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[57] ABSTRACT

Continuous power and a high rate clock are supplied
to a calculator while it is in an execute mode and is
actually decoding and processing input information,
but lower duty cycle power and lower duty cycle clock
pulses are supplied during the subsequent display
mode, when the only requirement is to maintain and
display selected information resulting from the exe-
cute cycle, so as to reduce the power consumption
rate as compared to the rate during the execute mode.
If there is no new execute mode within a selected time
interval, the display is turned off and the duty cycle of
the power and the clock supplied to the calculator are
lowered still further so as to maintain (without dis-
playing) selected stored information but to further re-
duce the rate of power consumption.

15 Claims, 3 Drawing Figures
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REDUCING POWER CONSUMPTION IN
CALCULATORS

BACKGROUND OF THE INVENTION

The invention is in the field of calculators employing
dynamic storage of information and dynamic display of
stored information, and specifically relates to calcula-
tors of this type in which the rate of power consump-
tion is of concern, such as in hand-held calculators
which are battery powered.

Calculators of this type typically have three alternate
operating modes. There is an execute mode during
which input information is decoded and is arithmeti-
cally and logically processed in accordance with either
input or stored commands to provide selected pro-
cessed information. The execute mode operation is
typically followed automatically, without operator in-
tervention, by a display mode in which selected pro-
cessed information is displayed. When selected new
information is entered, there is a new execute mode
operation followed by a new display mode operation. If
there is no new execute mode operation within a cer-
tain time interval, the calculator automatically goes
into a display inhibit mode (alternately called blank-
ing), in which the relevant information is no longer
displayed, but is maintained in storage so that it can be
again displayed if needed.

A typical calculator of this type (disclosed in White
et al. U.S. Pat. No. 3,781,852) operates at full power
during all three modes of operation, the only power
reducing scheme being that the display is not driven
during the display inhibit mode of operation. A some-
what different approach is disclosed in Bogert et al.
U.S. Pat. No. 3,453,601 where a calculator is clocked
at a high frequency during its arithmetic mode opera-
tion to ensure high calculating speed but is clocked at
a lower frequency and low duty cycle during its subse-
quent display mode operation in order to reduce power
consumption. However, the Bogert et al. system has no
display inhibit mode of operation and has no special
provisions for applying power to the calculator at dif-
ferent duty cycles during different modes of operation.

SUMMARY OF THE INVENTION

An object of the invention is to reduce the power
consumption of calculators, and particularly of hand-
held calculators which are battery powered, by supply-
ing to the calculator only as much power as actually
needed for each different mode of operation and by
clocking the calculator at a rate which is only as high as
actually needed for each different mode of operation.

The invention is applicable to calculators which have
three different modes of operation: an execute mode in
which input information is decoded and is processed to
derive and dynamically store selected processed infor-
mation, a display enable mode in which selected stored
information is maintained in dynamic storage and is
concurrently dynamically displayed, and a display in-
hibit mode during which selected information is main-
tained in dynamic storage but is not displayed. Each
execute mode operation is typically initiated by infor-
mation keyed by an operator through a keyboard and
includes decoding the keyed information, any calcula-
tions such as addition, multiplication, etc. and storing
of any resulting information in dynamic storage. Once
the execute mode operation is completed, the calcula-
tor automatically goes into a display enable mode,
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without operator intervention. In accordance with the
invention, the power supplied to the calculator during
each execute mode operation is at a high duty cycle
(e.g., continuous power) and the calculator is continu-
ously clocked with a high rate clock, so as to minimize
the duration of the execute mode operation and quicky
provide the information sought by the operator.

During the display enable mode operation which
follows each execute mode operation, the decoding or
calculations results are displayed dynamically. If cer-
tain new information is keyed in during the display
enable mode operation, the calculator goes into a new
execute mode operation, which is followed by a new
display enable mode operation. If no such new informa-
tion is keyed in for a certain period of time during the
display enable mode operation, the calculator automat-
ically goes into a display inhibit mode operation, with-
out any operator intervention. In accordance with the
invention, the duty cycle of the power supplied to the
calculator during each display enable mode operation
is lower than the duty cycle of the power supplied dur-
ing the execute mode operation, e.g., the calculator is
supplied with a chopped voltage at a one-fourth duty
cycle. Further, the duty cycle of the clock pulses sup-
plied during the display enable mode is lower than the
duty cycle of the clock pulses supplied during the exe-
cute mode, e.g., the same width clock pulses are sup-
plied during the display enable mode operation, but
only while power is being supplied to the calculator.

When the calculator goes into a display inhibit mode
operation, the display is blanked out, but it is still nec-
essary to preserve certain dynamically stored informa-
tion. In accordance with the invention, during each
display inhibit mode operation the calculator is sup-
plied with power at a duty cycle which is lower than
that supplied during the display enable mode opera-
tion, e.g., with a chopped voltage at one-cighth of the
duty cycle of the voltage supplied during the execute
mode operation. Further, the duty cycle of the clock
supplied to the calculator is lower than that supplied
during the display enable mode, e.g. the same width
clock pulses are supplied but only while power is being
applied to the calculator.

Typically, a calculator of this type is in an execute
mode for only a small fraction of its operating time, and
most of the operating time is spent in the display enable
mode. The display inhibit mode occurs rarely (for ex-
ample, when the operator forgets to turn off the calcu-
lator) but when it occurs, and no provisions are made
to reduce power consumption, it is likely to continue
for a substantial period of time and to drain a substan-
tial amount of battery power.

In accordance with the invention, both the power
supply duty cycle and the clock duty cycle are con-
trolled to reduce power consumption without sacrific-
ing speed or accuracy, since both are optimized for
each of the three different operating modes of the cal-
culator. Further in accordance with the invention, both
the calculator logic array and the necessary logic and
circuit elements for carrying out this invention are
parts of the same integrated circuit, to thereby improve
the reliability of the calculator, and to reduce the cost
of implementing the invention as compared to imple-
menting the invention in a circuit composed of discrete
components or in a separate integrated circuit.

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g Keep your litigation team up-to-date with real-time
alerts and advanced team management tools built for
the enterprise, all while greatly reducing PACER spend.

Our comprehensive service means we can handle Federal,
State, and Administrative courts across the country.

Advanced Docket Research

With over 230 million records, Docket Alarm’s cloud-native
O docket research platform finds what other services can't.
‘ Coverage includes Federal, State, plus PTAB, TTAB, ITC
and NLRB decisions, all in one place.

Identify arguments that have been successful in the past
with full text, pinpoint searching. Link to case law cited
within any court document via Fastcase.

Analytics At Your Fingertips

° Learn what happened the last time a particular judge,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

o ®
Advanced out-of-the-box PTAB and TTAB analytics are
always at your fingertips.

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

API

Docket Alarm offers a powerful API
(application programming inter-
face) to developers that want to
integrate case filings into their apps.

LAW FIRMS

Build custom dashboards for your
attorneys and clients with live data
direct from the court.

Automate many repetitive legal
tasks like conflict checks, document
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks
for companies and debtors.

E-DISCOVERY AND

LEGAL VENDORS

Sync your system to PACER to
automate legal marketing.

WHAT WILL YOU BUILD? @ sales@docketalarm.com 1-866-77-FASTCASE




