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designs.
Toward this end, many electronic component manufacturers provide
integrated circuits (ICs) with a “low-power” mode in addition to their normal “high-
15 power” state. (Other designations for lower power states exist, such as “standby” or
“sleep” mode. Additionally, many ICs implement several different low-power levels,
each with its own level of functionality and power consumption.) The electronics
ﬂesigners incorporate these ICs into their product designs, utilizing the low-power
mode of the ICs prudently so that the products consume the least amount of power
20 possible while still providing the functionality and performance that the user expects.
In general, placing an IC into a low-power state results in the primary
- functionality of the IC being disabled. During low-power mode, many circuits
internal to the IC, including high-frequency clock signals and input/output (I/O)
drivers, are essentially turned off, thereby dissipating very little electrical power.

25  Once it is determined that the IC needs to perform a function that requires low-power
mode to be terminated, a “wake up” signal is used to end low-power mode, thus
bringing the circuit to a fully functional, high-power state.

One common example of a wake-up signal is the output of a time delay circnit
that is triggered at the time a portion of the IC is placed in low-power mode. After a

30  desired length of time that a portion of the IC has been in low-power mode, the time



that is triggered at the tine a portion of the ICis placed in | ow power
'node. After a 30 desired length of time that a portion of the I C has been
in | ow power node, the time -2- delay circuit generates a wake-up signa
that returns the | ow power portion of the IC to its normal high power
state. Atime delay circuit is typically used in this role when a portion
of ICcircuitry in |ow power state nust Qe awakened periodically to perform
a specific function before returning to"Fow power node. Oten, such a tine
delay s circuit is jinplemented, as shown in FIG 1, by a precision resistor
R in seri edelaycircpit gpresates s siake up sighaldhat@etucnsrthé lnw-powerspoatidmof tha 36
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15 To eliminate the need for an extra IC package pin, expensive external

components, and additional circuit board space for the wake-up function, the circuit
that generates the wake-up signal could be implemented on the low-power-capable
IC. For example, an internal timer circuit driven by a highly accurate onboard crystal
or resonator oscillator that generates a stable accurate clock signal may be used for
20 such a purpose. However, such an accurate oscillator generally consumes a few tens
to several hundreds of milliamps of current, thus making the accurate oscillator a
high-power circuit that should be turned off in low-power mode. Additionally, the
superb accuracy of such oscillators is simply not necessary when applied to a wake-
up time delay circuit. Other types of oscillator circuits, such as ring oscillators or
25  relaxation oscillators, may be utilized to drive the time delay circuit. Unfortunately,
such low-power oscillators are rather unstable and inaccurate, their operating
frequency varying by as much as a factor of two- or three-to-one over changes in IC

process, supply voltage, and operating temperature. For the majority of IC



such | owpower oscillators are rather unstable and inaccurate, their
-operating frequency varying by as nuch as a factor of two- or three-to-one
over changes in IC process, supply voltage, and operating tenperature. For
the majority of 1C -3- applications, such frequency variations of

I naccurate oscillators are not acceptable for a wake-up tine del ay
circuit. Therefore, it would be advant agsous to inplenent a tine delay
circuit wutilizing an inaccurate oscillatror that generates an accurate tine
delay signal. 5 SUMVARY OF THE | NVENTI ON Specific enbodi nents according to
t he present applieationsirsuch Ereguendy saniationsiof inaecurate esoillatgrs ave oot aecaptablefor way

for an inaccurate oscillator to be utilized as part of an accurate tine
del ay circuid ¥&%n paﬁ@ﬁrdﬁﬁgcl:r%&k signal, possibly generated by a high-
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an accur & e del ay using the inaccurate oscillator. In one enbodi nent of
the invention, a tine delay systemuses an accurate high-frequency cl ock
signal as an input signal. The tinme delay circuit has an inaccurate

oscil | ator tSUAMIMKERTEIGE THEINVEREIOat e cl ock signal with a frequency that
is lower than the frequency for the accurate clock signal. A first clock

counter circuit 20 counts the nunber of cycles of the accurate clock signal
t hat occur duri n?,? a.ﬁno[v.ygaqéggrtion f the inaccurate clock signal. A
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nunber of inaccurate 25 clock signal cycles representing the desired tine
del ay. An sdguency|oscillaton serves to ealibrate thetinasqurate oscitlaton priou taathe initistidn si gnal

cycles unti lof b %@sige%sﬁ:ﬁg 9@%&‘, 'H)u?"ﬁlg iw%icrhetﬁ(e: ggc%i'ate clock signal will be unavailable.
When the desired time delay is to commence, the calibration information previously
15  gathered is utilized to generate an accurate delay using the inaccurate oscillator.

In one embodiment of the invention, a time delay system uses an accurate
high-frequency clock signal as an input signal. The time delay circuit has an
inaccurate oscillator that generates an inaccurate clock signal with a frequency that is
lower than the frequency for the accurate clock signal. A first clock counter circuit

20 counts the number of cycles of the accurate clock signal that occur during a known

~ portion of the inaccurate clock signal. A digital processing unit takes the number of

cycles counted by the first clock counter circuit, along with the number of periods in
the predetermined portion of the inaccurate clock signal, the period of the accurate
clock signal, and a desired time delay, to calculate a desired number of inaccurate

25  clock signal cycles representing the desired time delay. An second clock counter
circuit then counts inaccurate clock signal cycles until the desired number is reached,
at which point the second clock counter circuit generates a signal indicating that the

desired time delay has elapsed.



at- which point the second clock counter circuit generates a signal
indicating that the desired time delay has el apsed. -4- A second

enbodi nent of the invention involves the use of an inaccurate oscill ator

t hat generates an inaccurate clock signal wth a frequency that is higher
than the frequency of an accurate clock signal. G ven these conditions,
the first clock counter circuit counts the nunber of cycles of the

i naccurate clock signal that occur a durTﬁg a known portion of the accurate
clock signal. A digital processing unit then takes the nunber of cycles
counted by the fi Asteceddoenkbodiment ef thei invesition imiobves thid dse of e inaccurher of
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desired tine delay has elapsed is indicated. Another nethod e I'ment is
enpl oyed whelfiat the desived imecdelayt hastebapsédriagenerated. cl ock signal is hi gher than

that of the accurate clock, sj.gnal. First, .th 25 nunber_ of cycles of the
i naccurate cl ock iaélﬂ@fsr ?’H’é‘?‘i“g%tu?nlﬁg}q%rﬁ‘%lp LY Hm&é%??ay begins with

counting a number of cycles of an accurate clock signal that occur during a

15  predetermined portion of an inaccurate clock signal, assuming the inaccurate clock
signal has a frequency that is lower than the frequency of the accurate clock signal. A
desired number of cycles of the accurate clock signal corresponding to a desired time
delay is then calculated using the number of cycles from the counting step, the
number of periods in the predetermined portion of the inaccurate oscillator signal, and

20  the period of the accurate clock signal. The desired number of cycles of the
inaccurate oscillator signal are then counted, and the fact that the desired time dela};
has elapsed is indicated.

Another method embodiment is employed when the frequency of the
inaccurate clock signal is higher than that of the accurate clock signal. First, the

25  number of cycles of the inaccurate clock signal that occur during a predetermined
portion of the inaccurate clock signal are counted. A desired number of cycles of the
accurate clock signal corresponding to a desired time delay is then calculated using
the number of cycles from the counting step, the number of periods in the

predetermined portion of the accurate oscillator signal, and the period of the accurate



portion of the inaccurate clock signal are counted. A desired nunber of
cycles of the accurate clock signal corresponding to a desired tinme del ay
is then calculated using the nunber of cycles fromthe counting step, the
nunber of periods in the predeterm ned portion of the accurate oscillator
signal, and the period of the accurate -5- clock signal. Then, as in the
previ ous net hod enbodi nent, the desired nunber of cycles of the inaccurate
oscillator signal are counted, after whireh an indication is nmade that
desired tine delay has elapsed. 5 Qther aspects and advant ages of the
invention wll become apparent fromthe follow ng detailed description,

taken in conjunct.i o L th the acconpanying drawings, _illustrating by way
of exanpl e tﬂ%aﬁﬁgl??@‘i &R, 4570 fhepre @%F@g(.ie @E‘FW@W@WY@ THE
DRAW NGS FI i nSetaRed i i A e. pr.ior art.
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enbodi nent maddthetdeairat\ﬁineldemmgémpg‘ehe frequency of the inaccurate clock
signal is lower than the is frequency of the accurate clock signal. FIG 3
is a blodk di agr £Ather aspeets prd aivamipgesi ofdhe inventionrwillrhgceroe apparént fronetheodi nent
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signal, an inaccurate osScillator signal, and a real-tinme count value and a
saved count value relating the two signals according to the enbodi nents of

FIG 3 and FIG 4. FIG 5 is a flowhart of a nethod according to an
enbodi ment of the invention wherein the frequency of the inaccurate clock

signal ;g Imﬁaﬁ%%IWSF%Em%Fge accurate clock signal. FIG 6

is a block m I'me delay crrcuit according to an enbodi nent of
the invention wherein the frequency of the inaccurate clock signal is

hi gher than the . .
FIG. 1 is an example of a time delay circuit from the prior art.

FIG. 2 is a block diagram of a time delay circuit according to an embodiment

of the invention wherein the frequency of the inaccurate clock signal is lower than the
15 frequency of the accurate clock signal.

FIG. 3 is a block diagram of a time delay circuit according to another
embodiment of the invention wherein the frequency of the inaccurate clock signal is
lower than the frequency of the accurate clock signal.

FIG. 4 is an example waveform diagram showing the relationship among an

20  accurate clock signal, an inaccurate oscillator signal, and a real-'time count value and
a saved count value relating the two signals according to the embodiments of FIG. 3
and FIG. 4.

FIG. 5 is a flowchart of a method according to an embodiment of the invention

wherein the frequency of the inaccurate clock signal is lower than the frequency of
25  the accurate clock signal.

FIG. 6 is a block diagram of a time delay circuit according to an embodiment

of the invention wherein the frequency of the inaccurate clock signal is higher than the

frequency of the accurate clock signal,



frrequency of the accurate clock signal. -6- FIG 7 is a block diagramof a
time delay circuit according to another enbodi ment of the invention wherein
the frequency of the inaccurate clock signal is higher than the frequency
of the accurate clock signal. FIG 8 is an exanpl e wavef orm di agram show ng
the rel ationship anong an 5 accurate clock signal, an inaccurate
oscillator signal, and a real-tine count value and a saved count val ue
relating the two signals according to t+H-enmbodi ments of FIG 6 and FIG

7. FIG 9 is a fl t of a nmethod according to an enbodi nent of the
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enbodi nent, the frequency of inaccurate oscillator signal 207 nust be |ess
than the frequency of accurate clock signal 280. Typically, but not

DETAILED DESCRIPTION

15 A block diagram of a time delay system according to an embodiment of the
invention is shown in FIG. 2. At the input/output interface of the system, an accurate
clock signal 280 is used as a calibration input signal. Accurate clock signal 280 can
be generated, for example, by a crystal or resonator oscillator circuit (not shown).
Also, a start time delay signal 285 is used to initiate the time delay to be measured by

20  the system. Finally, to indicate that the desired time delay has occurred, the system
generates a time delay event signal 290.

The system includes an inaccurate clock circuit 200 that generates an
inaccurate clock signal 215. In this embodiment, inaccurate clock circuit 200 has an
inaccurate oscillator 205 that generates an inaccurate oscillator signal 207. Inaccurate

25 oscillator 205 may be, but is not limited to, a ring oscillator or relaxation oscillator,
each of which is well known in the art. Such oscillators typically consume much less
power, and are less accurate, in comparison with crystal- or resonator-based oscillator
circuits. For this embodiment, the frequency of inaccurate oscillator signal 207 must

be less than the frequency of accurate clock signal 280. Typically, but not



-7- necessarily, the frequency of inaccurate oscillator signal 207 is about
0.1 %to 10.0 % of the frequency of accurate clock signal 280. Frequency
di vider 210 then divides the frequency of inaccurate oscillator signal 207
to generate inaccurate clock signal 215. Typically, frequency divider 210
woul d divide the frequency of the oscillator by 2, s although other integer
divisors may al so be used. One reason for using frequency divider 210
woul d be to ensure that inaccurate clodk signal 215 exhibits a 50 %duty
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15  inaccurate clock signal 215 directly.

Accurate clock signal 280 and inaccurate clock signal 215 are then ﬁsed as
input signals for a first clock counter circuit 220, which counts the number of cycles
of accurate clock signal 280 that occur during a predetermined portion of inaccurate
clock signal 215. In the embodiment of FIG. 2, a first digital counter 225 counts the

20  number of cycles of accurate clock signal 280 each time inaccurate clock signal 215,
acting as an enable input for first digital counter 225, is high, representing one-half of
one period, as shown in FIG. 4. In other embodiments, other portions of inaccurate
clock signal 215, such as an entire period, may be used to enable first digital counter
225. Each time a count of the number of cycles of accurate clock signal 280 that

25  occur while first digital counter 225 is enabled, that count is stored in a digital counter
register 235 for use as a calibration valae. Digital counter register 235 is loaded by
way of a sigoal generated by a clock synchronization circuit 230, which is a standard
type of circuit used in integrated circuits, and is well known in the art. In this

particular embodiment, clock synchronization circuit 230 uses accurate clock signal



type of circuit used in integrated circuits, and is well known in the art.
In this particular enbodi nent, clock synchronization circuit 230 uses
accurate clock signal -8- 280 and inaccurate clock signal 215 to generate a
| oad pul se after first digital counter 225 has been disabled so that the
count value in first digital counter 225 is stable while it is being

| oaded into digital counter register 235 which is also showmn in FIG 4. s
O her forns of clock synchronization cirfcuit 230 are al so possi bl e. For.
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register 235. Digital processing unit 240 then passes the nunber of cycles
of 25 i nacciwabel of iBaeusterlogk sigml exqlescdesined isg t he desired tine delay to a
second counter <circuit 260 that actually generates the tine delay. Digital
processing unit 240 nmay take several different forns, including, but

Ninace = (Ninaccen X Tdelay)/ (Nacoen X Pacc),

15 where Nimee is the mumber of cycles of inaccurate clock signal 215 representing the
desired time delay, Nisaceen is the number of cycles of inaccurate clock signal 215 that
are used to enable first digital counter 225, Teeny is the desired time delay (in
seconds), Nacea is the number of cycles of accurate clock signal 280 from digital
counter register 235, and P is the period of the accurate clock signal 280 (in

20 seconds). In the embodiment of FIG. 2, Niucen is 0.5, since first digital counter 225 is
enabled for one-half of a cycle of inaccurate clock signal 215. Additionally, Naceen
may be a recent value read from digital counter register 235, or could be the result of
some averaging algorithm utilizing several values acquired from digital counter
register 235. Digital processing unit 240 then passes the number of cycles of

25  inaccurate clock signal 215 representing the desired time delay to a second counter
circuit 260 that actually generates the time delay.

Digital processing unit 240 may take several different forms, including, but
not limited to, a microprocessor or digital signal processor IC with associated

firmware for performing the required calculation, or a special purpose IC that



not limted to, a mcroprocessor or digital signal processor IC wth
associated firmvare for performng the required cal cul ation, or a special
purpose IC that -9- perfornms the calculation in hardware. Such sol utions
may access first clock counter circuit 220 or second clock counter circuit
260 by either dedicated signal |ines or general purpose data buses.

Second. clock counter circuit 260 countg t he nunber of cycles of inaccurate
s clock signal 21.5 representing the dedired tine del ay, whose value is

stored by digital rqcessing.unjt 24Q in a jmaxi num count regjster 265.
Start tine H%F%?S&‘gﬁ?ﬁ% Igihﬁf4wa5?'e “@rsogﬁ%? B2y afcesy B £108k couptefecond
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source. A digital cgr$par at (I)(?&Sc? tglg%‘gllries t%élf&g*%egfé&(@m%gp%%rﬂqcount
regi ster 26genard lputpost darh basesond digital counter 270 to determnmine io when
the desired tinme_period has el apsed. Wien the val ue of second digital
counter 270 equfcendrlogk copmterircuih 269 gounts the npakemefinyclss of inacqyirateer 265,
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countdown counter 305. Digital processing unit 240 sets the initial value
of digital BBiastesdsenablesthe couding imisecond Hizital cdneter 870,cwhitk asesfinacciaecur at e

| ock si gnal, 215 tjng the desjred time delay. Wen start tine del
Ci gnal 285 el BLE R RCIoBY e, EaleiBl sompuaiinod) comme e iatienth i ng
cycles of ifagemhAl Pi&%&r%ﬁ?@hg%fs%?ﬁﬁﬁgal}é@n?&ﬁbéﬁlfigﬂg count down
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counter 20 305 reaches™~zer o, ener a ay “ev B& 290 to
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the inventi takes the formof a nmethod of neasuring a desired tine
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Alternately, as shown in FIG. 3, second counter circuit 260 may be
15  implemented by the use of a digital countdown counter 305. Digital processing unit
240 sets the initial value of digital countdown counter 305 with the number of cycles of
inaccurate clock signal 215 representing the desired time delay, When start time
delay signal 285 becomes active, digital countdown counter 305 begins counting
cycles of inaccurate clock signal 215. When the value of digital countdown counter
20 305 reaches zero, it generates time delay event signal 290 to indicate that the desired
time delay has elapsed.
Another embodiment of the invention takes the form of a method of measuring
a desired time delay, presented as a flow chart in FIG. 5. First, an inaccurate clock
signal is generated (step 500). In this case, the frequency of the inaccurate clock
25  signal is lower than the frequency of an accurate clock signal used for calibration.
The number of cycles of the accurate clock signal that occur during a predetermined
portion of the inaccurate clock signal is then counted (step 510). A mumber of cycles
of the inaccurate clock signal representing a desired time delay is then calculated

using the number of cycles of the inaccurate clock signal from the first counting step,



The nunber of cycles of the accurate clock signal that occur during a
predeterm ned portion of the inaccurate clock signal is then counted (step
510). A nunber of cycles of the inaccurate clock signal representing a
desired tine delay is then cal culated wusing the nunber of cycles of the
I naccurate clock signal fromthe first counting step, -10- the period of
the accurate clock signal, the nunber of periods of the inaccurate clock
signal in the predeternined portion frdfthe first counting step, and the
520). The nunber of cycles of the

! ﬁggf: Br gI et @ d’(?k‘oé pgﬁ%ﬁc&fg@%ﬁqﬁgi@ gﬁﬁ Bimbeg of pesiodsof thesinaccytate glock st ep
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embodi nent stié dblafchadelapddFl G 7, the nunber of cycles of inaccurate clock
signal 215 are counted during a predeterm ned portion of accurate clock
signal 280 usi r@thei ersbodingits af thednvention 225t inA¥lsich thelfreqkery ogiieoni zat i on
circuit 230, uses F]ga%cur te cI ock ,signal 215, conditioned by accurate

cl ock si gnaiiagsgfte ds actuallydhighex thag thateo maW@PCkcﬁmﬂﬂ&mgegl ster
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W th flrst clock counter circuit 220 in relation to the enbodi nents of FIG
6 and FI G example imthe egahodiments erHGrréddeGdVgﬂmmuqbcmofasmlmgf inab¢ur@40 i n

conj uncti on enbodi ts of FI.G 6. 7 utilize the sane
f or Jrrul a usec'i&}&t Jgﬂiaﬁg ar&?ﬂ}}‘df? e gpreﬁptgm@eciﬁart@n of accurate Rﬂzoﬁl‘éé’cgéﬂ X
Tdei ay) / ( NaygpaRing f#8€Mgital counter 225. Also, clock synchronization circuit 230 uses

inaccurate clock signal 215, conditioned by accurate clock signal 280, to generate a

ey

15  load pulse for digital counter register 235 once per cycle of accurate clock signal 280
that is synchronized with the waveform of inaccurate clock signal 215. Analogous to
the waveforms of FIG. 4, the graphs of FIG. 8 display an example of the signals
involved with first clock counter circuit 220 in relation to the embodiments of FIG. 6
and FIG. 7.

20 The calculations made by digital processing unit 240 in conjunction with the
embodiments of FIG. 6 and FIG. 7 utilize the same formula used with the
embodiments of FIG. 2 and 3:

Ninace = (Ninaccen X Taetay)/(Naccen X Pice).
25
When the frequency of inaccurate clock signal 215 is higher than the
frequency of accurate clock signal 280, Ninacen becomes the number of cycles of

inaccurate clock signal 215 from digital counter register 235, and Naccen becomes the



25 When the frequency of inaccurate clock signal 215 is higher than the
frequency of accurate cl ock signal 280, N naccen becones the nunber of
cycles of inaccurate clock signal 215 fromdigital counter register 235,
and Naccen becones the -11- nunber of cycles of accurate clock signal 280
that are used to enable first digital counter 225. Al other portions of
the formula remain the sane as di scussed above. Once digital processing
unit 240 cal cul ates the nunber of cycréé‘of i naccurate clock signal 215
t hat represel

ired tine delay. | ock ircuit 260 5 of

FIG. 7 ana BHEDeR S CRCIE of 4o0Bale o NerBLAeD et ool Rl SRR ng
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flow chart of FIG 9. First, an inaccurate clock signal "is 10 generated

(step 500),clagk siguad 245 thah representa desired Hmedeley esecond clpck eauntdr cireait 26@ccur at e
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i naccur at e Elamd RIgRl3. representing a desired tine delay is then

cal cul at ed using the nunber of cycles of the accurate clock signal from
the first countihdditiomally, 2 methodrembodinient For geoerating # tinlealelay Mhenithnal , t he
nunber of gﬁiods off t he inacc rgt,e cl ock sig&gl In the predeterm ned
portion frdREIURRCY; ¢1rthe “’é‘%ﬁi‘q’ﬁtﬁ)c signal ig figher,Gan thegfrequencyt ofchelacsuratel i me

del ay (ste . haccur.at k. si.gnal from
t he cal cul %{I?%éq%%ﬁ%g%wﬁ%nﬁ%%%eM'%%ﬁg ggéquﬁa?? ﬁi@ggﬁﬁgﬂlq?m nt of
FI G 5.100nggenétardgeep500), a0nIss SMBvSIHIG. 5. CREueitRe of &ftfes ¥ dhe fnburdtd e
desired tinme delay has elapsed in 20 indicated (step 540). CLAIMS _12_ |

LET1LE 1111 1glogkygignal thay gcopr dwing a predeterrgined portion of the accurate clock signal is
then counted (step 910). A number of cycles of the inaccurate clock signal

representing a desired time delay is then calculated using the number of cycles of the
accurate clock signal from the first counting step, the period of the accurate clock

15  signal, the number of periods of the inaccurate clock signal in the predetermined
portion from the first counting step, and the length of the desired time delay (step
920). The number of cycles of the inaccurate clock signal from the calculating step
are then counted (step 530), as in the embodiment of FIG. 5. Once the second
counting step is completed, the fact that the desired time delay has elapsed in

20  indicated (step 540).



What is claimed is: 5 1. Atinme delay systemusing an accurate clock signal
for calibration, the tine delay system conprising: neans for generating an
i naccurate clock signal, the frequency of the inaccurate clock signa

being I ower than the frequency of the accurate clock signal; first means
for counting a nunber of cycles of the accurate clock signal that 10 occur
during a predeterm ned portion of the inaccurate clock signal; neans for

cal cul ating a desired number of cycles of the inaccurate clock signar—
representing a desired tinme del ay usingl3-he nunber ol

accurate cChbaAEMSsignal fromthe first counting nmeans mim"mﬂlmalmnﬂm)erl ods
in the predeterm ned portion of the inaccurate clock*signal, ¥ he period of
the accurate clock signal, and the 15 desired tinme delay; second neans for
counting the deght ..of cycles of the inaccurate clock signal; and
means for indigg??ﬁgtgﬁgggf%e desired nunber of cycles of the inaccurate
clock signal have occurred, whereby the desired tine delay has el apsed. 20
2. The tine delay systemof claim1, wherein the frequency of the _

i naccurfat e cl ock si ghdimd delay dystem vsing anecafate klock signakbfor palibrationg the cur at e
cl ock signal . @W Thf time delay systemof claim1, wherein the

pr edet er mi W88 dgl3ysyRm SO Wenaccurate clock signal is one-half of a

conpl ete perio ] I Qg AN k signal for
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signal, the frequency of the inaccurate clock signal bejng |ower than the
frequency of t Hast measior sowntingie wimpes of cycles oithe apcyrate clogkstgnakibat ui t t hat

counts; @ NERCEwRg & ¥eabfninel POt AL faccurate clock signal;

means for calculating a desired number of cycles of the inaccurate clock signal

representing a desired time delay using the number of cycles of the accurate clock
signal from the first counting means, the number of periods in the predetermined
portion of the inaccurate clock signal, the period of the accurate clock signal, and the
15  desired time delay;
second means for counting the desired number of cycles of the inaccurate
clock signal; and
means for indicating that the desired number of cycles of the inaccurate clock

signal have occurred, whereby the desired time delay has elapsed.

20 2. The time delay system of claim 1, wherein the frequency of the
inaccurate clock signal is 0.1% to 10.0% of the frequency of the accurate clock signal.

3. The time delay system of claim 1, wherein the predetermined portion

of the inaccurate clock signal is one-half of a complete period.

4. A time delay system using an accurate clock signal for calibration, the

25 time delay system comprising:



5.cl ock si gnal that occur during a predeterm ned portion of the inaccurate

clock signal; a digital processing unit that desired nunber
of cycles of the inaccurate clock signal repr nting a desired tinme del ay
usi ng the nunber of cycles of the accurate cl HMM; ﬂUIﬂ he first
clock counter circuit, the nunmber of periods HFHHeEs A ned portion

of the inaccurate clock signal, the period of the accurate 10 cl ock signal,
and the desired tinme delay; and a second clock counter circuit that counts
a nunber of cycles of the inaccurate cildck signal upon receipt of a start
ti me del ay si gnah inachrateedavkceircuiichat generttes an inacourate deckesigndlthea ti me
del ay event signal when the nunber of cycles of the inaccurate clock
si gnal r eaigauencyof thesinpequrate slosk signalbemglowsr thandhe Faguancyog tha ock si gnal

15 cal cul a | gi.tal processing unit, thereby indicating that the
Y sl sftl

desired ti | apsed. 5. The tinme delay system of claim4,

wherein the fregf@eatlockicobfiRr cirOBEHET @ulitstd MalibériaTRHtles 6f fhe hdburte10. 0% of
the frequency of the accurate clock signal. 6. The tine delay system of

cl ai rr} 45 whleck 'ﬁiﬁn?hl&amwuedm}ingt mp@dﬁgnninog pa_ﬂrir(]mfclf_tth@inidama;tmcback sigmfk -
S| gha I'S Oone-na .0 a compl et.e er | od. . e | el a S m o clalm
 Oper e n t he B gl R temi R ellited s dded sulbet of I AL

wher el n. : : ! % : i tal
osci | | ator H%a?“ ggﬁiﬁkfﬁ@g@rg%ﬁﬁ%a ﬁ&ﬁeﬁ%ﬁﬁé hahPhsinb Al @&%fess,éiw' a
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a second clock counter circuit that counts a number of cycles of the inaccurate

clock signal upon receipt of a start time delay signal, the second clock counter circuit
generating a time delay event signal when the number of cycles of the inaccurate
clock signal reaches the desired number of cycles of the inaccurate clock signal

15  calculated by the digital processing unit, thereby indicating that the desired time delay
has elapsed.

5. The time delay system of claim 4, wherein the frequency of the
inaccurate clock signal is 0.1% to 10.0% of the frequency of the accurate clock signal.

6. The time delay system of claim 4, wherein the predetermined portion
20  of the inaccurate clock signal is one-half of a complete period.

7. The time delay system of claim 4, wherein the inaccurate clock circuit
comprises:

an inaccurate oscillator that generates an inaccurate oscillator signal; and

a digital frequency divider that takes as input the inaccurate oscillator signal and

25  generates the inaccurate clock signal.



5-signal, the first digital counter generating a count value indicating the
nunber of cy cl ock signal that occurred during the

pr edet er mi ned ' t he inaccurate clock signal; a clock
synchroni zatiHmm L:“ "I :ﬂ ,cl ocked by the accurate clock signal, the
cl ock synchro | i bei ng enabl ed by the inaccurate clock signal,

the clock 10 synchronization circuit issuing a |oad pul se once per period
of the inaccurate clock signal that is synchronized with the accurate cl ock
signal, the load pul se being issued whilfe the first digital counter is

di sabl ed; and a8di gi Thd timedelayrsystemi cftobaimbk iwlgrdio detefirstelobk thatgount val ue
of the first digital counter by the | oad pul se issued by the clock
synchroni 7 ST 1543t , the digital 15 counter register generating a

synchroni zed co Qui:-n L aital ocessi,ng. unit,

t%ereby I ndi cat#ﬁgﬁtﬂ lﬁ%(%ﬁ%%@c@%%gtbgﬁhgh%n&%%ﬁ‘pg{‘él@ﬁgg}?g@ﬁsgnal t hat

occur red_ ddigitalpdunter PeiRgehebled by shareéteriniabd bittioh GAEhllcirdlh BlkicST gnal
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9. The tine delay system of , Wherein the second clock counter

ci r cui t5 cofipnalsths firstaligitalhgeuntemgenotating ragust wludinidivgting dubamimber bf t he
desired nu r cvcle f . the Jdnaccurate.clock signal calcul ated by the
di gi t al prg%zegqsq?jﬁ’@e %ﬁﬂlfaie ogk. sighal tﬁ‘i‘ @cfléqrei@‘ﬁm%ﬁlﬁe Bé?g#&r@nrefé@aﬁ%ofi he

I naccur at eﬂl%'i%uﬁiélél@éksi%ﬁ%ﬁ- second digital counter being started by the
start tinme delay signal, e’ second digital counter generating a count

val ue; and 25 @ dbdk syaichromigasion circuit being clvtked by theh cgrats ¢lock sipdethe of

cycl es of ?t}h I naccurgte clock signal fromthe maxi numcount register with
t he count ﬁ‘l’k@n"g’&‘?&aﬁf”éﬂﬂﬁyt being suabderhbyifhgiinagcuratr eloek signslethgiclnokal

i ' | i anal . the desired nunb
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count val ue ,?enerat ed by the
while the first digital counter is disabled; and

a digital counter register being loaded with the count value of the first digital

counter by the load pulse issued by the clock synchronization circuit, the digital

15  counter register generating a synchronized count output, readable by the digital
processing unit, thereby indicating the number of cycles of the accurate clock signal

that occurred during the predetermined portion of the inaccurate clock signal.

9. The time delay system of claim 4, wherein the second clock counter
circuit comprises:

20 a maximum count register being loaded with the desired number of cycles of
the inaccurate clock signal calculated by the digital processing unit;

a second digital counter being clocked by the inaccurate clock signal, the
second digital counter being started by the start time delay signal, the second digital
counter generating a count value; and

25 a digital comparator that compares the desired number of cycles of the
inaccurate clock signal from the maximum count register with the count value
generated by the second digital counter, the digital comparator generating the time

delay event signal when the desired number of cycles of the inaccurate clock signal



second di gital counter. 10. The tine delay systemof claim4, wherein the
second clock counter circuit conprises: 5 a digital countdown counter
bei ng | oaded with the desired nunber of cycles of the inaccurate clock

Si gnal cal cul atﬁmnﬂlmm “(ﬂlﬂ“’HL processing unit, the digital countdown
counter being ccurate clock si gnal the digital

count down count et Dei ng &tafted by the start tine deI ay signal,

the digital

countdown counter generating the tine delay event signal when the count
val ue reaches zero. 10 11. A tine del ayl$ystem usi ng an accurate clock

si gnal f orfromlthéfrikirmim colift refiste eG@dlabr Sivpdsee® the bt Valvg geBerateddsate at e

oscillator generating an inaccurate oscillator signal, the

frequency of

t he i naccuseaerd digital caunter. si gnal being |ower than the frequency of the
accurate clock signal; 15 a digital frequency divider that takes as input
the inaccurate oscillator signal, and generates an inaccurate clock

signal; a firstygi gi il (uROHBk ?”s?rsﬁ &t o7 G1aim ), W ¥l 5ol Acibdnlhe. accur at e

cl ock S|gnal the first digi counter having an ena

e | nput

driven by a

pr edet er mmﬁnhtpmmprmas of the |naccurate cI ock signal, the first digital

counter_ havi ng a,count ouf roni zatjion circuit having a
clock ihput driadigit W@H@O%&Wﬂ lélg ‘?,3&15 | ﬁ!a!he deseedayusmaber & 6¥4leoni zat i on
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signal, the |load pulse being issued while the first digita
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10 11. A time delay system using an accurate clock signal for calibration, the

time delay system comprising:

an inaccurate oscillator generating an inaccurate oscillator signal, the

frequency of the inaccurate oscillator signal being lower than the frequency of the

accurate clock signal;

15 a digital frequency divider that takes as input the inaccurate oscillator signal,

and generates an inaccurate clock signal;

a first digital counter having a clock input driven by the accurate clock signal,

20

25

the first digital counter having an enable input driven by a predetermined portion of -
the inaccurate clock signal, the first digital counter having a count output;

a clock synchronization circuit having a clock input driven by the accurate
clock signal, the clock synchronization circuit having an enable input driven by the
inaccurate clock signal, the clock synchronization circuit issuing a load pulse once
per period of the inaccurate clock signal that is synchronized with the accurate clock
signal, the load pulse being issued while the first digital counter is disabled;

a digital counter register having an input driven by the count output of the first
digital counter, the digital counter register having a load input driven by the load



pulse'of the clock synchronization circuit, the digital counter register

having a synchroni zed count outptt—a—drgital—processing unit that takes

t he synchroni zed count out put of Lattal —_counter register, along with
t he nunber of periods in the prej E.' I'”ﬂ Hmn of the 5 inaccurate
clock signal, the period of the c gnal, and a desired tine

del ay, and cal cul ates a desired nunber of cycles of the inaccurate clock
signal representing the desired tinme delay; a nmaxi mum count register
storing the desired nunber of cycles of-16he inaccurate clock signal from

the di gi t apulse of theiouvk synélironiktion ciminthediigitd! abuterRRter havinga a cl ock
I nput driven by the inaccurate clock signal, the second digital counter
bei ng st ar ¥%% 1%ed COYRtQutpYt; e del ay signal, the second digital counter

by the destred £leBdlorgPind hicdhica AP Brithiniatd cot Ruetgiihe Sktieq |0
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i nput driven by the count” output of the secon counter, e digital
conpar at or Ingeqveataclacl signal, fee phricdyofdheatcusite clatk sigasl, ahda degiedaiine nunber of

cycl es of e inaccurate clock,sighal fromt maxi mum count_regi ster
eéual s or.@%@ééggé’a]gﬂ@% %P‘Egg?‘}é}féyﬁlﬁfeﬂ?@? maceurate-laek ﬂggal'? al counter,
thereby ip f&%ﬁﬂy?&(@?%{%%éj&med time delay has el apsed. 20 12. The

time delay systemo rein the frequency of the inaccurate

clock signal i safatintrh oo reistef stbfitg HeadtsiRaMurtberldTRyales bf e Cl ock
signal. 13. The tjne delay systemof claim1l1l, wherein the predeterm ned
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second digital counter having a count output; and

a digital comparator having a first input driven by the desired number of
cycles of the inaccurate clock signal stored in the maximum count register, the digital
15 comparator having a second input driven by the count output of the second digital
counter, the digital comparator generating a time delay event signal when the desired
number of cycles of the inaccurate clock signal from the maximum count register
equals or supasses the count value generated by the second digital counter, thereby

indicating that the desired time delay has elapsed.

20 12.  The time delay system of claim 11, wherein the frequency of the
inaccurate clock signal is 0.1% to 10.0% of the frequency of the accurate clock signal.

13.  The time delay system of claim 11, wherein the predetermined portion

of the inaccurate clock signal is one-half of a complete period.

14. A time delay system using an accurate clock signal for calibration, the
25  time delay system comprising:

an inaccurate oscillator generating an inaccurate oscillator signal, the



f_r-equéncy of the inaccurate oscillator signal being | ower than the
frequency of the accurate clock signal; a digital frequency divider that
takes as input the inaccurate oscillator signal, and generate

i naccurate clock signal; 5 a first digital counter hHN labut
driven by the accurate clock signal, the first di glﬁm"ﬁmnﬂﬂmz#ﬂiﬁg an
enabl e i nput driven by a predeterm ned portion of thet ithaeccura ck
signal, the first digital counter having a count output; a clock
synchroni zation circuit having a clock tl#put driven by the accurate clock
signal , thérequansy of fncimacniratescitiator signaltbeirg/iowgr than eirefbquenopuf (! i ven by
the 10 i naccuratia gl ock signal, the clock synchronization circuit issuing
a | oad pul 2ECUBHELIGE Sk od of the inaccurate clock signal that is

synchroni zed w ¢ by d: HRGEH, : | e |l oad . pul se bei.ng.i ssued
while the first Bgll%{la? al cégﬁg{d&l&%rgﬁ%i sailbsﬁlggl;kpugh%la%qcifatggiﬁlﬁ%t?r Y8t er
havi ng an ampgénetatey Aninaycurite cloekignalit put of the first digital counter,

the digital counter [e_%:l]ster having a | oad input driven by the |oad 15
pul se of the cl a&kstsligitah comtershaving a¢loeluinpyt diieenchyhe atcuraterdack sigml,st er

havi ng a hr oni.zed count .out put: .a.digital processing unit that takes

t he synchr%%{}ﬁgéﬁ%érﬁoug ﬁ‘fm%f“? ??@IEP’@P?Q‘FV predetenpingd pertionofng wi t h
t he nunber #@finRRui#6 SlobR 11RE( I Lnaccurate clock
signal, the period of 0t hg@l@&ﬁeg?g&g%%sg?tgﬁg%‘{&gﬁg&gﬁ%g?d}’ed time 20
delay, and cal cuthck syrchieszation civenit Gaviag acyedkdapatidrives byibessvuadite cl ock
signal representi ngwt e.desired tine delay; a digital countdown counter

storing th Oiwgd sygehrepizatien gircuithavinganc@sblerinpedstiendydhel from

the digit | Qs HIAE . t. . th i gital countdown
count 6 haaREE TRt méGof SRR LR Mk andblht e 25t he
di gital copertpetiot of therihescubes block bizhhlaHatly syi@retiaidwith fR Aehave flbg\lﬂa' , the
digital countdown counter generating the tine delay event signa en the
stored cousignalythe leadmuserheingissusd Whig(tbbﬁm’trd@i%bbmgenibdisabhd; desired time

del ay has el apsg gi'gitlal éoluln I'];'(!Jgiéttlﬂf leav%ghzlml inlp{ltudr%\}enfgy the count output of the first

digital counter, the digital counter register having a load input driven by the load
15 pulse of the clock synchronization circuit, the digital counter register having a
synchronized count output;

a digital processing unit that takes the synchronized count output of the digital
counter register, along with the number of periods in the predetermined portion of the
imaccurate clock signal, the period of the accurate clock signal, and a desired time

20  delay, and calculates a desired number of cycles of the inaccurate clock signal
representing the desired time delay;

a digital countdown counter storing the desired number of cycles of the
accurate clock signal from the digital processing unit as a stored count value, the
digital countdown counter having a clock input driven by the inaccurate clock signal,

25  the digital countdown counter being started by the start time delay signal, the digital
countdown counter generating the time delay event signal when the stored count

value reaches zero, thereby indicating that the desired time delay has elapsed.



-18- 15. The tine del ay system-ef—claim 14, wherein the frequency of the

i naccurate clock signal is 0.1%t0 10.0% of the frequency of the accurate
clock signal. 16. The tine del aylﬂ,fm&uﬂmmwﬂ 14, wherein the
predeterm ned portion of the i ignal is one-half of a
conplete period. 5 17. Atinme del ay systém tisihg an accurate clock signal
for calibration, the tinme delay systemconprising: neans for generating an
i naccurate clock signal, the frequency of the inaccurate clock signal

bei ng hi gher than the frequency of the d@urate clock signal; first neans
for counting a df@nbedhetimeddlayssystem bfclain t4,uwhereindhofrkquengpaf thehat 10
occur during a edet.er.m ned {i f the_ accurate_ clock signal; neans
for cal cul é&cﬁﬁ‘%& cggglg %’&aqﬁ%ﬁ)rﬁ%%lr%?%‘%f@? Fequeney phike aceurate Cg‘?“(kcﬂkg@l»gnal
representing a desired tine delay using the nunber of cycles of the

I naccurate clock signal fromthe first counting neans, the nunber of
periods in the f6edeThe timeatblaysystenoof dfint 14 viesein dhepretisekn®med pationt he
period of the accurate clock signal, and the 15 desired tine delay; second
means for Obetinagsuraiecloek sigaal is gnerbalf of a cpmiplete periadie i naccurate ¢l ock
signal; and neans for indicating that the desired nunber of cycles of the
I naccurate clock signal have occurred, whereby the desired tine delay has
el apseds 20 18. 17he Aitivhe delaf¥ystorh uSiloGh deb@ht® cldok e SbrtaliBeuti ency of
the inaccurate clock signal ?ig 10 tigiglooo ti macggtkhe frg%ﬁjbg}lltg{jm%?’e?ﬁe
accur at e chinsideldygyatem cargprisitgs ti ne del ay systemof claim 17, wherein the

predeterm ned portio of the accurate c|ock, signal is one-half of a
conpl et e peri odMc3Bs 10T Eneraling ap.ingequrgte & é?ﬁn&gir&?‘f‘gﬁ‘we&@w?&‘ﬁe clock -
signal for; ' ) B b iR I,.SLOd;s | urate
cl ock' ci rcglﬁlt t aetq’II %dgr?é aép ggmgrl]ﬁg@r?ggiggr a?ﬁ@ggigg%n%wﬁﬁ%&ﬁ é}g&ﬁ ’

first means for counting a number of cycles of the inaccurate clock signal that

10 occur during a predetermined portion of the accurate clock signal;
means for calculating a desired number of cycles of the inaccurate clock signal
representing a desired time delay using the number of cycles of the inaccurate clock
signal from the first counting means, the number of periods in the predetermined
portion of the accurate clock signal, the period of the accurate clock signal, and the
15  desired time delay;
second means for counting the desired number of cycles of the inaccurate
clock signal; and
means for indicating that the desired number of cycles of the inaccurate clock

signal have occurred, whereby the desired time delay has elapsed.

20 18.  The time delay system of claim 17, wherein the frequency of the
maccurate clock signal is 10 to 1000 times the frequency of the accurate clock signal.

19.  The time delay system of claim 17, wherein the predetermined portion

of the accurate clock signal is one-half of a complete period.

25



frequency of the inaccurate clock signal being higher than the frequency of
the 5 accurate clock signal; a first clock counter circuit that counts a
nunber of cyctes of the inaccurate clock signal that occur during a

pr edet er m negysnAl i VmLaccurate clock signal; a digital processing
uni t that caﬂ“mmmmllﬂﬂuml d nunber of cycles of the inaccurate clock
signal representsng a*de8irtd tine delay using the nunber of cycles 10 of
the inaccurate clock signal fromthe first clock counter circuit, the
number of periods in the predetermn ned%ortion of the accurate clock
signal, the per2(bd oA tinteedelamcsystemt using aw keasirage alock aignal foe caldwatian the me

del ay; and.a efond cl ock counter circuit that counts a nunber of cycles of
t he inaccuﬂ@?geabflsﬁitﬁmsqo&msm@bon receipt of a start time delay signal, the

second cl ock c | g’ | ey i gnal when
t he nunber of %géscugdfté ? E’gk Fﬁé‘?ggﬁgg%&w%%ﬁﬁg?e%ﬁgﬁ ’trt\}éesdesi red
nunber of fufiesSy of theitaccm@ecslock dgndl deingdighvs khanctbe Grebadey ofyhd he digit al

processing unit, thereby indicating that the desired time delay has
el apsed. Zrcurpteclocksigad! ay system of claim 20, wherein the frequency of

t he 20 i naccurat I signal. ig..10Q to 1000 tines the frequency of the
accurate clock asﬁr&ﬁﬁl?)&l((c .er'lcrlllgu’[%iﬂ?é °8‘é?t§§7“¥9£bf5ﬂf?§f°??§|°§tﬁ% %?cl%f]tgrei n the
pr edet er m yggk a0 41 HIRAt ocQlir &l?ﬁg%gﬁbﬂe@érﬁﬁﬁéd%?&ﬁ% 8P fe aAcSur@fResi b sﬁg&fl; a

conpl ete period. 23. The tinme delay system of claim 20, wherein the

i naccur at e cl ockdigitalrpracessing upitithat salcalaterra desized nmraber afsycles af the t hat
generates ,an i nagtﬁj?rc%te osci |l | at or 111

' . | I 1.1 1.11
e BT iooprigs elpcR signg) Teprasetiing A bR Hrgasiaaising e aumberef SHelfSss as
i t he | il L j . i t | k
Lo 10" rRE fAbAk e Rdd sid frofl @R ot IR BEARE Bl WiBidBE G 21 & B O

counter  periods in the predetermined portion of the accurate clock signal, the period of the

accurate clock signal, and the desired time delay; and
a second clock counter circuit that counts a number of cycles of the inaccurate
clock signal upon receipt of a start time delay signal, the second clock counter circuit
15  generating a time delay event signal when the number of cycles of the inaccurate
clock signal reaches the desired number of cycles of the inaccurate clock signal
calculated by the digital processing unit, thereby indicating that the desired time delay
has elapsed.

21.  The time delay system of claim 20, wherein the frequency of the
20 inaccurate clock signal is 10 to 1000 times the frequency of the accurate clock signal.

22.  The time delay system of claim 20, wherein the predetermined portion
of the accurate clock signal is one-half of a complete period.

23.  The time delay system of claim 20, wherein the inaccurate clock
circuit comprises:

25 an inaccurate oscillator that generates an inaccurate oscillator signal; and



cirtcuit conprises: 5 a first digital counter being clocked by the

i naccurate clock signal, the first digital counter being enabled by the
predeterm ned portion of the accurate clock signal, the first digital
counter generating a count value ingj ' namniupper of cycles of the

i naccurate clock signal that occurrammmllmllnHr"umdeterm' ned portion of
the accurate clock signal; 10 a clock synchrdni 2atton circuit being clocked
by the inaccurate clock signal, the clock synchronization circuit being
enabl ed by the accurate clock signal, t#8-clock synchronization circuit

i ssuing a | oad puligital frequencyrdiyideri that tekestasdnpmut ther iahecuedte okcill stogsighalt hat i s
synchroni zed,w th the inaccurate clock signal, the |oad pul se being issued
while the FP¢g?“ﬁﬂﬁ?&@ﬂn%ﬁﬂﬁW%ﬂoﬂgmﬁﬂ abl ed; and 15 a digital counter

regi ster being | oaded with the count value of the first digital counter by
the | oad pul se issued by the clock synchronization circuit, the digital
counter regi st epdgenthetiinedlen i SUIARLDRE; ke WPt cloSREAR:& DY the
digital processing_ unit, thereby indicating the nunber of cycles of the

i naccur at eCEFWEROTBPIEHEE] t hat occurred during the predeterm ned portion of

t he accurate cl ggk  Si. . 20.25. The tine delay system qf ¢laim 20,

wher ei nyt he secgﬁﬁt?féfaic%‘gﬁ?ﬁbépg%&%hﬂésm :CH%"[E%&‘F g@ﬁlnt

regi ster bgi ¢ ' | : | naccur ate
clock si gnalgi?llameﬁi%@a%gb ?13‘? ?@ﬁeﬂg#ﬂg@gg E%&ﬁﬁﬁa%{%agb@ﬁﬁﬁ di gi t al
count er bebdignalg igiyal tcoentengeneratiniges cuatkalaé gididating es dmb@egnd di gi t al
counter being started 85_ th tart tinme del ay signal, tghe second digi tal
count er gefiEtek ALiEe HMaceHipe Cm(tféﬁnabmt pecurred duripg the predetermpingd portion pf g

di gi tal cog;aa‘rc@,&g{eélg@ﬁtsi pares the desired nunber of cycles of the
i naccurate clock signal Tromthe maxi mum count register with the count

val ue 1@ener at eslcloyk scheqtiition Girgidt Bbing Qlbtked by tRSin8édirdtd loeRRRALAL OF

generating_the tine L L
the clock synchronization circuit being enabled by the accurate clock signal, the clock

synchronization circuit issuing a load pulse once per period of the accurate clock
signal that is synchronized with the inaccurate clock signal, the load pulse being
issued while the first digital counter is disabled; and

15 a digital counter register being loaded with the count value of the first digital
counter by the load pulse issued by the clock synchronization circuit, the digital
counter register generating a synchronized count output, readable by the digital
processing unit, thereby indicating the number of cycles of the inaccurate clock signal
that occurred during the predetermined portion of the accurate clock signal.

20 25.  The time delay system of claim 20, wherein the second clock counter
circuit comprises:
a maximum count register being loaded with the desired number of cycles of
the inaccurate clock signal calculated by the digital processing unit;
a second digital counter being clocked by the inaccurate clock signal, the
25  second digital counter being started by the start time delay signal, the second digital

counter generating a count value; and



del ay event signal when the desired number of cycles of the inaccurate
clock signal 5 fromthe maxi mum count regi ster equals or surpasses the

count val ue generated by the second digital counterwy
system of claim 20, wherein the second cl ock counter [cuit conprises:

di gital countdown counter being | oaded with the desi (r“'gw ﬂ'um,m | es
10 of the inaccurate clock signal cal culated by the df

unit, the digital countdown counter being clocked by the i hadcurat & clock
Si gnal, the digital countdown counter & ng started by the start tine

del ay signal, t adigliafcomparaty iiadeompares dit disire@nenbérn ofayties of thege del ay

event signal when the count value reaches zero. 27. A t| nme del ay system
usi ng an am@ﬁtﬂ@v@mg@léﬁmm@mmtmmmmmcpumevadn@ ay system

conpr|3|ng t at o naccurate osci |l I at or
si gnal , gex?%?fggﬁgﬁ@?saeggnfﬁglﬁ o é‘ﬂ’gﬁgﬁﬂ@ f"%ﬁ ?mlfe’ﬁhﬁslmﬁ gher
than t he f detey evet s@inal Wllen BHeCEREPELBE of SYEIBRAbS the u%ceﬁfa?é 1861@&1

di vider that takes as input the inaccurate 0scillator S|gnaﬁ

gener at®s #oni thesoarizmm ciuntlegisterregiials ar furpassesithgicoant \caduﬂgmerd'oal/ﬁ:y@ea

cl ock |nput drlven y t he inaccurate clock signal, the first digital
counter ha ‘W@ a-“rnput driven by a predetern1ned portion of the
accurate clock signal, the first digital counter having a count output; a
cl ock synchronization circuit having a clock input driven by the inaccurate
25 cl ock signal 26.t heThé itk delayalystem ofadlaif0; whetdih tHeaebon elocleoauita i nput
driven by the accurate clock signal, the clock synchronization circuit

i ssuing a PGt guUNEEse8nce per 110111 11111111111 L1l 1111 CL ms

-22- period of cur c | at. onized W th the

i naccurate cl océme%@g ‘{%FPQC?WE?]% &@8*’%%‘?%“ ﬁ?% ‘{Aﬂiuf‘ e EYFIES st

di gi t ajo cogpthe ﬁndc%uﬁtéﬁ@él@ﬁgnal calculated by the digital processing unit, the digital
countdown counter being clocked by the inaccurate clock signal, the digital

countdown counter being started by the start time delay signal, the digital countdown

counter generating the time delay event signal when the count value reaches zero.

27. A time delay system using an accurate clock signal for calibration, the
15  time delay system comprising:

an inaccurate oscillator generating an inaccurate oscillator signal, the
frequency of the inaccurate oscillator signal being higher than the frequency of the
accurate clock signal;

a digital frequency divider that takes as input the inaccurate oscillator signal,

20  and generates an inaccurate clock signal;

a first digital counter having a clock input driven by the inaccurate clock
signal, the first digital counter having an enable input driven by a predetermined
portion of the accurate clock signal, the first digital counter having a count output;

a clock synchronization circuit having a clock input driven by the inaccurate

25  clock signal, the clock synchronization circuit having an enable input driven by the

accurate clock signal, the clock synchronization circuit issuing a load pulse once per



a digital counter register having an input driven by the count output of
the first m,‘t—he digital counter register having a | oad

i nput dri venJﬂ"m il se of the clock synchronization circuit, the
di gital count #HE mmﬁmﬂHm‘ng a synchroni zed count output; a digital
processi ng uni't fhat ttakes the synchroni zed count output of the digital
counter register, along with the nunber of periods in the predeterm ned
portion of the accurate clock signal, the period of the accurate clock

signal, and a desired time 10 delay, and2calcul ates a desired number of
cycl es of perod ofithe acarateclankisignabthat is sya¢hrosieed with thdmadaghateetbdki ne del ay;

?ngiéhf‘ég"egf%ii%iﬂfeﬁ%iéﬁfw Pehe %q%&ecé%ﬂé’%%ifé?%@é‘%@”?cﬁéné%i{cﬁé’aﬁéeﬁlné“Si gital
_ "ghayse Peifg 5 _ boond di gi t
Cecond di gi 1l Samae bR theilet K oy Lt ARG BbRoSniipual g iRt o

second di gdigital countsrethe [digdtal Borihterdepisted Havibg a I@d&nﬁutcﬁrﬁ}'eh?g the @ﬁr at or
s 0

having a first input driven by the desired nunber of cyc the
i ‘naccurat epélsoekiheickeki syneloonization cireuitytheidigital counter registes thavingtahe di gi t al -

conpar at or _hayin second input driven by the count output of the second
digital Zos)ggﬁﬁ:ﬂn%e,%ctoﬁg ?ﬂqulf al conparator generating a tine delay event

si gnal when the g%%'j ngﬁﬁ I ' . gignal
fromthe maxi rru?n coun@qfeeéggi tertﬁ%q%%%ﬁg?ﬁ%%oggggs%%@@ﬁ?@% ggcﬁl

gener at ed &ountéreegistenatong) with &e rumibet of peridizrie the préd&iémﬁhédl?oﬁ:ibﬁbf thee
desired tine del g]éﬁgas el a}%sed,. 28. The tine delay systemof claim 27,

wher ei n t h#FoPTasy yiearl, thepenigd jof theasputate dodkesigral g a desired time 1000 ti mes

the f r G ' I . The ti del a t em of

el m Sty ahd LB BRe  nliter U308t of 8 ipabiiate FBek Bl oo < gnal

iff)][l?[hflﬂepmfsemﬂeﬁﬁedﬂﬁﬁéaaay; ------------ I T ~ff1 1 fll fff!l [TfIf
S

a maximum count register storing the desired number of cycles of the
inaccurate clock signal from the digital processing unit;
a second digital counter having a clock input driven by the inaccurate clock
15  signal, the second digital counter being started by the start time delay signal, the
second digital counter having a count output; and
a digital comparator having a first input driven by the desired number of
cycles of the inaccurate clock signal stored in the maximum count register, the digital
comparator having a second input driven by the count output of the second digital
20 counter, the digital comparator generating a time delay event signal when the desired
number of cycles of the inaccurate clock signal from the maximum count register
equals or supasses the count value generated by the second digital counter, thereby
indicating that the desired time delay has elapsed.

28.  The time delay system of claim 27, wherein the frequency of the
25  maccurate clock signal is 10 to 1000 times the frequency of the accurate clock signal.

29.  The time delay system of claim 27, wherein the predetermined portion of

the accurate clock signal is one-half of a complete period.



-23 30. Atinme del ay systemusing an accurate clock signal for calibration,
the tinme delay systemconprising: an inaccurate oscillator generating an

i naccurate oscillator signal, the frequency of tm‘e‘osei—l-l at or
si gnal being higher than the frequency of the eimu nal; a
digital frequency divider that takes as input the ww ator

signal, and generates an inaccurate clock signal; *a first i g=| count er

having a clock input driven by the inaccurate cl ock signal, the flrst

di gital counter having an enable input eé8tven by a predet erm' ned 10
portion of the 80cura timeldelaly systgmalsing dneaccrasd cldelgsipadl foocatibeationatheng a
count output; a_clock synchronization circuit having a clock input driven
by the i na@é’%ﬁ%@’sﬁ%ﬁo@Pﬂﬁ% t he cl ock synchroni zation ci I‘CUI t having

Syncnr on zat 1 on 4 E3EE et acklror WEAHAAAE o hESuledpnck SBARL IS, (e
accurat e cClfegleridytitahe inasdurate osMIlEF 6 a%uyg Fn?hér"cﬁaﬂ ﬂﬂfﬂt%g]lhéﬁ% sfgek 15

signal, the Ioadc&lse bei ng |ssued | e the rst digi nter is
di sabl e8: acalirgtietciockesignal;er regi ster haV| ng an |nput driven by the-count

out put of the fir I tal he di counter | ster having a
| oad i nput dri véﬁﬁ@?l?ﬁ?gu%&ﬂic“ Itgﬁt%]tfestaﬁén tg&mg PBﬁ‘flﬁgf’F%‘ﬁn@r rcuit,
t he di gi ta'an&g&%r%s Eﬁ’ﬂia : [bg(ﬁes synchroni zed count output; 20 a

digital proceSsing unit t e’ synchroni zed count output of the

digital counten ﬁmtghgltaircoumbloh@iﬂg'abloblnmpwdﬁ%nb)fﬂieéﬁzmd&té ¢clothe
predeterm ned portjon_of the accurate clock si % the period of the
accurate cF"’(S@#&f Q}egﬁﬁ? digial poyntes baviag an epable arpy by apredeterained desir ed

nurtoer 1 BOBlGR e MABOBRERLLR. B SR RR ARG B e 1
cycles of the h@ml&?ﬁélﬁoﬁ!z&fdﬁcﬁteﬁﬁdia nelbdleinPirtdrivan B3/ 186 afebitdteuni t as
a stored count val ue, the ital countdown counter having a cl ock i nput

driven by tleekisignek @teeglecl@s)mg ogizgtien circuit having an enable input driven by the
accurate clock signal, the clock synchronization circuit issuing a load pulse once per
period of the accurate clock signal that is synchronized with the inaccurate clock

15  signal, the load pulse being issued while the first digital counter is disabled;

a digital counter register having an input driven by the count output of the first
digital counter, the digital counter register having a load inpuf driven by the load
pulse of the clock synchronization circuit, the digital counter register having a
synchronized count output;

20 a digital processing unit that takes the synchronized count output of the digital
counter register, along with the number of periods in the predetermined portion of the
accurate clock signal, the period of the accurate clock signal, and a desired time
delay, and calculates a desired number of cycles of the inaccurate clock signal
representing the desired time delay;

25 a digital countdown counter storing the desired number of cycles of the
inaccurate clock signal from the digital processing unit as a stored count value, the
digital countdown counter having a clock input driven by the inaccurate clock signal,

the digital countdown counter being started by the start time delay signal, the digital

30



t he d]gital countdown counter being started by the start tine delay signal,
the digital _ 30 1 I Fifrritttti rrrrrrrrtrtl -24- countdown counter
generating the tinme de signal when the stored count val ue reaches

a
zero, therebam _ y the desired tine delay has el apsed. 31. The
time delay s lm['"”%wm wherein the frequency of the inaccurate
clock signal i*s f0 to 4 «l mes the frequency of the accurate clock

signal. 5 32. The tine delay systemof claim 30, wherein the predeterm ned
portion of the accurate clock signal i“4*one-half of a conplete period. 33.

A met hod otoupddmvmcounieragenerating thedime delayl evens signalhwhemthgstomedicamnt | ock
signal for _qgalibration he net.hod c risin e st of enerating an
i naccur at e pgm@cﬁqs é‘?’,tﬁecrﬁ i @sg?ﬂ?e%ﬁ@e‘iﬁ%é&fﬂg& Slaﬂg - 10 signal

being I ower than the frequency of the accurate clock signal; counting a
nunber of cycles of the accurate clock signal that occur during a

predet er m ned pdl.ti dhheofimt delayastemrofictaiml 30; whetefrothe; freepleneyt siitheg a desired
nunber of cycles of the ipaccurate clock signal representing a desired
time del ayinaequsgfercinsk signstis 18rto dPBP times the frequeney pbibe acewate clocksignghl from
the first counting step, the nunber of periods in the predeterm ned portion
of the inaccurate clock signal, the period of the accurate clock signal,

and thes desired3a ti NEhed@ing elag@ydtbind cldi@ JewheRsh théPR6det@mitdCpsitior! t he
i naccurate clock signal; and "indicating that the desired nunber of cycles

of the i naoftheateurate chicksigpabis ongdhalfofa complete petiodher eby the desired tinme
del ay has el apsed. 34. The nethod of claim 33, wherein the frequency of the
i naccurate clock signal is 0.1%to 10.0% of the frequency of the accurate

ke B0 B, RS o R i RESLSETL er  o
signal for calibration, the method comprising the steps of:
generating an inaccurate clock signal, the frequency of the inaccurate clock
10  signal being lower than the frequency of the accurate clock signal;
counting a number of cycles of the accurate clock signal that occur during a
predetermined portion of the inaccurate clock signal;
calculating a desired number of cycles of the inaccurate clock signal
representing a desired time delay using the number of cycles of the accurate clock
15 signal from the first counting step, the number of periods in the predetermined portion
of the inaccurate clock signal, the period of the accurate clock signal, and the desired
time delay; |
counting the desired number of cycles of the inaccurate clock signal; and
indicating that the desired number of cycles of the inaccurate clock signal

20 have occurred, whereby the desired time delay has elapsed.

34.  The method of claim 33, wherein the frequency of the inaccurate clock
signal is 0.1% to 10.0% of the frequency of the accurate clock signal.

35.  The method of claim 33, wherein the predetermined portion of the
25 inaccurate clock signal is one-half of a complete period.



11-1111i) 112122 fbigb e k11 till LS -25 36. A nethod of generating
an accurate tine delay using an accurate clock signal for calibration, the
met hod conprising the steps of generating an i'naccurate ctock—signal, the

frequency of the inaccurate clock signal bel frequency
of the accurate clock signal; 5 counting a nu ﬁllmm m ﬂl '“ll
I naccurate clock signal that occur during a predeteer m ne oot i on of the
accurate clock signal; calculating a desired nunber of cycles of the

i naccurate clock signal representing a-2esired tinme delay using the nunber
of cycles of theggi nagchiefiod oflgehdrating Sadcutt@thire!iR1d ?‘dsﬁigﬁ%ﬂ&hta'f@clé&l@p, the
nunber of periods in the predeterm ned portion 10 of the accurate clock

si gnal , thslgnm}fwdahmraubmth@mommklgﬁhgst&psoﬁnd the desired tine

del ay; counting the deS| red nurrbe f.c of the ipaccurate cl ock
signal; and i n&FRRIRGAR HRCCURE si‘%éfﬁﬁﬁggqu%f’ye edracspraieelotkaccur at e

cl ock sign | ay has el apsed. 15
37. The mﬁ%ﬁgﬁ%@g{%ﬂmﬁﬂ ¥¥hfﬁfrequet§%§/&dgﬁd¥ i naccurate clock
signal gs 10 tocbﬁﬁl@lgtaﬂmbérhﬂ‘circleguﬁmyn&fsmtataaclaﬂcsigﬁlehalo@akdu'r@gal. 38.

The net hod of claim 36, wherein the predeterm ned portion of the accurate
clock si gnaredetergrinedpartionpf the aschpisiclogkignsy.

calculating a desired number of cycles of the inaccurate clock signal

representing a desired time delay using the number of cycles of the inaccurate clock
signal from the first counting step, the number of periods in the predetermined portion
10  of the accurate clock signal, the period of the accurate clock signal, and the desired
time delay;
counting the desired number of cycles of the inaccurate clock signal; and
indicating that the desired number of cycles of the inaccurate clock signal
have occurred, whereby the desired time delay has elapsed.
15
37.  The method of claim 36, wherein the frequency of the inaccurate clock

signal is 10 to 1000 times the frequency of the accurate clock signal.

38.  The method of claim 36, wherein the predetermined portion of the

accurate clock signal is one-half of a complete period.



