1 AUTOVATI CALLY SELF- CALI BRATI NG OSCI LLATORS | N HETERODYNED RADI O RECEI VERS

5 : Field of Invention This invention relqgg Eg JeRINE
automatic calibration of oscillators. Mre particularly, this i i on
relates to tenperature and frequencyicalibration of oscillators in 10 High
Frequency Single Side Band (HF SSB) heterodyned radi'o receivers to achieve
frequency accuracy and stability. Background of the Invention 15,
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comuni cati ons, parAUTOMARICALLY HEIFSEALMBRAGYING OSCIAGATOR§uency of e
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are particularly sensitivE O tenperature varratrormard—are, 20 therefore,
comonly isolated from anbi ent tenperature conditions by being maintained

at a $onstant tenperature w tHiigld\een WRImMSwnes. The oscillator's

frequency and frequency vs. tenperature behaviour is mainly determ ned by

the crystal. 25 A typical frequency deviation vs tenperature
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15 Frequency accuracy and stability are major
problems in radio communications, particularly in HF SSB.
The oscillating frequency of oscillator components (and
especially the oscillating crystal) for radios are
particularly sensitive to temperature variation and are,

20 therefore, commonly isolated from ambient temperature
conditions by being maintained at a constant ‘temperature
within oven enclosures. '

The oscillator’'s frequency and frequency vs.

temperature behaviour is mainly determined by the crystal.

25 1A typical frequency deviation vs temperature
characteristic for a crystal is illustrated in Figure 1. ,
Thus, substantial frequency stability can be achieved by Qw‘
regulating the temperature of the crystal about the point
of minimum frequency deviation for given'changes in

30 temperature (i.e., zero slope).

This optimum temperature for maximum frequency '

stability varies considerably from crystal to crystal.
The oven temperature is ordinarily individually set within
a certain tolerance by the use of precision

35 instrumentation at the factory for each oscillator before
being assembled into the radio and then individually
frequency adjusted once assembled. Frequency calibration
will also require adjustment throughout its lifetime in



2 the field and as it .ages (or whenever the oscillator unit is replaced);
Wiat is needed, then, is a nethod -- integral to'the radio itself -- for
individually regulating the 5* tenperature of the oscillator according to
its prevailing tenperature vs. freqdency characteristics and subsequently
adj usting the frequency for maxi mum accuracy. In nmodern HF SSB radios, ‘it
IS now-panhe Hieldoadd aut atasges C abt bwldneremitite osdid Isadirountisel f in the
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and I ntegra ting t tenperature o
: - ea51ly be measured at the audio output with conventional

icf microprocessors using known methods of frequency sampllng.
15 It is, therefore, one object of the invention to
| provide a method for automatically and integrally

calibrating the'temperature and frequency of the
osc1llator according to the basic prevalllng -
characterlstlcs of the osc1llator to achieve apprec1able '

20 frequency stabllity,-u31ng ‘only an external’ frequency
reference signal.

Summary of the Invention

'r25 : In accordance with a first aspect of the present
invention, there is provided-a method of eutomatically and
o integrally calibrating the temperature of an oscillator to
achieve frequency.stability in a radio including a
frequency_sYnthesizer'where the temperature of an
30 oscillator can be set, characterized by: integrally
determining the present optimal operating temperature for
the.oscillator_and integrélly resetting the temperature of
‘the oscillator to that optimal temperature, whereby
frequency vs. temperature stability is achieved.
35 Frequency calibration may follow.
In accordance with a second_aspect of the
invention, there is provided a method of automatically and

integrally calibrating an oscillator to achieve frequency



- result

‘the oscillator to that optinmal tenperatureé, whereby frequency vs.

tenperature stability is achieved. 35 : - Frequency calibration may .
follow. In accordance with a secogf'aspect of the * | i nvention, there
is provided a nethod of automatically and.integrally calibrating an-

oscillator to achieve frequency 3 stability in a radio including a

f requeae&bimweﬁhzsrr&a%elﬁeguem@ 4 ePRenAdde SYinthedlivekal .oscillataor
can -be ‘char acteri zed
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.. coeffi

terrperahu&actaaﬂeua%fngaiaeoéeﬁyié@é& éﬁ&cueartﬁmaiqwgatth@ns cal cul ati ng
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J&tl@ﬁcﬁééﬁégénﬁa¥9§é b?5a92¢§§¥b¢9O%EWR¢¥EQHTGlﬁﬂﬂggnappﬁln§sett|ng t he

terrper aher eegﬁlwﬁt29re@§éhbi;aa@ha@16£@,t iRt Ry Reat ure by utilizing
a mcro % essor - en d L e converter to ad st the
_-operatFﬁﬁ % EPEFu?g ?ﬂﬁ 8§EF?T%N?NPé§&QﬂW¥§% ég supplled
to thecaénpeaaﬁngethentebatbﬁeamimtmaIoﬁlsaidnpqﬁyddmnaﬂg a ~
' n1cr0pE88§§§85 Q&h¥§&by said relative minima represents the o | "L)
15 optlmal operating temperature of. said osc111ator), by ' o
' noting three frequency vs temperature pairs to resolve the
coefficients and to calculate the relative minima of a
“parabolic quadratic equation.representative of a crystal
oscillator: integrally:resetting~the temperature of the
20 oscillator to that optimal temperature by'utilizing:a
' microprocessor—driven digital-to-analogue converter: to
-adjust the operating_temperature.of the oscillator by
-altering the voltage supplied to the temperature-COntroli
of an oscillator by utilizing a microprocessor—driuen
25 digital~to-analogue converter to generate a voltage
| proportional to the optlmal operatlng temperature and to

supply sald_current to the temperature control of an
oscillator; and calibrating the-operating:frequency_of
said oscillator following said temperature calibration by
'30 noting the resultant frequency deviation following said
- temperature calibration'and-adjusting thetfrequency of
said oscillator to eliminate said frequency dev1ation by,
utilizing a microprocessor—drlven digltal—to-analogue
converter to adjust the frequency of the_osc1llator by
35 -altering the voltage supplied to varicap diodes in the
frequency generator of the oscillator; wherein a -
. microproceseor is utilized to note said resultant

: frequency_deviations'using digital frequency sampling



25 digital -to-anal ague converter to generate a voltage proportional to the
optimal operating tenperature and to supply said current to the tenperature
control of an.oscillator;fand*calibhating t he operating frequency of said -
osciltator follow ng said tenperature calibration by 30 noting the

resul tant frequency deviation follow.ng said tenperature calibration and
adjustPngechalﬁnequendbeérebwdfnsqméﬂcycwst(temneEHMare stabilityguency

devi at+-en sby chiibibhzhAg @h&!:&ﬁ;?pf:?& ¥ da ) dist abn&evaaal ogue
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i's ac |ev5blgem %?%%fiﬁﬁyo st#&? %%Hiﬁﬁ; ' An exenpl ary

systentln.accordance mnth the present invention mnll now be descri bed, by
way of exanple only, wth reference to the acconpanyi ng . dramnngs |n whi ch:

Flgure 1is agraph that illustrates a typical
Brief Description of the Drawings

i ; .
&f% - An exemplary system in accordance with the
' ‘present invention will now be described, by way of example
only, with reference to the accompanying drawings, in -
.which: . . |
Figure 1 is a graph that illustrates a typical
12() frequency deviation vs temperature characteristic for a
crystal. - N o
' Figure 2 is a block diagram of'a.synthesized
radio incorporating the present invention.
_ Figure 3 is a block diagram of the Processing
25 Unit of Figure 2 and constructed according to the present
invention. ' '

Detailed Description of the Invention

- 30 _. Figure 2 is a block diagram of a synthesized
radio incorporating the present invention. The _
synthesized radio includes a frequency osdillator 10
providing a reference frequency, a synthesizer 12
providing a first and second 1njectlon frequency for flrst

' 35 and second Intermediate Frequency mixers 14 and 16 and
whose programmable frequency dividers are loadable from a
processor 18, and a demodulator, 20 whose 6rdinary audio

output is advantageously used in accordance with the



20 frequency devi ation vs. tenperature characterrstrc for a crystal Fi gure
2 is .a block dragranfof a synt hesi zed radio |ncorporat|ng t he present
invention. Figure 3 .is a block diagramof the Processing 25 Unit of .Figure
2 and constructed according to the present invention. Detailed Description

of the.lnvention 30 : Figure 2 is a bl ock-di agram of -a synthesized
radi o pegegeeat engoalﬂﬁeﬁt esentheé r;yﬂmem invif ipmithe piroeddeadi o i ncl udes
~a-frequency osci Ll at of Y ere ce fre C a synt hesi z 12
provi d%ﬁﬁ e B it {:1 o%agrér:ug% |on requec'nrcm‘"l ?Q’ & 35  and secg‘%a .

InternDGPQBQSFquuency nfxers 14 and 16 and whose progrannable frequency

~dividers are |Q%Qagkélﬁiﬁﬂb§ @006§5§9£s1@&néﬁ¥%f&é&”§¥3&cﬁk@ﬁm 20 whose -
org.r}nary audi o out ~advant ageous y .used in accordancep\gth the . 5
q
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"devratthe andecﬂh&brafeoencefﬁreqmemmytistﬁnaqnﬁmrmeﬁomo the oscill ator 10,'

of Ui . SUNURSI 26 (ATLP0ER0q oy DR A AL Sy Gl LU GAhecause the

frequency error Pernal erence trequency 1s transforned to the
base- béﬁéqandcﬂutPrbheeéeﬁ@r?h@er§E¢QPQﬁCXhefﬂé@hrwethﬁ@quency to the

refer eaaee&hequee%ren‘éeusreuﬁéﬁefrbf rﬁﬁma&nzr %fxﬁf &A&% khaquency of 11.4
' t-une o a 10 an external frequency of

and wi,;th the 10 reciev
-_'NH%bOlrﬁﬂievﬁrtBHBeSftapﬁrﬁérﬁgfe? J?WG%?Rﬁqqa%xfﬁﬁQﬁﬁﬁE§d° t the audio-
.Output10-0010Mﬁzpp§1ﬁsnelbﬁt&ppfmximatéiyeﬁ|KHH(NiMMﬁbhh@r@udbedOutput as an
.approx @atﬁelggglgpoutput -— a 0.1 ppm oscillator error is
reflected in the audlo output as an approximate 1000 ppm
. .deV1at10n. This . multlpllcatlon of the frequency error is ) _g_)
15 then easily measured .in the audio output by modest
microprocessors clocked by low’ cost crystals._ This
feature 1s the subject of divisional appllcatlon
No.9018896. ' _
Flgure 3 is a block dlagram of the processor 18
20 of Figure 2 and constructed_accordlng ‘to the present.
invention. The prooessor'includes a microprocessor 22
coupled to the audlo output of the reciever and is used in
accordance with the preferred embodlment of the present
invention to prov1de frequency deviation andicallbratlon
25 information to thé processor end'further'includes.digitél—
to-analogue converters 24 and 26 to supply temperature and
frequency . calibration information to the oscillator. B | -
| To callbrate the oscillator, the reelever is '
tuned to a callbratlon frequency (rec1eved from a
30 calibrated transmitter, from an external precision test
1nstrument or from a transmltted frequency standard -- -
time and frequency reference SLgnals are. commonly
available in the HF band for navigation and time
distribution purposes). WNext, the voltage generated using
35 the'Temperature_Digital-to-Anologue_converter_24 is varied
to drive the oven temperature of the oscillétor?lo across
its design range from its: mlnlmum temperature to its

_max1mum temperature.



deviation. This nultiplication of the frequency error is 15 then easily
measured in the audi o output by nodest m croprocessors clocked by | ow cost
crystals. This feature irs the subjgct of divisional application

No. 9018896. Figure-3 is a block diagramof the processor 18 20 of Figure 2
and constructed according to the present invention. The processor includes
a M CLoprocessoroRde w@ﬂénﬂmmmmocﬁutfpraquehcyh’eemperaw:ere and is used .-
i n_acvef e W PRI GEeRadiRal gl i REndhCSEMnddy eI on Lo

provi de requency deviation an calr 5 Information to the .

pr ocessofe@Mredrirtha gargde ldicgicvare pEPEARLBALECR 0P F1EHIZe 24 and 26 to

suppl y teypested lﬁ\%:ﬁ%dﬁ&%ﬁi“eya@:ahhhbﬁt the reaefnﬁﬂe@@eﬁ@ythe oscillator.
To cal |b(§/ate the oscilla ever, is_tu %%}”atcal | bration

fr eqdenc e‘ﬁaetclr%eecf“fsrtdsrncf%@e d&&FFB‘F&FSa t?gﬂﬁ?ﬁt B¢ RAIE ext er nal
preci si cpatwllmsahamﬂenjrstfucomfamgamsrrﬂttEhlléregtrhrwy standard -- tine

and freq&@&‘}é/da{ﬂfée £ ¢ %1%%% 99”%)%)( %gaaéeﬁhﬁm g4I~ band for

navi gation and ti1me distributiagn oses tage generat ed
usi ng 35coefEloiaRiet Al r@%ﬂj’rwlﬁofﬁ%ﬁéﬂlﬁttﬁnv@h?@ 24 is varied to
drive the oven tenperature of the oscillator 10 across its design range
fromy ts mnimu er ture t S max t enper at ur e. 6 Once a
suf fI°ci ent nurrbre& cy%) eralaﬁ’ggnb Ffit s have been noted (for
exanple, a mnimum of three S requrred for the parabolic curve

appr oxi rratlzg.n gglff(QU(@Jt)o)J(%.%\bﬁrktge-%?ﬁ?t({:'gﬂté‘ ('3‘@-'—196') e past

frequency devi at1'on exists can etermne n, or t e basi c
2 " and'
15 :

B=[f2—f0—A‘(t2**2—t0%*2) 1/£2-t0

- from the temperature/frequency pairs (tO, fO), (t1,£f1) and
(t2, f2)

20 . Finally, the voltage corresponding to the optimum
-temperature Tcalibration is genefated-through the
Temperature D/A-24:and the Frequency Tuning D/A 26 is
adjusted (varying the voltage on varicap diodes in the.
oscillator) until the frequency deviation measured at -the

25  audio output disappears. The calibration is complete when
the values of both the Temperathre and the Frequency

./  Tuning D/Ae_are stored in non-volitile memory.
Thus, what has been provided is a system for
‘automatically and integrally calibrating the temperatuie
30 of an oscillator to achieve frequeney accuracy and
stability in a synthesized radie where the temperature of
‘an oscillator can be set. The temperature calibration is
performed by integrally determining the present optimai
_operating tempefature for the oscillator and integrally

35 resetting the temperature of the oscillator to that

optimal temperatu:e. Thus, frequency vs. tempefature

stability is achieved; frequency calibration may'follow.



parabolic characteristic of Figure 1, this opti mum tenperature (where the
slope is zero) is determ ned from coeff|C| ents of the: parabola f=At **2+Bt +C
where: 10 Tcalibration _B/2A  and where . . :
A=[(f1-fO (t2-t1O)-(f2- fO)(tI-tO)]/?tI-tO)(tZ tO (tl-t2) and 15
B=[f2-f0-A(t2**2-1O**2)]/t2-tO fromthe t enperat ure/ frequency pairs
(tO,fO, (tl,flyhantkdidd faf .caibration of khealihyenthienvekt age

corresp, totheotl m_t enper a Tcalibration is generated thro S
the Terr%g%{g% r?é’yFroesc?uég'c?s"’fun}‘ﬁ D%ﬁe‘i’%eflggadj ust ed (var %ﬂng*
- the volaegrragy \Ai'rd c%aﬁhﬁlloctes s & lronesen), | dnoiydingi those ﬁhe’quency '

devi at i ofe RS WRth AlendiatRuire UMitToLRUt FES3RPEAEE culergal ibration is
co | et e, when the val ueﬂs%erof broe h.t heoTenperaturegaﬁg é}‘ElcéuFr eq’ﬁency Tuni ng

ard @Y AGLYT 3 diskd feer%mcy g yStMGREE hASCOBREPIA®RI ded is a

: -.systemfmf cawsrﬂt Iaz_:ﬁlrigy and- integrally cali br ating: the terrper ature 30 of

~an oscillator -t ve fres yency énchlf{ % gbabl Ln a. synt hesij zed
radi o where the eﬁ&’reo an SEeA% 8§8Ye YRR tenperature |

- cal i br hdmrbgen msm:mgi land shognal iy oéfdr benungetterOqadement opt i mal

- oper at igHbd&£ ALY & Rnel faertos;@faltl eft%raograa£§9ﬁ§' 1yq35 _resetting-the
'te{rBerature of the oscillator to that optiml tenperature. Thus, frequency

Liigar iqngiah dpdiss lae'mné\}ea “‘PVeBGeﬁE?l@&?WE)‘F%tl on may fol | ow.
The rrethod of calibration of the invention is suitable for use with. any
oscillator where frequency accuracy and stablllty |s a concern, |nclud|ng

- those that

e



are not oven tenperature.controlled. It is particularly 5__advant ageous

for field frequency adjustnents to conpensate for crystal aging. Wiile the
preferred enbodi rent of the inventign has been descri bed an

be understood by those skilled in tRe art that other vari at mﬂmlmmwﬂ
nodj fications of this invention may be inplenented. I *
S .* CLAIMs: 5. 1. A net hod of automatically and integraIIy
callbrealng the tenperature of an oscillator to achieve frequency stability"
in‘a radio including a frequency synthesizer where the tenperature of an
oscillator can be set, characteri@BdI¥My: 10 integrally determning:the.

pr esent -opti nmal operating tenperature for the oscillator and integrally .
resettlng the tenperature of the 15 .. oscillator to that optinal.

t enpér atfir e, \Aheﬁeﬁ?tll“?‘éq%%r&‘i/t"\’i‘éat’t%ﬁ?plé’fétq.?rén§te315?9'|1¥y i's achi eved. 20.

2. .| . cﬂmﬁa@ﬂn@cﬂﬂé Ché”tﬂoézﬁatﬂhﬁ mf]},anf u:(r]slbheaalelbaraetschzede by

cal i brat e _oper requency, of .sai,d Qsci t owing said -
.tenper'attfg 3??36r%1’f$%3r1f&%elr’eby "-fa?/del(fuéﬁ’(%}ug&élgrgc% gguérg{;ﬁ'eved 25 3.

A net hodsnntbedmgrttme:teutrhel tegprmiture wifceoprecéiiatodrcarrbe

digital - ? %t@ is utilized to adjust the frequency of the
OSCIu;atOF by a erlng t he Vol t age: supplied to varicap diodes in the '

integrally determining the present optlmal.
'operating temperature for the oscillator and

. k integrally resetting'the_temperature of the
15 oscillator to that optimal temperature,

whereby frequency vs. temperature stablllty is
achieved.

20 2. A method according to claim 1, further
| charaCterized-by Calibrating'the'operatiﬁg frequency of
said oscillator following said temperature calibration,
whereby frequency accuracy is achieved.

25 3. A method according to claim 1, wherein a _

) microprocessor—driveh digital-to—analegue converter is
&&f ‘utilized to adjust the frequency of the oscillator by
altering the voltage'supplied'to varicap diodes in the
frequency generator of the oscillator.

30 .
' 4, A method according to claim 1, wherein sald
1ntegral determination is further characterized by.
deriving the specific frequency vs temperature
35 - ' characteristic of said oscillator and calculating -

the optimal operating temperature where relative
temperature dlfferentlals result 1n relatlvely
mlnlmal frequency dev1atlons



frequency gener-at or . of the osci || ator 30 4 A et hod
cllaim 1, wherein said integral deternmination is further characterized by:

deriving the specific frequency vs tenmperature 35 mm \mt iC
~of said oscillator and cal cul ati na the’ opti mal oper at |\“m \m ere
rel ative tenperature differentials result in relatively m nitmal ff equency

“devi-ations. 5. - A nethod-according to claim4, wherein said

~derivation is further characterize ' adj sting the operauﬁng
tenperAture of AtREERRLIFFERR 1%&:rt&s°bllat’§“ oqperwa’ﬁrr?gmt ér ature range,

not i ngdéhivatebon t it £drdgre mha atieatiizeds band 10 cal cuI_ ating the _

~coefficients of a representative pol ynom al equation and cal cul ating the

relative mnima of said 15 pol ynom al equation, whereby sald

| “refative m ni nedieph RS fhe (QRETAN inm L TRATALYTE OFm5BLat ure of said -

oscillator. 20oséillator dcr@diont Acaanditigd @enpdir@threnher ein three
frequency vs teqﬁerature pairs are noted to resolve the coeff|C|ents and to-

cal cul ate the F&"%%1ve ninim of a parabolic quadratlc equati on .
representative of a crystal oscillator. 25 7: -+~ A nethod according to

any one of DenBEERENY ALAL Fan BRI AR GRS Al | vn

'dl |tal-to- ana ogu converter 1s utl a JUSt the operatlng

calculatlng the - coefficients of a representatlve
'polynomlal equatlon and

.calCU1ating-the.relatiVe minima of said L B 4;)
15 _ _polynomial equation, : _ : _

. whereby said relative minima represents the
optimal operating temperature of said osé¢illator. '

20 6. A method accordlng to claim’ 5,_where1n three
frequency vs temperature pa1rs are noted to resolve the
coefficients and to calculate the relatlve minima of a
'parabollc quadratic equatlon representatlve of a crystal
osc1llator '

25

7. A method . according to any one of. the precedlng

4

~cla1ms, whereln a mlcroprocessor—drlven dlgltal—to- o - N

analogue converter: 1s,utlllzed to adjust the operating
temperature of the oscillator by'altering-the voltage
30 supplied to the temperature control of an oscillator.

8. A method accordlng to any one of the precedlng
jclalms, wherein a mlcroprocessor-drlven dlgltal-to-
analogue converter is utilised to generate a current

35 proportional to the optimal operating temperature and to
supply said veltage to the temperature cehtrol of an |

oscillator.
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tenperature of the .oscill.ator by altering the voltage 30 supplied to the
tenperature control of an oscillator. 8. A net hod according to any one
of the preceding clains, -wherein a qjcroprocessor-driven digital -to- '
anal ogue converter.is utilised to generate a current 35 proportional to

t he. opti mal operating terrperature and to sup Iy said voltage to the
tenperat @re contAONEDhOQnOQS@vt¢m@twcally:Hﬁéglntegrquﬁbthod of

aut oMk Eéh.hﬁréeﬂnbnéﬁ%lé‘éih&@éf rAtddid A Feiguleaty” sEQbQQBtg\e/eof reﬁquency
\V

stabllltglnar dig includ eg_;fgln(é)é(s nt hesi zer ~where t

t enper at PeaoFagleryg?éde%%l?I%ﬁ%ﬁu siger wRere-tBfi zed by:

i Nt egr al byefetemnpepatgré hef pi esepdt aiptdswill leperaicangbeespepat ure for the
_OSC|§ at8ﬁa9¥ tégi cd. b deriving the specific frequency vs

t enpérat ure SRaFALFEF i ™ ic of said oscillator and cal cul ating the opti mal
operating tenperature where relative tenperature . differentials result in 15

relatively m ni MhtbhedueHCHetEMh i AN Y pratidit! idpg i@ operating
tenperature of the oScillator across 1ts operatin tenpe ature range, 20

noting resul t ant °PPEAREASYCHERPERTOTR 1o ddtSa A5G 1 REOCol¥Fi cients of a
representatlve pol ynom al equation and 25 calculatlng the relative m-nim -
of ﬁ%}d _ "~ deriving the specific frequency vs

temperature characteristic of said
oscillatdr_and éalculating the optimal
~ operating temperature where relative
.\VZ | ~ temperature differentiais result in |
115 relatively minimal frequency deviations by:

adjusting the operating temperature of

‘the oscillator across its operating
R | temperature range,
- 20 | |

noting resultant frequency deviations.

calculating the coefficients of a _
) representative polynomial equation aﬁd
25 ' '
_ calculating ihe relative minima 6f said -
L/ : : . polynomial equation (whereby said
' | relative minima represents the optimal
operating temperature of said
30 ' | . oscillator),-by: '

noting three frequency vs
temperature pairs to resolve the
_ coefficients and to -calculate the -
= 35 * relative minima of a parabolic
' | . quadratic equation representative.

; ' . ’ : . _of“a crystal oscillator,



, poI ynom al equat i on (whereby said relative m ni ma represents the opti rral

operating tenmperature of said 30 oscitiaror), by:: o
noting three frequency vs tenperature pairs to resolve ents ‘and
to calculate the 35 11 rel iamllm WEmﬁﬂlﬂ

. par‘abolic quadratic equatron representative of ac

o * C L M S *integrally’ resettrng the tenperature of the oscrllator.'

-4

to that optimal. tenperature b¥ - utilizing a \, :

m cr opr ocessor i@tegealdygresr t%gaﬁhﬁo‘@ﬁ@%@ﬁ/‘eﬂt &af ttdedj ust the 7 =

operating tenpesatiunatek tbetasei bpeiaal byempéLitwnge thie: vol t age suppl i ed to

the tenperature control of an oscillator by: 10 utilizing a 3

m croprocessor-driven di.gi t al -to-anal ogue converter to generate a voltage-

- prdportional to theutptlrlrzalngopematcmgrbeapeoat-drrevemoﬂigﬁw- S
~supply said current ttoqahgqotgegpe:ggt,gggego%rQ& ﬁ)ﬁ aposcillator. -and

. calibrating the operatrn% frequency of said oscr ator follow ng said
tenperature cali br atP&FaEdng temperatgye AGt FhY ePelliakax A frequency -

devi ati on foIIomnngaggbﬁlh@nmgbabuueagalgbpplie@ Bockwel) usting the

frequency Of said Oi?h&k%%%ure control of an oscillator by:

10 - _ _ A _
- utiliiing3a_micropr6CeSSOr-driven
o digital—td—ahalogue“cenverter to
'generate a voltage proportlonal to the
_ optlmal operating temperature and to S _-\_)
15 '_'  'supply said current to the temperature ' |

control of an oscillator.

and calibrating the operating frequéency of said -
oscillator following said temperature calibration

20 by:

_noting.the'resultant'frequency deviation

following said temperature calibration and

_adjustlng the frequency of said oscillator
25 '_ o to eliminate said frequency deviation by:

utiliZing a microproeesser-driven - . \ﬂi
_ digital—to-analogue_eenverter to adjust
the frequency of the oscillator by
30 . - altering the voltage supplied to
' varicap diodes in the frequency
generator of the oscillator, _
.:_wherein a microprdéeésor is utilized to note said
resultant freéuency deviations using digital frequency
35 'sampling techniques and " - | _
| whereby frequency vs. temperature stability is

achieved and whereby frequency aCCuracy-is achieved.



25 - : '- | to. elimnate said fr equency devi ation by: m\

_n1croprocessor-dr|ven digital -to- analogue converter to adJu I ency
of the oscillator by 30 . . - : altering the v y’m” ”

to-varicap diodes.in the frequenc;l %enerat or -of -the oscillat or,¢
m proprocessor_ is utilized to note said resultant frequency devi ati ons

usi ng--di,gi t al e y Ln Al oielegP YNl equency vs.
fenpeLalL’lgre sta%\ %Hﬁ@gl §§§ ?grtmé a%dh\?vfg"é\Elé EIS.S Ssequeéngclyeaccf}r acy is -

achi eve@n OSciélatorA theli berperrt et Pt vl RaTcPes pRtliesi zer and an
oscillator, the terrperature of which can be set; means for integrally

detekm’ning t he prese tlna operatin terrp rature f the oscillator
and neans for iH@@éﬁs Qfl°§ A8 §f3f?bréyt ﬁEtF’éﬂg’é’r‘a?u? ecﬁrecs‘r?é&osm |lator to .
t hat5 opbptdmallenperatiing, téfperature fomhshelmsdildgrercynds. tenperature
stability is achievable. 11. A radi o according to claim 10, further

conpri si ng neans for calibrating the operating frequency of said 15
oscillator fol | &feRg $ardintrperallr EceattHRatthm CaMRSTASY T Qfuency

accur acynieS o8eh8¥%dBketol2hat opfihali vemssirlirg to claim 11, wherein the
oscillator conprises a frequency generator. having at Ieast 20 one varicap

di ode to adjust the frequency of the oscillator. 13. - A radi o according.
to kbai m 10, fumwebgomeqsengymfanstémpemtmm r'tg:atmalmleme i c frequency
Vs terrp% aﬁléggbgg characteristic of said oscillator and cal cul ati ng the

11. | A radio according to claim 10, further comprising
/  means for calibrating the operating frequency of said
'15 oscillator following said temperature calibration, whereby

frequency accuracy is achievable.

12. A radio accordinguto claim 11, wherein the
oscillator comprises a frequency generator having at least
' 2() one varicap diode to adjuet the frequency of the- '
. oscillator. ' '

13. ‘A radio according to claim 10, further comprising

means for'deriving the specific frequeﬁcy vs temperature
25 . characteristic of said oscillator and calculating the

eptimal operating temperature where relative temperature

-/ differentials result in relatively minimal frequency
deviations. '
30 14, A radio according to claim 13, further
comprising: i '
means for adjusting the operating temperature of
. the oscillator across its operating temperature
'35 : range, '

means for noting the resultant frequency

deviations,



~optimat operating tenperature where relative tenper am
result in relatively mnimal frequency deviations.
according to claim 13, further corrprl si ng:  neans f.or: L‘"’mm'“" m,r@”
operating tenperature of the oscil I3tor across its operat Fng- t enpera
‘range, neans-for noting the resultant frequency devi at i ons, 13 :
* C L.M S * neans forcal culating the coefficients of a representattve
pol ynomi al equatl on and 5 nmenas for cal cul ating the relative LTV
ninim of said PEPRRoAPAI CBYGHLABANSVHRE cBYSERIGHIMRANE i nimm represent * -
the optimal operapiregeheapevat pokynbmsal de@satidmtand 10 15. ~ A'radio o
according to claim 10, wherein a microprocessor-driven digital -to-anal ogue ¥

~ converter is provided for adjusting the operating tenperature of -the
oscid | ator by ameeaSngorhga&gu@agengupmue@latmmenm&mat erfpeedidur.e control

of an OSC'||atobolynom1al equation,

“.

whereby said relative minima represent the

optimal operating temperature of'said osciilator;
10 ) | 'i'_ : - _
' 15. A radio according to ciaim 10, wherein a
microprocessor-driven diéital-to-analégue converter is
provided for adjusting the operatlng temperature of the
_'osc1llator by alterlng the voltage supplled to the ' "t o NV
15 temperature control of an oscillator. ' ' | -




