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acceptance G4A  10EX 5A 9X (54) IMPROVEMENTS IN OR RELATING TO PORTABLE
ELECTRONIC CALCULATORS (71) We, KABUSHIKI KAISHA SUWA  battery to be a
practical proposition as the SEIKOSHA, a Japanese company, of 3-4,  power
supply source. 4-chome, Ginza, Chuo-ku, Tokyo, Japan,    The present
invention seeks to avoid or  50 do hereby declare the invention for which
reduce  the  foregoing  disadvantages  and 5  we pray that a patent may be
granted to us, defects and to provide improved portable and the method by
which it is to be per-  calculators which shall be exceedingly com- formed,
to be particularly described in and  pact and light in weight; which shall
be such by the following statement:-               as to be capable of
operating satisfactorily  55 This invention relates to portable electronic
from a power supply constituted by a com- 10 calculators by which
expression is meant in  pact dry battery of low price; and which this
specification and the claims electronic  shall be of low power consumption,
high effi- calculators small and light enough to be con-  ciency and
relatively low cost. veniently carried on the person.             According
to this invention a portable elec-  60 There has long been need for
electronic  tronic calculator comprises a plurality of mag- 15 calculators
of small size, low weight and cost netically operable switches each adapted
to be and great compactness. In attempts to fulfill  operated by the
application of an externally this need miniaturisation of circuitry and the
provided magnetic field thereto, a calculating use of integrated circuits
have been suggested  circuit unit of the L.S.I. circuit type adapted  65 in
order to provide convenient electronic cal-  to respond to perform any of a
plurality of 20  culators or so-called electronic "sorobans" for
pre-determined  calculations in  dependence desk use. However, there has
been the diffi-  upon which of said switches or combination culty, greatly
limiting the degree of com-  of said switches is actuated, and a liquid
pactness achievable, that the size of the key-  crystal display unit
controlled by said cal-  70 board for controlling the action of the cal-
culating unit and adapted to display the 25  culator cannot be reduced
below a certain  results of the calculations thereof. quite substantial
size. Such keyboards are   In carrying out the invention the switches,
usually mechanically arranged to operate reed  which are preferably
magnetically operated switches by means of permanent magnets  read
switches, are preferably mounted in  75 moved by the keys. Such an
arrangement is  different pre-determined and indicated posi- 30 necessarily
of relatively large size, weight and  tions and are adapted each to be
operated by cost. In known calculators the calculating cir-  bringing a
permanent magnet into the neigh- cuit arrangement is usually a combination
of  bourhood of the position in which it is interconnected Middle Scale
Integrated cir-  mounted. Thus, in a preferred construction  80 cuits and
with such an arrangement the labour  each switch is attached in a different
position 35  required is costly and, moreover, the use of  to the inner
side of the case or housing of such interconnected Middle Scale Integrated
the calculator in the neighbourhood of a recess circuits involves that the
resulting calculating  formed in the outer side of said case. circuit
arrangement is of substantial volume    The invention is illustrated in the
accom-  85 and of too high power consumption for a  panying drawings in
which:- 40  simple dry battery to be satisfactory as a  panying drawings in
which:- 



power source. Figure 1 is a block diagram of a preferred Again in known
portable calculators as at  form  a calculator in accordance with this
present in general use, display devices of the  invention; Braun tube, Nixy
tube or digitron type have    Figure 2 is a schematic sectional diagram
90 45  been used and these are not only of rela-  of a preferred input
circuit unit for use in tively large size but are also of relatively high
the calculator of Figure 1; and power consumption too high for a simple dry
Figure 3 is a schematic sectional diagram [Price 25p]    2
1,342,136                                            2 of a preferred
display unit for use in the  LSI (Large Scale Integrated circuit) circuitry
calculator of Figure 1.                       so that a high degree of
miniaturization is The  calculator represented in  Figure  1  attainable
together with less cost in materials comprises an input circuit unit 1, a
calculat-  and labour (especially labour for intercon- 5  ing unit 2 fed
with signals supplied from the  nections), high endurance and high
efficiency.  70 unit 1; a driving circuit unit 3 fed from unit  Also by
using MOS type LSI circuitry, as is 2 and driving a display unit 4; and a
small  preferred, low power consumption and especi- low power dry battery 5
which is the power  ally low cost are achievable. source of the calculator
and which supplies    The display unit 4 is of the liquid crystal 10  power
to a voltage translating unit 6 which  type operating in accordance with
known prin-  75 steps up the voltage and provides an output  ciples by
utilizing electric signal control of voltage suitable for operating the
calculating  light  scattering  effect.  The  display  unit driving and
display units.                    utilizes, in each element thereof, a
layer of Referring now  to Figure 2, 7 represents  liquid crystal which is
sandwiched between 15  part of the outer case of the calculator of  two
electrode  plates,  at  least  one  of  80 Figure 1. The surface of this
case is formed  which  is  transparent.  When  a  suitable with  a
plurality  of recesses  such  as  8,  voltage  is  applied   between  the
two each of which is appropriate to a particular  electrode plates, the
direction  of arrange- input number or function. Thus there might  ment  of
the  molecule  group  in  the 20  be fourteen such recesses, ten of which
are  liquid crystal is disturbed and there is resul-  85 appropriate each
to a different one of the ten  tant modification of light scattering
whereby numerals 0 to 9, the remaining four recesses  a display is given.
The display unit is arranged being appropriate respectively to  +  (add),
to give a numeric display by arranging elec- -  (subtract), x (multiply)
and  [err] (divide).  trodes in the different elements to combine 25  Fixed
to the inner surface of the case 7, e.g.  and co-operate to display
different numerals in  90 by taping, are a plurality  of magnetically
dependence upon the input signals from  the operable reed  switches 9 one
under each  drive unit 3. The liquid crystal type of dis- recess and
laterally displaced a little from the  play has the following advantages
over dis- centre of the recess with which it is asso-  plays of the
luminous diode, nixy tube, Braun 30  ciated. Each switch has terminals 10
and 11.  tube and digitron types:-                      95 There is
provided a movable bar 12 which    1. The stronger the ambient lighting the
carries, at or near one end, a small perma-  clearer is the display. nent
magnet, the poles of which are, as indi-    2. The power consumption per
unit area cated conventionally by the letters N S, loca-  of display is
very low only about [err] 35  ted at different points in the length of the
and is very small compared with that of other 100 bar. By bringing the
magnet end of the bar  types of display. close to a recess, as indicated in
Figure 2,    3. The thickness of the liquid crystal layer the magnetically
operable reed switch 9 asso-  can be as little as [err] so that a flat
display 



ciated with that recess can be closed and an  can be obtained from a very
compact display 40  input signal fed to the calculating unit 2 at
structure. In this respect a liquid crystal type  105 a different point in
the circuitry thereof. The  of display is much better than Braun tube
calculating unit is arranged in any manner  or a nixy tube type of display.
known per se to perform  whatever calcula-    4. The cost per unit area of
display is tion is appropriated to the particular switch  substantially
lower than that of other types 45  or combination of switches thus
magnetically  of display.                                    110 closed.
Because the reed switches are fixed to    The sectional view of Figure 3
illustrates the underside of the case 7, whereas the mag-  the general
construction used in the display net and carrier bar arrangement for switch
unit. Referring to Figure 3, 14 is a trans- operation is separated from,
and does not  parent glass base on the underface (as viewed 50  form   part
of,  the  calculator  structure  in Figure 3) of which is coated a thin
trans-  115 mechanically, the said calculator can be made  parent electrode
film  15. 17 is a thin layer very small indeed for there is no incorporated
of liquid crystal which is confined by edge keyboard. There is, moreover,
considerable  insulation 16 and is situated between the elec- consequent
economy in material and reduc-  trodes 15 and an opposed electrode film  or
55  tion in weight and cost. As will be apparent  coating on the upper face
of a second trans- 120 the functions performed by the reed switches  parent
glass plate 18. 20 is a light reflecting may be the same as those performed
by the  film  on the underface of the plate 18 and reed  switches of a much
larger keyboard  may conveniently consist of a film  of eva- actuated
calculator so that, despite its small  porated-on  bright metal. 21  and
21' are 60  size and economy, a calculator in accordance  leads between
which voltage from the driving  125 with this invention can be designed to
give  circuit 3 is applied. On application of a suit- as good efficiency,
reliability, endurance, free-  able voltage between these leads, the
electric dom  from  error and performance generally  field set up in the
liquid crystal film 17 pro- as a larger and more expensive calculator.
duces light scattering and a consequent dis- 65    The  calculating
circuit unit 2  employs  play. The electrodes are shaped as already  130
3                                           1,342,136
3 mentioned and in manner known per se to  switches is actuated, and a
liquid crystal dis- provide a numeric display so that desired  play unit
controlled by said calculating unit members, determined by the signals
applied  and adapted to display the results of the  30 from the drive unit
3 to the display unit, can  calculations thereof. 5  be displayed.
2. A calculator as claimed in claim 1 where- As will be appreciated, a
calculator con-  in the switches are mounted in different pre- structed as
above described can be readily  determined and indicated positions and are
miniaturised to such an extent as to be very  adapted each to be operated
by bringing a  35 compact, and low in weight. The power con-  permanent
magnet into the neighbourhood of 10  sumption is small, the efficiency is
high and  the position in which it is mounted. the cost is low so that the
invention enables    3. A calculator as claimed in claim 1 or 2 a
surprisingly low-priced portable and com-  wherein the switches are
magentically oper- pact electronic calculator to be manufactured.  able
reed switches.                         40 Attention is directed to our
co-pending    4. A calculator as claimed in any one of 15  specification
No.  28714/72  (Serial  No.  the preceding claims wherein each switch is
1342137) which relates to  similar subject  attached in a different
position to the inner matter.                                       side of
the case or housing of the calculator in the neighbourhood of a recess
formed in the  45 WHAT WE CLAIM  IS: -                        outer side of
said case. 



1. A portable electronic calculator compris-    5. Portable electronic
calculators substan- 20  ing  a  plurality  of magnetically  operable
tially as herein described and illustrated in switches each adapted to be
operated by the  the accompanying drawings. application of an externally
provided mag- netic field thereto, a calculating circuit unit           J.
MILLER & CO. of the L.S.I. circuit type adapted to respond          Agents
for the Applicants, 25  to perform  only of a plurality of pre-deter-
Chartered Patent Agents, mined calculations in dependence upon which
262 High Holborn, of said  switches or combination  of said
London, WC1V 7EF. Printed for Her Majesty's Stationery Office, by the
Courier Press, Leamington Spa, 1973. Published by The Patent Office, 25
Southampton Buildings, London, WC2A 1AY, from which copies may be obtained.
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miniaturised to such an extent as to be very  adapted each to be operated
by bringing a  35 compact, and low in weight. The power con-  permanent
magnet into the neighbourhood of 10  sumption is small, the efficiency is
high and  the position in which it is mounted. the cost is low so that the
invention enables    3. A calculator as claimed in claim 1 or 2 a
surprisingly low-priced portable and com-  wherein the switches are
magentically oper- pact electronic calculator to be manufactured.  able
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