right-hand side of the deci-
mal point.

A further facility is that provided by pad (C) which
clears the display without erasing the result of the last
calculation from the memory of the calculator; thus if
the pads are contacted after the above calculation in
the sequence (C), (+), (2), (=), the display will indi-
cate the value “4.500"". The memory will be cleared
however should one commence a new calculation (by
contacting one of the numeral or decimal point pads)
after contacting the pad (C).

An additional facility is provided by the pad (K)
which causes an entered number, or the last formed
answer, to be held as a constant for use in a subsequent
calculation. For example, if the value “2” has been
entered or formed in the machine, addition, subtrac-
tion, multiplication and division can be performed with







