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A low power operation method provides an apparatus with
a data transmission rate. A power management unit (PMU),
which 1s not influenced by voltage, process, and tempera-
ture, biases a high frequency oscillator (HOSC) and makes
the HOSC generate a steady and high precision clock. The
clock of the HOSC 1s used to modily a timing length of a
timer which 1s referenced by a low frequency oscillator
(LOSC) without PMU. At last, through the modified timing
length, the apparatus achieves high precision periods and
data transmissions with compensation for voltage, process,
and temperature. Thus, the data transmission cycles of the
apparatus maintain stable and robust even if the apparatus
applies duty cycle usage of the HOSC and the PMU for
reducing power consumption with actions of turning on and
turning ofl. Consequently, the periodic apparatus maintains
data transmission rate with the low power consumption
advantage of non-periodic apparatus.
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LOW POWER OPERATION METHOD FOR
APPARATUS HAVING DATA TRANSMISSION
RATE

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates to a low power opera-
tion method; more particularly, to using a power manage-
ment unit (PMU) coordinated with a high-frequency oscil-
lator (HOSC) for obtaining timing characteristics including
stableness and robustness by, in an estimation way, trans-
ferring the timing characteristic of robustness of the HOSC
to a timing length of a timer counted by another oscillator
(e.g. a low-frequency oscillator (LOSC)), where, during
sleeping, an apparatus maintains stable and robust periods
via the modified timing length even 11 the HOSC and the
PMU are closed.

DESCRIPTION OF THE RELATED ART

[0002] A device, such as a sensor, for generating data 1s
usually operated 1n a periodic or non-periodic mode. For a
periodic device, a stable and robust frequency oscillator 1s
required to generate a clock for obtaining stable cycles.
Theretfore, the continuous biasing of the oscillator and the
constant operation of a compensator are necessary, where an
clement for power management or compensation (e.g. low
dropout regulator (LDO), bandgap . . . ) would not stop
during sleeping. As shown 1n diagram (a) of FIG. 5, since the
clement for power management or compensation still works,
a certain amount of current consumption occurs during
sleeping as represented by the hatched portion. Conse-
quently, the periodic device can not etfectively reduce power
consumption.

[0003] An event-driven operation mode 1s used for the
non-periodic device, which closes the compensator and
power during sleeping as shown in diagram (b) of FIG. 5.
Yet, since self-awakening 1s not available, another driver 1s
required to startup the device. Additional circuitry 1s
required for triggering.

[0004] Hence, the prior art does not fulfill all users’
requests on actual use.

SUMMARY OF THE INVENTION

[0005] The main purpose of the present invention is to use
a PMU coordmated with a HOSC {for obtaining timing
characteristics including stableness and robustness by, 1n an
estimation way, transierring the timing characteristic of
robustness of the HOSC to a timing length of a timer
counted by another oscillator (e.g. a low-frequency oscilla-
tor (LOSC)), where, during sleeping, an apparatus maintains
stable and robust periods via the modified timing length
even 1f the HOSC and the PMU are closed; and, as a result,
the periodic apparatus maintains data transmission rate with
the low power consumption advantage of non-periodic appa-
ratus.

[0006] To achieve the above purpose, the present mnven-
tion 15 a low power operation method for an apparatus
having a data transmission rate, where the method 1s applied
with a main apparatus, which comprises a first frequency
oscillator (HOSC), a second frequency oscillator (LOSC), a
power management umt (PMU), a timer, and a regulator;
and where the method comprises steps of: (a) obtaining a
base frequency of the main apparatus, where the base
frequency 1s a known constant being a ratio of an ideal
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frequency of the first frequency oscillator to an 1deal fre-
quency of the second frequency oscillator; (b) turning on the
PMU and the first frequency oscillator; (c) loading a data
transmission rate, which 1s set by a user, to the timer as an
initial timing length; then, 1n the regulator, calculating an
actual period of the second frequency oscillator through the
first frequency oscillator to obtain an actual frequency ratio,
which 1s shifting and a ratio of an actual frequency of the
first frequency oscillator to an actual frequency of the
second frequency oscillator, as a real frequency; and, at last,
through processing calculation with the regulator, multiply-
ing a ratio of the base frequency to the real frequency by the
initial timing length to obtain a valid timing length of the
timer; (d) awaiting the main apparatus to enter mmto a
sleeping mode; (e¢) turning off the PMU and the first fre-
quency oscillator; and, () after the timer processes timing
until reaching the valid timing length, turning back to step
(b) to process a next cycle of step (b) to step (I) continuously.
Accordingly, a novel low power operation method for an
apparatus having a data transmission rate 1s obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The present mvention will be better understood
from the following detailed description of the preferred
embodiment according to the present invention, taken in
conjunction with the accompanying drawings, in which
[0008] FIG. 1 1s the view showing the power consumption
on using the preferred embodiment according to the present
invention;

[0009] FIG. 2 1s the structural view showing the preferred
embodiment;

[0010] FIG. 3 i1s the flow view showing the preferred
embodiment;

[0011] FIG. 4 1s the view showing the result of the
state-of-use; and

[0012] FIG. 5 1s the view of the power consumption of the
prior art.
DESCRIPTION OF THE PREFERRED
EMBODIMENT
[0013] The following description of the preferred embodi-

ment 1s provided to understand the features and the struc-
tures of the present invention.

[0014] Please refer to FIG. 1 to FIG. 4, which are a view
showing the power consumption on using a preferred
embodiment according to the present invention; a structural
view showing the preferred embodiment; a flow view show-
ing the preferred embodiment; and a view showing the result
ol a state-of-use. As shown in the figure, the present inven-
tion 1s a low power operation method for an apparatus
having a data transmission rate, which maintains stable and
robust periods with lower power consumption, as shown in
FIG. 1. The method according to the present invention 1s
applied with a main apparatus 1, which comprises a first
frequency oscillator (high-frequency oscillator, HOSC) 10,
a second frequency oscillator (low-frequency oscillator,
L.OSC) 20, a power management unit (PMU) 30, a timer 40,
and a regulator 50, as shown i FIG. 2.

[0015] The first frequency oscillator 10 1s a high frequency
oscillator compensated and biased by the PMU 30 to obtain
high accuracy, high power, and robustness. During operating
the PMU 30, a steady state 1s obtained without being
influenced by voltage, process, and temperature.
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[0016] The second frequency oscillator 20 1s a low-1re-
quency oscillator non-compensated. Because there 1s no
compensation through PMU, low precision and low power
1s shown with a changing status formed as being easily
influenced by voltage, process, and temperature.

[0017] The PMU 30 comprises a bandgap, a low dropout
regulator (LDO), and a compensator, which, by being turned
on by the timer 40, provides bias and compensation to the
first frequency oscillator 10 according to voltage, process,
and temperature.

[0018] The timer 40 processes timing by the second fre-
quency oscillator 20 and sets a timing length by the regulator
50.

[0019] The regulator 50 sets the timing length of the timer

40 according to the frequency ratio of the first frequency
oscillator 10 to the second frequency oscillator 20.

[0020] The present invention uses the main apparatus 1 to
apply the method, whose flow view 1s shown 1n FIG. 3 and
comprises the following steps:

[0021] (a) In step s11, the main apparatus 1 has a base
frequency (Base), where the base frequency 1s a known
constant and 1s a ratio of an 1deal frequency of the first
frequency oscillator 10 to an 1deal frequency of the second
frequency oscillator 20:

Base=1deal HOSC frequency/ideal LOSC frequency.

[0022] (b) In step s12, the PMU 30 and the first frequency
oscillator 10 1s turned on.

[0023] (c¢)Instep s13, a data transmission rate (Data Rate),
which 1s set by a user, 15 loaded to the timer 40 as an 1nitial
timing length (Initial):

Initial=Data Rate.

[0024] Then, 1n the regulator 50, an actual period of the
second Irequency oscillator 20 1s calculated through the first
frequency oscillator 10 to obtain an actual frequency ratio,
which 1s shifting and a ratio of an actual frequency of the
first frequency oscillator to an actual frequency of the
second frequency oscillator, as a real frequency (Real):

Real=actual HOSC frequency/actual LOSC fre-
quency.

[0025] At last, through processing calculation with the
regulator 50, a ratio of the base frequency to the real
frequency 1s multiplied by the imtial timing length to obtain
a valid timing length (Valid) of the timer 40:

Valid=Initial*Base/Real.

[0026] (d) In step s14, the main apparatus awaits to enter
into a sleeping mode.

[0027] (e) In step s15, the PMU 30 and the first frequency
oscillator 10 1s turned off to save power.

[0028] (1) In step s16, after the timer 40 processes timing
until reaching the valid timing length, step (b) 1s turned back
for processing the next cycle of step (b) to step (1) continu-
ously.

[0029] The main apparatus 1 1s of a busy mode in step s12
to step s15 and 1s of the sleeping mode 1n step s16.

[0030] Thus, a novel low power operation method for an
apparatus having a data transmission rate 1s obtained.
[0031] In the following, the first frequency oscillator 10 1s
noted as HOSC,; the second frequency oscillator 20, LOSC;
and the power management umt, PMU. On using the present
invention, a base frequency, Base, 1s obtained as a known
constant of frequency ratio. For example, an 1deal output
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frequency of an HOSC 1s 10 mega-hertz (MHz); an i1deal
output frequency of a LOSC 1s 10 kilo-hertz (KHz); and,
according to step s11, Base 1s a known constant:

Base=1000=10M/10K.

[0032] Adter turning on the HOSC and the PMU, a data
transmission rate set by a user 1s loaded as an 1nitial timing
length of a timer. For example, a data transmission rate 1s
assumed by the user to generate a data per 300 milliseconds
(ms); the timer processes timing with a LOSC of a frequency
of 10 KHz; and, for achieving the data transmission rate set
by the user, according to step s13, the mitial timing length
loaded 1nto the timer 1s:

Initial=3000 LOSC cycles.

[0033] A real frequency, Real, as a actual frequency ratio
1s obtained, which follows changes of voltage, process and
temperature. For example, under a condition of a voltage of
3.8 volts (V) and a temperature of 85 Celsius degree (° C.),

the actual output frequency of the HOSC 1s 10 MHz (where
the HOSC 1s compensated by the PMU); the actual output
frequency of the LOSC 1s 8 KHz (where the LOSC 1s

without PMU); and, according to steps s13, Real 1s:

Real=1250=10M/8K.

[0034] Then, a valid timing length, Valid, of the timer 1s
obtained through calculation with the regulator. For
example, Base=1000; Real=1250; Init1al=3000; and,
according to steps s13, Valid 1s:

Valid=2400=3000*1000/1250.

[0035] In a state-of-use shown in FIG. 4, as comparing to
3.3V and 25° C. used 1n the first cycle, 3.8V and 85° C. 1n
the second cycle are obviously a high voltage and a high
temperature for the HOSC; yet, because of being compen-
sated by the PMU, 10 MHz 1s held. Even with changes to a
low voltage of 1.8V and a low temperature of —-45° C. in the
next cycle, 10 MHz remains still. However, the non-com-
pensated LOSC shifts to 8 KHz 1n the second cycle owing
to the high voltage and the ligh temperature; and further
shifts to 12 KHz 1n the third cycle for the low voltage and

the low temperature. Thus, according to steps s13, Real and
Valid are:

Real=833=10M/12K; and

Valid=3601=3000*1000/833.

[0036] The comprehensive summary of the three cycles 1s
as follows: The data transmission rate 1s set accordingly by

a user as 300 ms; and the initial timing length, Initial, of the
timer as 3000. The i1deal HOSC frequency 1s 10 MHz; the

ideal LOSC frequency, 10 KHz; and the known base ire-
quency, Base, 1000. The main apparatus runs the three
cycles with the actual LOSC being changed by voltage and
temperature to generate the real frequencies, Real, as 1000,
1250, and 833 separately. According to the changes of the
actual LOSC 1n the state-of-use, the valid timing length,
Valid, of the timer are respectively modified into 3000, 2400,
and 3601 to maintain a constant period length. It proves that,
by using the present invention, the main apparatus still
maintains the data transmission rate set by the user even it
the LOSC changes by the external factors.

[0037] As 1s described above, the present invention com-
pensates the HOSC by the PMU to obtain a steady state
without being intluenced by voltage, process, and tempera-
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ture. However, the LOSC 1s not compensated, so that a
changing status intluenced by voltage, process, and tem-
perature. Accordingly, Base and Real are obtained to modify
Initial of the timer to use the modified value as Valid of the
timer. Valid obtained by the present invention 1s used to
modify the timing length of the timer for generating periods,
whose performance 1s the same as that of biasing and
compensating the HOSC by the PMU; and said constant
HOSC 1s generated for timing the whole period with the data
transmission rate always stable and robust for each time.
Besides, the periods obtained through modifying the timing
length of the timer consume less power than that of timing
the whole period by the PMU coordinated with the HOSC.
Thus, the present invention uses a PMU coordinated with an
HOSC {for obtaining stableness and robustness. In an esti-
mation way, the timing characteristic of robustness of the
HOSC 1s transtierred to a timing length of timer counted by
another oscillator (e.g. LOSC). During sleeping, an appara-
tus maintains stable and robust periods via the modified
timing length even 11 the HOSC and the PMU are closed. As
a result, the periodic apparatus maintains data transmission
rate with the low power consumption advantage of non-
periodic apparatus.

[0038] To sum up, the present invention 1s a low power
operation method for an apparatus having a data transmis-
s1on rate, where a first frequency oscillator (HOSC) 1s biased
by a PMU to obtain stableness and robustness; in an esti-
mation way, the timing characteristic of robustness of the
HOSC 1s transterred to a timing length of timer counted by
another oscillator (e.g. LOSC); during sleeping, an appara-
tus maintains stable and robust periods via the modified
timing length even if the HOSC and the PMU are closed;
and, as a result, the periodic apparatus maintains data
transmission rate with the low power consumption advan-
tage ol non-periodic apparatus.

[0039] The preferred embodiment herein disclosed 1s not
intended to unnecessarily limit the scope of the mvention.
Theretfore, simple modifications or variations belonging to
the equivalent of the scope of the claims and the 1nstructions
disclosed herein for a patent are all within the scope of the
present invention.

What 1s claimed 1s:

1. A low power operation method for an apparatus having
a data transmission rate,

wherein the method 1s applied with a main apparatus,
which comprises a first frequency oscillator (high-
frequency oscillator, HOSC), a second frequency oscil-
lator (low-1requency oscillator, LOSC), a power man-
agement unit (PMU), a timer, and a regulator; and
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wherein the method comprises steps of:
(a) obtaining a base frequency of said main apparatus,

wherein said base frequency 1s a known constant
bemng a ratio of an ideal frequency of said first
frequency oscillator to an ideal frequency of said
second Irequency oscillator;

(b) turning on said PMU and said first frequency
oscillator;

(c) loading a data transmission rate, which 1s set by a
user, to said timer as an initial timing length; then, 1n
said regulator, calculating an actual period of said
second Irequency oscillator through said first fre-
quency oscillator to obtain an actual frequency ratio,
which 1s shifting, as a real frequency; and, at last,
through processing calculation with said regulator,
multiplying a ratio of said base frequency to said real
frequency by said mnitial timing length to obtain a
valid timing length of said timer;

(d) awaiting said main apparatus to enter 1nto a sleeping
mode;

(¢) turning off saxd PMU and said first frequency
oscillator; and,

(1) after said timer processes timing until reaching said
valid timing length, turning back to step (b) to
process a next cycle of step (b) to step (1) continu-
ously.

2. The method according to claim 1,

wherein said first frequency oscillator 1s a high frequency
oscillator compensated and biased by said PMU; and,
during functioning said PMU, a steady state 1s obtained
without being influenced by voltage, process, and tem-
perature.

3. The method according to claim 1,

wherein said second frequency oscillator 1s a low-1re-
quency oscillator non-compensated and has a changing
status 1nfluenced by voltage, process, and temperature.

4. The method according to claim 1,

wherein, on turning on said PMU, comprising a bandgap.,

a low dropout regulator (LDQO), and a compensator, by

said timer, bias and compensation are processed to said

first frequency oscillator according to voltage, process,
and temperature.

5. The method according to claim 1,

wherein, 1 step (¢), said real frequency 1s a ratio of an
actual frequency of said first frequency oscillator to an
actual frequency of said second frequency oscillator.

6. The method according to claim 1,

wherein, said main apparatus 1s of a busy mode 1n step (b)
to step (e) and 1s of said sleeping mode 1n step (1).
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