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| NACCURATE OSCI LLATOR s BACKGROUND OF THE | NVENTION A primary congﬁ '}\FHT‘ZB%
users of nodern electronic.devices is power -consunption. For exanple, the
|l ength of tinme that a user may operate a Earticul ar portable electronic
product before recharging the associated battery is generally a 10 major
pur chase consi depatd f nsequently, a major goal of
nmost el ectroni csA e%%ﬁ%mwéﬁgﬁgm “@Wfﬁﬂﬁtw IAING AN
product designs. Toward this engAC®ORA irC onent manufacturers
provide integrated circuits (I1Cs) wth ?ﬁfjg(v@g'g’m%fﬁ de in addition to
their normal "high- 15 power"” state. (Qther designations for |ower power
states exist, such as "standby" or "sleep" node. Additionally, nmany |ICs

i npl ement several different | ow power levels, each with its own |evel of
functionad i t BARATKIGROWEN Slﬁ@ ' el ectronics designers

I ncorporate these |ICs i%ﬁgpt el ?N&EO%EIC designs, utilizing the | ow power
node of the ICs prudently so that the products consunme the | east anount of
power 20 possible while still providing the functionality and performance
that the user exp@diInNary ¢pugencaong wesephimodern|eldtninic deiooy-ippuREr St at e

results in theRhi y ctional it f the | C being disabled. During ‘
| ow- power mode Bt "ﬁ?fl{'cf?{}%splei ﬁ’f"é?‘?ﬁ%g of Ymerfhat user fpay eparaicti prntilaguency
cl ock si gnalporabit élentini®©pidbitt befble e b lally turned off,
t her eby di ssi pating very Fi ttle el ecrtef%gm%ptgemggo&fge%rﬂs geélef?élﬂ’é’f ni ned

that thé?| ChgeHBuiCasseonsidaration for tiosncdnbderse (UbRsRuerily, H%‘ﬁ&ﬁgpﬂ%ft o be
' node, "t hus

term nat ed, rﬁ‘os't'v\%kge [thlg"dm.gnal .is used to end | ow power
bringi ng thé & rear PUEISSIERATS {8 toyisdusedhapownr gerspomtionsifaher pfadace ommon
P

exanpl e of @e 2-up signal is the output of a tine delay circuit that is
triggered at the tinme a portion of the ICis placed in | ow power node.
After a 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
designers 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
. 'functippality of the IC being disabled. During low-power mode, many circuits
internal to the IC, including high-frequency clock signals and input/output (I/0)
drivers, are essentially turned off, thereby dissipating very little electrical power.

25 Once it is determined that the IC needs to pérform 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 circuit
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



30 desired length of tine that a portion of the IC has been in | ow power
nmode, the time .2 5 APR 2005 -2 delay circuit generates a wake-upgsy giRR 2005
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 be awakened periodically to perform
a specific function before returning to | gw power node. Oten, such a tine
delay s circuit is inplenented, as showmn' fn FIG 1, by a precision resistor
Rl in seriegs Wwth g precision capacitor G, configured as a | ow pass
filter. Ext é?lwéFlf 1 8PRGTRIRS acwisomeTignal siad refgrnsalbe Jowgwives pagion ofghadCur acy

of the time | 1o t. jepor.tant. for. n l.ect.roni c

appl i cati ons Iﬁemﬁl %gﬂéé%%‘%a%?@g?%esde@ #lgﬁﬁ 1S ypig ‘_éﬁegﬁﬂﬁHéf nlﬁr"gl_%q’i'ol d
vol tage of 4 pertich dfTOUEir@ktrY M 1c¥-pbRer WatknuR bel NRkndpdritaittail Qﬁ{pgffﬂhﬁes
the tine delay (the del aﬁ bet ween vol tage Vs= goi ng hi gh and 60 age

Vdel ay goi ngyspecHls) fuation before raswapugierlopepavwarmode.t Bdteh Grick antivak dalagl .

Unf ort unat el.y, .such sol ution, requi | ati vely expensive, external
conponent s, c1¥({1,1g| 15 Z5P %r%eﬂéeﬁe a3 ﬁh‘f"_ﬁé ‘%Eﬁfg-c{’ifyeﬂ PEGGIURR Foskr By ingeHeu withine
conponent S,p@&ﬁoﬁ%a#;a@itoPﬁké&ﬁiag%éh QEQL&@ESQ fiffer! rﬁ(t@ﬁ%ﬁ?'f&isfdngnal . Is To
elimnate the need for an extra | C package pin, expensi VBRI EY nal
conponent s, coaponentsiatd noraallyi usedisinch tiar sbcanre offthe tikealelBksiroul i§ unct i on,
the circuit that generates the wake-up signal could be inplenmented on the
| ow power - SOP%BIiAL frporagt fnamaryl dectgpnie isafions; nBhe Gine canstaitrafukis by a

hi ghl . : oscill. hat .
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hundreds of millianps of current, thus feking the accur ator a
hi gh- power veitagsuY twytgoang bigh dtibibe fow pesveo phrtion dibive f6Vie awakeed.

hecessary BRI oBeh Siineceufes fdinbi apeutie remate POl oS of
R e L e U T
package pin dedicated to the wake-up signal.
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. Yor 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 voitage, and operating temperature. For the majority of IC



such | ow power oscillators are rather unstable and inaccurate, their
operating frequency varying by as nuch as a factor of two- or tk&éeﬂpﬁ-gmg
over changes in I C process, supply voltage, and operating tenperature. For
the majority of 1C 2 5 APR 2005 -3 applications, such frequency variations
of inaccurate oscillators are not acceptable for a wake-up tine del ay
circuit. Therefore, it would be advantageous to inplenent a tine del ay
circuit wutilizing an inaccurate oscill atér t hat generates an accurate tine
del ay signal. 5 SUMMARY CF THE | NVENTI ON Specific enbodi ments according to
t he present applicativhsrsuch freljeernty sariatient oflidadven st wsciflaoyd she mot deeptiblemgy f or
an inaccurate oscillator to.be utilized as part of an accurate tine del ay
circuit. An? i @me dslay cichital | possibly generated by a high- frequency
oscillator, serv - ' ' r.priaor to the
elté?o@w ol etaﬁgaﬂt%e%fiﬁé@m @%l%b L%‘aa‘i}‘%cd D Mock si gnal

initiation of a desired tine delay, r

wi |l be unavgiitiaphke inacthere ddeilla@sthaegtrctates sleh@xirdes tine pRf, the
calibration information previously 1.s gathered is utilized to generate an
accurat & del ay using the inaccurate oscillator. 1In one enbodi nent of the

invention, a time delay systemuses an accurate high-frequency clock
signal as an input signal. The tinme delay circuit has an inaccurate

osci | | at or $OMMAERNE OH THFRINVERGWUNat 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
f the inaccurate clock signal.

t hat occur duri a.kno .portion ( A
digital pr ocess?ﬁ&c_lﬁfﬁ ¢ %ﬂ%&mﬁ ﬁécqawgép the presgrt iguentisgntebe gescrived i r st
5k, TIEIEE, ke PO b AR e RO 0 i e
accurate akooktesiigadblayiduin. dasideashté cloek d8inaY, pdsSibBAdchietaéEbR a des-r ed
nunber of inaccurate_ 25 clock signal cycles representing the desired tinme
del ay. An Jredsaerycossillatery serves to calibrate the inaccurate oscillator prior to the initiation

of a desired time delay, during which the accurate 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 périods in
the predetermined portion of the inaccurate clock sigﬁal, the period of the accurate
clock signal, and a desired time delay, to calculate a desired number of inaccurate

25  clock signal cycles representing tlie 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.



circuit then counts inaccurate clock signal cycles until the desired nunber
is reached, at which point the second clock counter circuit geneg &t ¢PRa/ils
signal indicating that the desired tinme delay has el apsed. 2 5 APR 2005 -4
A second enbodi nent of the invention involves the use of an inaccurate
oscillator that generates an inaccurate clock signal with a frequency that
is higher than the frequency of an accuraje clock signal. Gven these
conditions, the first clock counter circuft counts the nunber of cycles of
the inaccurate clock signal that occur s during a known portion of the
accurate clock sifyfatondenghogiment qfithe inventign inviolves iteuset efleasina¢raratanber  of

I t ed. fi | ock t ' i t ith the mb
of “per i ods. 8 HRter s geblrbles Rndfs NG Rk Sanal b s ack i b eneh G
the period ¥ fichiereg@fbabeciibRodd Gha: @it hedleSbidifors, M Rk Block ! ©
cal cul ate a desired “nunmber of inaccufate clock signal cyé¢les représenting

t he desi red cohmter dietuiycouats the nudbehef pyees ofithe androdianecibck sigagicthacbapck
counter ci L@ui.t t hen count.s ip ccurate cl ock si gnalgigq%cl es until the

desi red hunfEFRE2 Knowopastion of Hhe;acrursts ¢lock signaln oA digital recesgng upktheme
desired ti RS | . odi ment

Tothod of | el oy 1R SRS huclF B U At clofic 0GHAE LG AorkERlen oft
cycles of anumbetioBperiods e khesprodabrinined poeivir oftthe b&mraceio%cm&@wﬁﬂfamtﬁ@d
portion of an inaccurate clock signal, assum ng the inaccurate clock

si gnal has Bemodefidsagcurpgiclock signudy andhadesired tme doleyicip elculite agtesiredit e

cl ock sign | nu r.of. cycles of the accur.ate.cl ock signal
correspondfqul%Inﬁlz")r %@é@ﬁ?@%cﬁﬁélgn%?@si @p{%gﬁ%ﬁ%ﬁ@fgﬁf : igeidglayt HeS Hunber
of cyclws fherprévisusadpsdin@ns heReodd \@obt! E@(ﬁ{tfxoéinfﬁ?tr el Sollls gx{nhgcurgg dlock

predet erm ned portion of the inaccurate oscillator signa
period of tHignacydesuntikthodksisidgnahberTibecathed,radviicinpeint akigiyindicadiigt he

dosi red 11 it it EndNEl S Pt e Cunor her et hod embodi ment s
enpl oyed when thg {180y eRfbdRhed: " method of implementing a time delay 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 de’lay
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 countiﬁg step, the number of periods in the

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



i naccurate clock signal is higher than that of the accurate clock signal.
First, the 25 nunber of cycles of the inaccurate clock signal that5ogRRr2005
during a predetermi ned portion of the inaccurate clock signal are counted.
A desired nunber of cycles of the accurate clock signal corresponding to a
desired tine delay is then cal cul ated using the nunber of cycles fromthe
counting step, the nunber of periods in thes_predeterm ned portion of the
accurate oscillator signal, and the period of the accurate 2 5 APR 2005 -5
clock signal. Then, as in the previous nethod enbodi nent, the desired
nunber of cyél eks of the inaccurate oscillator signal are counted, after
whi ch an i ndi datk signils Thvades Ihee Hesiohs thelll ag, ehapsed. s O her
aspects and advantages. of the in_vepri:ti on Cﬂ@eﬁﬁﬁﬁﬁeﬁﬁ%ﬁ&p%@eﬁsﬁﬁw@ﬁwp

fol | owi ng det%ﬁcfeé glé%@??%ﬁ“@@,scﬂiakmsignal snjountztlj afervhidhtnGndesPaNYi ng

draw ngs, il | . of . ex | e the principles of the 1 nvention.
10 BRI EF msc‘g?@ﬁ%\?%e@ﬁﬁl%wkﬁs&%@ 1 is an exanple of a tine delay
circuit fsomthe pDiher aspebts abli Gavnt iagramof a tine delay
circuit according to a%@g_nbodi np‘ﬁ%uh%efsaotfﬁié@fﬂr?\?‘gﬂﬁ%ﬂnm FPRaget drosy thency
of the i naccPhewing dstatled dgseaiption, takestin thgondthd wis é%%ﬁxgg%{%igé gH@ﬂﬁ’

accurate cl O(fﬁusﬁiaﬁnab' FIG,. 3 is a_block diagramof a tine
according to anothsy oY ¥ sfieramplethemimcinlescofithe invshtiori n t he frequency of

the inaccurate clock signal is |ower than the frequency of the accurate
clock signal. FIG 4 is an exanple waveform di agram show ng the

rel ati onship anong an 20 accurate clock signal, an inaccurate oscillator
signal, and _ b i me count value and a saved count value relating the
two signdls EPg‘? RIFHQN QFHEBRAWINGSI G 3 and FIG 4. FIG 5is a
flomchart of a nethod :according to an enbodi nent of the invention wherein
the frequency of the inaccurate clock signal is |ower than the frequency of

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

FIG. 2 is a block d'iagram 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.



25 the accurate clock signal. FIG 6 is a block diagramof a tine del ay .
circuit according to an enbodi nent of the invention wherein the gegpﬁnﬁmE :
of the inaccurate clock signal is higher than the frequency of t

accurate clock signal. 2 5 APR 2005 -6- FIG 7 is a block diagramof a tine
delay circuit according to another enbodi nent of the invention wherein the
frequency of the inaccurate clock signaLgLs hi gher than the frequency of
the accurate clock signal. FIG 8 is an exanpl e wavef orm di agram show ng

the rel ationship azgs gBoc @%gﬁﬂﬁla&ea | %\%?agg&%ﬁh,acgg@ﬁ@c% te

oscil I ator signal, a rea ne" coun val ue

relating thembv@infngoeihe iAveRiod Wilert the @regﬁaﬁsﬁd}‘eﬁé abturile@lo& sigﬂhf[il [iil G

7. FIG 9 is a flowhart of a nethod according to an enbodi ment o
i nvention digdeethan theelrequenge of yhavdccutate clogk signak e cl ock signal is higher

than the frequen of .10 the accuraje cl.ock signal. DETAILED DESCRI PTION is
A bl ock di agram §¥G'a§ 5 %e@é'f*éﬁ WE%‘)&H ‘%ﬁ%ﬁ%@’@%%em&ﬁlﬁé‘mongfaﬂt he

inventian i gocshAdBiobR s ghfﬁ, af-infcut A€ obiMbY ﬁg{lﬂuﬁnc% RYENiane F@é{}téﬁgﬁe%ﬁt em

an accurate clock signal 280 is used as a calibration inpu

Accur at e cl osdvediconat] vah80retating the tge sinalsedcoritng ©xaephdodiiycrs 6f FR3.a or
resonat or osci I]{ tor circuit (not shown). Also, a start tinme delay signal
285 i s use itiate the time del ay to be nmeasured by 20 the system

Finally, to indi red ti | ay has poccurred, .the system
generates a ti mﬁ%‘%fbafﬁfbg‘@%\% a%figf\%fneg%‘.a@}%@?%%’t@ﬂ‘ﬁ%_'ﬁﬁa of fheitnvg BRate
cl ock ci r cuilier@dQhé NRGuaRPIFIhE fnadfuraleNIEKNigi iChiRakr Haf 1R frédiency Bft hi s
enmbodi nent, inaccurate clock circuit 200 has an i naccurate oscillator 205

t hat géper dheaccurate alweksigmab oscill ator signal 207. lnaccurate 25
oscillator 205 may be, but is not limted to, a ring oscillator or
rel axation oscillator,

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 6sci11at0r 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 inaceurate clock circuit 200 that génerates an
inaccurate clock signal 215. In this embodiment, inaccurate clock circuit 200 has an
inac_:curate oscillator 205 that generates an inaccurate oscillator signal 207. Inaccurate

25  oscillator 205 may be, but is not limited to, a ring oscillatdr 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
cireuits.  For this embodiment, the frequency of inaccurate oscillator signal 207 must

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



each of which is well known in the art. Such oscillators typically consune
much | ess power, and are |l ess accurate, in conparison with crysQaﬁ‘-AW 200
resonat or - based oscillator <circuits. For this enbodi nent, the frequency o?
I naccurate oscillator signal 207 nust be |less than the frequency of
accurate clock signal 280. Typically, but not 2 5 APR 2005 -7- necessarily,
t he frequency of inaccurate oscillator sjgnal 207 is about 0.1 %to 10.0 %
of the frequency of accurate clock signal 280. Frequency divider 210 then

of the fre _ § equency
naccur at o 5T ook igT Dl CpaCF SE B RSBl Siacdl 074 A0 AT G vi e

the frequendyhofrequiencyof abdumhtercldeyk stgnab 280.t IFeetilendf RfddrB100BEn Givides A May
al so be used. One reason for using frequency divider 210 would be to
ensur e t hatTSIHERY AT dneccurale psalllganpigpalm0dxhigenerateing Oxrake tojockesjgriab 219 he

signals ge ny . naccyr-at e .qgsci.l.l ators, sone_qf which be
usgd f or gi ﬁ@%&ﬁg’t §¥%1ga§1;:${ Idé‘flg?rc‘gl&gv,mlgg e e@WAOB&%PSEQ@F‘g%%%i ch may
af f ect 4 health | dtherGintdeh ' [ ) j I ond,

di viding i ﬁac(?ﬁg?attee 10t6§s€fuﬁ?4§tr g?ﬁgiagﬁa}{y%g' Rﬂeg%ﬁrrga ﬂsﬁﬁfﬁgifl\?‘%’@gﬁoul d

al | ow nor ediddr@d Ogpould bertaaswt diit inascyratd c1880signaldtiGuexhibitsi N§0% dwey | od of

| naccurate cl ocli“ Si %2]% 215, %ﬁg&reb allowing a__ nore accurate calibration
of inaccur Y¥E-clBER rigesist dpaccyrgtesQsclatergpepine ahvlichi mayqeg t her

f th I ; ' ko desi A n | vi der
210 can ber Rar el GRNARDORP 4b A8 B 20%35R) BURE: whidHCAR el oF

cl ock si gnebuldléf die celibration pecuesAidesdibed bekiveln SecaiR) davidinkiaseyfad € cl ock
signal 215 are then used as input signals for a first clock counter
ci rcuite 2295cillafnrsignad gy dyrsemernmabiediviser wpuldedlovomage cyelas of adcosite sloghal

280 that g | ng.a predeterm.n ortion of in ate _clgck, signal
215, 1 ¢ RS ZR0G R B Peﬁ‘,‘)da‘ﬁ?‘f‘%)%{“"a‘? 5\"{3%@ aﬁﬁi@?ﬁhﬂf elioing The 20
number  of rayeleeuale @mbwRFoChAGrE Bek sHAM SAENHoWBRC! NAGGHEA! © Cl ock
signal 215, acting as an enable input for Tirst digit Al count er 225, is
hi gh, represgwditenys,ofi @eitadrfofgheseqmeblpms iaoda cascesh onvthe ¢irdait@esidned,n ot her
enbodi mentﬁg, ot heé. Por5i8ns %f I naccur at e, .
equency divider 210 can be removed, with inaccurate oscillator 205 generating
15  inaccurate clock signal 215 directly. '
Accurate clock signal 280 and inaccurate clock signal 215 are then used 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
;‘egister 235 for use as a calibration value. Digital counter register 235 is loaded by
way of a signal 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



cl ock signal 215, such as an entire period, nmay be used to enable first
digital counter 225. Each tine a count of the nunber of cycles dfﬁaApRr e
cl ock signal 280 that 25 occur while first digital counter 225 is enabl ed,
that count is stored in a digital counter register 235 for use as a
calibration value. Digital counter register 235 is | oaded by way of a
signal generated by a clock synchronizatigon circuit 230, which is a
standard type of circuit used in integrated circuits, and is well known in

the art. In L&d i i i QM@ of -circuit 230
uses acour are o LGk 6 SERLATa pengaRG IR R AN Bt i Siidcs g
215 to gene?22d basbdenatisgbiddss thfit he chimtstahet @i figt dp@nt@mter225 ibs@bleen

di sabl ed so %ﬂat the count value in first digital counter 225 is stable
while it isYBHF Hgs bsHigdaadad: igtarigitalgountss segipter 839 swhich igalso whown i FIGI so
shown in FI 4. s Oher forms of clock synchronization circuit 230 are
al so possible. For exanple, the | oad pul se could be generated at any tine

during whi ch th_eOﬁQjﬂ%rﬂ(@bﬁ@oc]%yrfchfoiﬁza@foﬁic‘h%hit%gQ\}@ﬁlsgiéssiiﬁle..st le.
Digital processing unit 240 takes, as input, the output oOf digital counter

regi ster 23xampledhe nadnulise coald e gerevated etamstmy dusingetischiracouhevalugrber

of cycles of,.10.. curate.cl.ock signal 215 that nmake up a desired tine
delay. Int i@SE%Qaﬁcﬁqlfé‘?%%& St@*’l%'r naccurate clock signal cycles desired

is Nina" = (N nag94a1 frobd&i : RPace) e a\gm - N} s the
nunber of cycles gg?@i égccu?g%&é?%ﬁﬁﬁgﬁ’géﬁﬁglgﬁr%l egfefg{lgkag%ﬁﬁ%ﬂmsdesi red
time del ay registen28%to perfoine theuenieilativh wredsasy @f détaradine td RubeR Of c§tieeal 215
that are uysed to enable first digital counter 225, Tdeiay is the desired

time déPay RacRUraleelapk signal\g 15 that makeuprp desisgd dpeldstayofIngbisupase.dhel ock
si gnal 280 k Qi C ter regi,ster .235, and Pa" is the period of the
acgurate cflidlf:n%g}sggﬁ{g{:mﬁ% c((i)ci%% Waégggﬁﬁ%s}wﬁﬂsthe enbodi nent of FIG 2,

Nmaccen is 0.5, since first digital counter 225 is enabled for one-half of

a cycle of inaccurate clock signal 215. Additionally, Naccen
Ninace = (Ninaccen X Tdelay)/ (Naccen X Pacc),

15 where Ninsce is the number of cycles of inaccurate clock signal 215 representing the
desired time delay, Ninccen is the number of cycles of inaccurate clock signal 215 that
are used to enable first digital counter 225, Taeny is the desired time delay (in
seconds), Nacces is the number of cycles of accurate clock signal 280 from digital
counter register 235, and Pae is the period of the accurate clock signal 280 (in

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

25  inaccurate clock signal 215 répresenting 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



may be a recent value read fromdigital counter register 235, or gcould be
the result of sone averaging algorithmutilizing several val ues éddfﬁbam5
fromdigital counter register 235. Digital processing unit 240 then passes
t he nunber of cycles of 25 inaccurate clock signal 215 representing the
desired tine delay to a second counter circuit 260 that actually generates
the tinme delay. Digital processing unit.@40 may take several different
forms, including, but not limted to, a mcroprocessor or digital signal

processor Iferfiiring thssqailati@din Hard Wi eSidr soRfidne W;‘“ﬂc@ﬁeﬁrﬁﬁa%ﬁ Ehnter
calculation, or a special purpose ICthat 2 5 APR 2005 -9- perforns the

cal cul at i offliCHit P dWeeeondSiledk emmtaricitesitifp tyceides dédicaed signaklinswit er
circuit 22068& geﬁ:ond glto%k counter circuit 260 by either dedicated signal
lines or general Wirp0da PYa¥a buses. Second clock counter circuit 260

counts the nunbeecoihd EMek 8SurRér RRGCIHPLRnR tgltz 81&51&%5 Igfg)}'clgsl& nERLERENt | Ng

the desired tine delay, whose value i1s store processing unit
240 in 2 nmeldckstgnabdihd repreiestieg tealesirGd sinie ddlayg wiadsaywakied§ alor@Bby digiial | at es
or enables_the count] ..Ln second digital counter 270, which uses

i naccur at e PFAFEERE Bpy ﬁgﬁ) 1 3 gnagampmqoyak regitiercns . ASartdimelelep sigmab2®y 275

conpares t jaqyal ' | ster 265,w.th that of second
digital counter gggn@ges&gg éér)ﬁn%ﬁr?gqgg%%@ﬁ(ﬂgﬁ@ C&’EE?%F &261 Vhish Jispy gceiate
el apsed. Weok sipaalvzl Lies Dtioskesaibe.diA0iiahl &ﬁﬁ;’tﬁr%r 239 Qoﬁ?hi%k WOVl HEA55 25
the val ue of maxi num count register 265, digital conparator 275 generates
time del aymeyERim SPEHAREEEO 26p ndihcthat ofsachad digiel desiteray0ttordetaaliny has
el apsed. tel s shown.in FIG . K 3.__second counter circuit 260 may be
s mteme LR, foite e SER] nep glapsia. BB s Gh peond gkstiabogueta
pr ocessi N Aéduals2A0uslsSestthe vhink tof Ahaxy@hh el ' L er
305 with the nqulnber o?ﬁ%:sycl es of 1 naaéccur afce&%f g%%%%ﬁ?é?@%@%@ﬁ%ﬁ%ﬁ%m I ng
the desir ék¥5tgemeraties tipe dubaprveitaignal RO@, ddicaiing igndle 23fed Go@daphid Ve,
di gi tal coTntdgmn counter 305 begins counting
elapsed.
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 umnit
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 number 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,



cycles of inaccurate clock signal 215. Wien the value of digital countdown
counter 20 305 reaches zero, it generates tinme delay event signal 523@% 2005
indicate that the desired tine delay has el apsed. Another enbodi ment o

the invention takes the formof a nmethod of neasuring a desired tine

del ay, presented as a flow chart in FIG 5. First, an inaccurate clock
signal is generated (step 500). In this pase, the frequency of the

i naccurate clock 25 signal is |ower thér‘} the frequency of an accurate clock

i gnal 1 cal i i The. . f les . | ock
stanal usecdnd B bt B3kl o euBHI Bl SlnfYHpouRly e SRR SRSk
signal is tshanl aotetpeeietdhfRedgdttionArdit 'iﬁl;'eﬁrs@ﬁoyﬁifﬁﬂg%p, %dttﬂ@léngg@&ﬂthét e

clock signal representing a desired time delay is t'hen cal cul at usi ng
t he nunber dssired/timeslelsy (stap S2fhc The ambet of kydésgpfahe inagoumtescibik signaiount i ng

step, 2 5 APR 2005.-10: the period of the a rate cJock signal, the nunber
of peri ods%quﬁiLFecatl %&&%%ﬁéfl%ﬁourg?% tgp f’fplft ﬁiﬂ%ﬁéﬁé@f@ﬁﬁiwwwm Bn
fromthe fi i : Fﬁl@ér i -dal ay
(step 5%0) .CE)T Ie&%lu%zg?&btﬁ : g%gl es O%BS%teﬁ ?ﬁgigéfg%rgl%}gﬁg 0 hsﬁﬁ %néaﬁ: Hg%dr%gm t he
cal cul at i nginst dglay Bastdlgpsedount ed (step 530). Once the second counting step

is s conpleted, that fact is then indicated (step 540), thereby signifying
that the desire@theserbodimants of thesinypaiien extptin wiieh thei fheaweacpf thee

i nvention i j j Hh f th i,;naccurate clock sjignal is
| venton, ksl LR A el ARRRRY Blon o of MUPEUFRL Bk SRERERIREL ',
such casesempltfed! eflBEIMCOASEY, tﬁé]ﬁ;eQM?laf@&@nﬁ&aﬁ&e%l&&aéigﬂaﬁ id Wpicafy! Yt but
10 not necessarily, 10 to 1000 tines the frequency of the accurate” clock

si gnali1o Fonot wexessptily, 10ro 1660 éimes dherbrequensy oF i@ acueatel clckGsighal.t Fer nunber

Rt s SRS A R R SR S R —
counter 22840k Aal z%@ﬁ& coYRER Elf?ﬁhéﬁgjn?&t&h{iﬁéﬂ mgigg owaeauaieras{wﬁgﬁaq cl ock
e I gna , tog e

signal 215, condition by accur at ock si ener a I's | oad
pul se for 2BQyudiag ficwdigied cowgers?2s. Ak, ehek spechroyehtomnéiraged3@bsscl ock
si gnal 280

inaccurate clock signal 215, conditioned by accurate clock signal 280, to generate a
15 | load pulse for digital counter register 235 once per cycle of accurate clock signal 280
| .thai: 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)/(Nageen X Pace).
25 -
When the frequency of inaccurate clock signal 215 is higher than the
frequency of accurate clock signal 280, Niuccen becomes the number of cycles of

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



that is synchronized with the waveform of inaccurate clock signal 215.
Anal ogous to the waveforms of FIG 4, the graphs of FIG 8 displja ’ng 2005
exanple of the signals involved with first clock counter circuit 220 i'n
relation to the enbodinents of FIG 6 and FIG 7. 20 The cal cul ati ons nade
by digital processing unit 240 in conjunction with the enbodinents of FIG
6 and FIG 7 utilize the same formula us_? with the enbodinents of FIG 2
and 3: Ninacc = (N naccen X Tdeiay)/(Naccen X Pact). 25 Wen the frequency
of 1 naccur atgng i ] i I he freque of accurate
(P A RS acshr Skt DT hal % oot S8 CHEY i Bl o

cl ock signal 280, Ni haeeen becones

cl ock si gnalcopa®r 225mAdl gihtapotions e thd RENGISenAIPihed i Gpmes the
2 5 APR 2005 - 11  nunber of cycles of accurate cl ogkggllegl{r%giﬁ&%%at 8care
used to enabl e fiPRae Hgilalipspcessing nmitr2403Biculii¢s the mambppbf & A inhd@irate
formul a remgy gtk di scussed .abpve. = Once digital processing unit
240 cal cul m@ktsﬂgaﬁgggﬁ§ (r)?prgifgfa eYred wine dglay; eecond glockicgnaler 2itsuit A6
represens aof @86 2dnd FIG. 894 akliz&EmME sgh Ut Lreul L. 260 s of FI G
7 and FIG 8 is utilized in the sane rrgnnggrﬁang t eﬁégﬁ?@p{%ﬂmgrﬁnﬂﬁ?sc?%ns
of FIG 2 &Hd Fpwl! FEG. Additionally, a nethod enbodinent for generating a
ti me del ay when '5398..“ quency of the inaccurate clock signal is higher
than the frequentyeH° 4 methog: cobodient for gprgrating & hiovnddlay when fleow char t

of FIG 9. Rk i C ignal is 1 nerated_(step 500), as
al so shown | nqﬁl?fng 62@#&%@%@"%&3 i ;%fsgg&b‘?r tﬁ?fkgﬁeﬁﬁf&&?%)f gft(h§|a5€qgal§i )gnal

that occur eoek signa ipsiechai ar therfigy BRAt bPPIQS 9.1 MrsACH Ny I 1S
t hen count ednérste 910) . A nunber of cycles of tﬁe’ |%§%ﬁf%§g cF%icagﬂgfsgnal
aéqgg-s

represéfti i tea P00 ras aleg shovimsin Riéh T aThehatber oféyilest dfahe upbafaef

cycles of t | ock.signal, fromthe first counting step, the

pgr i od of t%@kaécﬁﬁu?%té%g Ur qiiring z?predetenmned 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).



is signal, the nunber of periods of the inaccurate clock signal in the
predeterm ned portion fromthe first counting step, and the | engzhj %PR rzﬁnﬁ
desired tine delay (step 920). The nunber of cycles of the inaccurate
clock signal fromthe calculating step are then counted (step 530), as in
t he enmbodi nent of FIG 5. Once the second counting step is conpleted, the
fact that the desired tinme delay has el apsed in 20 indicated (step 540). .2
5 APR 2005 CLAIMS What is clainmed is: -12 .5 1. Atine delay systemusing an
accurate cugﬁé]g$gnal for calibration, tiE tine del ay system conpri sing:
means for ¢ 1 ing an inaccurate clock signal, the frequency of the

i naccurate cl ock signal being |ower than the frequency of the accurate
clock signal; first neans for counting a nunber of cycles of the accurate
cl ock signal thaVhatdsetdmieddstri ng a predeterm ned portion of the inaccurate
cl ock signal; neans for calculating a desired nunber of cycles of the

i naccurate clock signal representing a desired tinme delay using the nunber

of cycles of thg accy ck .signal fromthe first counting nmeans, the
number %f peri ods in%fﬂ}en%pcféé%'eﬁ’égﬁﬂ]%@'&g BACCIHGHe BLJC{(ﬁgqah&rc%l tatiop) ek
si gnal , thﬁmeid};gdg)@felﬁagn@@ﬁﬁfgate clock signal, and the 15 desired tine
del ay; second neans for counting the desired nunber of cycles of the

inaccurate cl oBleass fmagencrtidgrmpanacchate cludkaagrialght Falqubhey §efier ed nunber
of cycles 91150 he, | urate ¢ si gnal have occurred, whereby the

desired ti'fg e lodicteny éllbgol%;@r shanthe fragyenetephithesiestrate clock signad; 1,
the frequency ortReiasky APntrRaIEHIEL oeE ALK b B Femalelony Sigiét D of
clai m, weeveduringie predetetiened pation@fith®maccurate 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 fréquency 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;



of the inaccurate clock signal is one-half of a conplete period. 4. Atine
del ay system using an accurate clock signal for calibration, the? 2OARR 7805
del ay system conprising: 2 5 APR 2005 -13- an inaccurate clock circuit that:
generates an inaccurate clock signal, the frequency of the inaccurate clock
signal being |Ilower than the frequency of the accurate clock signal; a
first clock counter circuit that counts a nunber of cycles of the accurate
5 clock signal that occur during a predetgsm ned portion of the inaccurate
clock signal; aaimict@ated¢lOEIEsTEHHAR a, desi red nunber
of cycles of the inaccurate clock 2@8%@?@%%?@?5%@“&@%& tg?rre del ay
using the ey of thecinaecurate ook sigeal befr lovwee khai ﬂl@%egu%ﬁ@ Lhgefirst

cl ock counta%m%ité&giﬁ .th]e, nunber of periods in the predeterm neg portion
of the inaccurate cFoéﬁgng’gnal, the period of the accurate 10 cl ock signal,

and the desired 4 fifxe cRek @bun@P diréy; ck counter cirguit that counts
a nunber of cycles of the Pﬁaccﬁ?lg?gﬁ??: ockgﬁu&ﬁ I of & e?@%ﬁfepﬁccﬂl‘at% start

time de? ay chaclriagnal that oseaonmding © predeumigsd SirfieHid i ine.
del ay event signal. en the nunber of cycl eslgdofl thgtlil%g@%%teg&o%%gﬁﬁ
si gnal reaches taﬁjéglﬁﬁri’%s%d@étrthé‘fc&lﬁdﬂ@s aglesirbé nimmber of efdeChoBK Si gnal

15 calcul a g S] .unjt, thereby indicating that the
desired ti hﬁ?ﬁ%@?&%&@ﬁ%i@g%ﬁﬂggg%%@fg arﬁgsqqrar%mﬁé{l‘;_ wyag the wmlkdraifivydles
wher ei n t hef theagoentyclotk sipaal fro@osy ’fﬁﬁteclféko&;&rﬁ é:gﬂf:%mr’rfé gqéyg%t tpé’%o ;/0 of

the frequency of fhe accurate clock signal.

clai m 4, wifidheprdetranppedipersioniofébe pactirete clagk signbl)ehd Bhe aEé\?ﬁ{% ,

3 “andler AR B B el PaT it Flriandcompr  ses: an fndccurate o

oscillator thata g2684 dlR% Antdd GEM: Hf Bi%sls BLdheS) crg{acie;s 0%?1?6 inaccurate
clock signal upon receipt of a start time delay signal, the second clock counter circuit
gencrating 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 circuijt
comprises: |
an inaccurate oscillator that generates an inaccurate oscillator signal; and

a digital frequency divider that takes as mput the inaccurate osciliator signal and
25 generates the inaccurate clock signal.



a digital frequency divider that takes as input the inaccurate oscillator
signal and 25 generates the inaccurate clock signal. 2 5 APR 200955 - PR 2@{15
The tinme delay systemof claim4, wherein the first clock counter circul
conprises: afirst digital counter being clocked by the accurate cl ock
signal, the first digital counter being enabled by the predeterm ned
portion of the inaccurate clock 5 signal, the first digital counter
generating a count value indicating the nunber of cycles of the accurate

cl ock signal that occurred during the pr-ééleterm ned portion of the

i naccurate cl ock si ghike tin delpcdyssamolicRiinzAtvlRReiithe Girt dsikeneikgcked by
the accurate clock signal, the clock synchronization circuit being enabl ed

by the i n&ICUHABIMBISEEK si gnal , the clock 10 synchronization circuit

| oad f.th | | that i
synchr on: zeq- wit 1TF RigtaE EoREbe BERL Bbckbg biné BRSHIE oo igtl BediS ssuoa |
whi | e t he digitd tcotdh@i bé:hgféﬂﬂﬂleﬂfb)ﬁtﬁe?)k&ﬁsl@érﬁﬁne@ QrtRanCBthé acERian @Bcf{eg' ster

being | oaded with the count value of the first digital counter the | oad
pul se ¥§ssgtamabthe fiest digiet ngmtchgmrmmg anoumr\m]ud: indidagingithe hainbkﬁof)ount er

regi ster genera nj zed count o readabl e by the digital
processi ng Qﬁ? PHIF??(?FE'@;B %&ﬁé’ﬂlﬁ that pec Qﬁ h@ﬁ?‘géel@ﬁn?qﬁﬁoﬁwﬁfat e
clock sig during the predeterm ned portion of the

12 ma&éiﬁfﬁte%%dﬂ srlgﬁjal

i naccurate cl ock signal The tine delay systemof claim4, wherein the

second cl ock cewhtckrsynchronitiation @ifenitdesig aecﬂedmy(thﬂuﬁcﬁﬁawtﬂobﬁgi elthdei ng
| oaded with h esired nunber of cycles of the inaccurate cloc si-gnal-
cal cul at €Ol s eRighien cxrytheng r@gabiﬁﬂtby the drasenatalrigck aignebdhe elockei ng

| SO DR A5 Al DG naSHRRR R ieolBinigpe e 0
generat i nﬁgﬂal&ﬁ&tﬁb syidiitenizéd ith the accurate clock signal, the load pulse being issued
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



25 a digital conparator that conpares the desired nunber of cycles of the

i naccurate clock signal fromthe maxi mum count register with theéfgugéR 2005
val ue generated by the second digital counter, the digital conp t
generating the tinme delay event signal when the desired nunber of cycles
of the inaccurate clock signal 2 5 APR 2005 -15- from the maxi num count

regi ster equals or surpasses the count val ue generated by the second
digital counter. 10. The tine delay systemof claim4, wherein the second
clock counter <circuit conprises: 5 a didptal countdown counter being

| oaded wi tfromithe desiimeth coumib eegister eyudlesr swpaises the gy vale gehetkeSbgnr!

cal cul at ed bén% e.dLgitaI processing unit, the digital countdown counter
bei ng cl oc¥& 1HRECOWHE urat e cl ock signal, the digital countdown
counter being started by the start tinme delay signal, the digital countdown
counter generating the tine delay event signal when the count val ue reaches

zero. 10 11. A 10.ne Tied fishesietdyespstsinF cRRmaL GHicréia the 95dondl GHa! c&f%{t r
calibration, the tine delay systemconprising: an inaccurate oscillator

gener at i nFURHILICOBHEISESt e oscil | ator signal, the frequency of the

i naccugate osci] . r _signpal Dbei aower than the frequency _ of the

accur a§e cl ock as(#lgﬁgll QOUE?OMFWQ% {’?IF%Z%J%@M &ed{ﬁﬁﬂfztﬁgpn}bgkggcg@eq nput
the i naccora@ieinasairhlead &k SbNaalciReadny (BEALK it iedjock
signal; a first digital cou%%gr ahcavi ﬁg g cl ggﬁl‘ﬁ%ﬁ?&éfrl?@gﬁ’u%‘gtdﬁ%'gdlaccur ate
cl ock si geatmtdowheohintes beitiggiloakteddnutiicanadvavita glok stmal) eidigul driven by a
predet er m ne ortion og the inaccyrate clock signal, the first digital

Count er  hEOPHGORD COHRier bengiarted oY thastay et detey aigna the dieifhk conabdon a
g: ?g{ji It ”Eg(?}inﬁ%ﬂ %ér?]félé st tgg ;‘%%{Cﬁél%% i%}/fférgtl sgérﬁtl %&gﬁ:ﬁ%ﬁe cbi§ v%lh?ecrl%acs:ﬂenscz%c?.ni zation
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,
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;
20 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;
25 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 _



i naccurate clock signal, the clock synchronization circuit issuing a |oad
pul se once per period of the inaccurate clock signal that is syndhﬁogpgqmn5
with the accurate clock signal, the |oad pul se being issued while the
first digital counter is disabled; 25 a digital counter register having an
i nput driven by the count output of the first digital counter, the digital
counter register having a load input driven by the load 2 5 APR 2005 - 16-
pul se of the clock synchronization circuit, the digital counter register
having a synchroni zed count output; a difgital processing unit that takes

t he synchipotsexddhe clonk spntipuhizafion biecwit,ght digitat oouniter rdgedéskaling &l oNg Wi th
the nunber of periods in the predeterm ned portion of the 5 inaccurate

cl ock si gﬁg'l"‘fhr?%e‘gé?‘i“&d)u&mt he accurate clock signal, and a desired tine

Conal repr os e B rBedi el il MUTARES e SHEhBRR oML BBREE PEBe Suial ™
storing t beurtdesieptteralohgwid tHeyflriberdf gefiBds ﬁmﬁﬁ%té@étenﬁiﬁ%!fm?ﬁ&{'@# thferkom
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the digital processing unit; 10 a second digital counter having a
i nput Xr i PegCHpte dack pigaal the rerindoefiche scgpmate, clotlesigaaloand didgsired timeunt er

being sta the.start, t.i delay signal,.the second djgjtal counter
havi ng a é‘%ﬁﬁﬁ%‘u‘iagﬂﬂ?w%ﬁ&e%}f%qeﬁ‘f? Ply%ti(f;%%s&fg ¢ Hacrwgteciork stenghput dri ven
by the despr&@enfisdBRIde’fred tivitd &5a9f the inaccurate clock signal stored in

t he maxi mum count register, the di'gital 15 conparator having a second

i nput driven bymahenuourtunbndgister stbrinp¢chesdesired miinghdr alf coolepo€the t he di gi tal
conpar at or %g’?era ing.a tli me delgy_event si.gnal_ when the desired nunber of
cycl es of MEFRATRME glackysignal frogp thesdigial Processingmniaxi num count regi st er

I : th d digjtal ,
CheraBy i nr chtron. CRaf? R AR S EAd! gl o R i RaeEIs oot T

tine del aygrey,she seahndaligitah chlintepfbeirgl tatt@Eby HRAKSREMOlelhPRignalageur at
clock signal is 0.1 %to 10.0% of the frequency of the accurate cl ock

si gnal . second digital counter having a count output; and
a digital compafator 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

mdicating 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 maccurate oscillator generating an inaccurate oscillator signal, the



13. The tinme delay systemof claim1ll, wherein the predeterm ned portion
of the inaccurate clock signal is one-half of a conplete period. A4 ARRt mﬁ
del ay system using an accurate clock signal for calibration, the 25 tine
del ay system conprising: an inaccurate oscillator generating an inaccurate
oscillator signal, the 2 5 APR 2005 -17- frequency of the inaccurate
oscillator signal being |lower than the frequency of the accurate clock
signal; a digital frequency divider that tgkes as input the inaccurate

ate clock signal; 5 a first

oscill at or giegh : . L naccur

digital count Eréﬁh"é’v‘i’fﬁ‘ggé’%@%éaﬁé St NEG U Bene Iqmeerdban b seduepex o Hnal
the first dagiurate chmkrdigmalhavi ng an enabl e i nput driven by a predeterm ned
portion of the i aac_c?rate clock signal, the first digital counter having a
count output; a gFsElR Qﬁﬁéﬁﬂcdfrﬁlfaieirdﬂﬂt(t«'ilkaswhﬁnmawh@ma%cﬁaw&dilﬁkﬁ%si Ajven
avi

by the accugpi -neﬁt‘g’%&;ﬂf’ﬁgﬁft?@ﬁg‘g%{gﬁc' synchroni zation circuit ng an

enabl e i nput Iven e clock signal, the clock

synchr odi zat i on £fifst digitd] $ouh B havihead1H! r spberiod of the.

i naccur at e éﬁl ack signal that is gﬂﬁgﬁgéﬁé%%ﬁugmaﬁﬁ“{)ﬁp%cW%t%919015@161131,

signal , t héhf §a4 digifal sopuien havisguancnabld iepthe@itdn 5 agf&ieE&hﬁgél}']t@é]r%fonioi

di sabl ed; g Q{l_glct altccgu ter regi ster having an input driven by e count

out put of {theinpeclipte o f‘ﬁf‘a]eglﬁ@ﬁ,dlgtiilﬁéc‘é!ilrg‘BItMVing)ambmltmﬂght}ter havi ng a

| oad i nput driverlbdk $ NoT:ToIE f the, cl ack synchroni zation

circuit, thﬁ,@ﬂi gi tal c}gﬁ'lr# er r%ogﬁ@#géﬁt g’]\ﬁ%ﬁcg’c é?%ﬁi’%ﬂ@dth@wmmtmt put ;

a digital ploskemgiahgheniockispashroalaton BRcsY AGHHAMN tput of the
ph eRee AR R kol A By the

di gi ta}e count er rel\gi ster, along with the nunbe erio
pr edet oF mi FEGCH8te 8¢k signalythe ¢lagk synchrenicatimkeisignabuink RoReHiRE the
& P ofife

Seot T e nibE Ry BRI bl BBk Poppsepens g e
desired tisignalethafoad pulse being issued while the first digital counter is disabled;
a digital counter register having an mput driven by the count output of the first
digital counter, the digital counter register baving a load input driven by the load
I5  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
maccurate 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
maccurate 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.



a digital countdown counter storing the desired nunber of cycles of the

i naccurate clock signal fromthe digital processing unit as a std%édA@Ruﬂm5
value, the digital countdown counter having a clock input driven by the

i naccurate clock signal, 25 the digital countdown counter being started by
the start tinme delay signal, the digital countdown counter generating the
time delay event signal when the stored count value reaches zero, thereby
indicating that the desired tinme delay has elapsed. 2 5 APR 2005 -18- 15.
The time delay systemof claim 14, whereil8-the frequency of the inaccurate
cl ock signal isl8. 1%Tlhe titAe A8kapbystam dfrcdsjne b ywhdreithiie Fatpueat Lofiheck

signal. 16, The tine delay systemof claim 14, wherein the predeterm ned
portion ofacfEatefdedk signa IE%O‘(%( tqlg9ab of theokiequearcy obtheacsymie etaskpsigradd. 5
17. Atime delay systemusing an accurate clock signal for calibration, the
time delay system conprising: neans for generating an inaccurate clock

signal, the frepslencYhetinid@elay Bptaiofictrif] DEkvisdremahe peddiderRiigipodddan t he
frequency of the accurate clock signal; first means for counting a nunmber
of cycl es @ffthe accwmte dhogk signabisionsihplfef a hemplete pedod. during a :
predeterm ned portion of the accurate clock signal; neans for calculating a
desired nunber of cycles of the inaccurate clock signal representing a

desired time dejay URitife HBRyYNBRY us@ﬁ% &Y sb&sarfcl1d %gﬁ?ggyﬁﬁﬁﬁaﬁ%&(‘tﬁe

signal fromthe first counting’ neans, the nunmber o sint

pr edet er nitneeldelppsystem afmptingccur at e cl ock signal, the period of the
accurate clock signal, and the 15 desired tine del ay;, second neans for
counting the ddBFgnsdongeserting aninaceurats cloglesignals din equensy ®fithasi gnal : and -

e 1 AR O RPN R e VBl R RBAEL® o
18. The tinme deirstymeystforcointtld Auhber ¥HSftés bt the indRAHLNEMcRsidAE that
10 occur during a predetermined portion of the accurate clock signal;l
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 cj'cles 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 deldy 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



i naccurate clock signal is 10 to 1000 tines the frequency of the accurate
clock signal. 19. The tine delay systemof claim 17, wherein the 25 APR 2009
predetermned portion of the accurate clock signal is one-half of

conplete period. 25 2 5 APR 2005 -19- 20. A tine delay system using an
accurate clock signal for calibration, the tine delay system conprising:

an inaccurate clock circuit that generates an inaccurate clock signal, the
frequency of the inaccurate clock signal %el ng hi gher than the frequency of
the 5 accurate, clock si H%‘@ a first clI'6Ck counter circuit that counts a
nunber of cycl & of ‘f‘ﬁgng ¥ SVElem ugngan agFuAle cledkatigoldor cdiimation,dhe

pr edet er mtﬁﬁgdgﬁggtsggs{ggp%)erﬁiﬁ Lﬁgcurat e clock signal; a digital processing

unit that calcu nunber of cycles of the inaccurate clock

si gnal repr esenm ingcanrateslcokcoifduiethdeg@ierated g irdddeudIBEk fengl thees 10 of
t he |nacc%rate cl ock signal fromthe first clock counter ci rcwt t he

nunber of TegEERGHEt the 3rsurAte glocksignad beipgrhtigler than thedfremprncnbé thd ock

Si gnal t e accurate clock signal, and the desired tine
del ay 3 ggaﬁgéccggclgglg% K counter circuit that counts a nunber of cycles of

the | haccur at oa frkOCIs LMREr MRAA HAE8hRits @ hupibh BF gy‘flb%f flifNcciggal . the

second clock counter circuit 15 generating a tine event signal
t he nunbeelogk signal dat ot curibiringzcpuedeteemiriedglortiby Dﬁ’therz&:mfme cloek stiesi;r ed
nunber of cycle k signal _cal cuI ated by the digital

t he i naccurate clo
B it

processi ng uni £ “§HRPERSFSTIRG R thalralgitptes fslesised pwaber plecyrdesgf th has
el apsed. Zhccrh@ diboE A% tﬁi@ thedd &
the 20 inaccurate cl o%lgﬁsll ﬁlze?ééﬁ %ﬁ?ﬁf@&%gtﬁ?%%{ﬁp@%%% X‘f e%‘{he
accurlét e off the knaicgrasé clo2R mgﬂaeﬁbmrﬂlecfﬂ{sﬁbdow sbempeptir@liflithe A@mbehef ei n the
predeterm ned portion_ of the accurate clock signal is one-half of a
conpl et e Rf&iadsdn 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




23. The tinme delay system of claim 20, wherein the inaccurate clock

circuit conprises: 25 an inaccurate oscillator that generates arg ﬁnﬂpRuﬂmge
oscillator signal; and 2 5 APR 2005 -20- a digital frequency divider that
takes as input the inaccurate oscillator signal and generates the

i naccurate clock signal. 24. The time delay system of claim 20, wherein the
first clock counter circuit conprises: 5 a first digital counter being

cl ocked by the inaccurate clock signal, the first digital counter being
enabl ed by the predetermined portion of €%e accurate clock signal, the
first digital codigitelrgesncatdivigenthadtakes wainmtithaingetirag dshidlatumtigral of
cycles of the inaccurate clock signal that occurred during the

predet er maﬁleogeBSﬁ?%ﬁ%’?accﬁ?ge SIE’EEF%i-cI ock signal; 10 a cl ock

synchroni zation circuit being clocked by the inaccurate clock signal, the
cl ock synchroni zation circuit being enabled by the accurate clock signal,
the clock syncdk oniBlat time delaycsyisteni of clairg 20, wdeebin the first ehekunter i od of

the accurate @_I ock .signal that is synchronized with the inaccurate clock
si gnal , tECPOLE™IPSEE being issued while the first digital counter is

di sabl ed; d i CH - i i | it h t
value 91t he.t et Getal Surt MHEL ofoE B b e PRl RRTE Habeh THER o1 oc
synchr oni digitaboowntecbéihg chiisiedibgithépredetitniigéd p@dion loFthden@kak ichitka

synchroni zed count output, readable by the digital processing unit,
t her eby i pigRahathaiirst digital porntevgensyaingsa epunthvaluaiadinating ¢he hamkesofynal

t hat occu i.ng. t he predeterm ne orti of the accurate clock

si gnal . 26{'@% {%I&??g ﬁ%ﬁﬁgﬂ@ﬁ%ﬁgﬁﬂmﬁp%ﬁ?ﬁ%}g %bﬁé%rsﬁﬂemeé@emfal ef ock
counter ﬂjera@uﬁﬂaté:gggﬁg@ﬁgp a maxi mum count regi ster being | oaded with the
desired nunber of cycles of the inaccurate clock signal calculated by the

di gi tl)l pr ocessichgkpnchronization circuit being clocked by the inaccurate clock signal,
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



a second digital counter being clocked by the inaccurate clock signal, the
25 second digital counter being started by the start tine delay 3|5grpﬂ:g 280%e
second digital counter generating a count value; and 2 5 APR 2005 -21- a
digital conparator that conpares the desired nunber of cycles of the

i naccurate clock signal fromthe maxi num count register with the count

val ue generated by the second digital counter, the digital conparator
generating the time delay event signal when the desired nunber of cycles

of the inaccuratf\q.clagck si gnal from t he2kaxi num count regi ster equals or
sur passes the cBdHit QP{T{?a’g’é?Fé‘ihéE‘éﬂnB%re@ﬂ@d®§@dmnd’legpfayclcbuﬁﬂsr 26. The

t del h counter. circuit
clogr i gegy’l’gbjﬁ%’gﬁ a‘lfmlgél own t@%ﬁ?‘?‘ %r@ (f:é) n%@(‘jw\}ﬁﬁﬁhe Epuntyalye ed nunber
of cycl es gdRraiéd bipehé smnd idigieal eboster, Sh@anditat abﬁ]ghﬁtt&d%é%a&@% il ﬁhﬁea'

processing #nlt the digital count down counter bein ocke

i naccur at dldapevend sigmal Wh@ﬂ dheydegined nundhen of dpokes oﬁthﬁ 1aacdmatag:lc&ﬂ<a=r1g1ﬁﬂ by

the start coun tdo counter generating the
tine dgl ayﬁ er\ggn%j 5] gng*rpé]ﬁlgﬁ rqgjl%erc%(ﬂﬁls Wa‘“l‘ﬁBastSS% ougby@lue generatedibyethgel ay
syst em usisegorahdig@talédierc! ock signal for calibration, the 15 tinme delay
system conprising: an inaccurate oscillator generating an inaccurate
oscillator signal, the frequency of the inaccurate oscillator signal being

hi gher than th fre enCéﬁof the acc rate clock signal; a digital
frequency di vi dér °h é’?aé(sSYFWBhP ¢laun 2R wheren fb%e@pmlala@kogugttaal 20

and gener a}8git ﬁg@scurate clock signal; a first digital counter having a
cl ock input driven by the inaccurate cl ock si gnal, the first digital.

counter havi ngaaligieri@bhatdospLéouditdritRingdloaded wadethe rdékl@&ﬂnmﬁ%nt o0& cHs the
accur te c% % ck signal, the first digital counter having a count dutput;
e 1naccurate clock signal 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 clock synchronization circuit having a clock input driven by the

i naccurate 25 clock signal, the clock synchronization circuit h3%idﬁ%h@&ﬁ
enabl e input driven by the accurate clock signal, the clock

synchroni zation circuit issuing a | oad pul se once per 2 5 APR 2005 -22-
period of the accurate clock signal that is synchronized with the

i naccurate clock signal, the | oad pul se being issued while the first
digital counter is disabled; a digital counter register having an input
driven by the count output of the first 2digital counter, the digital

count er r eRfirsxderf thawceirate dloedsigngdubaidisisyechroyizet evittohe ibaquukae chfckt he

cl ock synchronizati o ircuit, th i.gi tal_ counter register having a
synchr oni zgé%“a@’o@ﬁ;lo ‘EP‘S‘G? féelélgdf%liegéﬁ%g?t&?@& & (hlgltﬁlrﬁqun ards disgkied; t he
synchroni zed c : Lo : ' |l ong. W th the
nunber of peri %gf%l%y%ﬁ'g&%ﬁfg esltﬂ%rh(riﬁlvgigdﬁ-1 plcr)lp tf1 ?gﬁ{]%;b{fﬁrg’l&g‘@ia}l%ugog%ec St
signal , t [higitedrdondtenf the liégitad conatcerepistekhiignalloadigueddesi beethd oA 10

del ay, _and cal cudlat es_a desired nunber of cycles of the inaccurate clock
si gnal °r e@"@%" tthp glacksyaelyopizgtion gircais) thy digitaleeupientegisiet hawing at er

storing tgfn&ﬁﬁﬂzgg.cﬂﬂﬁ@cﬁf?&]; cycles of the inaccurate clock signal from

the digit processing uni a second digital counter having a clock input
driven by the iardighairabeesein@aknifl®asiatBathe %@hﬁﬁ%ﬂ%ﬁhﬂbﬁ@m Spﬂﬁtﬁgitﬂe' ng
started by the start tine delay signal, thé 20 second digital countegr
havi ng a eeumnter mgisien alamgdvidh thegiurmaberodfimsaiods dn thequedeteanined Hortiowof thdr i ven
by the desir ec{ nr#ragr. of1 cycl .ea (%f the inaccurate (il ock signal stored in
the maxi nifCBGtOF ey P othe neped @i dhg agcurgls &ha heesireddémad i nput
dri very bydding, SRR Y deof LGl ; 1 poi tal
conpar at or g:g’ner ating a ti r?e ; e ayﬁgl\clwcgésgé\ftatﬁé %a(ggff{?a{t]egf}lgg%?f@gi nunmber of
cycl es ofrephesenting ther ddsered timekddagnal from t he maxi num count register
equal s or supasses .the count value generated by the second digital counter,
t her eby a maximum count register storing the desired number of cycles of the

maccurate 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 dutput 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 ﬁ'equeﬁcy of the

25 inaccurate 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.



I ndicating that the desired tinme delay has el apsed. 28. The tine del ay
system of claim 27, wherein the frequency of the 25 inaccurate @ ﬁc}gpﬁimggl
is 10 to 1000 tinmes the frequency of the accurate clock signal. 29. The
time delay systemof claim27, wherein the predeterm ned portion of the
accurate clock signal is one-half of a conplete period. 2 5 APR 2005 -23-
30. Atine delay systemusing an accurate clock signal for calibration, the
time delay system conprising: an inaccurate oscillator generating an

i naccurate oscillator signal, the frequé&icy of the inaccurate oscillator

si gnal being hi dter @Ahamedebyfsystynensipgah dcheratdclack sigahbforl catibraiogndle; a
digital frﬁg]ue %’ di vider that takes as input the inaccurate oscillator
signal, a eé% YS! SHPHSB8Ur at e cl ock signal; a first digital counter
havi ng a cl ock } jven: ' ck .sianal . the first
digital count erkﬂgi\é}::%lg%{fn&gﬁ%?ge&% r?ip-)épu H@ltggc %f%aééﬁlll% tséglmln 10
portion offrequenay ofitiat inacdupate ostiflagdr, sighud beinpHighérghimthecpoqiayRmdy a
count qutput; a clock synchronization circuit having a clock input driven
by the>i ndcEwat elocksigaRlsi gnal , the cl ock synchroni zation circuit having

Syncnron zat | ore SErAEReeak BiogB Bl ErE BhyR ¥ Hasou g Rsiliter sionst
accurat e eahd@ensiagiain ihbeburats cfooked) ized with the inaccurate clock 15

signal, the l'oad pul se being issued while the first digital counter is

di sabl ed; a di gifiest digahcwmterdgivingea chaoki inputadrivenrhyt the ihasardty cldvk count
output of the first .digital counter, the digital. counter register having a
| oad i npuf;l%ﬂ’\ﬂé%gw dfgﬂglll CouRfer aying agrenahle IBP‘GRJU‘??M Bmdf%%ﬂe%i rcuit,
the di@it BbrifHOHRE ab&FARIEEKHAYHAY A PB - LR itnal. @
di gital processing tﬁln‘lﬁtH tt%hcg(%cﬁg%@’ Fﬁeﬁéyﬁ%%gﬁé@g Igag/%?é a%l’%ﬁ?wg‘%"t he
digital  count erclodgiyatkroniztiongiruitthavivg 00I06R infit dpeeh @FSthe indd2Brate

pr edet er m ne por{ion of the L . )
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
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 nput 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



accurate clock signal, the period of the accurate clock signal, and a
desired tinme delay, and cal cul ates a desired nunber of cycles of 5i¥pR zmp
i naccurate clock signal representing the desired tinme delay; 25 a digita
countdown counter storing the desired nunber of cycles of the inaccurate
clock signal fromthe digital processing unit as a stored count value, the
di gital 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 2 5 APR+2005 -24- countdown counter

gener at i NFAUREIGTHeouadeT-genstating thi dimag delpe averisigad mdgndbe stored/edune r eaches
zero, ther i ndi cating, that .t he desjr tjine | a as. el apsed. 31. The
time del ay@e&e@%}lxe&]‘;ﬂzeﬁ,gp%egﬁ ,m%ﬁ%ti‘%g h‘afﬁ’é’ #F’éﬁ% ﬁﬁl%d%‘?y pﬂ%glapﬁé}ccur ate
clock signal is 10 to 1000 times the frequency of the accurate clock
signal. 5 32. The tine delay system of claim 30, wherein the predeterm ned

portion of 't hedlaccuktetémeldetly syistemabf thimi3é; diefeinthafrequalcgtof ther i od. 33.
A met hod of generating. an accuraie time (Leql y using _an accurate clock

si gnal formi"gl“{ag‘? glPFgg% he TionHP0times | t%f@llleﬁéy of ipsacsprateelosk signaly an

i naccurate clock signal, the frequency of the inaccurate clock 10 signal
being | ower than the frequency of the accurate clock signal; counting a

nunber5 of cycl 82. of Thedirae delagtsysehpofclaing Do) whb@in ropredsterhR@d ortion
predeterm ned portion of the iInaccurate clock signal; calculating a desired
number of ot {he1aceuigte ¢lpek pigaatisrancehalf of« ceplest peniedr esenti ng a desired
time delay using the nunber of cycles of the accurate clock 15 signal from
the first counting step, the nunber of periods in the predeterm ned portion

and The desired. L me o ay e A ek B ST e
i naccur at ggedldekcalibgatatn, thathethod 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
prédetermined 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  maccurate clock signal is one-half of a complete period.



indicating that the desired nunber of cycles of the inaccurate clock signal

20 have occurred, whereby the desired tine delay has el apsed. 32%.j i zgqﬁ

nmet hod of claim 33, wherein the frequency of the inaccurate clock signa

is 0.1 %to 10.0% of the frequency of the accurate clock signal. 35. The

met hod of claim 33, wherein the predeterm ned portion of the 25 inaccurate

clock signal is one-half of a conplete period. 2 5 APR 2005 -25- 36. A

nmet hod of generating an accurate tine delay using an accurate cl ock signal

for calibration,, the t hod, cQnpri si ng th@“step_s of generating an

i naccurat e cl ockfi grfamethed of genssating anpcaunateitivae deleusing acdccusitgdakk

bei ng hi gh T eq e accurate claock signal; 5 counting a
Sl AR spitfia o HEIGHBY bt Brd i thRertied

nunber of c e | haccura HER™G t occur during a

predet erni ned pgetératingfin iRRcALEHEREE sf%?‘ﬂﬁ Khé'ﬁ@aaér:ﬁc the 'iﬁ&d:ﬂ&t%‘%lg?gi red

nunber of cycles of the inaccurate clock signal epresenting a ed
time del aySgBrlpingbighgrimn the ficquensy affthe becimtrodoclasignal, ock  si gnal from

the firgst countj te t he nunber g eriods in the predetermnm ned portion
10 of tsrs1e accur g%tﬁﬁgoagﬁu@gﬁﬂﬁﬁyﬁﬁé’%@g%cwt‘f ﬁ'é’cgék&ﬁﬁbt@t eraidusingral |
and the depﬂeﬂ@témﬁﬂeﬂ'im@'ﬁbﬁﬁfﬂi%%é%ﬁ@@cfo@ﬁs%‘?ﬁi'rEd number of cycles of the
i naccurate clock signal; and indicating that ’the desired nunber of cycles

of the inaccur atadculhivng a siegined nunhereofonelssrafihe Whecehye Elbek dpsir ed time
del ay has el apsed. 37., The npthod of claim 36, wherein the frequency of

1
the inacc JFBIEBQB@F&%Q'GS%’I' cidglaygising theagniheres cyples of tpuimacyirate cldvk

o edet er i Son I frsPCount i 8 166 nGlopSr 3 Bits i GE Brveleleipincgypogtion
conpl ébe péithoaccuPatd cRiRR s2EM, 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.
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UTI LI ZI NG AN | NACCURATE OSCI LLATOR 5 A tine delay system and me fﬁMﬂPR 2005
utilize an accurate clock signal (280) with a known frequency to calibrate
an inaccurate clock signal (215) that will be used to generate a desired
time delay. In the case that the frequency of the inaccurate clock signal
(215) is lower. than the frequency of the accurate clock signal (280), the
10 nunber of cycles of the accurate clock signal (280) that occur during a
predeterm ned portion of the inaccurate gkock signal (215) is used to
calibrate the inaccurate clock signal (215). Alternately, if the frequency
of the inaccurate clock signal (215) is higher than the frequency of the

accurat e cABSHRAGRAF TZHOPISCROAIRBer of cycles of the inaccurate clock
signal (215) that occur during a 15 predeterm ned portion of the accurate
clock signal (280) is used in the calibration. The calibrated inaccurate

ol ock s,90a! ACCURATEPIMK LAY SYSBERFUNG AT BHiLiiNg 4R 2
: INACCURATE OSCILLATOR
5
A time delay system and method utilize an accurate clock signal (280) with a
known frequency to calibrate an inaccurate clock signal (215) that will be used to
generate a desired time delay. In the case that the frequency of the inaccurate clock
signal (215) is lower than the frequency of the accurate clock signal (280), the
10 number of cycles of the accurate clock signal (280) that occur during a
predetermined portion of the inaccurate clock signal (215) is used to calibrate the
inaccurate clock signal (215). Alternately, if the frequéncy of the inaccurate cldck
signal (215) is higher than the frequency of the accurate clock signal (280), the number
of cycles of the inaccurate clock signal (215) that occur during a
15  predetermined portion of the accurate clock signal (280) is used in the calibration.
The calibrated inaccurate clock .signal (215) is then utilized to generate an accurate

time delay.

Figure 2
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