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(1): .. We, SHARP KABUSHIKI KAISHA;. 2
Japanese: - Company (formerly -HAYAKAWA
Denkr. Koeyo KasusHIKI KAIsHA) of:22-22
Nagaike-cho, Abeno-ku, Osaka,- Japan, .do
hereby ‘declare the invention, for- which: we

. pray that a patent may be granted to us, and

the method’ by. which'it is to-be. performed;
to . be particularly *described in -and by :the
following statement:— .-~ "= oo
. “Fhis-invention relates to a digital. computer
apparatus, especially to a relatively small:
scale .- operation device: ~suitable. “for -.an
electronic.computer of the table type. .-

. Insa table type' electionic computer, or like
computing device, it is necessary to perform
small-scale: arithmetic processes - such:. as
decimal . point: positioning, in"addition. tothe
numerical processing. For example, addition
of the numbers of digits above -the decimal
point .in ‘operands “is. required in- multipli-
cation, - and - subtraction- of said-numbers is
required in division. In order 'to execute such
decimal - point ‘ processing, an' adder and. its
control: device are needed as in th i
normal numerical ‘processing.’ - -

... In; order-to provide for'small size and ii;ﬂg

weight, however, it is necessary: to..avoid
adding a large-scale. device for decimal: point
processing in multiplication and division and
to take care:that the device does not become
bulky. Although the use of ordinary adders
and "~ their ..co-operating devices ‘.can. .be
considered for numerical processing for. this
purpose, - a number . of “logic -gates . must
be added. to_said adders and co-operating
devices.and it is troublesome to control them.

. Recently; circuit -integration technique has
been' remarkably  developed also.in .the field
of - electronic -table computers - and . other
digital ; equipment and it tends:-'to-integrate
all circuit elements of éach block in.a:single
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semi-conductor: substrate. In accordance: with
this ‘tendency, it is proposed, for example,
to integrate the numerical processing: section
and - decimal: point processing “section: and
their co-operating sections:as a single block.
As described above, in the case of the adders

in the numerical processing section: for: the

decimal point processing: facility, - inter-
connections between the blocks are: required
and the numberof terminals of the integrated
semiconductor device - is. correspondingly
increased. This fact (increase of the number
of terminals) is undesirable .in view of
geometrical limitation of the-container.
: If, from:these circumstances; the decimal
point processing section. is provided with an
adder and its co-operating device similar to
those in the: numerical processing section, a
digital operation device of same: scale:as in
the numerical: processing - section will “be
constituted in the decimal point processing
section although only a small-scale use of this
device is required. This.is undesirable. .
: ‘Therefore, an object of this invention is to
provide an improved digital operation device
in: which the number. of .additional devices
can be considerably reduced in comparison
with conventionally: known- operation de-
vices. .
. -A further object: of .this invention is to
provide a digital operation device suitable
especially for integration of the whole circuit
and having few outer terminals when
assembled in a single-integrated circuit.
Another -object of : this invention is to
provide a digital operation.device suitable for
an electronic computer of the table type and
like computing devices and, -especially, -for
small-scale - arithmetic ‘operations such:as
decimal point.processing.. . .- . . i
According to this invention, a semicon-
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ductor . decimal point indicating device
includes ~at. least two registers . with

_one register storing numerical information
consisting-. of a2 word - or words - each -
_containing a predetermined number of digits

and the ‘other- register storing information
relating to the position of the decimal point in

‘the numerical information stored in- said .

one register; said other register including
a plurality -of pairs of transistors.each pair
connected one to the other for storing one

bit of said decimal point information, a

generator for least one set of timing signals
corresponding in number to the number of
digits and determining the boundaries of éach
word time, decimal point processing means
including logical gating circuits connected to
said generator, and connections between
said decimal point processing means and said
other register, said decimal point processing
means modifying the information stored in
the decimal point register in accordance
with the new decimal point information at the

.termination of each set of timing signals,

the modified décimal point information being
read out during a period of one timing signal
within each word time, and the position of
one timing signal in the set of timing signals

- determining the decimal point position of

the resulting information, and time sharing
indicating means connected with said gene-
rator, the last said means including decimal
point indicating - elements connected in
parallel to said decimal point processing
means and actuated by the decimal point
information at a period of one timing signal
during each word time. - - -

In order that the invention may be clearly
understood and readily carried into effect,
apparatus for use in an electronic computer
of the table type will now be described, by
way of -example, with reference to the
accompanying drawings, in which:—

Figure 1 is a block diagram representing
the structure of a conventional computer

_system,

Figure 2 is -a time chart representing a
relation between a clock pulse and a bit
timing pulse in one embodiment of the
computer system according to the invention,

Figure 3 is a time chart representing a
relation between a bit timing pulse and digit
timing pulse,

. Figure 4 is a block diagram showing the
structure of the main portion of the computer
system according to this invention, -

‘Figures 5-1 to 5-5 are diagrams for
assisting the explanation of the operation of
thie computer system shown in Figure 4,

.~ Figure 6 is a diagram representing the logic
constitution of a clock pulse control device
shown in Figure 4, - ' :

-Figures 7-1 and 7-2 are diagrams represent-
ing a logic constitution of a detector device
shown in Figure4, = .~ =~ =~ - .

. Figure 8 is a diagram’ representing a
practical circuit embodiment of decimal
point registers shown in Figure 4,

Figure 9 is a diagram for assisting the

_explanation of the operating of the circuit of

Figure 8,

Figures - 10-1 to 10-3 are diagrams re-
presenting another circuit embodiment of the
decimal point registers shown in Figure 4,

Figure 11 is a diagram representing a
practical circuit configuration of the clock
pulse control device shown in Figure 4,

Figure 12 is a diagram representing a

_circuit embodiment of the detector device

shown in Figure 4, and

Figure 13 is a block diagram representing
the structure of an indication section of the
computer system according to this invention.

Referring to Figure 1 representing the
structure of a conventional table type
electronic computer, two kinds of inputs
for controlling the whole system, that is,
information relating to numerical values
and an instruction relating to operation
processing,- are introduced in the computer
by means of an input device 1. Said input
device 1 includes a ten-key type key board 2
provided with numeral keys ““0” to “9%, a
decimal point key and operational function
keys - such as ‘“x” (multiplication), ¢~
{division) and ‘=’ (equal). The input device
1 introduces the signals relating to numerical
values and operation processing according to
selected keys pressed by an operator. The
numerical processing section of the input
device 1 is directly coupled to a first register
3 and a first decimal point register 31

-and numerical information and decimal point

information are respectively written in said
first register 3 and said first decimal point
register 31. The operation indication section
of the input device 1 is directly coupled to a
programmer 4 and a conditional flip-flop 5.
In the case of a write-in operation of two
operahds, the first operand is written in- the
first register 3 and then transferred to the
second register 6 and the second operand is
thereafter introduced in the vacant register 3.
In connection therewith, the decimal point
portions of :said two operands are similarly
written in the first decimal. point register 31
and the second decimal point register 61. A
memory 7 and a third decimal point register 8
co-operating therewith are provided for use
in multiplications by a constant number or in
the addition or subtraction of products.

- In the following description, it is assumed
for explanation purpose that the numerical
values processed in this computer system are
of binary coded decimal notation (four bits in
each -digit) and the maximum capacities of
the registers 3 and 6 and the memory 7 are
sixteen digits (4 < 16 bits). The maximum

and 61 are sixteen bits.

capacities ‘of the decimal point registers 31 -
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1 The output ¥romythe first reglster :

output - -from - the= second  register - =6
or: the . memory:'7, are both - introduced
in- an arithmetic unit 9. and - a4’ pre-
defermined operation. iS . _'e'xecuted . there-

in.: Said arithmetic . unit includes:- therein

a full adder having ‘addition . capability - of
- pure’ binary nory. an

, numbers, a carry memory ‘and
@ decimal decoding correction’ ~deévice.
Multiplication and .division: are. executed
using .- methods of repeated  addition ‘and
repéated subtraction respectively. Tt 'should
be noted, in this case, that the outputs-of the

decimal point registers 31 and. 61’ are not
introduced in the “arithmetic unit 9. A buffer

register, 10 18 ‘required for temporarily storing

a-content to be indicated and for providing'a
decimal output: for- actuating an- indication
tibe when displaying a result of an ‘operation
or a:content of the register. by the use of the
indication. tube, ‘which may be-a gas-filled
glow “discharge - tube. . Similarly, a° sécond
buffer. register 11 s provided for temporatily
storing. the decimal point information: when
'this?is"to_be'di_splaydd-.
.- The programmer 4 generates micro orders
necessary for execution of various operations
i a diode matrix system. The micro-orders
are introduced - in. the inputs, ‘of “logic gates
provided. between various” sections’ of- ‘the
device to’ control. the passage Of pumerical
information. In operation . of . said - 'pro-
grammer 4, when, for example, -several input
address.lines are provided for. multiplication
and one- of. said address lines “is- iselected,
a: plurality of-output Jines -coupled thereto
through diodes are driven to generate sevetal
Kinds. of micro orders 10 control information
transfer between related devices. - 7 i
v An -address .. counter 12 is-provided for
séquentially designating ‘the programme ad-
dress lines with the advance of the operation
processes. The conditional flip-flop -5 is pro:
vided'for . detecting properly the internal
conditions of the various devices during the
“the computation :and 'selecting

the programme address _lines: based ‘upon
its ‘detector output to generate’ micro. orders’

corresponding to the cases, thereby achieving
a. high efficiency - of operation. Further

flip-flops are provi ed

clock~ pulses used as 3. standard “of syn

and digit-timiog si

the clock pulse generator 13.and the’ decungl :

point : *processing section' - will'.-now .~
Hescribed in detail. .. Sl

. In the: embodiment berein.. described, the
clock - pulse generator 13 s provided. with
three oscillators and generates three kinds of
clock pulses g1, P2 and ¢, a8 shown in: Figure

2 having different phases. which are to:be’

and the

for detection. A clock
pulse generator 13is. provided for- generating.

introduced:in: the various regiétets“.»sSaid"clock
pulses - transfer - and ‘circulate - information
stored in ‘the- memory cells of the registers 3
“nd- 6 and in the decimal’ point_registers
31 and 61 through said regis_ter'saf;,"l‘he'-*digit
timing signals Ty, Tos - o™ ~T,, inFigure 3
tepresent a time: scale indicating: weights’ of

-digits'in the case of viewing the information

serially circulating. through the -registers " at
the ‘output terminal 'of said : registers -and

‘designate thie boundaries’ of each word ‘tilme

(16 - digits ‘i’ eacht ‘word). “The - bit  timing
sigals ty, tp, ty'and t, indicaie weights 8,4,2

and 1, respectively, in each digit. As shown'in
Figures 2-and-3; the duration of ‘one: digit

timing signal includes four bit timing 'signals

and ‘the- duration of “one' bittiming’ -signal
includes three: clock pulses. ¢1, $2 and -¢3-
However, ‘these three: kinds: of iclock -pulses
are-pot -always ‘required “according 10" circuit

configuration of the memory cell.- >
*"he ‘relation between the: decimal,
registers: 31 and - 61 . and: the: clock ~pulse

- generator 13, will now be:described :in detail.

"' Figute ‘4: represents: a “scheme ‘of 'a digital
operation’ device ‘according to this-invention.
First ‘and: second ‘decimal-point ‘registers31
and 61+ are respectively: composed: of sixteen
miemory - cells (flip-flops)- ‘corresponding 10
sixteen bits and ‘connected” in cascade. Since
the structural ¢1¢ments"-"oﬁ'.='ea’:ch cell ‘cannot
s_fedre‘--infonnationtsemi-perman'endy and:their
storage - time: is- limited, they circulate: and
keep: the inforn tion transferring :/suc-
cessively. to the ‘next structural -elements
and may be described -as' dynamic registers:
However, both :decimal - : poinit: - registers
operate “so -that :only one ‘of ‘the emory
‘cellsds: in ‘an " opératio  state -(memory
state) different ‘from. those of all'of the -other
imemory cells: Of course, the bit position ‘of
said memory cell in the different operational
state is made 1o correspond -to a nurieri

value to bestored. The: clock: pulses ¢y, $2
and ‘3 can shi -the content of said memory
cell in’ the :different: operational: state 10
another - memory --cell corresponding : 10
another bit: position:.:If-a set of clock ‘pulses
¢, #oand ‘3 inclided -in- one. bit -time
are.introduced in 2 register, the bit position
corresponding " to said memory ‘cell- in the
operational state different :from " the others
becomes shifted to-the next’by one bit. Under

A the circumstances that-the bit position of said
odifies . memory cell:of the different operational state

is made:to correspond to the numerical value
to be stored, therefore, the above-mention:

-introduction of the clock -pulses- results in 2
e - change of the numerical - value’ stored in"the
- register- Accordingly, it is also possible to

part an operational function without use of

~impa
conventional ‘adders if ‘the number”.of: clock

‘pulses is appropriately made to correspond:to
the . numerical . value’ stored as-an’-operand

in the register. In.practice; however.-it7is:a
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problem how the number of clock pulses is
controlled to execute addition or subtraction
of the numerical value as an operand with
respect to the numerical value already stored
in the register. -

A clock pulse control device 15 controls
the number of clock pulses ¢,, ¢, antd ¢ to be
introduced in the registers 31 and 61 by
interrupting the clock pulses for a specific
time interval of which the length is
determined in accordance with a sort of
addition and subtraction and the value of an
operand. Therefore, said clock pulse conirol
device 15 is supplied with the original clock
pulses from the clock pulse generator 13, an
operation instruction such as an addition or
subtraction command and a signal relating to
the operand. A. detector device 16 is provided
for deriving a detector output which
designates how the numerical value stored in
the first decimal point register 31 is added
to or subtracted from the numerical value
stored in the second decimal point register
61. In practice, it-detects in what kind
of -operational state the memory cell
corresponding to the least significant bit
position in the first decimal point register is.

A simple example of a calculation will now
be given with reference to Figure 5. All of the
memory cells in the register 31 respectively
take either of only two states, that is, binary
“0” to “1”". For example, it is assumed that
the above-mentioned operational state dif-
ferent from the others is binary “1°°, the bit
position of the memory cell at the right-hand
end of the register has the least significant bit
x, and the position of the memory cell at the
left-hand- end of said register has the most
significant bit x,,. Moreover, it is assumed
that, if the set of clock pulses ¢,, ¢, and ¢; are
introduced in the register, the content of the
memory cell storing binary ““1” is shifted to a
less significant bit position. o

Referring to Figure 5-1, it is defined that:
when only the memory cell corresponding to
the least significant bit x, stores binary “1”,
the register 31 stores decimal ““0”; when only
the memory cell corresponding to the second
bit x, stores binary “1”, said register 31
stores decimal “1”’; in a similar manner,
the successive decimal numerals stored in
the register is made to correspond to the
successive bit positions storing binary “17;
and, at last, when only the memory cell
corresponding to the most significant bit
X, Stores binary “1”°, said register 31 stores
decimal ‘157, .

Now, referring to Figure 5-2, consideration
is made about the case of addition X + I,
where X generally indicates a decimal
numeral stored in the register 31 and, in the
present case, decimal ‘2” is stored in said
register and X = 2. According to the
connection with the registers in the numerical
processing section, practical design is so

arranged that only one Set of clock pulses ¢,,
¢, and ¢, are introduced in the register of the
decimal point processing section during the
duration of one digit timing pulse, that is, the

clock pulses ¢, ¢, and ¢; are introduced in

the register 31 during only the duration of the
bit timing pulse t,. Therefore, the bit position
in the operational state different from the
others is shifted by one bit in response to the
introduction of the set of clock pulses at each
lapse of the digit timing pulse. Moreover, the
operation is executed by controlling not all
but one of the set of clock pulses ¢;, ¢¢
and ¢;. Only a clock pulse controlled by the
control device 15 is shown in the drawings. If
a binary information “1” is intended to
be merely circulated at a period of one
word-length time, only one clock pulse is
enough to be introduced during each digit
time. However, in the case of such addition as
X + 1, it is necessary to introduce fifteen
clock pulses in the register 31 during
one word-length time and to interrupt the
introduction of clock pulse during only one
digit time. Thus, the content of the memory
cell having stored binary ‘1 is shifted to the
fourth bit position and this results in storage
of decimal “3” in the register 31 and in
completion of addition of one.

Figure 5-3 is illustrative of the case of
subtraction, X - — 1, where X = 2. By
introducing the clock pulses in the register 31
during only one digit time, the content of
the memory cell having stored binary “1”” is
shifted to the bit position corresponding
to the second bit x, and this results in
completion of the subtraction. .

Figure 5-4 is illustrative of the case of
addition, X + Y, of information stored
in both the registers 31 and 61, where
X indicates a decimal numeral stored in the
register 31 and Y indicates that stored in the
register 61 and, in the present example, X =
3 and Y = 4. It is particularly necessary
in this case to make a connection with
the output of the detecting device 16. The
detecting device 16 detects whether or not
the memory cell corresponding to the least
significant bit in the register-31 stores binary
“1” and, if the detection is ‘“YES”, produces
a detection output G continuously from the
beginning of the associated digit time to the
termination of the word-length time. In the
above-mentioned case where the decimal ““3”
is stored in the register 31 and decimal “4”

is stored in the register. 61, an addition .

command is applied to the clock pulse
control device 15. Binary 1 appears from
the lowermost end of the register 31 only
during the time interval wherein the digit
timing pulse T, exists and is detected by
the device 16. The result is that the detector
output G is derived during the time interval
from the digit timing pulse T, to the digit
timing pulse T,q. If an addition command is
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2 "generated and the clock pulses ar' -arranged.
to: be- introduced .in: the register 61 only
.dunng the duration of the detecto

utput'G;
thirteen clock pulses in. total .are. introdiiced

- in said’ register:61 during one’ word-length
‘time. When 'such number of clock pulses are

introduced, .the content of the memory cell

storing binary ““1” is shifted toward the least
‘significant 'bit position, return
 -significant . bit position. any
‘teaches the eighth bit position corresponding

1o the: most
the. result,

to :the bit xq." This means completlo 1 of the
addition; X + Y = :

L Fxgure 5-5 ﬂlustrates ‘the case of, subtrac-
15 -
. . -subtraction command is generated” and.the

- clock pulses are arranged to be introduced in

tion, Y '~ X, whereY—4andX—3 df a

the register 61 only during the time interval
wherein the detector-output G doés not exist,
three clock “pulses in’ total are introduced:in
the. register 61 during one word-léngth’ time

and, in the result, the content of the memory .

posmon corresponding to-the second bit: X,.
That is to say, :desired. operational function
can ‘be obtained "if the. clock pulses -are

cell storing binary ‘1" is shifted; to the. bit

_ .arranged to be, introduced only ‘during the
:time interval wherein the detector’ output G
.exiéts in the case of addition and the output

G does not exist in the case of s btxactlon
. Figure 6 represents a logic’constitution of

the clock ‘pulse control device15.. It is

R : provxded with an AND gate 1710 be. dnven
L35

into * binary:. condition “*“1”* ‘in’. response to
application of the addition command and. the

_ detector output 'G, ‘an"AND gate 18 .to: be
operated -in ‘response. to apphcauon of .the.

subtraction” command® ‘and . the - detector
output’ G and ‘an. OR’ gate 19 havmg the
outputs of said both AND gates as its iputs,
The output ‘of said OR gate is apphed to:an
inverter 20 and the output of said inverter.20
and a'signal t,¢, from the-outside are applied
to.an OR. gate 21. That'is, what is controlled
by the clock -pulsé :control - device - 15 - is
only ‘the clock pulse: ¢; generated ‘during the
duration of ' the ‘bit’ timing pulse -t The

output’of the OR gate 21 in thela t';'stage is
mtroduced ‘in the :clock pulse input of " the
second -decimal point register 61. On-the
contraty, if the operatxonal result-is. requlred
to.be-introduced in- the first® decimal: point

régister 31, the detector~ device' 16: may, be

connécted to the register 61 and the output of

- "the OR gate 21 may be mttoduced in ‘the
* register 3L ' g

‘Referring - to. Flgure 71 representmg, he
loglc constitution of the detector: device. 16,
there are provided an OR gate 22 having the

- addition-and: subtraction commands ;a5 1ts

mput -and ‘ani- AND' gate 23 having its
inputs both the output of said OR gate da

~signal x; denved in response: to'a’storage ‘of
binary '1” in the memory cell correspondmg
. 1o, the least: sxgmhcant bit position ,of ‘the

reglster The output of sald AND gate 23

is -supplied . to ‘the  set. input - terminal  of'.a

flip-flop . 24 of | RS-type, . whose : reset: mput-

terminal is supplied, with the .digit- timing
signal T,¢. When & ﬂlp-ﬂop 25 of D-type: as
shownin.Figure. 7-2 is used,-an operational
function similar to the above can. be obtained
by .adding: .an /AND gate. 26 -having as .its
inputs .its-own “output. and the digit timing
signal - Tg,since® it -has'. no:. reset.. .input
terminal. ‘That is, in response to incoming .of
the digit timing signal Ty, the feed-back:loop
including. the AND gate 26, 1s,cut off and a
reset condition:is.obtained; .

- The. writing: operation-. of: decunal pomt-

mformatton in -the decimal *point- régister
is; cartied ont. in ‘the : followmg manner. Just
after.. starting : the - -operation, “the- reglster
is. cleared and: bibary:‘*1” is stored- in, the
position correspondxng to. the least significant
bit . X,..- Then; " .the .decimal -point’ key ‘is
depressed to: prepare for:: the- shift -of - said
binary '17.; If the numeral keys are: -pushed
twice after the. operation of the decimal point
key, said. .binary *‘1”? should. be shifted to :the
position. correspondmg to-.the third - bit-Xs.
Therefore;-the. numerical -value .to be stored
should - be -changed -in: accordance .with -the
number of. depressxons of the numeral keys
after the operation of the decimal point key.
Thus, if the number of additions of X+ -1
is. previously.“caused - to’ -correspond.-to ithe
number. of . -depressions -of ‘the-numeral. keys
following the. decimal.: point : key: utilizing
addition of X.+"1 as shown in. Figure 5-2; the
decimal point information is written-in. the
register; According to the above constitution,
therefore; conventional adders are:no longer
requlred &

- Next, the above-mentloned dev:ces w1ll
be.described in deétail referring to. an emibodi-
ment.constituted: using - MOS type field ‘effect
transistors which .are : advantageous for the
integration .of, cn'cults R

«Referring; 10 - Flgure 8 representmg ‘a
practlcal circuit:configuration. of :the- dec:mal
point register 31, MOS field ‘effect transistors
are. used as; the structural elements: . Each
MOS . ‘field, effect: transistor is: used:as a
temporary storage cirduit- .of low. power
consumption. storing. ‘information: in its: gate
internal capacitance as an .-electrostatic
charge; in.view of its inherent feature; of very
high internal .capacitance :between - the : gate
and - the. .substrate -and: very ‘high: :input
impedance ‘between ' the. gate and. the source.
The - broken - ling: blocks: 27 in-:Figure 8
are. memory- :cells - - AD-typ
corresponding .- to the - respective : bits - and
havmg the same’ circiit: configaration. For
example, the memory-cell - corresponding: to
the- second- bit X, will be:déscribed now.
All .-of ..the  MOS " field: - effect . transistors
constituting the respectlve cells are; P-channel

type.
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Two field effect transistors 41 and 42 have
inherent stray capacitances between their gate
electrodes and substrates and store elec-
trostatic charges corresponding to inform-
ation pulses so as: temporarily to store
the information. The gate electrodes thereof
serve as respective information pulse input
terminals, the source electrodes are con-
nected to ground and the drain electrodes are
connected through the under-mentioned load
resistors to a potential {negative) source 30.

The drain electrode of the first-stage
transistor 41 is connected in cascade through
a transistor 44 to the gate electrode of
the second-stage transistor 42 and a charge
stored in the first-stage is transferred to the
gate internal caﬂicitance of the second-stage
with inverted p
the second-stage transistor 42 ‘is connected
through a transistor 45 to the gate electrode
of the first-stage transistor 41 to provide a
feed-back path of the information. Thus,
the information can be circulated and stored
through both the transistors 41 and 42
and the transistors 44 and 45 constituting the
transmission paths between said transistors.

The transistors 43, 44 and 45 respectively
operate as switching elements in response to
the clock pulses ¢1, ¢, and ¢, having different
phases. The clock pulses ¢,, ¢, and ¢, are
mtroduced in the respective gate electrodes
and ‘the source-drain paths are respectively
inserted in control lines to be switched. Field
effect ' transistors 46 -and 47 connected
respectively to the drain electrodes of the
transistors 41 and 42 operaté as load resistors
of the storage elements.” The transistor 43
serves as a switching element for controlling
information transfer between the bits.

Now, an operation of the above-mentioned
circuit will be described referring to Figure 9.
Whether the memory cell is storing binary
“1” or “0” is decided according to whether
the second-stage storage transistor is con-
ducting or cut off. Now, it is assumed that the
memory cell corresponding to the third bit x,
stores binary ““0”, that is, the second-stage
storage transistor of the memory cell
corresponding to the bit x; is in the cut-off
state. In this case, therefore, an output signal
of negative potential is derived from said
memory cell. : :

If the clock pulse ¢; of negative level is
introduced in the gate electrode of the
transistor 43, 'said transistor is turned on and
the input signal is transferred to the point A
as it is. Since the input signal has a negative
level, a negative charge is stored in the gate
internal capacitance of the storage transistor
41 and at the same time, said transistor 41
is driven into conduction. At this timhe, the
drain electrode of the transistor 41 is at zero
potential. The input information is conserved
by the gate internal capacitance: while
discharging at a time constant determined by

se. The drain electrode of’

the PN junction leaKage redistance and the
gate internal -capacitance of the ‘switchihg
transistor 44.until the next clock. pulse ¢, is
applied. - '

-When the clock pulse ¢, is introduced in
the gate electrode of the switching transistor
44, said- switching transistor 44 is turned on
and a potential at the point B is transferred to
the point C as it is. Since the point B was at
zero potential, however, no charge is stored
in the gate internal capacitance of the storage
transistor 42. Therefore, said storage trans-
istor 42 is in the cut-off state and the point
D is maintained at a negative potential.
Accordingly, the memory cell corresponding
to the bit x, stores binary “0” in this state
and the operational state of the first-stage
memory cell has been transferred to the
second-stage memory cell in response to
introduction of the clock pulses ¢, and ¢,.
In the case the first-stage memory cell
corresponding to x; stores binary “1”
contrary to the other memory cells, the
memory: cell corresponding to x, turns to the
state of “1” similarly. _

If the clock pulse ¢, is applied thereafter,
the feed-back path from the second-stage to
the first-stage is closed for the first time and
the potential at the point D is returned to the
point ‘A and kept temporarily in the gate
internal capacitance of the first-stage. That is,
a negative charge is again stored in the gate
internal capacitance since the drain terminal
of the second-stage was at a negative
potential: : o

After that, if a new information pulse is

applied at the time of introduction of the
clock pulse- ¢,. a new’' memory -coatent
corresponding to the input information is
conserved without connection to the memory

-content ‘of the first-stage. In the case of

absence of new input information, it is
transferred * again to the gate internal
capacitance of the second-stage in response
to introduction of the next clock pulse. By
this repetition, the information of one bit is
stored statically. In addition, the gate internal
capacitance has its discharging paths, at the
time of the interruption of the control pulse,
through the gate and source electrodes to
ground and through the switching transistor
i open circuit to ground. However, these
paths exhibit high impedance and block
quick dissipation of the information.

The clock pulse ¢, controlling information
transfer between the bits is controlled by the
clock pulse control device 15 only during the
duration of the bit timing signal t,. The other
clock pulses ¢, and ¢, are required to be
always applied periodically in order to
prevent dissipation of the information.

Figure . 10 represents modified em-
bodiments of the memory cell of the
decimal point register 31. Referring to
Figures 10-1 and 10-2, there provided  are
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three  ‘storagd transistors ' 51; 52 and <53
and three switching transistors: 54, 55 and 56
controlled by two: clock. pulses o1 and- ¢y,
Two  clock -pulses are sufficient for. this

- case in contrast- with . the ‘above:mentioned
- embodiment, but operation.of the circuit is
- quite similar. The transistors 57,58 and .59
:serve as! load resistors for the’ transistors

..'51,75%-and- 53, respectively. . The- modified

R

30

s

10 . ‘etmbodiment shown in Figure-10-3 -includes
-+ two storage -transistors-71 and 72 and“two

switching. transistors' 73 and:74. Since ‘this

embodiment somewhat. differs “from . the
. - memory cells in.the above-mentioned em-
15 -
. .-canmot execute an apparently static ‘storage:
. ‘Transistors. .75 and- 76 ' operate as. load

bodiments and has: no feed:back path;: it

resistors. . L
Figure 11 represents. a .practical’ circuit

‘configuration of. the clock ‘pulse control .

device 15 using'MOS field effect transistors:
An AND gate 17 surrounded by abroken
line block is driven for. the:first time: in
response to the - detector output G. and
an addition command. Transistors 81 and 82
operate as-gate elements. The gate.electrodes

. . thereof are connected ‘to input sources; the
i source electrodes are-connected; to ground
“and the drain electrodes are:connected in

common through -the undermentioned - load
resistance to a potential (negative) ‘source
30. A transistor 83 -operates as an: output

- element. Though the gate circuit thereof itself
~--is well known in-the art, some explanation

- will be given below..=. .

.. If both the détector output -G and: the
- ‘addition command are at zero potential,‘both -
- transistors 81 and 82 do not conduct and-the

gate electrode of the output.transistor. 83: is
-maintained at a negative potential. Therefore,
-5aid transistor 83 conducts and the potential
~of its drain_electrode is raised to :nearly

zero -potential. “Thus, - the igate output

corresponding - to' ‘binary’ “1°% is -derived. .
“Transistors . 84 and. 85 .operate ' as :‘load
-Tesistors. On the other hand, an AND gaté.18
operates in response to the detector output'G -

and"a -subtraction.. command and transistors

- 91,92, 93 and 94 ‘which ‘are the structural -
elements thereof operate in- correspondence, .
with the above-mentioned AND gate 17. The : -

- drain electrodes of the output ‘transistors 83
- :and 93-are connected.in common to the gate °

.. . electrode of a transistor 101 in an inverter 20

'+~ in the next stage. By use of such connection, .

;- the OR gate 19 in“the logic constitution of:

-Figure 6 can be-omitted. This is a.so-called

. ‘wired \OR gate.-A section surrounded by a"

‘broken 'line ‘block - in the laststage ‘is an
OR gate 21. Transistors 111 and 112 and.
a transistor 113 respectively operate as gite - ]

.elements and an output element. It is noted - " transistors 141 and: - 142, - thiree. .switching

that ‘the clock pulses ¢, '¢,-and ¢, are .

negative pulses when ; the: OR :gate 21 is-

operated.

+ When the drain electrode ofthe inverter

transistor- 101 is at:a 'negative potential, that -

is;'when the conditions.of the detector. output
G.: and -the addition:-:command: or' the

conditions ‘of the: detector ‘output .G and. the

subtraction command- are: fulfilled, : the :gate
electrode. of the:: transistor: 111 idirectly «
coupled thereto has a negative potential and
the: transistor 111 is- driven ‘into conduction.
On the other hand, since the transistor. 112 is
also -driven into' conduction- when the:clock
pulse ¢;:is generated; the gate electrode of the
output transistor 113 is led to zero potential.
Accordingly, the transistor 113. is .cut. off and
the: drain-electrode thereof -drops downto the
negative potential. This: results:in the clock
pulse ¢, ‘appearing. as-it-is from the drain
electrode - without - interruption.. - Since - the
system is-being described as a positive logic
system :throughout this Specification-with ‘the
zero potential corresponding to binary- ‘11>
and.the ‘negative potential to. binary.““0”, this
state corresponds-to two inputs of ©‘0” and an
output of 07, - Sl b e
= If the -condition is not-fulfilled and :the
drain. electrode of the: inverter transistor 101
becomes: zero potential, however, the. trans-
istor 111-is.cut off:and the output transistor
113~ inverts :into- conduction. :Therefore, -the
drain electrode of the transistor: 113 is raised
to:Zero potential and the clock:pulse ¢; is not
received:-from - the | drain . electrode. in spite
of the fact . that: it is.generated. This state
corresponds to a state’ wherein -one input is
1", the other inputs;are ‘0" and the output
is. “1”,-and clearly-indicates a: function. of
OR gate. Transistors- 102, 114.and 115 serve
as load resistors. . L o
+{Figure:12 represents a practical circuit
configuration -of .the detector -device 16
similarly- using: MOS field effect transistors.
An ORgate 22 surrounded by & broken line
block - includes a’ gate: transistor 121 :having
the addition. command as an:input; a gate

_-transistor: 122 having .the subtraction -com-
‘mand as:aninput, an': output transistor

123 and-two transistors. 124 and 125 for load
resistors; - and jts -operation is of the samé
type. as the -above-mentioned OR gate:-21.

~An-AND . gate 33: following the OR gate

22:includes a gate transistor 131 having the
output ‘of ‘the. first-stage -OR gate 22 as .an
inpitt, ‘a- gate trapsistor. 132 having the. least
significant bit x; of the decimal point register
as.an input, an output transistor 133 and two

 transistors 134 and 135 for load resistors. The

output of . said AND: gaté :is introduced in
a. D-type -flip-flop 36 for detection. This

- flipflop - 36 has- a . circuit . configuration
‘substantially the same as that of the memory

cell of the register: and: includes two storage

transistors 143, 144 and 145 and: two load
resistor. transistors. 146 -and - 147. An AND

- gate 37 jincludes a gite transistor 151 having
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the digit timing signal T,; as an input, a
gate transistor 152 having the output of the
flip-flop 36 as' an input, an -output transistor
153 and two load resistor transistors 154 and
155. These gate circuits are well known and
the ‘operation of the whole detector device
should be easily understood from the above
description.

Interruption of the clock pulse determining
the propagation speed of information in the
registers for a specific time interval neces-
sitates variation of the frequency or penod of
the clock pulse.

Although registers of the circulation type
{so-called dynamic register) using supersonic
delay lines have been known in the art, said
delay lines have their own inherent propag-
ation speeds and the propagation speed
of information has been considered to be
impossible to change in response to.external
signals. - In a register having MOS ficld
effect transistors as the structural elements,
however, since the MOS field effect trans-
istors preferably exhibit very high imped-
ance, its possible storage time extends to
several seconds and the frequency of the
clock pulse can be arbitrarily changed from
one kilocycle to several megacycles. The
above-described computer device has been
completed upon the principle of changing the
frequency of the clock pulse which decides
the propagation speed of information.

Figure 13 represents a block diagram of a
display device ‘in which a decimal point
indicating section is also included. While the
display tubes to be used may be either of
the glow discharge type or of the fluorescent
type, the apparatus will be- described in
connection ‘with the latter. A display tube
of the fluorescent type is a directly heated
cathode ray tube and becomes luminescent
when thermions collide with a plurality of
phosphors arranged -in a plane. A thermion
emitting filament, phosphor anode electrodes
shaped to character patterns to be displayed,
and - an accelerating and diverging -grid
electrode arranged therebetween are sealed
in a tube envelope. If a suitable voltage is
applied to heat the cathode filament in such a
display tube, thermions are emitted toward
the phosphors. The thermions are accelerated
and caused to diverge by the grid electrode
and then uniformly collide against only thé
phosphors on the anode-electrodes to which

an operation  voltage is applied to "excite -

said phosphors. Luminescence control is
controlled by making the potential of the grid
electrode neatly equal to the potential of the
cathode _(filament potential) to cut off
display tube. The device in the drawing
is based upon a dynamic.indication system
utilizing such luminescence control by means
of the grid electrode. .

For indication of the numeral portion, the
digit timing Signals T2, 'Ts, " e T16 and Tl‘

are supplied to the grid electrodes of the.

respective display tubes 63 from a digit time
counter 65 and information signals obtained
by decoding the information in a first
dynamic register 3 of the numerical process-
ing section in synchronism with the digit
timing signals, are supplied to the anode
electrodes from a decoder circuit 64, so that
both the signals co-operate in the respective
tubes' to indicate numerical character -pat-
terns.

The mformatlon (binary coded decimal
number of 16 digits) in the first dynamic
register 3 is circulated as being shifted in time
through an arithmetic unit 9. However,
the arithmetic unit 9 does not perform an
arithmetic function during the display cycle
since no other input is applied thereto.

Said information in the register is supplied
through a buffer register 10 for indication to
the decoder circuit 64. The respective digit
positiops of the information in the first
dynamic register 3 appearing -at the arith-
metic unit 9 are such that the digit timing
signal T, corresponds to the first position
{least significant.bit position), the digit timing
signal T, corresponds to the second position,
and the digit timing signal T, corresponds
to the sixteenth: position (most significant
bit position). The binary information in the
register is converted in the decoder circuit
64 into decimal outputs (allocated
respectively to the decimal digits 1 to 9)
to select the anode segments constituting the
respective numeral patterns to be indicated.
A bit time counter 66 generates the bit timing
pulses t,, ty, t; and t,.

Since a decimal point reglster 67 stores
binary ‘1" in only one memory cell thereof
and its bit position always,corresponds to the
numerical value stored in the register, the
time at which the register output ““1”* appears
coincides with said numerical value stored in
the register. That is, when the register output
appears during the digit timing signal T,, the
decimal point register 67 stores a numerical
value 07, and, when the register output ap-
pears during the digit timing
stores a numerical value “2”. Accordingly, if
the decimal point segments of the respective
display tubes are connected in common, the
position of the decimal point can be simply
indicated without use of the decoder circuit
64, and the driving circuit for decimal point
indication can be remarkably simplified. A
buffer register 11 is prov1ded for delay by one
digit time.

: WHAT WE CLAIM.IS:—

-1. A semiconductor decimal point indicat-
ing device including at least two registers with
one register storing numerical infor-
mation consisting of a. word or words
each containing  a predetermined num-
ber of digits and the other register

signal T,, it
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the digit timing signal T, as an input, a

- gate transistor 152 having the 'Gutput of the

flip-flop 36 as an input, an output transistor
153 and two load resistor transistors 1
155. These gate circuits are well k

should be easily understood from the above
description. N
Interruption of the clock pulse'determining
the propagation speed of information in the
registers for a specific time interval neces-
sitates variation of the frequency-or period of
the clock pulse. UL
Although registers of the circulation: type
{so-called dynamic register) using supersonic
delay lines have been known in the art, said

delay lines have their own inherent. propag-

ation speeds and the propagation ' speed

of information has been considered fo be
se to external -

impossible to change in respon: textern
signals. In a register having:"MOS-;field

effect transistors as the structural ¢lements;,
however, since the MOS field effect trans--

istors preferably exhibit very high imped-

ance, its possible storage time. extends to-
several seconds and the frequency of the.

clock pulse can be arbitrarily changed from
one kilocycle to several megacycles.: The
above-described computer device “has :been
completed upon the principle of changing the
frequency of the clock pulse: ‘which decides
the propagation speed of information. -

. Figure 13 represents a block diagram of a.

display device in which a decimal ‘point
indicating section is also inchided. While the

. display tubes to be used may be either of
the glow discharge type or of the fluorescent’

type, the apparatus will be. described in
connection with the latter. A display tube
of the fluorescent type is a directly heated
cathode ray tube and becomes. luminescent

when thermions collide with a- plurality of
1€:-A - thermion.
emitting filament, phosphor anode:electrodes.
shaped to character patterns to, be displayed,’
and an accelerating and diverging . grid

phosphors arranged in a plan

electrode arranged therebetween are sealed
in a.tube envelope. If a suitable- voltage is
applied to heat the cathode filament in such a
display tube, thermions are emitted toward

the.phosphors. The thermions are acceleratéd.
and caused to diverge by the grid: electrode.

and then uniformly collide against -onl
phosphors on the anode electrodes’
an. operation voltage is applied- to. ex
said . phosphors. Luminescence “control

controlled by making the potential of the grid:

electrode nearly equal to thé potential of
cathode (filament potential) “to'ci
display tube. The device .in:'the. draw
is based upon a dynamic indication. syst
utilizing such luminescence control by mi
of the grid electrode.
For indication of the numeral:
digit timing signals T,, T,, .

are supplied to the grid electrodes of the

.respective display tubes 63 from a digit time
scounter 65 and information signals obtained
d by decoding the information in a first
- kn and- . dynamic register 3 of the numerical process-
the operation of the whole detector device.

ing section in synchronism with the digit
timing signals, are supplied to the anode
electrodes from a decoder circuit 64, so that

‘both the signals co-operate in the respective

tubes to indicate numerical character pat-
terns. :

The information (binary coded decimal
number of 16 digits) in the first dynamic
register 3 is circulated as being shifted in time
through an arithmetic unit 9. However,
the arithmetic unit 9 does not perform an

.arithmetic function during the display cycle

‘since no other input is applied thereto.
Said information in the register is supplied

.through a buffer register 10 for indication to
_1he decoder circuit 64. The respective digit
“positions of the information in the first

dynamic register 3 appearing at the arith-

.metic unit 9 are such that the digit timing
.signal T, corresponds to the first position
‘(léast significant bit position), the digit timing
“signal T; corresponds to the second position,

and the digit timing signal T, corresponds

-to the sixteenth position (most significant
" bit position). The binary information in the

register is converted in the decoder circuit
64 into decimal -outputs {allocated

_respectively to the decimal digits 1 to 9)

to select the anode segments constituting the

- respective numeral patterns to be indicated.
A bit time counter 66 generates the bit timing
-pulsesty, ty, t; and t,.

Since a decimal point register 67 stores

‘binary. “1”” in only one memory cell thereof
‘and its bit position always corresponds to the
‘numerical value stored in the register, the
"time at which the register output “‘I’’ appears
"coincides with said numerical value stored in
:the register. That is; when the register output

appears during the digit timing signal T,, the

‘decimal point register 67 stores a numerical
- value “0”, and, when the register output ap-
- pears during the digit timing signal T,, it
.stores a numerical value *“2”. Accordingly, if
:the decimal point segments of the respective
+display tubes are connected in common, the
position of the decimal point can be simply
yindicated without use of the decoder circuit

, and the driving circuit for decimal point
indication can be remarkably simplified. A
buiffer register 11 is provided for delay by one
digit time. B

"WHAT WE CLAIM IS:—

1. A semiconductor decimal point indicat-
ing device including at least two registers with
‘one register storing numerical infor-

. 'mation consisting of a word or words
. each containing a predetermined num-
‘ber of digits

LTS

and the other register
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storing information relating to the pos-
ition of the ‘decimal point in the numerical
information stored in said one register, said
other register including a plurality of pairs of
transistors each pair connected one to the
other for storing one bit of said decimal point
information, ; a: generator for generating at
least one set of fiming signals corresponding
in. number :to . the number of digits and
determining the boundaries of each word
time, decitnal point processing means includ-
ing Jogical gating circuits connected to said
generator, and connections between said
decimal point . processing means: and said
other register, said decimal point processing
means modifying the information stored in
the decimal -point register in accordance
with new decimal point information at the
termination of ‘each set of timing signals,

the modified decimal point information being -

read out during a period of one timing signal
within each word time, and the position of
one timing signal in the set of timing signals
determining the decimal point position of

the resulting information, and time sharing

indicating means connected with said gene-

rator, the last said means including decimal
point indicating elements connected in
parallel to said decimal point processing
means and actuated by the decimal point
information at a period of one timing signal
during each word time. = -

2. A device, according to claim 1, in which
said transistors are MOS field effect trans-
istors connected in cascade and said one bit
of decimal point information is capacitively

.stored in the capacitor formed between

each gate electrode and the substrate of each
transistor.

3. A semiconductor storage device sub-
stantially as described with reference to the
accompanying drawings.
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