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ELECTRONIC TIMEKEEPING DEVICE
' WITH REDUCED ADJUSTMENT DATA STORAGE REQUIREMENT

BACKGROUND OF THE INVENTION . ”fo;ﬁffffjj;;i:
This invention relates to an. electronic timekeeping

Adevice.~such-as aetimer,«real-time clock.mor~thegiike-that

‘employs a crystal oscillator to generate a time-base signal,

more specifically to an impfoved-method'ef-eempehseting"for
oscillator frequency error. |

. Electronic timekeeping devices are often built into
audie and video equipment such as video cassette recorders,
where they have-the impdrtant function of enabling
broadeasts to be recorded automatically at preset.times.
Needless to say, this function requires accurate
timekeeping.

The crystal oscillator in an electronic timekeeping
device is part of an oscillator circuit comprising
resistors, capacitors, and other electronic circuit
elements. The circuit oscillates at a frequency determined
by the dimensions and charaeteristics of tﬁe crystal-and.ef

- these bther circuit:elements,-éAlthoughsa-erﬁstal oscillates

with a comparatively stable and accurate natural frequency,

slight deviations of;

g_'.ts natu¥§1 fré}ugncy‘féoq}tne & >minal

value, as well as variations in resistance. capacitance, and

other electrical'characteristics in the oscillator circuit,
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can cause the output frequency of the oscillator circuit to
deviate-significantiy from its intended value. Timekeeping
. .errors exceeding a minute per month cannot be ruled out.
Errors of this magnitude are unaccepfable;ieoithey must be

.corrected by .adjusting the timekeeping device when it is .

. manufactured

One common method of adjustment employs a variable
trimmer capacitor in the oscillator circuit.'but:this.method
is widely regarded as unsatisfactory. A trimmer capacitor
is an expensive component, and it must be adjusted manually,
a process which introduces human error and labor costs,
takes time, and is. inherently imprecise; Moreover, manual
adjustment is apt to be a recurring nuisance.'because if any
component of the oscillator circuit is replaced, the
adjustment must be performed again.

A known method of'avoiding the problems of manual
adjustment is to equip the timekeeping device with a
programmable frequency divider controlled by a value stored
in a,noh-volafile mnemory. The output frequency can then be
adjusfed by writing appropriate data ih the nonfvolatile
memory. According to ene.COnventional ﬁersion of thie”
fmethod the non-volatile memory stores the.full value 6f the
frequency division ra€30 According:to another version, ‘the
non-volatile memory ;;ores the -deviation of this value from
a nominal value.
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Consider, however, the common case of a crystal with a
natural frequency of approximately 4.194304 MHz, which is
-qdivided_by-approximateiy-two_to the twenty-second power
| (222):ﬁ9 obtain a 14H;.output:signal. flf-the'ﬁon¥§ol§tile
_;memqry’stores the entire frequency-division ratio,_it-must
';;stor¢ a twenty-thrée_bit_value,__Even if it'stores only the
'ﬂeviation"fromrthe nominal'value;'to'éatch'all‘possible"”“
deviétions with a high'degree of certainty, thé*non¥voiatile
memory - must still store a fairly large number of bits. "The
manufacturer may be quite confident that the frequency error
will not exceed two hundred parts per million (+200 ppm),
for example, but for a 4.194304-MHz crystal this correspohds
to +839 Hz, so eleven bits husf be stored (1nclﬁd1ng one
sign bit). It would be desirable to reduce the stored
information to eight bits, so as to use up only one byte of
non-volatile memory, but the maximum signed value that can

be expressed in one byte is only +127.

SUMMARY OF THE INVENTION
. It is accordingly an object of the present invention to
~adjustably generate a time-base signal by a method that
reduces the number of bits 6f adjustment data fhat need fo
be stofed. |
Another iject of the'invéntion_is to provide an

electronic timekeeping device implementing the invénted

[
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method.

Still another object of the invention is to program a
'mtimer'microcontroller to implement the invented method

In the invented method of generating a time base
.slgnal, adjustment data are. stored in a non- volatile memory.
- An oscillator circuit generates an oscillator-clock signal,
which is counted cyclically with a programmable cycle length
to establish a time-base cycle. The time base. cycles have a
certain nominal length. ~The time-base signal 1s set and L T
reset once per time-base cycle. The oscillator clock.signal
is also counted with a fixed cycle length to establish on
adjustment cycle, which is longer than the time-base cycle.

In each adjustment cycle, the length of at least one
‘time-base cycle is altered from its nominal value. The | g
total_alteration in one adjustment cycle is determined by
the adjustment data. After the total alteration has been
completed, the time-base cycle length is restored to its
nominal valqe.

The frequency of the time-base signal can be adjusted
by measuring the frequency-erfor of the oscillator clock
signal, multiplying the.ffequency error by a constant, -and

writinglthe result into the non-volatile memory.

The invention will be further described by way of non-limitative
example with reference,to_the aecompahying drawings, in which:-

FIG. 1 is a block diagram illustrating a first
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embodiment of the invention.
- FIG. 2 illustrates the detailed structure of the

'adjustable frequency divider 1n FIG. 1. _

FI1G. 3 111ustrates a variation of the adjustment
‘equipment in FIG. 1.

FIG. 4 illustrates a variation of the adjustable' o
'frequency divider in FIG. 1. -

"FIG. 5 is a block diagram iilﬁstrating a second
embodiment of the iﬁvention. - |

FIG. 6 illustrates the wiring of a key switch in FIG.

FIG. 7 is a block diagram of the timer microcontroller
in FIG. 5.

FIG. 8 is a schematic diagram of a timer in FIG. 7.

FIG. 9 shows information stored in the timer
”microcontroller's random-access memory.

FIG. 10 is a flowchart of the timer microcontroller’'s
main program.

FIG. 11 is a partial flowchart of the timer
miérocontrolier's first timer 1hterrupt-handler.
| FIG. 12 is a flowchart of the remaining part of the
- first timer 1nterrubt handler. |
FIG. 13 is a flowchart of a rbutine for writing

adjustment data in the non-vdlatile-memory{
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‘Embodiments of the invention will be described with

-..reference to the attached.drawings.wnThesejdrawings
. .tillustrafe.tﬁe 1nvéntion_but do not;défiﬂ§ ifs_scope. which
.:should be determined from the,appehded claims.

"FIG. 1 is é bloék_diagfam“showiné the,geﬁer§1gétruétﬁre

'-'of a'first-emﬁodlment.of the“inventibn;"*ThiéﬁembOHiment.has
{-a con#entidndl-osciliafbr.éiréuit 1 comﬁfisihg §.§f§Sta1

-~oécillator 2, a pair of load capacitors 3, a pair of
resistors 4, ahd a complementary metal-oxide-semiconductor
(CMOS) inverter 5. The capacitors 3 are not of the
trimmable pre. but have fixed capacitance values. The
structure and operation of this oscillator circﬁit 1 are
.well known, so a detailed description wil; be omitted. The
oscillator circuit 1 outputs an oscillator clock signal X
having an oscillator frequency fs with a certain nominal
value ft.

In this embodiment the nominal frequency ft will be
4.194304 MHz, although of course the invention is not
limited to anf specific value of ft. 'It=yill-be.assumed
that fs does not differ froﬁ_ft by MOre'than'izoo'ppm. or
1839 Hz. This assumption is réasonable..hs the frequency
~error normally does not exceed one-tenth that amount;;

The oscillator clock signal X is input to a novel

adjustable frequency divider 6, the internal structure of

6 '1_‘1-,,'
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which will be described later. The adJustable'frequency
divider 6 divides the oscillator frequéncy fs in a manner to
‘be explained-below,"using adjustment ﬂata“A1w st9red in a
non-volatile memory 7;'td.create é.time—baéeisighai.B ﬁhiéh
;: ':2 it supplies to a frequency divider 8. The frequency divider
- l | 8_further.divides the frequency of.this time-base signal B
| to obtain a 1-Hz signal, which it sends to a time-and-day
cbunting.circuit 9. The'time—and-day coﬁnfiﬁg~éifcuit”9
creates signals indicatiﬁg the second, minute, hour, and day
of the week. These signals control a display device 10 on
which the time and day are displayed.

Internally, the time-and-day counting'circuit 9
comprises four cascaded counters 11, 12, 13, and 14, which
count seconds, minptes. hours, and days, respectively. The
seconds counter 11, for example, counts the 1-Hz signal
output by the fregquency divider 8, the count cycling from
zero to fifty-nine, then returning to zero and starting
over. Each time the count returns to zero, the seconds
counter 11 outputs a pulsé to the minutes éounter 12. The
minutes counter 12 counts these pulsés in similar fashion
_and outputs.one pulse per héur to the hours counter 13. The
hours counter 13 and day counter 14 operate in an analdgous
manner. The count values in the counters 11, 12, 13, and 14
provide the basis of the data furnished to.the display
device 10.

e
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The counters 11, 12; 13, and 14 are coupled to
respective keys 15, 16, 17, and 18, by which their counts
.can be adjusted. For example, ‘when the day key 18 is
depressed, thé day counter 14 is incrémented_ﬁy'bne. ~When
the seconds key 15 is depressed, the séconds counter 11 is
“incremented by oné and a reset signal is sent to the
‘frequency diViders G'and 8, so that the time'can'be adjusted.
with an accuracy of better than one second. | |

The oscillator clock signal X output by the oscillator
circuit 1 is also fed to an inverter 19, to generate a test
signal at an output terminal 20a. An input tqrminai 20b is
coupled to the non-volatile memory 7, enabling data to be
written into the non-volatile memory 7. Terminals 20a and
20b will be referred to as the adjustment terminals 20.
Adjustment equipment 21 can be coupled to the adjustment
terminals 20 to measure the frequency error of the
oscillator frequency fs and determine the adjustment data
AM.

The signal input to the frequency counter 22 from
terminal 20a will again be denoted by the oscillator-clock
'symbol X. The signal at terminal 20a is actually the
inverse of X, but the difference is immaterial. because X
and its inverse have the same frequency fs.

The adjustmenﬁ egquipment 21 comprises a frequency

counter 22, adjustment data calculator 23, and adjustment

8 T
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switch 24. The frequency counter 22 measures the frequency
fs of the signal X received from terminal 20a. From the
output of the frequency counter 22.'fhe adjustment-data
calculator 23 calculates the'frequéncy,erfor-and the
adjustment data AhL which it -sends to terminal 23b-when-the
adjustment switch 24 is depressed. | |

' FIG. 2 shows the internal structure of the adjustable
frequency divider 6, which comprises an adjustment cycle
counter 25, a programmable counter 26, a'presetting circuit
27, and an adder 28. The presetting circuit 27 and"hdder 28
are elemenfé of a control circuit 29.

The adjustment cycle counter 25 is a divide-by-N
counter that counts the oscillator clock signal X output
from the oscillator circuit 1 cyclically, to establish an
adjustment cycle. At every N-th oécillator clock pulse, the
adjustment cycle counter 25 overflows, resets itself to an
initial value such as zero, and generates an adjustment
timing pulse A.

The programmable counter 26 also counts the oscillator
clock signal X cyclitally, the cycle 1enéth in this case
being a preset value C. 'At the C-th count the pragrammable
counter 26 overflows, resets itself to an initial value, and
begins counting again. At each overflow the programmable
counter 26 also sets the time-base signal B fo. for example,

a certain positive voltage level, then resets signal B to,

- This Sheet Has Been Reﬂlaced
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for example, the ground level, thereby generating an output
pulse. The.time—base signal B thus consists of overflow
~pulses from the programmable counter 26.

‘The preset value C is loaded anew from the presetting
‘eircuit 27 into the programmable counter_26 each time the
programmable counter 26 overflows. The presetting circuit
27 is adapted so that it normally loads a nominal preset
.Value M, which is less than N.

‘When the adjustment cycle counter 25 QenerateS"an
adjustment timing pulse A, however, at the next overflow
pulse B from the programmable counter 26, the presetting
circuit 27 loads a value M + AM supplied by the adder 28.
In its next cycle the programmable counter 26 will overflow
at the (M.+ AM)-th count instead of the M-th count. After
this next overflow, the presetting circuit 27 will again
load the nominal preset value M. The value of AM méy be
positive, negative, or zero.

The adder 28 stores the value of M internally, and
obtains AM from the non-volatile memory 7. Upon receiving
aﬁ adjustment timing pulse A from the frequency counter 22,
the adder 28 adds these two valuesmtogefher.and outputs
their sum M + AM as preset data D to the presetting circuit
27.

The invention is not restricted to any particular

values of M and N, but it is necessary for N to be greater

10 This Sbee
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than M, and convenient if M and N are both powers 6f two.

In this embodiment M will be 2048 (211), and N will be
524,288 (219). Accordingly, the time-base cycle has a

. nominal length, expressed in secondé;?of 2048/fs, while the'_
-dength of the adjustment cycle is 524,288/fs. |

In general there are N/M nominal time-base cycles.per 
adjustment cycle. In this embodiment N/M equals 256 (28),.
- 80 there are substantiallj 256 time-base cycles péf
adjustment cycle. The programmable counter 26 will be
preset to the nominal value M in 255 out of these 256
cycles, and to the adjusted value M + AM once every 256
cycles.

When the seconds key 15 in FIG. 1 is depresSed, the
resulting reset signal resets the adjustment cycle counter
25 and programmable counter 26 to their 1nitia1 values.

The counter circuits shown in FIG. 2 are well known to
those skilled in the art, so further structural details will
be omitted. The non-volatile memor& 7 may be, for example,
an electrically erasable programmable read-only memory
(EEPROM), or a'battery-backed—up-static random access memory
(SRAM) . | |

Next.the operation of detefmining the value AM to be
stored in the non-volatile memory 7 will be described.

‘Referring again to FIG. 1, when the adjustment

equipment 21 is coupled to the adjustment terminals. 20, the

11 -
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~frequency counter 22 counts the frequency fs of the
oscillator clock signal X. The inverter 19 serves to
:isolate the oscillator circuit 1 from the frequency counter
 _22. so that tﬁé Qscillatof frequency is nof affected by £he
-presence of the frequency counter 22. By éounting for an
accurately known period of.tiﬁe, the frequency.counter~22 '
obtains the oscillator frequency fs to, for-éXamplé;7the

' .nearest integer herté value;-and outputs this value to;the
adjustment data calculator 23. The adjustment data
calculator 23 subtracts the nominal frequency ft to
determine the frequency error Af, then multiplies this
frequency error Af by a constant value to calculate the
value of AM. When the adjustment switch 24 is depressed,
this AM value is éent via terminal 20b and written in the
non-volatile memory 7.

In the present embodiment ft is 4.194304 MHz and N'ié
524,288, so there are eight adjustment cycles per second,
and the frequency error Af must be multiplied by 1/8 to
obtain the adjustment data AM. This will be demonstrated
mathematically below, using the symbol Tp to represént the
average cycle length of the pfogrammable counter 26, i.e.
the average cycle length of a time-base signal B.

As explaiﬁed in FIG. 2, the value preset in the
'programmable countér 26 1is normally M, but 1s-adjust¢d by

AM once every N/M cycles. The length of a normal time-base

12
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“cycle is M/fs, and the length of an adjusted time-base cycle

is (M + AM)/fs. The everage time-base cycle length Tp is

therefore:

' . -{'[(N./M) i 1.]_..*.. ﬁ/f.s . (M+A M)/fS}XM/N

~-Multiplying both sides of'...this.._equation by fs,. - i oo

Tp X s = {[(N/M) - 1] x M + (M + AM)} x M/N

(N + AM) x M/N
Since fs = ft + AT,
Tp x (Ft + Af) =M + (AM x M/N)

For the adjustment to be correct, Tp must be equal to M/ft,

S0
M/ft x (ft + Af) =M+ (AM x M/N)
After rearranging terms. |

Af/ft AM/N

AM

AT x (N/ft)

13 . | : \
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In the present embodiment; as noted above, N is
524,288, or 219, and ft is 4,194,304 Hz, or 222,

- Accordingly,

-AM = Af x 524,288/4,194,304
- Afx1/8

Given that the frequency error l&f does nat.eiceed +200
ppm, or +839 Hz, the value of AM in the present embodiment
will not exceed +105. The non-volatile mehory 7 accordingly
needs a capacity of only eight bits (one byte) to store the
adjustment data A M, including the sign bit.

If the invented timekeeping device is used in an audio
or video device such as a video cassette recorder, AM can
be Stored in a spare byte in a non-volatile memory used for
some other purpose: for example, in a_mémory used to store
preset frequencies for TV or FM tuning. This enables the
invention to be configured at a low cost. The advantage of
keeping A M withiﬁ one byte is that a spare byte is more
likely to be available‘than is # spare two-byte area or
larger memory area.

After the value of AM has been written in the non-
“volatile memory 7 and the adjustment equipmeht 21 is
disconnected from the ﬁdjustmeht terminals 20, the

adjustable frequency divider 6 will operate as described

14 T
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above, generating a time-base signal B with an average

period Tp of M/ft, that is, with a frequency of ft/M. The

';frequency divider 8 divides this frequency by~a further
factor of ft/M to obtain a 1-Hz signal. In ‘the present .
_embodiment, ft/M is 2048 Hz (222 Hz/211), S0 the.frequency

divider 8 should divide the frequency of the time base_””m;_

signal B by 2048 e f' _ o “f“'“f.“":iﬁ””f'

The operations of subtracting ft from fs and dividing
by eight can be performed'nearly instantly by a simple
arithmetic circuit built into the adjustment data calculator
23. Accordingly, the operator has only to connect the
adjustment equipment_Zl to the udjustment terminals 20, wait
briefly for the frequency measurement to be completed, then
press the adjustment switch 24. As soon as the value AM
has been written into the non-volatile memory 7, the
adjustment equipment 21 can be disconnected. The_entire
adjustment can be finished in a very short time, with little
opnortunity for human error because the computations are
done automatically.

‘The arithmetic operations and presetting operations
performed.by the-control-ciréuit 29 in FIG. 2 need only be

carried out at a rate of fs/N: in the present embodiment,

"at a rate of 8 Hz (eight times per second). This

comparatively slow rate means that-a_microcontroller can be

programmed to execute the functions of the control circuit

This Sheet Has 15
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29 in FlG. 2 without placing a significant load on its

central processing unit.

‘When the adjustment :data calculator 23 anultiplies AT -

" by 1/8 to calculate Ahﬂ 1t 1oses the three least l?;.ﬁ.i -

;significant bits of A f.. 7The average frequency of the time

- base signal B may accordingly be in error by as;much as 8
"'Hz or roughly *1 ppm. This amounts to an error of-only

o about three seconds per month however -which is 1ess-than

"error to-be'expected-from“ambient“temperatureffluctuations,“’JL*TT”

and 1Is well within the satisfactory range for practical use.
FIG 3 shows another ‘type of adjustment equipment that
can be used with the invented timekeeping device, instead of
‘the adjustment equipment 21 in FIG. 1. The adjustment
..equipment 30 in FIG. 3 comprises a one-shot counter 31,
reference frequency generator 32, AND gate 33, pulse counter
34, adjustment data calculator 35, and adjustment switch 36.
Instead of counting the oscillator clock signal.x.from
terminal 2la for an accurately determined period of time,
this adjustment equipment 30 counts pulses output by the
reference frequencyegenehator=32 for a perlod of ‘time
lmeasufed.hj usingnthe'oscillator clock signal X.
| The one-shot counter 31 in FIG 3 counts the oscillator
clock signal X obtained from terminal 21a. and outputs a
' gate signal_G..:Moresspeclfically..the one-shot counter 31

sets the gate signal G'to the high level, counts 524,288

This Sheet Has
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oscillator clock cycles, then resets the gate signal G to
the low level, thereby generating a gate signal with a high
pulse width Tg of 524,288/fs. The reference frequency
generator 32 outputs a pulse signal signal with an -
accurately calibrated frequency of 4.194304 MHz. While the
gate signal G from the one-shot connter 31 is ﬁigh, the AND
gate 33 feeds the pulses from the reference'ffequency |
generator 32 to the pulse counter 34, which counts them.
Letting ft denote the frequency output by the reference
frequency generator 32 and Af the difference between fs and

ft as before, since fs = ft + AT,
Tg = 524,288/(ft + Af)

During this period Té, the pulse counter 34 will count Pn

pulses, where

Pn

ft x Tg
ft x 524,288/(ft + AT)

If the frequency fs of the oscillator cifcuit 1 had the
nominal value of ft, then the number of pulses counted by
the pulse counter 34 would have the nominal value Pt of
524,288. 1If fs is not equal to ft, the actual number of

pulses counted Pn will differ from Pt by an amount A Pt, so

— 17
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that Pn = Pt + APt. Thus,
Pt + APt = ft x 524,288/(ft + Af)

Multiplying both sides by (ft + Af) and substituting Pt =
524,288 gives: | | o

(524,288 + APL) x (£t + Af) = £t x 524,288

(524,288 x £t) + (APt x ft) + (524,288 + APt) x Af =
= ft x 524,288

(APt x £t) + (524,288 + APt) x Af = 0

Af = -(APt x ft)/(524,288 + APt)

As noted previously, it is reasonable to assume that A Pt
does not exceed +200 ppm with respect to Pt, which is
524,288. Treating (524,288 + APt) as equal to 524,288 in
the denominator of the above equation wi.ll accordingly not
cause an error of more +200 ppm, or one part in five
thousand. Since ft = 4.194304 MHz, which is 8 x 524,288 Hz,

to within one part in five thousand,
AT = -8APt

Since AM is A /8, it follows that AM is substantially

equal to -APt. Since -APt = Pt - Pn, to compute AM, the

18
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adjustment data calculator 35 only has to subtract Pn from
Pt, i.e. from 524,288,- This operation can be carried out
almost instantly by a simple arithmetic circuit in the
adJustmeht data calculétbr 35. The frequency;errbr ié in
:effect~mu1t1plied'by 1/8 by counting Pn for 1/8-of a second
instead of a full second. |

As before, the operator ‘only has to connect the
adjustment equipment 30 to the adjustment terminals 20, wait
briefly for the pulse count to be completed, then press the
adjustment switch 36 to have the adjustment data calculator
35 write AM into the non-volatile memory 7. If the
adjustment equipment 30 is incorporated into automatic test
equipment, the entire adjusfment operafion can be carried
out automatically, in a fraction of a second.

FIG. 4 shows a possible variation in the internal
structure of the adjustable frequency divider 6. The
adjustable frequency divider 6 in FIG. 4 comprises an
adjustment cycle counter 25 as in FIG. 2, a programmable
counter ‘37, and a control circuit 29 incorporating a one-
shot counter 38.

| The programmable counter :37 in FIG. 4 counts the
oscillator clock signal X with a cycle length of M (2048),
M+ 1 (2049), or M-1 (2047), as selected by a control
~signal E. The control signal E 1s generated by the control

circuit 29 according to the adjustment timing pulse A
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received from the adjustment'cycle counter 25 and the value
of AM received from the non-volatile memory 7, using the

one-shot counter 38. All three counters in the adjustable

'frequency divider 8 are reset“by_the reset Signal frqm the

seconds key 15 in FIG. 1, and the one-shot counter 38 is

-also reset by the adjustment timing pulse A.

When reset, the control circuit 29 sendS'thé

programmable counter 37 a control signal E causing the

programmable counter 37 to divide the frequency of the L e

oscillator signal by M + 1 (2049) if AM is positive, and by
M - 1 (2047) if AM is negative. The one-shot counter 38
then counts the time-base signal B output by the
programmable counter 37. When the count reaches the
absolute value of AM, the control circuit 29 chénges the
control signal E to command the programmable counter 37 to
divide by M (2048).

The above operations are repeated each time the
adjustment cycle counter 25 produées a timing pulse A, that
is, once every N (524,288) counts of the oscillator clock
signal X. If AM is zero, then when the one-shot counter 38
is reset to zero b& a timing pulse A, the count in the one-
shot counter 38 already matches the absolute value o.f AM,
so the control circuit 29 immediately commands the |
programmable counter 37 to divide by M (2048).

In FIG. 2, the adjustable frequency divider 6 applied a

i !Ill i
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correction of AM once per adjustment cycle, whereas in FIG.
4 the adjustable frequency divider 8 applies a correction of
+1 or -1 but does so | AM| times during each adjustment

cycle. It should be clear that the net effect 1ssthe same.

The adjustable frequency aivider 8 in FIG. 4 has the

advéntage'of producing smoother output, because the cycle
lengthwof the time-base signal B never varies by more than '
+1 or -1 oscillator clock from its nominal value'of M.

Next a second embodiment of the invention, one-using a
microcontroller, will be described with reference to FIGs. 5.
to 13. The microcontroller is of the type commonly employed
in a video cassette recorder for timer control.

FIG. 5 shows the system configuration, using the same
reference numerals as in FIG. 1 to denote the oscillator
circuit 1 with its crystal oscillator 2, the non-volatile
memory 7, the display device 10, the seconds, minutes,
hours, and day keys 15, 16, 17, and 18, and the adjustment
switch 24. Detailed descriptions of these elements will be
omitted, except to remark that the non-volatile memory 7 is
an EEPROM of the standard 93C48 fype. the display device 10
is a dynamicaily—driven vacuum fluorescent display, and the
crystal 2 in the oscillator circuit 1 now has a nominal
frequency ft of 8.388608 Miz.

. The new elements in FIG. 5 are a system microcontroller

39, remote control receiver 40, reset switch 41, timer

21
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microcontroller 42, and tape control keys 43. The

oscillator circuit 1, except for the crystal oscillator 2
- .and its load capacitors, is integrated iﬁto the timer

microcontroller 42. - |

The keys and switches 15, 18, 17, 18, 24, and 43 are
depicted as circles at the 1ﬁtersections ofikey input.lines
and key-scan output lines from the timer microcont;oller 42.
Referring to FIG. 6, eaéh of these kejs is a contact switch
coupling one key input line to one key-scan output line.
(The ke& input line and key-scan output line are not
directly interconnected at their point of intersection in
the drawing.) | |

Refefring to FIG.‘7, the timer miérocontroller 42 is a
Mitsubishi M3817M8 comprising a central processing unit
(CPU) 44, read-only memory (ROM) 45, random-access memory
(RAM) 46, and a set of six timers 47. Of these six timers
47, only the first timer 48 will be used in the present
invention, leaving the other timers available for other
purposes.

The ROM 45.stores'various.programs that are executed by
the CPU 44. The programs that are relevant to the present
invention are a main program 49 and a first timer interrupt
handler 50.

The invention is.of-course'not restricted to the

M3817M8 micrOController and 93C46 EEPROM. Other devices
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with equivalent functions can be used instead.

FIG. 8 shows a schematic d;agram.of the first timer 48.
A thorough description of this diagram will be omitted,
since it-Wouid obscure the inventién with mnqh needleés
detail, but the following features will be pointed.out. X1IN
is an input terminal that receives the nominﬁlly 8.388608—
MHz oscillator clock. When the two clOck-seleCt switches 51
are set as shown, the frequency-at X1N is divided by
sixteen, and the resulting signal is input to and counted by
an eight-bit counter 52. The eight-bit counter 52 overflows
at a count determined by the value set in an eight-bit latch
53. If this value is zero, the eight-bit counter 52
overflows once every 256 counts, e.g. dt a rate of 8.388608
MHz/(16 x 256) or 2048 Hz. Each overflow generates an
interrupt request. If the Tlgyr function of the P46/Tigyr
pPin is selected, each overflow also toggles an output signal
at this pin. If the Tlgyr function is not selected,
P46/TlgyT functions as a general-purpose input/output (I/0)
port.

Referring to FIG. 9, the RAM 46.1n the timer
microcontroller 42 has areas for stqring a one-second flag
54, time data 55, vacuum fluorescent display (VFD) data 56,
‘a_two-byte time-base count 57, 6ne-byte adjustment data AM
58, a three-byte adjustment cycle count 59, an old-bit-

eleven flag 60, and a negative-adjust flag 61. It also has
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a two-byte I1/0 buffer 62 used for transferring EEPROM data.

For clarity, the three flags 54, 60, and 61 are shown
separately, but each flag requires only one bit, so all
three flags may be stored in.the same byte.ﬂ_~_ ‘ : o

The one-second flag 54 is a signal from the first timer
interrupt handler 50 to the main program 49, and is
equivalent to the timefbase signal B in FIG. 1.

The time data 55 comprise seconds, minutes, hours..and
day counts similar to those maintained by the counters 11,
12, 13, and 14 in FIG. 1. The vacuum fluorescent display
data 56 comprise these counts converted to the form of data
for driving the display device 10.

The time-base count 57 is used to establish the time-
base cycle by counting first timer interrqpt requests
cyclically. The cycle length is programmable, as will be
explained below, but has a nominal length of 2048 counts.
Since first timer interrupt requests occur at a rate of 2048
Hz, the count has a nominal cycle length of one second.

- Taken together, the first timer 48.and time-base count area
57 are used to count osgillator clock pulses with a'cycle
length of 16 x 256 x 2048 = 8,388,608 oscillator cycles.

The adjustment.cycle count'59 is used to establish the
adjustment cycle by counting first timer interrupt requests
cyclically. The adjustment cycle has a fixed length 6f

524,288 counts, which is equal to 2,147.483.648 oscillatdr
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‘cycles (16 x 256 x 524,288 = 2,147,483,648).

Referring again to FIG. 5, the tape control keys 43
control the usual play, rééord, stop, fast-forward, and
"rewind functions of a V1deo-cassette-recorder..'Depressing
one of theée keys generates an input sigha; té_the'timer_
microcontroller 42, which notifies the system |
-microcontroller 39 of the key-press. -The sysfem
microéontroller 39 responds by .generating signals that_

- control record and playback~circﬁ1ts and the cassette-deck
motor. Cdmmunication between the system miérocontroller 39
and timer microcontroller 42 is cafried out.over a serial
interface comprising a serial clock line NCSK and input and
output lines SI and SO.

The timer.microcontroller 42 communicates with the
EEPROM 7 by four more interface signal 11ﬁes with the
functions of chip select (CS). serial clock (SK), data input
. (DI), and data output (DO). To read data, for example, the
timer microcontroller 42 activates the CS line to select the
. EEPROM 7, sends a sixteen-hit';ddress. then receives the
data stored at that address in the EEPROM 7.

The video cassette recorder also has a femote controi
unit (not shown) with digit keys for selécting channels and
other keys which the user can use instead of the tape
control keys 43. Commands from the remote ¢ontrol unit are

received by the remote control receiver 40 and relayed to
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the timer microcontroller 42, then processed by the timer
miérocontroller 42 and.system microcontroller 39.

FIG. 10 is a flowchart of the initialization and main
brocessing steps of the main.progféﬁ 49 éfored.in_the ROM
'45. The flowchart omits certain parts of the main program
49 that are not relevant to the present invention.

In the first stép (S1), the timer microcontroller 42 is
reset, e.g. by the reset'swifch 41. This reset leaves the
.contents of the RAM 46 and settings of the I/0 ports in
undetermined states.

In the next step (S2), the 1/0 ports and RAM 46 are
initialized by, for example, clearing all their data to .
zero. | |

In the next step (S3), the timer microcontroller 42
reads data from the EEPROM 7 into the two-byte 1I/0 buffer
62. The adjustment data AM of the present invention
comprise one byte (eight bits) of these two bytes.

In the next step (S4), the timer microcontroller 42
transfers this byte of adjustment data AM from the I/0
buffér 62 to the adjustment data area in the RAM 46. This
completes the initialization process as far as the present
invention is concerned.

In the next step (S5), the timer microcontroller 42
scans the tape control keys 43 and other keys, and detects
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If key input is present, the timer microcontroller 42 checks
that the input is valid, by verifying that only one key has
been pressed and that the same input is obtained on two
snccessive seaﬁe. _"

In the next step (S6),-the timer microcontroiiefmdz-
‘decides whether the seeonds, minutes, hours, or .day key 15,
16, 17, or 18 was pressed If so, it executes a time
setting process described later (step 14). 1If not, the next
step (S7) 1is executed.

In the next step (S7), the timer microcontroller 42
'deeides whether the adjustment switch 24 was'depressed. If
so, it executes a routine which will be described later
(steps S51 to S57 in FIG. 13). If not, the next step (S8)
is executed.

In the next step (S8), the timer microcontroller 42
checks the one—secondlflag 54 in its RAM 46. If this flag
is set to one, the next step (S9) is executed. If this flag
is cleared to 0, the program jumps to step'811 below.

In the next step (59), the one-second flag 54 1s
cleared to zeroi

In the next step (S10), the timer microcontroller 42
increments-the time by one second by reading the time data
55 from its RAM 46, making necessary modifications, and
writihg the modified data back into the time data area.

This step 1s carried out once per second, being executed
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once each time the one-second flag 54 is set to one.
In the next step (S11), the timer microcontroller 42
'reads the time data 55 from the RAM 46, converts the data

1nto.contr01~data for driving the"ﬂisplay.device 10, and

writes the converted data as VFD data 56 in the RAM 46 'so

that the day and time Will be displayed

.In the next step (812), the timer microcontroller 42'
interfaces with the system microcontroller 39 in order to
notify the system microcontroller 39 if the play, record,
stop, fast-forward, or rewind key was depressed, and to
receive information such as mode information, not directly
related to the invention, froh the system microcontroller
39.

In the next sfep (S13), the timer microcontroller 42
performs other computational steps and input/output
processing not related to the present invention. At the
conclusion of this processing step, the timer
microcontroller 42 returns to the key-scan step (S5).

In the time adjustment step (S14), depending on which
time adjustment key was pressed, the timer migrocontrqller
42 reads the secpnds; minutes, hours, or=day.c6unt from the

time data 55 in the RAM 46, increments the count,-and writes

the incremented value back. The incremented value will then

be diSplayed the next time the time display step (S11) is

executed.
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The steps from S5 to S13 constitute a loop in the main
program 49 of the timer microcontroller 42. The entire loop
- is repeated many times each second.

The first'timer.interrupt.handler'so-will'be described
next with reference to FIGs. 11 and 12. - This interrupt
handler is executed 2048 times per second, and generates é
1-Hz signal by setting the one-second flag 54 in the RAM 48
at- average intervals of one second.

Referring to FIG. 11, in the first step (S520), the
first timer 48 overflows and generates an interrupt, causing
the timer microcontroller 42 to interrupt its main program
49 and start executing the first timer interrupt handler 50.

In the next step (S21), the contents of all CPU
registers that will be used in the first timer interrupt
handler 50 are saved onto a stack area (not shown) in the
RAM 46. |

In the next step (S22), the contents of the time-base
count 57 in the RAM 46 is read, incremented, and written
back. As a result, bit zero (the least significant bit) of
the time-base count 57 toggles at a rate of 1024 Hz, bit ten
toggles at a rate of 1 Hz, and bit eleven toggles at a rate
"of 0.5 Hz. The desired 1-Hz signal can be obtained by
detecting transitions (zero-to-one and one-to-zero changes)
of bit eleven. |

This is done in the next step (S23). The current value
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‘of bit eleven in the time-base count 57 is compared with the
value of the old-bit—eieven flag 60. If the two are equal,
the program proceeds to step S28 below. If they_aré
unequal, indicatihg a tranéition..the.hext.étep (824);1§m
”exécuted.- | -

In the next stép (524), the old-bit-eleven flag 60 is
inverted, so that it equais the curfent value of bit -eleven
in the time-base count 57. This prevents double detection
of .a transition of bit eleven the next time the interrupt
handler is executed. _

In the next step (S25), the negative-adjust flag 61 in
the RAM 46 is checked. Processing proceeds to step 8§28 if
this flag is set to oné. and to step 527 if this flag is
cleared to zero.

In step S286, the.negative—adjustlflag 61 is cleared
from one to zero, and processing proceeds to step S28.

In step S27, the one-second flag 54 is set to one, and
processing proceeds'to step S28. The purpose of steps S25
and S26 is to prevent the one-second flag 54 from being set
incorrectly in step S27, by allowing the one-second flag 54
to be set only when the negafive-adjust flag 61 is equal to
zero. Further explanation will be given later.

in the next step (528), the adjustment cycle count 59
is.incremented'by one. The.purpose of this adjustment cycle

count 59 is to generate an adjustment timing signal at
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intervals of 524,288 counts, which can be done by detecting
transitions of bit nineteen.

In the next step (S29), accordingly, bit nineteen of
the adjustment cycle couht 59 is testéd. It this bit is set
to one, the program continues to FIG. 12;notherwisé,-the
next step (S30) is executed. _

In the next step (S30), the CPU registers that were
saved In step S21 are restored to their previdué values.

In the next step (S31), a return instruction is
executed to return to the hain program 49, which resumes
execution from the point at which it was interrupted.

If bit nineteen bf the adjustment cycle count 59 is set
to one in step S29, the additional'stehs shown in FIG. 12
are executed to adjust the time-base count 57.

In the first step (S41) in FIG. 12, bit nineteen of the
adjustment cycle count 59 is cleared to zero. Bit nineteen
will therefore by set to one again the next time 524,288
counts are reached.

In the next step (S42), the sign of AM is tested, by
testing the sign bit (bit seven) of the adjustment data 58
in the RAM 46. If AM is positive, the process skips to
step S44 below. If Ahlis'negative, the next step (S43) is
executed. |

In the next step (S43); the time-base éount 57 is

modified by adding the absolute value | AM| of the
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adjustment data 58. (Equivalently, the negative value of
AM 1is subtracted from the time-base count.) This shortens

the time until the next transition of bit eleven of the

- time- hase -count 57, -as required by the - negative value -of

: Alw After step S43 the program returns to step S30 in

FIG. 11. _
In step S44, the positive value of AM is lshbtracted

from the time-base count 57, thereby lengthening the time

until the next transition of bit_eleven. "This 1seequiva1ent

to temporarily increasing the cycle length of the time-base
count 57. However, it is possible that the subtraction
operation itself will cause a transition of bit eleven.

In the next step (S45), accordingly, bit eleven of the
time-base count 57 is checked, to see whether its value
equals the value of the old-bit-eleven fleg 60. If it does,
the process returns to step S30 in FIG. 11. if it does not,
indicating that the subtraction in step S44 produced an
extra transition of bit eleven, the next step (S46) is
executed. _

In the next step (S46), the old-bit—eleven flag 60 is
inverted, so that it now matches bit eleven of the time-base
count 57. _

- In the next step (S47), the negativeeadjust flag 61 is
set to one. This will prevent the next transition of bit

eleven of the time-base count 57 from setting the one-second
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flag 54, by bypassihg step S27 in FIG. 11. The overall
effect of steps S44 to S47 will be that the current cycle of
the time-base count 57 is lengthened by AM as desired.

From the above it can be seen that the first timer
1nterrupt handler 50 normally sets the one-second flag 54
once every 2048 counts, at a nominal rate of 1 Hz. Once
every 524,288 counts, however, it adjusts the cycié length
to 2048 + AM counts, so that the average fate at which the
one-second flag 54 is set is more exactly equal to 1 Hz.
The adjustment is performed at 1ﬁterva1s of 524:288/2048
seconds, i.e. intervals of 256 seconds. Since the size of
the adjustment is not expectedlto exceed +105, which is
about 5% of 2048, it does not exceed one-twentieth of a
second. This is not long enough to be noticeable to a human
being, and causes no timekeeping problems in a video
cassette recorder.

Next the routine executed by the timer microcontroller
42 when the adjustment switch 24 is depressed will be
described. In this embodiment, the adjustment switch 24 is
depressed)at the beginning of the frequency error
measurement, rather than the end.

Referring again to FIG. 5, since the-oscillator'circuit

1 is partly integrated into the microcontroller 42, it.would

be difficult to measure the oscillator frequency directly.

Accordingly, the timer microcontroller 42 uses the first
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timer 48 to generate a pulse signal for output at port P46;
and a fréquency counter is used to'heasure the frequency of
_thiS~outpﬁt signal. The frequency of_timer.interrupts,.
which is the frequency at which the time-base count 57 in
the RAM 46 is 1ncremented, is thereby measured. UThe'noﬁinal
value of thislfrequency is 2048'Hz. | |
“The output signal at port P46 toggles eaéh“time'the
first timer 48 overflows;-so it takes two timer o#erflows to
complete one cycle.of_thé output signal, and the output
frequency at port P46 is actually equal to one-half the
~overflow frequency of the first timer 48. To obtain the
expected 2048-Hz frequency, the first timer 48 must be set
to overflow at intervals.of 128 counts instead of 256
counts. This can be done by writing 128 ;n the eight-bit
latch 53 in FIG. 8. |
The mathematical explanation given in regard to FIG. 1
still applies if fs and ft are taken to be the actual
frequency and nominal frequency at which the first timer 48
overflows, instead of the oscillator clock frequency.  That
is, N is still 524,288 but ft is now 2048 Hz, and the
constant:by-which the measured frequéncy error must be
multiplied is two hundred fifty-six, as the following

calculation shows:
AM= Af x N/ft
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Af x 524,288/2048
Af x 256

Referring to FIG,.13; in the Pirst stép.(s51). XiN
divided by sixteen is selected as the clock source of the
first timer 48, by setting the clock source select switches
as shown in FIG. 8. | |

In the next step (S52), the value 128 is written in the
eighf-bit latch 53 of the first timer 48, and output port
P46 is switched to the first timer output function. As
explained above, these operations cause output of a
nominally 2048-Hz signal at P46. | |

Port P46 is coupled to a fréquency counter, which
heasures the frequency coming from port P46 to the nearest
thousandth of a hertz. The nominal value is 2048.000 Hz.
Assuming the crystal frequency does not deviate by more than
+200 ppm, the'frequencj error will not exceed +0.410 Hz.

In the next step (S53), the timer microcontroller 42
inputs the frequency error value. The value can be input
by, for'example.'using.the keypad of the remote control unit
(not shown) to entef the three digits to the right of the
decimal point disﬁlayed by the frequency countef. If the
frequency error is positive,-the input value will be from
001 to 410. If the frequency error is negative, the input

value will be from 590 to 999. The timer microcontroller 42
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displays the input value on the display device 10 so that
correct input can be cqnfirmed; .

In the next step (S54), the timer microcontroller 42
calculates the adjustment data AM by multiplying the
frequeﬁcy error by 256, then dividing it by 1000. Divisioh
by 1000 is necessary because the frequency error was input

as a three-digit integer. If the input value_was 590 or

' greater, the timer microcontroller 42 treats the result as a

fwo's complement, indicating a negative value. The
resulting. AM will thus be a Signed value not exceeding
+410 x 256/1000, or +105.

In the next step (555); AM is written into eight of
the sixteen bits of the I/0 buffer 62 the timer
microcontroller 42 uses to communicate with the EEPROM 7.

In the next step (S56), the timerumiérocontroller 42
sends the EEPROM 7 a write mode cOmmand, followed by the

appropriate address, then the data in the I/0 buffer 62,

'causing the value of AM to be stored in the EEPROM 7.

Except for the address value, this step S56 is
identical to the steps by which the timer microcontroller 42
stores other data, such as voltage values for TV'tuning, in
the EEPROM 7. This step can accordingly be carried out
using a common subroutine, and need not téke up extra space
in the ROM 45 of the timer microcontroller 42.

In the next step (S57), the eight-bit latch 53 of the
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first timer 48 is restored to its initial value of zero, and
port P46 is restored to its normal input/output port
function. Thereafter, the first timer 48 will generate
- interrupts at the'desired'rate of 2048 Hz, and;will not
toggle port P46. _

| After step S57, setting of the_adjustment data AM has
been completed, so-the'program returns to the main loop at
step S8 in FIG. 10. |

The procedure shown in FIG. 13 can be modified in
various obvious ways. For example, instead of having the
frequency error read from a frequency counter and input on
the keypad of the remote control unit, the production line
can be furnished with a device that measures the frequency
errof and transmits the value directly to the remote control
receiver 40 of the video cassette recorder. This device can
also be adapted to calculate the value of AM, obviating the
need for step S54 in FIG. 13. The device may furthermore be
adapted to write AM directly into the EEPROM 7, obviating
the need for steps S55 and S56, although in that case the
circuit board of the video cassette recorder must be
equipped with CS, SK, DI,_and DO terminals to which the
device can be connected.
The novel feature of the present invention 11és_in

adjusting the time-base cyéle length (M)'by a certain amount

(AM) at intervals of N counts. The steps added for this
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purpose are steps S25, S$26, S28, and S$29 in FIG. 11, and S41

'to S47 in FIG. 12, and the additional RAM areas are the

: adjustment cycle count 59 and.negative-adjust.flag 61. The

invention can accordingly be practiced by making only |
relatively small modifications to conventional timer—
microcontroller software. “ |

‘The programs described in FIGs. 10 té 12;.like the
embédiment shown in_FIGs. 1 and 2, adjust the.timé-base.
cycle just once per N counts. More specifically, an
adjustment of magnitude AM is carried out once every 256
seconds. The program could easily be changed, however, to
perform one adjustment | AM| times, the magnitude of the
adjustment being +1 each time, as in FIG. 4. For example,
the first timer interrupt handler could be adapted to add or
subtract a value of one from the time-base count 57, instead

of adding or subtracting | AM|, and to do this | AM| times,

starting when bit nineteen of the adjustment cycle count 59

was set and continuing until the contents of the eight least
significant bits of the adjustment cycle count 59 matched

the absolute value of AM. -The cycle length of the time-

base count 57 would then always be 2047, 2048, or 2049

counts, so that the deviation from one second would always
be less than a thousandth of a second.
Those skilled in the art will recognize that other

modifications can be made to the programs described in FIGs.
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10 to 13, the memory data shown in FIG. 9, and the circuits
in FIGs. 1 to 8, without departing from the scope of the .

invention as claimed below.
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CLAIMS

1. A method of generating a time-base signal (B) for
timekeeping, cdmprising the steps of: | |

storing adjustment data (AM) in a nqn—volatile5memory
(7); L -

generating an oscillator clock signal-(X)-having a
certain osciliatof fredﬁency (fs); . |

..counting said oscillator clock signal (X) cyclically

with a first cycle length, said first cycle length being
programmable, thereby repeatedly generating a time-ﬁase
cycie;

setting said first cycle length to a nominal value;

setting and resetting said time-base signal (B) once in
each said time-base cycle; |

counting said osciliator clock signal cyclically with a
second cycle 1ength, said second cycle length having a fixed .
value greater than the nominal value of said first cycle
" length, thereby repeatedly generating an adjustment cycle;

adjusting said first cycle length by a certain total
amount, determined by said adJustmént data (A M), in each
said adjustment cycle; and |

restoring said first cycle length to its nominal value

in each said adjustment cycle.
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2. The method of claim 1, wherein said

adjustment data (AM) is stored in a one-byte area in said

non-volatile memory (7).

“3. “The method of claim 1 or 2, ‘wherein said
first cycle length is adjusted by adding said adjustment
data (AM) to said nominal value, and is then restored to
said nominal value after one said time-base cycle.

4, "The method of claim 1 or 2, wherein said
f_ii:st cycle length is adjusted by adding a gquantity with
an absolute value of unity to said nominal wvalue, and is
restored to said nominal value after a number of time-base
cycles equal in absolute value to said adjustment data
(aMm) .

5. The method of claim 1 or 2, wherein said
first cycle length is adjusted by adding said adjustment
data (AM) to a count kept in the step of counting said
oscillator clock signal cyclically with a first cycle
length.

6. The method of claim 1, 2, 3, 4 or 5,
comprising the further steps of:

measuring a frequency error (Af) of said
oscillator frequency (£s) with respect to a nominal
frequency (ft); and |

multiplying said frequency error (Af) by a
constant value, thereby obtaining the adjustment data (AM)
to be
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stored in said non-volatile memory.

7. The method of claim 6, wherein the step of measuring
said frequency error comprises measuring said oscillator

frequency (fs) with a frequency counter (22).

8. | The method of claim 6, ﬁherein the step of meaéuring
said frequency error comprises counting a reference signal
having a frequency equal to said nominﬁl frequency (ft),

during an interval determined by counting said oscillator

clock signal (X).

9. An electronic timekeeping device, comprising:
| an oscillator circuit (1) for generating an oscillator
clock signal (X) having a certain oscillator frequency;

a programmable counter (26, 37) coupled to count said
oscillator clock signal (X) cyclically with a programmable
first cycle length, thereby repeatedly generating a time-
base cycle, and output a time-base signal (B) with a cycle
length equal to said time-base_cycle: |

.an adjustment cycle counter (25) coupled to count said
oscillator clock signal (X) cyclically with a constant
second cycle length exceeding said first cycle length,
thereby repeatedly generating an adjustment cycle;

a non-volatile memory (7) for storing adjustment data
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(AM); and

a control circuit (29) coupled to set said first cycle
length to a.nominai value,.adjuét said first cycle length by
a certain tdtal amount ih-each said'gdjustmen; cycle, then
restore said first cycle length to said nominal value in the
same adjustment.cycle. said total amount being determined

frbm said adjustment data ( AM).

10. The timekeeping device of claim 9, wherein'said control
circuit (29) adds said adjustmeﬂt data ( AM) to said nominal
value to obtain their sum, adjusts said first cycle length

to equal said sum, then restores said first cycle length to

said nominal value after one said time-base cycle.

11. The timekeeping device of claim 10, wherein said
control circuit (29) comprises: .

a presetting circuit (27) for setting said first cycle
length in said programmable counter (28);: and

an adder (28) for for adding said adjustment data ( A M)

to said nominal.value.

12. The timekeeping device of claim 9, wherein said control
circuit (29) adjusts said first cycle length by adding to
said nominal value a quantity equal in sign to said

adjustment data (AM) and in absolute value to unity, and
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restores said first cycle length to said nominal value after

a number of time-base cycles equal in absolute value to said

adjustment data (AM).

13. ' The timekeeping devicequ claim 12;_wherein said
control circuit (29) gomprisés_a.one—shot counter'(38) for
‘counting a number of time-base cycles egual in- absolute '

value to said adjustment data (A M).

14. A timer microcontroller (42) for generating a time-base
signal by using an external crystal oscillator (2) and a
non-volatile memory (7), comprising:

an oscillator circuit (1) coupled to said crystal
oscillator (2), for generating an oscillator clock signal;

a timer (48) driven by said oscillator clock signal,
for generating timer interrupt requests at regular
intervals;

a first memory area for storing a one-second flag (54);

a second memory area for storing time data (55);

a third memory area for étoring a time-base count (57)
that establisﬁes a time-base éycle;

‘a fourth memory'area (58) for storing adjustment data
(AM);

~a fifth memory area for storing hn adjustment-cycle

count (59) that establishes an adjustment cycle, said

44

This Sliiet |Illii||Been||Ie{ilaced




RN A0 13016

adjustment cycle being longer than said time-base cycle;

a main program (49) having an initialization step for

. loading said adjustment data ( AM) from :sai-d ..nqn-_volatile_

memory (7) iﬁfd7said fifthﬁﬁgmory=afea,'and a_ﬁainuloop:fof
updatiﬁg said time data (55) when;said one-second flag (54)
is set; _ - - B

"an interrupt handler {50), executed in response to said
timef interrupt requests, for-incrementing said time-base
count (57) once per timer 1nterrupt~requestf~adjuStingwsaid
time-base count (57) by a total amount equal to said
adjustment data (AM) in each said adjustment cycle, and
setting said one-second flag (54) once in each said time-
base cycle; o |

a read-only memory (45) for storing gaid main program
(48) and said interrupt handler (50); and

a central processing unit (44) for executing said main

program (49) and said 1nterrupt_handler (50).

15. The timer microcontroller of claim 14, wherein said
interrupt handler (50) subtracts=said-adjustment-data (AIW)
from said time-base count (57) once in each said adjustment

cycle.

16. The timer microcontroller of claim 15, also having a

sixth memory area for storing a negative—adjust flag (61)
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that is set by said interrupt handler (50) if subtracting
said adjustment data (AM) from said time-base count (57)
as described in claim 15 gives a negative result, wherein:

dn a time-base cycle in which said negative-
adjust flag (61) has been set, said interrupt handler (50)
does not set said one-second flag (54), but clears said

‘negative-adjust flag (61) instead.

17. The timer microcontroller of claim 14, .
wherein said main program 49 also has a routine for
obtaining frequency error data by external inmput,
calculating said adjustment data (AM) from said frequency
error data, and storing said adjustment data (AM) in said
non-volatile memory (7).

18. A timekeeping device or a timer
microcontroller constructed and arranged to operate

.substantially as hereinbefore described with reference to

and as illustrated in the accompanying drawings.

19. A method of generating a timebase signal
substantially as hereinbefore described with reference to
and as illustrated in the accompanying drawings.
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