METHOD AND CI RCUI T FOR AN A
Jhe invention relates to a net U|t for automati c,

hi gh-prec#sion fine frequency e aid of a frequenc -tri mmabl e
-anal ogue cir Q92413389 nt egr at ed CI rcw t rior art | PERERIBQPQHL

el ectrronic S|gnal processing, it is frequently necessary to accurately

bal ahcé  (ali‘gn) MONEE Chtd Qlrdife SHENSYNr&RPEIEdENk ghiGHeEPaidRr exanpl e,
when adjusting tuners or bal anci ng frequenc enerators. Correspondi ng AFT
(automatic fine tune) techni qu ’Egb\ﬁ‘l‘ r 8% exanpl e, "Tel evision
Engi neeri ng Hand- book", page 13. 117, K Blair Benson, M:Graw— Hi II Book

Conpany, In this the ase_shift _in res cwt

evaluated. FIG 1 shoﬁgeaﬁngﬁﬁg'bﬁ?i 5F%Q§F8c|?°cﬁc‘i‘tﬂ g 1'tll’t'f)ut

signal 10 i nfferermetonytic| uhigﬂg-pfeclex@rpfmeaftumwdnnambovmlgnal

is fed toga r n Sl qui Tlxt],egx -3 h&%&, IR 1 RiBRRdetgetyl 12.

The resonant g??cﬁlﬂ{l |§ '%urfer %q’degjlclr Tlr equency. The outlput si gnal

from the resobahegertedi ¢ixquit.-fed to a second i nput of the phase

detector. The output signal fromthe phase detector is filtered in a

| ow- pass 13 and, serves as regulating variable 14 for the tuning of the

i nput si gnal 2ECB-BFEcyit suitable for this is, for exanple, an FM

denodul at or 15 whi ch l:nnthe fiebd &f eleegromic ngigmal eﬂml-@cemshﬁ@, vxhich t he

regul ating var+ab4 %hq:egsgzg,na{: 1q:£j g) rg%q_téle ngrg % g hi s
I on, on Rl n ? 1

particul ar applica owever g accu k Hz
can be at®i evénemlehcyhéeneadenbfca-neuat@, ﬁmrexamahetfm the ctundrown AFT

circuits canngg Pgnbik! ¥ri BheJERifHin§0b£C¥R8RLENCY \Geh8PRBELEONS O an
inte- grated circuit are required for an external reSonant circujt.

further known sol uti oPPREARFsRECAFE RATtMAAF dagitematic IﬁénPr'é%%hc%F?o be

tuned and to kﬁ?]ﬁﬂ} Ufblrn@:tém;ﬂl@,orhﬂr&m YTellovi¥&bn lﬂa@mmidigt (H£ndN g
circuitry and the, corre chip ea.| an inte required
herefor are %’ E Th&% &ﬁpoﬁtﬁ&)‘hsgmt eﬁ"ﬁ%ﬂ’ag{i’g@aﬁaﬁ /&IS—LT%?? uit is

al so reIh5iveC9mpagh In this case, the phase shift on a parallel

aSIBP@'RCFlRECI SI ON FREQUENCY FI NE TUNI NG

tuned circuit is evaluated.

Fig. 1 shows a corresponding block diagram. An
outpuﬁ signal 10 which is influenced by tuning, for
example a television audio signal, is supplied to a tuned

20 circuit 11 and to a first input of a phase detector 12.
The tuned circuit is tuned to a required frequency. . The
output signal from the tuned circuit 11 is supplied to a
second input of the phase detector. The output signal
from the phase detector is filtered in a low-pass filter

25 13 and is used as the control variable 14 for tﬁning the
input signal 10. A circuit which is suitable for this
purpose is, for example, an FM demodulator 15 which can
be tuned by a control variable and to which the control
variable 14 and a signal 16 to be demodulated are sup-
30 plied. - - ~ |
However, using the prior art, a tuning accuracy of only
about 150 kHz can be achieved in this appiication. In
- addition, such known AFT circuits cannot be completely
integrated. Two connections on an integrated circuit are
35. required, for example, for an external tuned circuit.

A further known solution comprises the frequency

.to be tuned being counted digitally and being appropri-
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222 Invention The inve:ntijmuﬁmﬂﬂmilﬂmf he object of specify- ing a nmethod
for automatic, high-precidi 188 lency tuning with little circuit
conplexity and | ow current consunption in integrated circuits. In
principle, thWwon8RWad388cording to the 4 ren- tion consPETLEPA2/AA09Lf or
the purpose of automatic, high-precision fine frequency tuning, for exanple
to a specificatelavizgadiustetel Thet ¢ixenibnecmphexdlyyHequidndt £6F the
frequency-tri ppRbl ARRIROUSE & ClbkrbapbAaTRE JRdpSla¥fed fPrar inte-
frequency-trimmabl € anal ogue circyit in an inptegrated circujt as a function
of a high- pr8&aEeGn CAECHIAF S r RRNSNSE (ISR a| TRe oFUTRERE EOREIBP-
vari abl e is |ithen o€ istidhienceiyinaln XFf e¢treei€i isulikewiseonompakhe
i ntegrate circugﬁ gpd in that various operating nodes are switched on
successi vély 3" n Paﬁing. Advant ageous devel opnents of the nethod
according to the invention result fromsubclains 2 to 7. The invention is
based on the ;s ~@bj ect of specifying a circuit for the nethod
according to i %&oﬁ ion. In principle, the circuit according to the
i nvention is provi ded Thiet Anyenkignodge baseduprp tbe 9bigr&sefs PREA&AYY can
Ee trimed bylie&gaasmeé?adcmﬁh _raiihtdﬂﬂi_.ab,! Bigh eaﬁfﬂie?ueziakar EEE]I:;uaﬁc 33
aving a supp poi nt r -precisi.on reference freguency err
having a fi rstt?{“"é‘ngec"()’n@1 aﬂatggfhicr’&'cd’ﬁ'a%g‘éﬁ’\'}gfel‘ﬁﬂ’cI?,n%h;:g?'ﬁgcﬁLFFP t T1,
a second1D2 arehnaumpitricnT dnc dmitegrakmed idiirenitmaving a first CL and a
second OR comparat of, [ayi06.301300¢5h e hetBlaNattBgadRg BhCLAD! 16083C ! OF
Cerr], the follow ng volftages™bei'ng supplied: - an ou?put voltage V[err]
fromthe anal 4§98 c¢ereiste3ipeithpt, £for sthe| Pugregeshnautapaticef the
first Tl and ofi ghh@reRa@Adnl iGNt £PbqaeREY f t8AiAB] Foxt N&didd €& and of

t he second CH co rator; .
) spega ic television channel, at least one control vari-

15 able for the £frequency-trimmable analogue circuit is
formed and stored for a frequency-trimmable analogue
circuit in an integrated circuit as a function of a high-
precision reference frequency, the value of which control
variable is likewise influenced by a reference circuit

20 section in the integrated circuit, and in that wvarious
operating modes are switched on successively for fine
tuning. '
Advantageous developments of the method according to the
invention result from subclaims 2 to 7.

25 The invention is based on the further object of
specifying a circuit for the method according to the
invention. |

'In principle, the circuit according to the
invention is provided with an analogue circuit 23, 33

30 whose fréquency can be trimmed by means of a control
variable, .said analogue_circuit 23, 33 having a supply
peint for a high-precision reference fiequency b JR
having a first, a second and a third changeover switch,
having a first Tl, a second T2 and a third T3 control

35 amplifier, having a first CL and a second CH comparator,
"having an adder 21 and having an internal capacitor C;,.,
the following voltages being supplied:

- an output voltage V; from the analogue circuit 23 being



~ a reference voltage V[err] being supplied to a first input 251 of the
first control anplifier Tl in a nornal node; - a conbined voltage forned
fromthe reference voltage V[err] and a conpensation voltage Vof being
supplied to awdi 92713388t 252 of the secdnd control anBGF/ERIZ/0999%
calibration node; - a difference voltage formed fromthe reference voltage
Vref and a t hpephbiedysot fpcand baPrESs @il Fhe £4r8Y i'IFJstaT"ﬁpl# %€ of the

first conparahgichs: TANdoRtTHD \dg1AGE dx0rdmdl £ othehEikskeinemd obf age
Vlerr] and the, threshol d_vol t-ager%’/&err] bei ng supplied to a first input 253

of the second®R8nPEFIRdr CELEPRPATAEREdr enent node; - an output signal from
the first contr@lréefgteddervollduys My, supninedupplidd tot ai ipustNiaput he
third chapge- erswitch.in.t 3 os t pu j omt he
second co tro?ggnﬁfi %&Eﬁsﬁe?ﬁﬁggégg%?ggg?%eg ?EI rgg Pn%ﬁ?h%ﬂo ogﬂﬁé third
change- over swiat cienbinedde vl taget formagdérom theo RAATAYhATOIFRFRt he

third changeoyer syid cl BehBEnsHBRbhEYARage VIRUbedhg! ugPliildd o cantrol
anplifier; - aflefoutput signal fromthe thifd T3 cqntrol I 'f'i' r. bei ng
supplied to afirpt ipRPEL 26R Ofe hfddecepd copty Mﬁ%’fs %eﬁ"v@d from
t he magni t udecgl ibkathishempak;capacitor Clerr] and is reforned using a
factor k_heing sugplied to a second Lnput .of_the _adder - t

si gnal f flgm t ﬁeaagggfeffnﬁgi K@gﬁﬁﬁﬁl ?8%’“?8 g‘?%n’f‘ﬁ%l rle%%% n%?a{)%geéggl ogue
circuit 23; -va yamided thyeaholdd vhlkageoVie heimgesupplied: ko anﬁirﬁbgu_e
circuit 23 be&%g guBBlL! 8 f; e £l d&ﬁ&%x%\k&f die ddd S ShaNgSPYEgeSW tCh
i n the nornmal H'e; - an additional signa reqgquency being supplied_to a
second i nput €ormeds frpm thesrefiexepssy MolGRA Vren TME ERE| Bﬁﬁ??hﬂlﬁode

and in the meggykgganty NDERiny (dupgliidy PECCASEQRsteiapRRCc 257 esifiethy
fl[err] or _a frequency Frived from,it bein s;&plled to a first input C of
the secoR@ ch&RGEDFeFOTRAEEHOFN CHhdte B F“SF%PF ent 3948+T 1997 -4- node;

- an output signal from the first control amplifier T1

being supplied to a first input N of the third change-

over switch in the normal mode;

- an output signal from the second control amplifier T2
20 being supplied to a third input C of the third change-

over switch in the calibration mode;

- an output signal from the third changeover switch being

supplied to an input of the third T3 control amplifier;

- an output signal from the third T3 control amplifier
25 being supplied to a first input of the adder 21;

- a signal which is derived from the magnitude of the

internal capacitor C; ., and is reformed using a factor k

being supplied to a second input of the adder 21;

- an output signal from the adder 21 being supplied to a
30 control input of the analogue circuit 23;

- a wanted signal which is to be processed in the ana-

logue cixcuit 23 being supplied to a first input N of the

first changeover switch in the normal mode;

- an additional signal frequenéy being supplied to a
35 second input C, M of the first changeover switch in the

calibration mode and in the measufement mode;

~ the high-precision reference f£frequency £, or a

frequency derived from it being supplied to a first input

C of the second changééver switch in the~E§EEE£§EiSE\_ﬁ~__;
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- a signal frequency which is derived fromthe output signal fromthe first
changeover swi tch being supplied to a second input N, Mof the second
Changeover switch; - an output signal fromthe second changeover sw tch

bei ng suppl i S0t L1I38%al ogue circuit-23. -The out put REFHBRIZ/AMA%The
first and the second conparator can then be used, for exanple, for tuning
an oscill atorme¢dea tel evision set tuner. Advantageous devel opnents of the

circuit accordigg sti%ngie £FVQNASP wBSHA! ifsf QRSIEd aEFEm I the Lltplite
method is suitable for integrated circuits and enaples, autorraéi.c tgtne
frequency turfHERakiTRP® (the $dEssy chPPIRENEE SWAFEHReRT ARRRM 195 % xanpl e
FM denodul at cd Ssé@tohd eippwe YN geMes fit £lié . sdéendFdhangeovéer aswbtahng to the

i nventi on_contai_ns an. aut onatical | e [ r Vi ontrol
vari abl e ?or med af’heor%"l—'%‘."é TAr-S™ ggntg%%pvg?i%al%&?qg aghla%lggﬁgp?y £1|n"r:1kf‘?aculgnced
by a ref er enceetagpeveplied oro eklaepiralogeé eectncwitaddei - tance, on the

substrate of the integhat §QcGht Coi dnaTRNEEGRT LM NEi 24 Sl O8Fe HEddHH t he
production of the integrated circuit manifesting thenselves in a respective
val ue of thi sCPBPRFakeE e8Rpbhent beausedsr £%e FRmR IS c\FITa iR &

requi red accupaeyllatéxpphi 8dtareveseomnsett euhbe. AFT circuit in a

calibratjon e. JThree operatjng nodes ar rovided in thi.s_case ,,n order
Co be antl t AULHPIRERTuR HeTRAORRRRET BF ChY cKsihy ~fghgaipg €6 the
Cal i bration nmmneentjon dessltefreoh sudelaimstfetoallbrati on node, the

frequency of the anal e.ci i te J Sodnitdall rig ' geqec] IS
then mai ntai ned unti Ieg%em%zlg'?‘lggr é'tél o%ﬁ#nédﬂé% S¥g\%\ﬁ' t’%ﬂ%&:’g‘%@gf}aﬁ{# t%%r
this, in the apdsenehdse mtomatisr cGine funeguencyatppinge@inghiBreis to

be finely tungdehéydelerihped WahHibBGedl &iQkulite,Pr 60U NaniglidMMeeEM ana-
| ogue circuit. Appropriate fine tuning is then carried out _dependi ng on
whet her #Pi s SePeFHIAEATFalFe FREMURRCY hgeReZRtaT a0 The gAlat FHTHA a

requi red val ugc&6£difg to - Bhe invention contains an automatically

operating control loop having a control variable formed
therein. This control variable is additionally influenced
by a reference component, for example a reference capaci-

20 tance, on the substrate of the integrated circuit,
manufacturing tolerances during the production of the
integrated circuit manifesting themselves in a respective
value of this reference component. A reference frequency
having the required accuracy is supplied as reference to

25 the AFT circuit in a calibration mode. Three operating
‘modes are provided in this case in order to be able to
carry out the AFT function: '
a) Normal mode,
b) Calibration mode,

30 c) Measurement mode.

In the calibration mode, the frequency of the
analogue .circuit is initially trimmed. This trimming is
then maintained until the calibration mode is switched on
again. After this, in the measurement mode, a present

35 value of a frequency which is to be finely tuned is
determined with the aid of the previously trimmed ana-
logue circuit. Appropriate fine tuning is then carried

out depending on whether this determined wvalue is less

than, equal to or greater than a required value for the
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fréquency which is to be finely tuned. Subsequently, the normal node is
switched on, in which the analogue circuit is used for its actual task. The
frinmming and the fine tuning are advantageously carried out in a

current -cont r¥P| 82/#3388r, using an ener §y “st or age capRGEFPIAP0091
transductance _anplifiers. Draw ngs Exenpl ary enbodlnents of the invention
are descri bedfnpanereycvhiel i8 gﬂebﬁr%%‘ wnedhi Sypseqientlyyg he o

known AFT cirgbihal FhSde 28 vt died\oh ClzhCHhicBCﬁHéChﬁQléghé hei et | on;
Fig. 3 shows the aggllcatlon of thg AFT circuit accord- ing to the

invention in 4fi BAPSr §8H *REBFLPRY ERPKait for television sets. Exenplary
enbodi nents Frhet tfimhingt lanek eher afime mmodngof atbe aaﬁraxcti:amushor

triming gn FiLdengaul Lor and, | 8L-LUR OROREAL: 9BCTn bl Suflh,

t uni ng are descri | OWi ng text exanpl’e, theV|S|on
set is sw tcheuevmmstpnegaegeparzanochanﬂe!:rans@uptyaneﬁemilbﬁl§§§ i s
changed, the calibration node is initially briefly selected (this selection
and the selectlon of the other operating nodes is advantageously carried
out autonatl-—ééﬂ&¥¥— In this case, the FM denodul ator is finely trinmed
with the aid of a DFEEk&ﬁpn.&i:?reI&ﬁboﬁﬁﬁﬁhtﬁCy,off Orthax anjriveer thicorc 0| @rié

sub-carrier frequen o] of a con ariable, and asure for
this control 95 |55§éai§¥§gp gerﬁffgrg? %ge ﬁﬁgwﬁegsbrenen %gde S
briefly 3@l ecFad. Usi sBhowBeaoknpwn ABTt adwciibm t he previously trinmed FM
demodul ator. - i CaMPahBlA! nCfFECk: Y0 BecLbfal gl ESHID ARG LoNS | N

frequency of t t uner osci e mai ntal ned, reduced or increased.
Once the tuneFigscP| | ahgWehsBepapRlicak#eR, Of hERAARE| cipeeit aese¥dned on.

- 6 - 1 Nor mal npdengh to khe?, i8¥eh€loRO0Sht a@h edYargud efﬁ)@éé’ﬁat@dthls

operating node. The eg&§£%1%|QCU|Ee9 e;g&g% as.an FM

15 Exemplary embodiments
First of all, three operating modes of the AFT

circuit for trimming an FM demodulator and for the
generation of signals for fine tuning are described in
the following text. If, for example, a television set is
20 switched on or the reception channel in this television
set is changed, the calibration mode is initially briefly
selected (this selection and the selection of the other
operating modes is advantageously carried out automati-
cally). In this case, the FM demodulator is £finely
25 trimmed with the aid of a precise reference frequency,
for example the colour sub-darrier frequency, by means of
a control variable, and a measure for this control
variable is stored.
After this, the ﬁeasurement mode is briefly selected.
30 Using the output voltage from the previously trimmed FM
demodulator, two comparators detect whether the IF
frequency and thus the frequency of the tuner oscillator
must be maintained, reduced or increased.
Once the tuner oscillator has been trimmed, the normal

35 mode is switched on. -
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denodul ator with automatic triming of the md-frequency. The |F out put
audi o signal 20 of a 4.5 Miz band-pass filter is used, for exanple, as the
signal source. Thi.s out put S|gnal is converted to 920 kHz in a m xer 221,
to which the We&ﬁéﬂé?sg[ err] = 3.579545 8z of a col ouRCE(BPIR4PPORL
oscillator is |Ik€WIS€ u plied, I s band-pass- filtered in a filter 222
havi ng the qu I|ty PﬁE‘Pi E‘Qd‘—* 3, and then forns the input signal f[err]

which is denodul ated A @idM 2gmesidtahorpsi tdde FM'de:md:lds;idﬂdSZSto
contains an i néer na Lrent onhkol | etd. OﬁSCI J 1 at, not il | ust ratﬁQ) W th

O e ot Fye BhbERET RS aooFC e ofihars Asiy oddaclds
(1) k[err] bedemodufiatetr whhbtautomat e rfrixmimg blfetherm:omfnmmyfor t he

FM denpdukat opp23.1ngy, ,g{__r%ualg ﬁﬁé’%ﬁrbg o\f\‘7m ch -5 IMHz band-pass (2)

bei ng an i'nternal capaci rat ed) ntegrated on the
circuit and h&dliemodenaiseds forofexgmly. Al the pkmat Sewree acthifng

Eﬁ' e[ ance Offbﬁftbhg sIBﬁag.r {Qet Ebﬁﬂbﬂﬁe&r eaugﬂcykﬁi idﬁeaox?ﬁkéi:aim apd tPUS
e tuning o ul ator can ni e frequency o
the input si g g&ﬁ rg) FEHFETY [ =eh] é'rr3] | r}[cggr‘% l’%”@r %r‘r“]‘Im"g sub?

(3) where [erb}afrb:d.b&-] ascs;mdtrmliat [Lmkewaagesubfplulad | NIt bandrpassferr]
I's frequency d. e r '

(4) f[err?'? belgrgfg"ét Te?l 13 l#rgl%{éﬁ%yi%%tﬁ%‘grﬂr ger?Q)thft 3.
Frequency f'[erd tchrent Mz ditre i npuk osmalat@g wls,l@pvm éemodpbared=.

flerr], as lojg as PR Gehbauihtber k. .[err]f[err]. The | ow pass-filtered
out put voltage V[err] then represents the denodul ated audio signal, V[err]

= _k[err] *(f[ 3Pe] - efemesyflator 23 contains an intespal, peRREeRhz
gradi ent of tkentedadedat oscLhbiest erridt cialisYiatedl) barith aar efeeance

vol t age. i under st andi ng, it is assuned -7- initially
that no F‘E oufb’g'}?”'&gélf(f FI§RSTY 20 is present in the AFT circuit in Fig. 2.
A first transdycetakgtIandlCi;, (1)
ky; being a first constant, I_,, being the control current
for -the FM demodulator 23, and
Cine = CpoptAC (2)
20 being an internal .capacitor (not illustrated) which is
integrated on the circuit and has a nominal value of C_
and an absolute manufacturing tolerance of +AC.
The free-running frequency of the oscillator and thus the
tuning of the FM demodulator can be synchronized to the
25 frequency of the input signal £, if |
| £.~£,] = Af,, - (3)
where Af;, = synchronization range.
If the input signal £, is freguency-modulated,

then
30 £, = £, + &f_(t), (4)
f., being the mid-frequency and Af;, being the shift.

Frequency f’; of the synchronized oscillator is given by
£’y = £,, as long as Af, = Af,. The low-pass-filtered
output voltage V; then represents the demodulated audio
35 signal, '

Vy = ~ke* (£1-8,) 4V o, (5)
ks being the gradient of the demodulator characteristic
and V.. being a reference voltage.

—_— To simplify ﬁnderstanding, it 4is assumed

heet Has Been Replaced

T \I\\I!\



fiér T[err], an energy-storage capacitor CJerr], a third trans- ductance
anplifier T3 and the FM denodul ator 23 forma trinmmng | oop. The reference
yoltage V[err] is sugglled to the input 251 of the first transductance

anplifier. |fWQ 92448888y difference im he range 0 [er?c}'flﬁlf%?'quqf[:brr] |
[err] [err]f[errL Qccurs_between the

m d-f requencyi®rfEip}Lunthehend r?e-%ﬁ?rﬂ%&“@&@qﬁéﬁ??lff r1% PYeReRE (hati ¢
trinm ng | ooptEer ARet gikcbaitr &ﬁ- mgni 129 fﬂﬁrﬂmytfa{rﬁiddcﬁahdé emj.lr- flerr]
|nthefoII0\/\% nner: If th R__ ut vol ta V[(err] ch ccordance
Wi th equation gf +hE% FP?trgP’rg St ERASAPPTf FeyorT] e?ﬁ? 1fv\,hl ch has a
transduct ancedhfbangp atmﬂ.gés.ea:n 'ngxtaexdnatthenWQSIeuodnlaage e3pdnnmra 26
(Clerr]) gt a.pRyhEy Qutsut g Er%{-xcef 961 f&g@p ﬂa STt

storage voltage o err err Vlierr])* derr

(7) p being t kBecérprEx2 ilea Iret kFame %‘ﬁ%@%tm t fTeraT3

(which has a Egg&ggﬁeyaaggfgggn@éogﬁceﬁe i_—-an gcordance with storage voltage
V[err], a correcti Eurre [err] = k[err] V[err] 6

(8) which i s Qdfedfrnfa d‘ﬂfe!r 21 to a control currenf ?[err] whi ch takes
account, forocenaspber.weeﬁ thanmidec Exrequegntyl £ aam:estharﬁeéremﬁm:m t he

denndula r cQptr rrent er e

(9) The %gntrgg rre#t fﬁ[’erlr}{ec%%rta‘f'&ti%e{:%ls'mﬁgﬁérhoo corr e flﬁl?er
222. In this €xee-runhingt findquesdyerfpitoardd & ségohd rh!llet |§)¢1?e¢wm
multiply the g ?th_,gl current I[err] in the normal node by a factor k = 1.
The corrected free-running frequency i s obtained by approprl ate reform ng
fromthe equaffonkhe 1putpnt voltags (Va) £Bapgssadin opFGRSdapcer (yith

k[err]/ (C[e”L-E;QhElLGh*[(Si?rﬁﬁe ki et “delaiddidtidd aﬁxfp[mrfri]e:f g’((x}ﬁiém Clerr

]C%!ar.r] = g)ﬁ- Typ‘lagflér ?Lﬂgafgi?ch {‘ei r‘fhai?fé(raﬁr‘]e’ﬁ%‘?ﬁf =R e{sr'la%{—j_q err]

= 1nF. The cutgef tapredtremc26i (G he )t rathma miaxionpn i sutput Sculdenrkz of, or der
to avoi d audi 90§‘i Qﬁ%pig”pgnﬁnkspﬂr qug.i ngrage voltage of
Vc = (V1 ref) *kll (p cstcr) (7)
p being the complex frequency. The t:h:l.rd transductance
20 amplifier T, (which has a transductance k,) produces, in
accordance with storage voltage V,, a correction current
Teor = k3*V,, (8)
which is added in an adder 21 to a control current I_ .4
which takes account, for example, of . manufactui'ing
25 tolerances, and then forms the demodulator control
current
Teon = X¥*IoonotIcor: ()
The control current I, ., can alsc be used for trimming
the filter 222. In this case, a first multiplier 241 and
30 a second multiplier 242 multiply the control current I, .,
in the normal mode. by a factor k = 1.
The corrected free-running frequency is obtained by
appropriate reforming from the equations (1), (2), (5)
and (7) to (9) as follows: |
35 flc = kd/ (cnomiAc)*[Icono'kB*kl*kf*(fl"fc)/(p*cstor)] . (10)
Typical values are kg = 1, £, = 920 kHz, C;,,. =
 Cpem = 10 PF, I, = I £, = £, V; = V. and C

inF.

con0’ =

con stor

The cut-off frequency in the trimming loop is
This Sheet Has Been Replaced '




distortion in the correction current I[err]. The correction current I[err]
can advant ageously al so be used to tune the filter 222, for exanple by
using a second adder or by supplying the denpdul ator control current I[err]
directly to tWPs92/1838B9(not illustratedB -The signal tREFERI2LQGQOPLof the
FM denodul ator 23 is roughly inversely proportional to the synchroni z-
ation range [&PrEg[¥rr9xden itq gveideaygie Fé%?i[%???°%ﬁ%’&?cg’if§i‘f'ﬁcfég as
smal | as possabkeortiohhgnauhemabieettibhi 8grkenap g not used and, instead
of being the rggrrection current I%‘?rrk, [[err] _i,s_a constagt .C rreh%e
i rrespective OPet OIS SHFLPbf Teere TIR ePRYPREAFSCPESY éflé‘ﬁ], it can
be seen from agedtitonstahe itk (£iltant 2220 f fer- rexample fhyqueding faerr]
depends op thg.aBRAl Udads! LGP bEbphGinth! nd OLthRA6EHEY dosRORLE ude Of
Y0 s a n tl

about 15 under tThese conditi n-order s to _ensure Qoo
synchroni zat i enrrpetr Iiferdiresttdy dtondihim| §ilkeanwinetiidilnaksaled® of

[ g" riflerr] =] ?" rl ; [ ehel 56 f 2l @/oc[rﬁfi@'e) Hdt8ld los ht:he FM demodu]aatof 11) An
advant ageous val ye for err _n[yerr results us)ng t éocgrreéégﬁn I N

nunmerical val désifem r [Lvensedy, Ry oRemsienal, FoREZhow
assuned that higofieFasidgedtas, .Cc Tor’ dhidlfeiton,| eAf, shoylid(ies thadel aso t he

I nt ernal _capaci tg\& CEerEDJF. L consequence, the second termon the
ri ght-hafll si §820r &§u 8t ?‘fl) changes and t he synchroni zati on range

[err]f[err] becones [ &fr thiecmnitdmartile [tarimnfingr Jooplf{emqgt fised]and,

1la) dff[err] . e s e, | . sycausgd b e

f:li ffzaren'E be]hé\%l?(%l%rg e%?wel%r%q!t etﬁ%\J/l derr%%% %?%ra%f%ﬁ% %?Fé'cgdﬁﬁﬁ%e%]%saMi ch
produce the depBabPRtoCYHAY0IixEAFRIAE VR P, thel ahs)ute YRkl Ofirift

and parasi ti c cof eatérndilCcapaeitsr \@l e Dt dHd Yes sakaUErbn’%eqdaeionser i cal
B i U NN T NN 2 M T R
df [err] | osesthesabsghiutectoterancet&NdTHic Aelexancegbasi amidgdinyudehe
numerical val ug QhoLer LiE[ " "dnder YKL Wbrddd diidd b th 5rd0rkbEiia

to ensure good synchronization, Af, should not fali below

a minimum value of '

20 Af, = Af +(AC/C ) *E,. (11)

An advantageous value for Af, results using the corre-

sponding numerical values

Af, = 70 kHz+0.15%*920 kHz = 208k Hz.

It is now assumed that the demodulator control

25 current I,,, is proportional to the internal capacitor

n
Cine- In consequence, the second term on the right-hand
side of equation (11) changes and the synchronization
range Af, becomes
Af, s Af, +df,*f , (11a)

30 df, representing a frequency offset which is caused by
the different beha\.riour between the FM demodulator 23 and
the components which produce the demodulator control

current I relating to thermal drift and parasitic

con’
effects. The maximum value of df, is about 5 %. The
35 numerical wvalues mentioned above then change to
Af; = 70 JCHZ-.I'-0.05*920 kHz = 116 kHz.
' If the automatic trimming loop is now addition-
ally operating, df; loses its significance and tends to

zero in equation (lla), the numerical value of Af,
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2. " Calibration node The AFT circuit can be calibrated. In Fig. 2, switch
position "C'" corresponds to this operating node. A precise, known frequency
i’s used for this purpose. For exanple, t he crystal -stabilized
frequency fWOr PR/13389579545 MHz of a cblour oscill atBFT/EPPR40eRALin a
first divider 22 to one fifth. This results in the calibration frequency
flerr] = 715. 9bonpiRg tRe AdentddiPakBE-control current I[err] is reduced,

for exanple in the flrst multi- plier 241 and the second nultiplier 242 by
the factor = % g seque e, the calibrated free-running fre-
quency becorre§ f[e pLibrg %ﬁ = 717 kHz. (12) Because
of the frequency of f sehe| a[r'l]' Feiré{idtr jcaln e | calibrated. In Fig. 2,

(13) betvveenthec I|brat|on fl&qu 9 FT
measur enent frseque?iicfcﬁs["err é’aﬂo‘?%%;a‘{%)éng v% flgrégg %t%ﬁg ?dé

suppl i ed Bo tnepmpmse%znownafgmcm ansusedcﬁancéhaﬁppurpeseTzForn

aceordance W WyaGali onchd) . YEPEEM DSEALRsLYbal ] erogebidt KieL!] -
(14) The second transduct ance anplifier plies a fraxi mum o

current of, fdrSdRa%5 ¥Hz304 Fe??}%uFf”Wel]t‘i‘%dtﬁ:treﬁi’d’é’Gf% igr ar f*}-rﬁﬁd

char ges t he edgivdyiest Q2age onRaAEiifeh.2Ghis] Qébh).t&uih thet cahebeationt ed,
cal i brated fr&e-runni r}g érequen

b
flerr]+V[err] . cal EERT L8 ygf'eTh #Jq‘%aatosﬁ nFPRFREnner
to equatil®n ( trreit [Tt |is detivya@der rqq:erax]a@pﬂ.[el [ énr Ehle] Eirbtkpeltis
Lklerr]” (Tleghligt 84i] kna iR/ dbobnd Apdl E414dr 2}%@5 Ehg f.eg‘é%%t kcal
rom r

frequency tri ng error resu I ng ent ehavi our

between the OFWidenttiuransedpenand the cHiphrahed vfree- pirrire £re-
denodul at or CQpieh@y Bécoaidls | [err] becorres f[err]+[err] F-flerr] =

df[err]*f[err 7 = 0.05*717 kHz 35.9 kHz and is
advant ageous| y1edd (ff - 76&”9% asv(ll nor mal node, b 13natonat|c tuning. An
- 10 - imsernedi at e f Bagatiaey dff ahe fretmefcyMdffast ch i s reduced,

AF = £ .-f. .1 (13)
between the calibration frequency f£,,, (715.509 kHz) and
an AFT measurement frequency £ .., a compensation voltage
Vieg~Vog 18 supplied to the input 252 of a second trans-
20 ductance amplifier T2. In accordance with equation (5),
V,¢ becomes
Vos = AF*k,. ' (14)
' The second transductance amplifier T2 supplies a
maximum output current of, for example, x300 uA if the
25 transductance is k, and charges the energy-storagé
capacitor 26 (C

stor) Such that the corrected, calibrated
free-running frequency is given by: '
£ 10a1 = f1ca1tVos*ke- - (15)

Then, in a similar manner to equation (10),
30 f'lcal = kd/(c omiAc)*[Icono k3*k2* [kf (flcal fcal) -V f]/
.. - (P*Cypop) 1. (16)
The theoretical frequency trimming error result-
ing from the different behaviour between the FM
demodulator 23 and the cémponents which produce the
35 demodulator control current I_,, becomes

£1ca1+8F-£ 4 = df 1% Eca (17)
= 0.05*717 kHz = 35.9 kHz and is advantageously elimin-
ated, as in the normal mode, by automatic tuning. An

—_—
———— .
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Tor exanple, by the factor n = 16 in a downstream second divider 223, is
supplied to an internedi ate frequency input 24. This reduced frequency is
mxed in the mxer 221 with the col our osmllator frequency flerr], as a
Tesult of whiwth 92 /X888% enent frequency U err] f[errPﬂmEPP&/DP”l
(18) is present at the input of the FM denodul ator 23. If, for exanple,
flerr] = 45. Amtimers.ar e fRmaney £520. 45- 1HMinhd Wieh [Ls=reduepdiz

then [err]F Tt BandVe A Y factd?® N 1H1&nCH d%%sft&%ﬁﬂte@%)éoﬁﬁ t he
trlmﬂng | oop_I's higher than in the, nornmal node béﬁ’égg fact% err]/k[err]

300 [err] Adiwides 1223 d6o FppRbiednfor AR b’éE 53pfoXm 10 kHz.
Thi's al | ows AhpAfty a2 AgeRLS| Y eldeed (ﬂﬁedﬂfe&idyomélmai ihethp milk@if[err]

reasur enhi b P G SRR PRFRAACEE AEeRPHEl Fonn B REAMe 3°

swi tch positiafh vﬂmclccar rmmrm@rcttﬁeeMrerrent rmde" operating rmde
The si gnal Cg.wce i B_t g easurenment node is either amgyternediate

frequency V "F@olta nt‘iholled oscillator) or an anplified _and Ilmted
i nt er medi at e ¥§ RRRERDE ﬁ'-'g e dppugeofnthe Bl demedvirkndl i ifut £ The

frequgngy fgeé:E elHHs |=ndt4g nwlmmﬁm-far @crtssmsymnzgeladzomv edm:e&ocli n the
second dj vi der i vision facto en , and is

mi xed i % he ¥4 XEFOZ%T’%% ttfll"émc FI)U‘r 451 Ilﬁfﬁ)ra'}‘f otqlefey™err], as a
result of whi ch, as iThé heueabflfr firegruenige, ofi mhasurze:mmingrkqupno.)s of
flerr] fler 6 f ] 4.5 S t ul ator 23.
If flerr] = i%i‘-!'}? bhikh lﬁagféﬁd%?’%’é“%r]] Bgé ] §3’54‘§{M§§°E %f;?gﬁr]
720.17 kHz a0, uAAfe. %om =06 08utinne, | fodr thus dagames ﬁ@moerémamw ng
frequency f[eid]m@i tPR; EnheiBRk 88Chlhahthgebubny EModemedilidh:yeidh are

rrultlplled by k = 0.78, as in the calibration node. Because the automatic

tri mm ng+? ooptime pfertdan €héo / 1emasule®Bt node, the storage vol tage

Mlerr] remains constant and flerr] is equal to f'[err], for exanple as in

equation 3. Measurement mode

Before the APFPT circuit can operate in the
measurement mode, it must be calibrated as described in

2.).

20 In Fig.. 2, the switch position "M" corresponds to the
"meagurement mode" operating mode. The signal source in
the measurement mode is either an intermediate frequency
VCO (voltage controlled oscillator) or an amplified and
limited intermediate frequency signal at the intermediate

25 frequency input 24. The frequency f;; of this intermedi-
ate frequency signal is reduced in the second divider 223
by the division factor n, for example n = 16, and is
mixed in the mixer 221 with the colour oscillator fre-
quency £f£,,, as a result of which, as in the calibration

30 mode, a measurement frequency of £ . = £,./16-f, is
present at.the input of the FM demodulator 23.

If f,p = 45.75 MHz, n = 16 and f_, = 3.579545 MHz, then
frea = 720.17 kHz again.
The control current Icong and thus the free-

35 running freguency £, .. of the internal oscillator of the
FM demodulator 23 are multiplied by k = 0.78, as in the
calibration mode.

Because the automatic trimming loop is open in the
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(16). The conpensation voltage V[err] nentioned in section 2.) was sel ect ed
such that, in the neasurenent node, the nom nal neasurenent frequency
flerr] fromthe signal derived fromthe internediate frequency f[err] S
equal to f[erw).92A133189ti on, the outputllottage V[err]PGR/EREHACGAILk o a
first conparator CL and a second conparator CH The first conparator
addi ti onal | y measuyement medej ihe storage veditagee Vy[Rem3ing ganstanty t he
second conpar rgrecei %éﬁg vl tage V] eebl axdb@nel a%t iid Sequidditon?53,
Vth being a tﬁ‘gsﬁ N} \%Iet The tal/o g arato:ﬁsng gCCH Wi th the
threshold vol {38k Fae, Fo Béf“tvhﬁé‘t W&lqﬂ@rr Vot ?egttlf’ﬁ' dr dqetifte
(flerr] = flezrr])was sélé@t)ed!llglﬂcml’tlhé)ﬂ, | Do, tHhé m@essufem&:a: addeyr athieon
node, the gradl ent _of the dem)d ator tgrlstlc

f magpd

then V[err] =fPiPP v A %vansagem}s@y ¢ os’f‘entgg t%%‘#_‘éshol d
vol tage. Thi sdeziveds frama theydntermegdate tfreauagmy Sipgisd eduadm the

conpar at or s '{5 | [enhl afdh‘irtr;l:h [‘i:rk{el e \Bﬁ:a{é@"{}g 1es]r "Qipgl idd'%o

i nternedi ate uency resulting fromthis is [err]f

n*V[ err]/ k[ erd] fimstciPapRAFaYy (FF [ apd) a- secqng FﬂmPﬁEaE?ﬁrTﬂHe neMt i oned
above. |f theff%deaaﬂghehebﬁada&tde&agngdrfea:rel&e%yrat clusonimRit @B4 ange
of magnii de L rr&f# r theVAFT cir t can ensate for an IF tuning
error up go n F%r P F@ NG tét)(am lﬁ %Cprfgpccfn@aﬁﬁt["eﬁ AL kHz i s
an advant ageothevataldagen ﬁ.& £, Vrtgeamala.le:soﬁ.mpm r28 3y ehrgg belinggea V[ err]
s advant ageopplyshgh Ldkag %*OR%@ bofpyPLERZE ¥l Rl RRien

I nt egr at ed circul req uenc rom an crysta -St abIHfIZGd source

can al so be uthe ithgteééeldf Wé:afg%dﬁﬂméﬁqe[cé? Mhethay | Gdat 48t IR n¥ber 221

and to the figgkrdb¥i ¢81ud2(g0h wffre 9n%&e&sart%os BB B aé kot Newll xer
and r.epl ace the output _signal, Of _t h&® St oll vi der er t fre enci es

at the ihPuts 20 and 38 r@8uip ithec &arléﬁf 1Ky 1P at
t he out put frehet h%ldluﬂ.@lto&&:lﬁﬁdtf&ﬁﬂé&i&:fisskadgvmem‘ﬁ/)ﬂ{z, théﬁ a

cor respondi ng{rzh C=haﬂg§fild¥al ge Joor {Theisf aa?ci antageouéaly chosen as the
threshold voltage.
This results in a level change in the output signals from
1 kHz.
The tuning error of the intermediate frequency resulting

1. o
meanom —~meal =

20 the comparators if |[f -£

from this is Af;, = n*V,,/k., which gives Af;, = 16 kHz in
the example mentioned above.

If the FM demodulator 23 is designed for a syn-

25 chronization range of magnitude Af,, the AFT circuit can
compensate for an IF tuning error up to n*Af,.
For example, if n =.16, Af, = 100 kHz is an advantageous
value.

In Fig. 2, the value of the reference voltage V__,

30 is advantageously half that of the operating voltage V.,
of the integrated circuit. :

Frequencies from another crystal-stabilized
source can also be used instead of the frequency £,
supplied to the mixer 221 and to the first divider 22,

35 which frequencies are supplied to the mixer and replace
the oﬁtput signal of the first divider.

Other input frequencies at the inputs 20 and 24
result in correspondingly changed frequencies at the
output from the filter 222 and from the first d1v1der 22,

T e——
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¢hanged division factor for the first divider 22. For exanple, the
follow ng values result for a television standard using the CCIR standard
B/ G Frequency at the input 223 of the m xer 221. 5.875 Mz fLerrL =
38.9 MHz f[erWp 92/233899 Mz/ 16-2. 9375 Miz-= 560 kHz fPEF/EP32/0009%00 kHz
[err]F = 6 kHz V[err] = 6_kHz*K[err] =.120 nV k inn the nornal
node a rograspoinglye changed value for. thepfaster F apdsaa
detail of an chhageal etiwidioi t £hdtvhi Edranhe depbduldEbviider 22 epregent ed
(only the nornal de) %i@éh tgi ai,d of the AFT circuit accogd;ng.to t he

i nvention. A EFAFECer r EQELORLNG, VAR UeSy EPSUL T £8F) (FHubSAREELBBI i es
the filtered sitapdard gsdng the ©CIRplstandard B/:6.0 MHz or 6.5 Mz audio
|F signal o to first jinpu f . Iy m xer,_.321 .. ' DY y rrespond
to the m ;‘(;er ngquﬁnﬁ?’g?QZTth%t I?F%tszrggnggier%%t ,lnltxr?e}J ?izg']s't %r?ie)ri%r @1

recei ves the &gyfput si graB8f.8oMEHZ VCO circuit 372, which provides a

sui table m xigg frequencyzglhl yEQYIRUL Bi3&BaMEZS PEFPEGEIN Via a frequency
di vider 373 to™™¥rst input of a second mixer 374 which receives, at its
second i nput, faasi gnal fr &% K¥& erence oscillator 371. The output signal
fromthe secoag m xer 3¢4 ¢ kpzupplied via a loop filter 375 to the VCO

circuit 2, a result qof i a trgl loop is closed. This control

| oop car I:ii%es %zﬁ t he f-ur?c::%i A‘Xﬂgg;t ﬁe&ggt tic trimm ng | oop described in
Fig. 2. The okt pmt thiegmairnfadr mode first m:xé&r.0®21 passes to a filter 322,
whose functio [SarigRoNds to that of theqfigqter 222 in Fig. 2. The
filtered si gn% %?:gle?ﬁ’é%%suppl ied via_a limter 391 to an FM denodul ator 33.
Thi s FM denodul at or c&dSesporbsweoatdetai b HRtGITRE &6, CRFGULE ighe
ou]E put t s: gnal %ﬂi&?ﬁ}a}xﬁ&oggﬂg%ﬁgdﬂti&r 133 rgbge%eh%aau]gafxgy bgggnbiﬁhneg_ in
a first |ow pass filter and.in_a _secqnd l'owpass filter, n, audi o
signal cd® be™PO&ed idh %Ret?ﬂedoﬁfp&?’ef %?ﬁq t‘ffergulr: 1%“3'°°r‘£1n9' to the

invention.

A converter 38 receives an IF signal at its input

and supplies the filtered output signal, for example a
4.5/5.5/6.0 MHz or 6.5 MHz audio IF signal, to a first

20 input of a first mixer 321. This mixer may correspond to
the mixer 221 in Fig. 2. At its second input, the first
mixer 321 receives the output signal from a VCO circuit

372, which provides a suitable mixing frequency. This
output signal is passed on via a frequency divider 373 to

25 a first input of a second mixer 374 which receives, at
its second input, a signal from a reference oscillator

371. The output signal from the second mixer 374 is
supplied via a loop filter 375 to the VCO circuit 372, as

a result of which a control loop is closed. This control

30 loop carries out the function of the automatic trimming
loop described in Fig. 2. The output signal for the first
mixer 321 passes to a filter 322, whose function corre-
sponds to that of the filter 222 in Fig. 2. The filtered
signal is then supplied wvia a limiter 391 to an FM

35 demodulator 33. This FM demodulator corresponds to the FM
demodulator 23 in Fig. 2. The output signals from the FM
demodulator 33 are subsequently band-limited in a first
low-pass filter 393 and in a second low-pass filter 392.

An audio signal can be picked off at the output from the
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first lowpass filter, and a control voltage, which is supplied for fine
tuning to the FM denodul ator 33 and to the filter 322, can be picked off at
the output fromthe second lowpass filter. The.cut-off frequency in the
first | ow pas¥ofi%2/a33i89, for exanple, -188 kHz, and t haPCr/RPRE/6008Ad

| ow-pass filter is, for exanple, 20 Hz. A capamtor whi ch bel ongs to the
second | ow pa§§-1‘f3|t| tlaw-3BB e oFil bt en, b ban@x reaemtnplc oreagsd ewhbckhhés

integrated ci lgeippliield) fbhe fqa%et%lﬁberc%ot% #Mabiehona1a¥diro3si daal 8o for
exanple in the caseg.of t dual -t carrier nethod, the filter 322

t he
limter 391 (e ﬁml&&ﬁoaﬁﬁat ot < peker of % Bl 59§S°PFPP& fzgm &ha t he
second | ow pas&cfcmldt elmag_aaaée ﬂﬂl‘lﬁfﬁiﬁt Thea cﬁﬂf—rm)oﬂﬂquéncylup:ln cghed

manner . net.hod for an_a c an
frequenci es Wi tlﬁs\ﬁn %&slsmjfs?‘l&ﬁgr é'tsl'ng Cofes™ 8; ggbgw eaggngié’a& W th
whi ch at | eastinortder @gmoe:td rigpwrepa s | Bil werf c#medfcmrexMPbal aR@eHdepandi ng
on a correspoRdigl %&C%&? ebé%ﬁbﬁn Smﬁﬁé%{fd&y X g‘il e §bgps of:
a) an analog cifcuit req uenci I ch can be ba ance is fine tuned
by means of t 588 raleP atiengesheraally womeetahdent g thRleinspagated
calibration mgdgewddreasuri ng node and a nornmal node are provided; c) in
the calihration node, of theacurate r ef C fre cy and

requenc erive ro r g the
f Jer fved i r ol KR8 PaRS FEETTER o s Lo gLoh aRERELAY « h
anal og circui tfteaneéxampleadn tche calsec onfnft:heeduamgtbhe cageliaii mgthadiabl e
s stored; d) @fd ¢ e BAANGNG 1135 DEE 6RT T LR B! qbBolifigagaLi Baar tion
node, a fine- tunlng or a si‘gna e processe heé analog circai't is
carried out irhehefinelulbwgpasde fiilbesspdideand ttlh@ sﬁ%ﬂ@ddVADUeprSch

influences theiheQuy ajdNdavar bilmsante)m 1 86rPOENBha{RgEy BOB13RAkRE
circuit |lss cor&sétn%rngy fine-tuned by the regulating variab e during the pro-
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cessing of the signal to be processed, thereby a target value of the
regulating variable is derived fromthe corresponding value in the
¢alibration nmode. 2. The nethod according to claim1 wherein the regul at-
ing vari abl e WO 88d8B8MAal |y i nfluenced B¢ a reference BEFLEPS2£800P3N
which represent a pattern for the balancing of the analog circuit which
change due toPakentaflaimgg tol er- ances. -15- 3. The nethod accordi ng

to claim1 wharein priyaihbe b NhhtehabilANGigh-pRelciaidar BineDEeeor When
selecting a different fr_eauenc% for the signal toag:g1 processed in thxf

anal og ci r cui @SR ¥e5EP1BHe cChATREEETLEE y’gti‘rfﬂﬁfe regek PBR fBRETC
measuri ng nodeagiabier n@l ppdés BHornmt tamddsbored. £olre txeinimichgcadrdi ng to
claim1l erein the requlat- i | ' fr cqrLr LNg
equl ati g valtSHEnRer Fratmabid, FRb1PEu8, LELOREE, B, B Lo oy EREEDE

i nfl u- enci nggriasedepiiveniing asmra dbinctiek febHne ahighdbreehaionegaferati ng

vari abl e whi clyrlakesemmarEFCiEriNg il SFARLDE WhichCeBHRFo1WaEEAY1ENESE
regul ati ng vari abl es are n p‘é"?t icu-_lar, control currents and,th

| .the,
proportion of {Heenkddi®t | biaEWEBEUILRTIRERLRT abVe 2 n T2 ESHAISEd Gt i ng
variabl e can edeoahetc 0)f rigfluchey intriratddhecipdne At mnd aidl ehaguring
nmodes. 5'1 The net.hod accorﬂi%cl aim1 ghegei % the val ue i,nfluenci 1rlg_one of
the regult i nd3FP%% ¥ g i A’ r Hgu™t 13RS VT RIS @8 pEEF Vel y,
is formed wt leessdviedlyp foir. tfimedithindmgnce bet ween an out put direct voltage
conponent of the anal | I€ul - |&ely d ' regce
vol t age. 6. Ttﬁe' nmet ho é:glc?gflgﬁ%%&?%l%a?%ge&liégréi’ne%ﬁa%qa o{%ﬁ?rgﬂi t,
t he frequency t¥atrhsiee aperatingamasies (Ent M.nda axer Proydded rcuit

section and ig.an FM gy ai@EoMiifgOR® Of1adini Bl erdidradtérHied in
PR e A AT DY R E I AT S
Appar at ugco e op g
ment mode (M) and normal mode (N) are provided, the
reference frequency (f.,) or a frequency (£f,,,) derived
from the reference frequency being used in the calibra-
tion mode for trimming the analogue circuit (23, 33) and,

20 while maintaining this trimming, the fine tuning in the
measurement mode being carried out using the previously
trimmed analogue circuit, and the analogue circuit being
used in accordance with its known object in the normal
mode.

25 4, Method according to one or more of Claims 1 to 3,
characterized in that the calibration mode (C), measure-
ment mode (M) and normal mode (N) are switched on
successively at least once during initial tuning to the
frequency which is to be finely tuned or during tuning to

30 a different frequency which is to be finely tuned.

5. Method according to one or more of Claims 1 to 4,
characterized in that the control variables are control
currents (I_..os Toorsr Ieon) -

6. Method according to one or more of Cléims 1 to 5,

35 characterized in that the reference circuit section is a
capacitor (C;..).

7. Method according to one or more of Claims 1 to 6,
characterized in that the frequency-trimmable analogue
circuit is M& 33) having an internal

o .
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én‘anal og circuit, a frequ u‘\“lw]“m“m“u“ be bal anced with a regul ating

vari abl e, a feeding point . prseci*si on reference frequency, a
first, second and third change-over switch, a first, second and th| rd
autoratic gai Woc3R(13B8&nplifier, a fITS }5and a second

summer, and with an mternai apam wher eby an out ut volta]g ( %mthe
anal og ci r cui PUFEeRFzRoRE* QL L1880 REF AR OFhedf i TUF ?h'h"f‘?fé T
automati c gai frequaénoy geperaters and the first and second com parators; a

reference vol page is éedg%%%?f%;ast %‘bl ne‘éh&i red QLo &-9%#‘

control anplifTier in age I'nc
reference vol Cagémand aoc'brmmadeérwudltageanabom u)r@uitr&h Ik of

t he secongd au [ %{E t I n o]
differ encg vof’ HEE CEbel r&%g %%f%%gn%%iﬁet‘\if\eg% %ﬂédrgegéfe%ce VO :t'”gjge and
a threshol d vUFF&BélPs Fe.sh)t'o 52¥9 apalomin BIrIHE {334 TD BB, 2and a

sumat i on vol kagplybaidihd hEosura OﬁlgnePfeéewaﬁe fé&le&weearwlré@@eﬁayes h-
ol d vol tage, é§fed%oaf|rst ut of the seco
° n* o

measuring nod FHLee sf"‘gr1F‘é1r orft t REPT sf“""guta‘o(r)ﬁirtﬁlllrc‘fl %‘??‘F%%%Y?BI
amplifier is iswdtch.ahfamisg ianpiitred () £ hhrdecbadgdm\)eransima ctinrdt he

nor mal npge; q@aguggﬂgrﬁiggﬂ#lﬁg%; hﬁ {;ﬁng H%ankéﬁ) 924 &t% nd

anplifier is fe rd c ge over sw
calibration nd6E) RPRRATAKOR ghewimOnwh@dmrrd(a AnfndyvBAvingt caRi s fed

to an input ofintBenhhi CdpakhieeRt i@, ga) N e8B! 113yl W1 tRfed UbPithgSi gnal
fromthe third au n&tlc gai n cont r anplifier is fed to a first |nput of

the sunmer; a®¥PEndP%*derived froma size of the internal capacitor and
modi fi ed by a-f aat eutphk, viedthee (7,3 mncthdﬂraﬁaxﬁgﬂ&ecmm (23)- 17 -

2Prgﬂfgu&55|ggglngrgﬂﬁ£m augnesecon&egnégtg 89n£ﬁe flgggt(f{)tgﬁhag€|09
the second (T2) control amplifier and of the first (CL)
and of the second (CH) comparator;
- a reference voltage (V_.,) being supplied to a first
input (251) of the first control amplifier (Tl) in a

20 normal mode;

- a combined.voltage formed from the reference voltage
(Veeg) and a compensation voltage (V_ ) being supplied to
a first input (252) of the second control amplifier (T2)
in a calibration mode; -

25 - a difference voltage formed from the reference voltage
(Vieg) and a threshold voltage (V) being supplied to a
first input (254) of the first comparator (CL), and a sum
voltage formed from the reference voltage (V_.) and the
threshold voltage (V) being supplied to a first input

30 (253) of the second comparator (CH) in a measurement
mode; -

- an output signal from the first control amplifier (T1)
being supplied to a first input (N) of the third change-
over switch in the normal mode;

35 - an output signal from the second control amplifier (T2)
being supplied to a third input (C) of the third change-
over switch in the calibration mode;

- an output signal from the third changeover switch being
supplied to an input of the third (T3) control ampllfler,
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a wanted signal which is to be processed in the analog circuit is fed to a
first input of the first change-over switch in the normal node; a
Suppl enentary signal frequency is fed to a second input of the first
change- over W@ t$3/1338%e cal i bration aff measuri ng no@CF/ERR2/H003e
reference frequency and a frequency derived fromit is fed to a first
of the second GRRRERMersignal £59m thhe dhins £T33dn domdeoly ampdifiier
frequency derpestl I spRledWPdW Signal ixut et ftHStadd@ngezDVer switch is
fed to a second_input of the seconaFchanaekgyer wi tch; aFd an ?uhﬂft
signal of the sBcEAFH aﬁé@'—‘i}be:fss Fekers OB (e R ImAeds Pro s s.
Appar at us accixteérmal ccapacitdr Wg[ e anthdsf refiormesc asdngna thaatehr

aut omat i ¢ gai P fLer e C t apc kfle and t hat
t he out put si gﬁgﬁgé{tr?%m%i{égné%%ﬁ%%%e%%#eﬁgg#%ﬁqié) hal s at
the first and saecertPwpsigealifrom e taddex ) deinhewRRlgad signal  of

the sumrer arg &camefRst Sin?ut'“@@aiﬁé USn LSS E1 8oré@i€! 23y 7 wherein the
conbi ned voltage is a difference voltage. Appar at us _.agcording to claim

10. p
7 wherein t he” sRgWartaBapigRgloyhich fHtte? Pg)Precgseefnir Hie 33 ed by
the factor (klodnbe acidiitpl {29). being supplied to a first input (N) of

10 the first changeover switch in the normal mode;

I nput

- an additional signal frequency being supplied to a
second input {(C, M) of the first changeover switch in the
calibration mode and in the measurement mode;
- the reference frequency (f,) or a frequency (f_,,)
15 derived from it being supplied to a first input (C) of
the second changeover switch in the calibration mode;
- a signal frequency (£,) which is derived £from the
output signal from the first changeover switch being
supplied to a second input (N, M) of the second change-
20 over switch;
- an output signal from the second changeover switch
being supplied to the analogue circuit (23).
9. Circuit according to Claim 8, characterized in
that the first, the second and the third control ampli-
25 fiers are transductance amplifiers, and in that . the
output signals from these transductance amplifiers and
the signals at the first input and the second input of
the adder (21) and the output signal from the adder are
currents.
30 10. Circuit according to Claim 8 or 9, characterized
in that the combined voltage is a difference voltage.
11. Circuit according to one or more of Claims 8 to
10, characterized in that the signal which is reformed
using a factor (k) is a signal which is multiplied by the
35 factor (k) in a multiplier (241).
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