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FM F ecei ver'@enpl ofEa8Si &° 1998 eRied s spid &Fi sorns ?%ér ver type R 173 720 and
i's published in(pw)nt adpmlymg lthé NFreq@étés mddeehacad IF 2ignal ial &n IFaeidcact AN

urhent o0 Sl | S5 (PR ) Thy S T B, BLSEEF HFeL Bedle ana
mul ti-path recept{on, demafiudatingntisg oequencymdiuldted IHedgnalninfa egtiaici es
of “unwant ed transgiid.g5s dﬁ-LQ St 10 418 ﬁ%aﬁﬁ{elw uemceér &E co%éue@dm

signal then occurrin e detection on e si edges, of.
| F- bandpass'® respoﬁ%‘é“ tE‘f‘i:“’m"r'ifr sald Fabim dFR#"r‘éEe‘?#é& qfhsstmmaoratins

arm: I tuge Imodul at sﬂricb? aﬁed@msnam h!té?dtlﬂ&i Qﬂ%ﬁ&h %It\./?lmg& |an9ii50t§lﬁ§13-| IsI by
anplitude linitatjon t he ut. signa t he s,Ta

i nput signals by FiR& SF%‘E i°GH ‘{fltg‘"’f]ﬂe fﬁ‘{ 8 %aﬂf‘fd(r? %ﬁ ta:ﬂ'edggf |
detector. 35 Jipd.1sndd 1l utkatdén tolﬁethmpatiosﬂgtm:ltoatounmchighﬂ. Hinmi t| ng .
action in the anp&épfens&.ééa Bh ' e ShAAdEILbe! (12 Eﬁe&hﬁ&}“&dﬁ Red TSl nes

the input sensitivit - FMrecei ver e I.s sna
t he i nput 20 applied to saild ratio detector. The invention also relates to sn

‘FM=recelver using such a method.
Such a method is used in an FM-receiver employed in the Philips
television receiver type R 17B 720 and is published in printed form in the
manual thereof. - - .
25 In practice, an unwanted auplitude modulation Of'the-?uesigusl to-be
processed in an FM-receiver may be produced due to inter alia transmission
- _ " noise, multi—path reception, a disadvantageous transmitter loeation,
frequencies of unwanted transmitters close to the carrier frequency of the
- desired signal then occurring, edge detection on the side edges of the
30 1F-bandpass response, etc. In the known FM~receiver this unwanted
‘amplitude modulation is predominantly suppressed at 1arge input signals by
‘amplitude limitation of the output signal of the FM—circuit and at small |
input signals by integration’ via the smoothing capacitor of the ratio
detector. an ' .
35 - . The amplitude of the imput signal at which the limiting action in the
amplifier/limiter stages of the-IF-circuit starts determines the input
sensitivity of the FM-receiver. If this amplitude is smelllthen the input



2 sensitivity i-s high and vice versa.. The ratio detector of the prior, art |
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the diode bias currents introduce in the tuned state ‘an unwanted d.c.- f;'
voltage component in the output voltage of the ratio detector, ‘as’ a teeult
25 of which this output voltage is not suitable for arc.. R
It is also known to use germanium diodee as detection diodes.. Since
germanium diodes exhibit a much lower thteahold voltage than- eilicon S ' -7
diodes the use of a biasing circuit is not necessaty. However, gernanium _
diodes are much more expensive than silicon diodes. 'In addition, in - - )
30 contrast with silicon diodes, they are not 1ntegratab1e.-3 e
It is an object of the invention to provide an FM—receiver which .
compared with the ptior art FM-:eceiver,can_be realised in a simpler and
cheaper manner and has‘at least the same.advantageous properties. .
According to the invention, a method as described. in the openingz
35 paragraph is characterised in that the noise generated in the patt-of'the
FM-channel preceding the silicon diodes of the ratio detector applies to
the diodes an average noise voltage |




this average noise current producing a d.c. voltage deviating from Xe
agrposs the snoothing capacitor. 5 Phe invention is based on the
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3 which is,at lLeast equal to the t hr eshol d vol tage of the silicon digde
and ah average noise current which is equal to the diode forward cur.
ol

of the art, de therecitme (addbtionyhcbigsing current, the output voltage of -
20 the ratio detector is suitable for AFC and the FM-receiver in '~ .
accordance with the invéntidn can be :galized'in a simple and éhgép:
manner. - o | o R  .- di
The use of silicon diodes in-aifatib'defégto: without bfﬁé;ﬁg”~- o
circuit is known per se from the'article'"Suﬁet high quality Fﬁtﬂgtéctor }
25 ang its development process", by S.inoue-ép&'Y. Isa, published in
"IEEE ‘Transactions on Consumer Electronics”, Volﬁﬁg CE-24,-N0. 3;
‘August 1978, pages 226-234. The senSitivity'ofjthe FK-rgceivgf-ﬂJ”
in which this pfior'art'ratioﬁ detector is employed is;'howevét;f _-'
very.high so that amplitudé variations are only suppfessed by'a7-
30 1imitation of the IF-output signal. The IF-FM-signals applied to. .
the ratio detector therefore reach the maximum limiting value already
at.a very small input amplitude and, -during normal usage;_always_ekceéds”
the threshold‘voltage'of-the silicon diodes. The problems as_regards
. the detection and the limitation of small signaIS'such'as'théy-o;cur
35 in the first-mentioned state of the art, do not occur here. The article



4 does not contain any indication that .these problenms can be sol ved by

di honi ng the portion of the FM channel ,preceding the silicon di odes of
t he i 0 detector as regards noi se in accordance w th’the neasure
acchp ng to the.invention. The method of the invention may be further '
characterised in that the input sensitivity of the FMchannel, expressed as
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20 The invention also provides an FMrreceiver for use with the above
described method.-

The invention will now be further described with reference to.the”
. Figures. shown by vay of example in the accompanying drawings.,z,=%h.--"“t'3
Herein: : : L

25 | Figure 1 shows the circuit diagram of .an IF-circuit and a ratio :
 detector for use.in'an:anreceiver_in'aceordance;withﬁthe-inVention; o
Figure 2 shows some curves in which the variation of the amplitude- _ B
of the output signal of the ratio detector is plotted. as a function of . o
an IF-VH-signal applied to the IF-input, on the one hand when gernaninn o T
30 diodes and on the other hand when. silicon diodes are nsed N E |
- Figure 3 shows the circuit diagram of an FM-reeeiver in acéordance.
with the invention, . . o el
Figure 4 shows some curves in which_the_behaviouruof-thet-;:,;s..'
FM-receiver in accordance with_the_invention is shown'assregards.the :

35 signal-to-noise ratio, the noise and the limitation of amplitude

variations, as a




varratrons as-a 5 function of a test srgnal at the aeri al |nput '
Pigure: 5 is-the. sanme .as Figure 4 but where gernmani um.di odes are use he
ratio, detector - . Figure 1 shows an i ntegrated | F- civcuit A of
type:TEA 5560 5% havi ng termnals [ ERR| t @ [ERR], 'inclusitve. The indices -
at the termnal reference nuneral s correspond to the terminal reference
nuneral s as gi vern .in tp ual a socrsted \im h this iptegrated | F-circuit
A\ For a propér NEperal 8n B PHE LT AT A B e nal [ERR] is
confieet ed to gr ourfdgered Sais kppl spmeodst A euref 4 sttweiterel @edinandurd @ivdds)
applied to thg.fe@ingl hERRBLiY R dPPl Yy terminal 4. The supply term nal
4 is A C -connected to ground via a grounded capacitor CL6. The terninal
[ERR] is connect &dges g -SIPWy &t ABFesraged JFpfiraubf thgé BreoBYRee JEH P60 e

| F-circuit5A aadintgoc@meh@md dud gpwmcum&apamat Q:rdlcEEl?R] cheT ke rhitfal Nal-
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1977, -using capacitors [ERR ERR etector co :
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linitation andagaeitéme Cgt hehehtewhinal dgt e&:tc:oomemedctq asgfduRi}d cPERﬁ]tan%IRR]_ '
ERR ERR] kes | o t:he td.Qn St QIsS
([an ) ][ER[R] a]r eééoﬁgfe%%tt\eéglni/nah rs@)ul% c&{\(rg%h%d;% ARG 14N J@JA‘EsE&Sk Q{d |

a.c.- connected through a grounded capac1tor C7

20

applies an IF-output s1gna1 to’ an input 7 of the rat;o detector R. S
- The ratio detector R comprlses two detector coil" arrangements L1 ' o
and L, wh1ch are connected to ‘the input 7 and are 1nterconnected 1n the -
'manner shown and which is known per se from "Ph111ps Data Handbook -L_e-'
_-25. Electronic Components and Materials",. Part SB March 1977 u31ng
capacitors CS’ C _and 09 The detector coil arrangement L2 has .
two outputs whlch are conductlvely coupled xn known manner v1a respect;ve
silicon dlodes D1 and D2, which are- arranged in ant1 phase, to on o '

the one hand a. smooth1ng capacltor C arranged between the two s111con .

‘11

30 giodes D1 and D2 for a dynamic amplitude 11m1tat1on and on the Jj_l

other hand to. detectlon circuits RS’ Clé and R6" 13° respect1ve1y
for the FM-signal detect1on _ o

The resmstors RS and R6_are connected to ground and the
capacitors C and c are connected on the one hand to an output 2 of

12 13

35 the ratio detector R via an RC- 7y network formed by a series resistor. R7

two capacitors C,, and C15 arranged on both sides of the series

14

The terminal a7 which forms the output termlnal of the IF o1rcu1t A-:f'



g¢ttors [ERR] and [ERR] are connected on the one hand to an .output .2 of
1 atio detector Rvia an RC [ERR] network fornmed by-a series resistof R *
Yo \gapacitors [ERR] and [ERR] arranged on both sides of the series 6 -
rest’stor [ERR] as well as a |oad réesistor [ERR] which for an adequate o’
measurenment is arranged in parallel with the capacitor [ERR] and on the '
ot her hand to an AFC-output 3. In a practical enbodijyrent the silicon diodes
[ ERR] resistPEF] aarveldfasa Load rogie tBA Rylehinhd fomwe adeghatsshol d vol t age .of
appr omem;rehéwég dP¥andd®e if G261 101 Oi RE IQABAEITRR! %Eﬁ*ﬂmand [ERR] ar ot
t he tw 22 138. 20211 and 3122 138. 20212, respectidely. The resistors and
capaci %WB & ARECTPREPEE Y owi ng val ues: 10 Resi stors

VaI ue (0) In CeppacuithISemboViadum tife) s BRidh diodes D1339d D2 are of [ ERR]

u[@?%e BA[ %]and ave K théﬁshold Hig%e of approxn%atglkr}ﬁ[) 5}? [ ERR]

82 qu§3detector coil arrdnERmints L, and L, are of the type [BERR]|138.20211 4.7
[EFR] aRchEBﬂZ 138. 2021247res&b<«::t1vell_;\;E2 Tﬂgéglmtors Tnd §fpafépot[sERR] : 82

p _ .
[ ERR] ellployed Aavye t[hERﬁq low:mg values4 7n [ERR] : . 2.2 n [ERR]

220 - p 25 Consi dered by itself, the operation of the IF-circuit Aand
thg ratio detgctor R as/regar the I'i.miting:of apmplitude. variations and -
the FM detect g&ﬁ—p%%lo VA fcog-ﬁ%%%é-ﬁ'éﬁs t%a—’('-‘ﬁe@peratlon of the - .
correspondi ng ciBcuits 033Q he first-mgntioned erzou art - FM receiver,

W t hout the use ]T a biasing gircuit.; This opepatipon 30 may- therefore be

assunmed as bein 3<novvn The i nput senditi vi ty of the IF circuit ‘Ais
adj usted to 150 §ERR] / 3dB.7-6TRi s nearfy that f 2 am| F-input “signal of
150[ ERR] the arrpiﬁl tude of g.lsek! F- out mét Si gnalazat p he -out put term naI [ ERR]
i St5l ess. by half,;7.¢e. 3 dEi tgan t he rrplltude ar7 fuII A
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25 Cons1dered by 1tse1f the operat:.on of the IF-c:.rcu:l.t A

and the ratio detector R as regards the 11m1t1ng of amplztude
variations and the FM-detectlon predomlnantly corresponds to the
operation of the correspond:.ng circuits of the f:.rst-mentioned pr:.or e
art FM-receiver, without the use of a biasing circuit, Tlus operat:.on
30 may therefore be assumed as be:.ng known. o '
The J.nput sensitivity of the IF-.cl.rcuit Ais Adj_i;sted .tc.l
150/uV/3dB. This means that_,fd? an IF-input signal of._15_'0’/'i_1V_' !
the amplitude of the IF-output signal at the output termina:-l""a7
is less.by half, i.e. 3 dB, than the amplitude at full

35 limitation.



limtation. +7 Figure 2 shows by neans of curve | when germani um di gded
Of the type- AA119 are ‘used as the diodes [ERR] and [ERR], and by nea ;
dotted curve' Il when silicon diodes of th,e said type BA316 " are used § ,
dhodes [ERR], and [ERR] the variation of t'he anplitudes of the output 3rgnal
([ERR]) of 5 the ratio detector R at the output 2 as a function of the
anpl i tude of an IpgfzEN hn%stt?;sﬁneéx{s'fﬁﬂéur% gﬂ"%e:@QQHa‘%&u&% B o

t hal a of the | F-circult via the coupling capacitor [ERR], this @ L
i NpUt™X est- sityPRUAARLY jang “o'Feée"l‘Pc fthe fdrléa‘tﬁeﬁqya‘t?f D40 .and sz meapsf P%@Jéﬂ"{ﬁ?dsw ng . -
of 22.5 kHz %GﬂveaIMiéhaéﬂQBotf rdeaa@ney thle gallﬂHZype BA3Wddid iuead tse tHE diodes

nodul ation s gnaI t hi s-.out S | ses_t he,.noi.s roduced
in the |F-ci bauﬂ Baaﬁﬂe ‘ffrt"ﬁ'é“’?‘ f&hgel"g’&ﬁ)'fd% ﬂnp P5Pus: SF%aﬁfﬂB 2 SR
t hermal o5 ditbeleragid sieitentorTReats tine optpdeduse aasuncrumme‘pfrtecemblnguc;mpégmaph.
is effected wel -anwtgad%a{]%qg& 4 Mﬁdlfo ItRP Ulnph€ terdindial - onHeve I
shows as a 15 unction of "t u e of the non-nodul ated11 ,
| F-input t esfFs¢igauit dheia she eﬂq“BFF-ﬂGf capfs ity S¢» 4P iinpuk "'&Ftt‘ﬁ@“ﬁ]ut put 2
of “the rati ondeiCh Wenkr ¥ @B WRACHESY 40) UMREIES @f@uﬂﬁ@}d saﬁlé be xiebaatz and
di odes [ERR] and &ERR and a dotted-curve |V § % ?rBe va.r| atjon when -
silicon di od@smofudationgirequenyy Phtl et &Bt?f'rdlﬁl°“2(5° 8| BRAULARATR SAmdhs of
40 uV t he 1&f ftrid ocotpitheigmal dlwocstplrilsesolthagmisé predumdi i.nnttieoﬂ‘esxrcuxt A
(appr oxi matel 4490 nd ff f Lhehio s 0

si.l i con di 0dé&S (apﬁma?m éi%pe%gﬁ l}F;ﬁ%'“ggatngbg&cI %f’f igolt)!{s?‘]ae!gn\?\éd‘!'lt ﬁgﬁd
ger mani um di edtssighe used, an adequate FM- detection i:s- ensured at: a-

decreasi.ng anpl i trugesaal@t dockBieobNAl ol 38002302 p%5agﬁpahf>s @Qfe%Qedahth -
approximately | [ERR] en_silicon diodes are used_ the anplitude of. Ihe-

ratio detect 8rruPpirlased d9r 7 Mz, EErdmaut seposistah-ckFYF VBl th PR arguee & gnal
anpl i t udedd offurddtivl, o fOCh& GupDitikde dMehe thbatmddutatsd LE.INMEE Jiteinpar etemnt - Of f .

|0, CPPonce LOGLA! fhe Yprfhc Lo UGLEPIRDALAP YL ABLERNIE g0l S0
of approxi maratip 4EgeERRY R fhen asmﬁn}uumoeasése ued amsbacietestignnpasure to

keep-the sil ygadesdb0odad b ERRl 200:ddaRRIrveN1¥ hBowd tHE JanB Ovatiaéivn Mewo. for .-
smal |- si gnal s consequent4y renders_a prqge{;ie smal | _signal detection. =

i mpossi bl e _b’tﬁ"é diodrs freapredvin d0& TR0 4PEEEEY Bance with the i nventi. on

Below input values of 40/uV the effect of the low threshold voltage

1:of germanium d1odes (approxlmately 200 mV) and the effect of the hxgh f;_
threshold voltage of silicon diodes (approxzmately 450 : ﬁV) cen be -

=c1ear1y observed. When german1um d1odes are, ‘used, -an- adequate FM-

detection is ensured at a decreas1ng amplxtude unt1l the sxgnal d1sappears -

. 28
amplitude of the ratlo detector output signal decreases rather quxckly __:"'
below input signal amplxtudes of 40/uV ow1ng to the fact that the s111con
diodes ‘are cut-off ~Ine response thereto,_at a further xncreasxng xnput
.amplitude the noise level first increases somewhat and, thereafter,._ h

.30. below an input amplltude of approx1mately 15/uV, 1t rap1dly decreases

The absence of a measure ‘to. keep the silicon dlodes D1 and D2 in the ;
conductlng state, also for small s1gnals, consequently renders a. proper.;
'small signal detect1on impossible.: _ _

Figure 3 shows an FM-receiver in accordance with the 1nvent10n
% in which the IF- c1rcu1t A and the ratio detector R with 5111con s

diodes D1 and.D2 are incorporated. The elements correspond1ng to the

in the noise, at 3PPr031the1y 1/uV When silicon diodes are used the - .



mich the IF-circuit A and the rati-o detector Rwith s

i licon diedes ,

and [ERR] are incorporated. The elenents corresponding to the. 8
ts of Figure 1 are given the sanme reference nunerals, The \J
ei ver conprises an RF-input8and nixer stage B of the type MWK || ElI

mark - ALPS, which has an aerial input [ERR], a supply termnal [ERR], an

out put, terminal_[ERR], a ground_ term nal [ERR] and an AFC- i nput term nal :
[ERR]eleBe“ts of [\ﬁg&r%\ % PFS 81YeR dhecedme. Fefarercs ppmgralfie Jl€put terminal g\_)
i S CamMReedeidret compeidedsen ®F-dngutansd Wigér [SEREY B 3Hithet eypesiit QUE] ERR]

for the 105585 1h
The cwitbekttermisfalt he war arrsindt tarmi ERp, | andc gnrAFSt beputotatni

used il ollnds IS LOPHh ASTRL UL oo I VLSRR L @

tarm nal ¢ERR] £ et Qfrahbe GiFt et der’y V'tﬁetthﬁ%:ﬁ@(tggﬂlﬂﬁ bililger

output 2Of the ratio detector R istconnec to .a stefeq
appl ice8neged thdbeiRase of & Lepsdarer IygndhdstFapspistozrt, 4
| oudaseakﬁf ad jus&ndth ivipat Isaf:hmdti Icﬁhthe’:lll‘ﬁl-ﬂec%maéﬂ fan@reo
15

nd to conpensate

ha Ceran & |F-filter [ERR]

ngahd i nput

[BRR]. The
decoder SD which
Ad right '
[ERR] and [ERR].

| t. t dj ust t of -
the SEPRCRart fomg the Sg80R 48 M- QiFey Yol exLia Pk 085 0 1o o supply

T

i nputIF6fijteral Cﬂmmﬁmqtgrfcpff tthe mdstdtormfpxsncnmecmdrrmal [ERR] is = &

- ]
ot g R Lt e
d

[ ERRTRE RPLgkb
[ ERR]deElﬂ&rbaB &vtﬂﬁhtdi:@ltés'iflilfﬁtﬁﬁ {:fgﬂla] ste&-eeﬁm&etﬁgﬂbm o

T Erriosdart i SRb2 el Peg oo B s B o P e

tran@mstxﬁleFERR] and Acennect ed to ground, which” 25 emtte

8 igo detector R
2%!: Rimiter [ERR],

ﬁam éﬁgeqtem} igngoeRFed to\s #tEER st ors [ ERR| and

e collector, this
ctor. reS|stors

°he enitter of the

r resi'stor.is used

t 05 adj UStrEheydabh Denbl® LhaRS a8t Alseh ERF a@%e?ﬁmﬁegd'ﬁﬂttwntt he i nput

sensitivity of the FMreceiver. The resjistors_ [ERR] and
conn®&t Bie B81YCAERMLEF a SP-gFRRIFYRBLY ABERINRY b ERFONBREtad,

and [seRRly aﬁﬁuu:tannﬁcraadm @mosthing filden ;@xaouradadc Cﬁ:@actﬁeehui'

Inapractlc i nent_ _the fagtor. of the Re.in

5 ved %S E P, G PR B hS Syt Pl 3% ol
was H8Gedddr; Ravid térdistoputR,serfgist and Ry, ofant h@lﬁlwcteedeodaer
Cans G Hedy,! ¥y, td“eangEﬁ&:ﬁie‘deéapiéQMs EZJJ%E'@U' ar‘L% resist

and Rg the base of the translstor T1 is connected to the collec

ERR]  are

Orfsistor’s '[ERR]
.30

t and T xer stage

FERR] and [ERR]

10 [ERR]/3 dB..

ors RIO

tor, Lo

this collector being connected to the supply 1nput 6 via collector o

resistors R4 and R2 V1a a varxable emxtter resxstor Rll hé'“-'

. emitter of the translstor T1 is connected to ground whxch

25 emitter resistor is used to adJust the gaxn of the transxstor '1‘1

and consequently the 1nput sens1t1v1ty of the FM-recelver The

resistors R9 and RlO are connected to ground vxa a grounded

© capacitor 019 and the resistors R2 and R4 are connected to Sround V1a S

a grounded capacitor 018

30 In a practical embodiment the noise factor of the RF-1nput

and mixer stage B was 5 dB; the 3 dB-IF bandw1dth of the cerami

c f11ters Fl

and F, was 150 kHz; and the input sens1t1v1ty of the FM-recelver o

2

/uV/3 dB. Consequently, the FM-receiver shown is part1cu1ar1y

suitable for use as a mobile FM-receiver,

35 The two ceramic filters Fl and Fz'were of the type Murata

'SFE;



sui tabl e- for use as a nobile FMreceiver, The two ceranic filters [ERR|
[ERR] were of the type Murata SFE; . 9 the transistor [ERR] of the ty
240 and the diodes [ERR] and [ERR] of the anplitude diode limter we(g70
tke/ type BA315. ° As mentioned in the foreYoing, the silicon detection -
diodes [ERR], [ERR] of the ratio detector were of the type BA316. 5 -
The vaI ues of the further el ements were: _Res Val ue ) Capacitors
“(F) e Erans%tc&eT( I-‘DgnFEERIﬁ]YPe BF 25) t%eKd:Lodes aé-la Y
[ ]"«-ﬁ [ ERRJf the amixDﬂ:l{dERB]od[-:ERR]J.ter were c¥36he type BA315 AERkIntioned

%go n 10 [ER%] t?eEFﬁg]regozizlg the s11:|_?on d[eEE%gon d1odea7%l il) of th ';RFLII‘-'{R]

0.33 [ERR] (rdeteatay VEERREE the type BAJ16. K 15 - - [ERR] K

[ ERR] 5§  330me KafMis25F iRk AIrGREL ARRAdt0wd:the input term nal [ ERR]
of the RF-input and m xer stage Bis filtered, anplified and m xed in known -
manner'to 20 a centre frequency of 10.7 MHz. The |F-FMsignal thus
obtained is theresistots fi hahiee@n) N thgadiFofd | t vAlueERR] acesiladj Uadled (H) a
predet erm ned anplitude | evel by neans of the transistor [ERR] for the

adj ustment of a d&sired inpdt-7sknsitiviCyy. Ther@afté a flgrther 100 ju

| F-selection' * g |333bffected|nctheIFflllber,[ERR] and the '

| F-signal 1s proceé‘sed in the 25 manner ‘Mescribeq in the foregoing.to form
audi o-frequency | fot and r?é’ht Kter eo §ugna| s. 1% h& enbodi nent shown the
nai se factor of t RF-1 np3go t er m nal , as nentipdmed al ready, 5 dB. The
RF- i nput noi se was, Phen 0. [ERR] andc vol t age f um/ was neasured :
across the snoot h| g 30 cagacital [ ERR 21From t hi s"11/ maybe concl uded. t hat
in these circunstances the siTicon diodes [ERR] and [ ERR] were conducti-ng
and that consequedyby ther e‘*7vvasKa di ode bi as across each of the detection
circuits [1ERR], [RRR] ‘and [GRRIx [ERR] of at |east 450 nV threshold

vol tage. Starti nqﬁlf’herefrgg)] the total .gainn of the aerial |nput [ERR] to

the silicon detectiian di od

An aer1a1 signal applled to the anut term1na1 b of the RF-anut
and mixer stage B is filtered, amp11f1ed and mixed . in known manner ‘to
20 4 centre frequency of 10.7 MHz. The IF-FM-signal thus obta1ned 1s '_ o
' thereafter filtered 1n the IF-fllter Fl and adJusted to a predetermlned
_ amp11tude 1eve1 by means of the trans1stor Tl for. the ad;ustment _
" of a desired 1nput sens1t1v1ty Thereafter a further IF select1on .=j”_~
is effected in the IF-filter F2 ‘and the IF s1gna1 is processed 1n the ER
25 manner descr1bed in the forego1ng to form audlo-frequency left and
rlght stereo s1gna1s . ' g
In the embod1ment shown the no1se factor of the RF-anut
terminal was, as mentioned a1ready, 5 dB " The RF- xnput no1se was
then 0.66 /uV and a voltage of 2 mV was measured across the smooth1ng '

30 capacitor C From this it ‘may "be concluded that -in- these c1rcumstances

11°

the silicon diodes . D1 and D, were conductlng and that consequently

2
there was a diode b1as across each of the detection c1rcu1ts RS" 12
and R6’ 013 of at least 450 wV threshold. voltage. Start1ng therefrom,"'

_ the total gain of the ‘aerial 1nput b1 to the silicon detection d1odes

D, was gradually reduced until the: voltage Aacross the smoothlng

35
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[ERR] [ERR] was gradually reduced until the voltage across the sneothing . _
Apaci t or [ ERR] had decreased to zero. . Wth this gain an input . '
ivity of the whole FMreceiyer of approximately 30 [ERR]/3 dB was
medsdred. Generally, at an input sensitivity |less than 40 [ ERR]/ 3. dB, t hats’
5 is to say an overall noise gain fromaerial input b to the diodes

[ ERR]sappERRr 6f lheésdetchemseliOSo ¢Broa Wiotlsehiaghdn af idgue RF- i nput stage of.

| ess 5 ficient noisgls/.
pr odu";cegl tlzkll('j'gep t éélq’é‘.t’rl ?gn§ @g%é%?ﬁ%%g?gg?/?‘}ﬁt#e conducti ng e\_
st agevas wgasired+ he range which is defined by 10 these limt values an :

adequat ec&penaty,08t Qin Eﬂﬁxtn'?@&‘ilt%ﬂynl@é‘scgﬁﬁﬁﬂ@%mt& t Bgad nventi on can be
ob{ ai hed. The anount _of noi se, a&glled thetby)des ERR] and [ERR] of the

rati 0-°dEP & of" RVPER Ly BRI BER FEoEEET 1 t%9e ™ i nput noi se

occurduodgs D‘%EoRF}elslptltanSlﬂﬁgGBamjnme:lfacﬁfrt ef tie)®F¥dnputs W thin the 15
| F-p I [ { hereafter anplified
in tﬂ%é??go%s?é T‘LRR# 3 g %h Igl:\@ssgg& hglﬂqthgﬁ'ﬁgbﬁ%% se voltage required .-
f or msefhceeehtnoelmde podytefy teakeephtireeblicopedioesiledndy t h di fferent - -

conmbiplaih ame @éndaemgt Stdde .| NAYHiHNTh Cranl gE WaeRsdubeipad dy-anmplification. ;
ltis“alternativ u%Sr pOSS]j le to I nsert di tional 20, noi'se into the portion*

of 't HREeBRA AL R 3 éee%ﬁeﬂga'fmpa’fa&aeg qu WEARTEERY , so as to realize
t he raequidande ndithecheoliteayeion fcan e pbtaimedskilled in the art it will.not be -
difficult o cance LRI LEGRLY onst [o) thlnthe
limtati oTr?se ) Q\ %e“rigmgégc g?m %egﬁma‘szigdgs %S L‘?fcﬁ) ‘ﬁieﬁgl I"i con "di odes’ .
. [ ERRJragkel deERFgorpR omermmaneeluuwem:eg l%hltbh RF-gnputf poiseent | y: | arge ‘t o

keep Jcbe&qngladeﬁelﬂ & tceeggéCngm%@t ﬁfté'rvﬂﬂxﬁtg ST eiin0B@d S, I'n Fi. gure’_,.
%he behaw our of M recei ver: shown in gure 3 is._peasured as. regards
de L

edfr BIFshARt of %Ignﬁlltfmgﬂ o Fatd¥nds t”\‘ﬁ eaftst AmPhLfiedr ve v is o
obt almeehé)y:rﬁm.%mbt ki theyiF-viftmiofA.t heh&@osdgmvaltage t he out put. 2 of - the

: i FI\/H st y

LS T b S 8 T,
* kHz aﬂﬁh Gﬂlﬁﬁg{ﬁ“&t T—Q)‘ﬁ’lf‘?mem%/ agpuntskof, "“1’%9°f-$ﬂ)uﬂ'm5‘nqtb| ty of 1 he - .
E:\:GL%EI ﬂ%&g&?&xc@&ldﬂﬁ ot 10 sibehRALS Q&sﬂbeosmr\eaaﬁemled in

noigse into the portion of the FM-channel preced1ng the dxodes D1 s

and D2’ so as to reaILze the requxred no1se voltage For a petsohu'
skilled in the. art it w111 not be d1ff1cu1t to conce;ve dxfferent
receiver construct1ons within the 11m1tat1ons of the ma1n claxm,éf
~ the noise applled to the s111con d1odes D1 and D2 ptoduc1ng a g;f t
25 diode bias whxch is sufflexently large to keep these dlodes 1n the
conduct1ng state even at.small s1gnals - :
In Figure 4 the ‘behaviour of the FM-rece1ver shown 1n Flgure 3 is
measured as regards detect1on, n01se ‘and amp11tude 11m1tat10ns H'
The measur1ng curve V is obtaLned by measurlng the amp11utde of the
30 signal at the output 2 of the ratio detector R as a funct1on of an
amplitude variation of an FM-test szgnal applied to the RF-1nput ﬁ-"{l-i”
tetmlnal b1 with a frequency sw1ng of 22% kHz ‘and a modulatlon '.. -
frequency of 1 kHz. The 1nput sensitivity of the FM- -receiver was.
adjusted to 15/uV/3 .dB. The same was measured in Flgure 5 but then::

35 using. germanium diodes of the type AA119 as the detectlon dlodes D1



&nd [ERR]. and represented by means of neasuri ng curve VIII. In spite

di fférence in threshol.d’ vol tage between germani um and silicon di odes

neti ceabl-e différence was found in the detkction behaviour. 5 :
Measuring curve VI in Figure 4 shows the variation of the arrplltude of the
out put signal of the .rati o det c;gor R at £an a |itude variation of an-
ungogdul ated R 4B 0 ﬁed’rﬁ@’h%?? % meRRO R EPHFUE M LY EE - THR s8Lff i s
showt=by nmeanst ghe idfemenaeg utheeshXld votger betieengurmgeivinandim di odes are
used. Al'so fsqrh.t:&? d@Q&&enQ%‘iEQ leté;;efff?§&cje0waso% S qgnéh%nhg ec%%.))t{ con

di odes does not produce a noticea erence Re sane “can be concl uded
as regards tHHeRVIAWati on of anplitude variations. In Figure 4 neasuring

usi ng ger mani um di odes of - the type AA119 as the detection di odes [ERR@
e

curve Vi1 shows tiasudidgthore of @i fBank t4id0s Uhedbiliat Lie ofie! 2id1GR5ad N .

the output si of the ratio detector, R at an anplitude variation Qf an
RF test signa ‘Tgfn%e YERRE ség‘?fr?'pf’?tﬂ‘&er?fdﬁu?%tteéﬁbf‘ at & apelituds yariatish
i ndex 0.3, sidfi eorunthodullesediPrgeasedng asridnﬂ,guithnstBs theéng alzed by neans

of measuring r Q C Jipdes-were used, 20 25 30
35 12 CLAI'%% Xﬁiexlg s,rz\\ow% %Ségf °?§§:e€|g\g/|£{1% b? g‘urﬁl ngya requency
modul at ed si geaRawiompdiasienganenused.cphlagf fox |t)'e wseybqhgvxm thegaency

modul at ed i W ketindiin 3R sAlicon diodes doed MYt pdudd f%@f&gﬂf‘é dlfférknce
selecting the fre uen §a%31}gted SI nal in an RE. ippy 'stage in said

FM channel whi ch F%‘EF]'PS & 28 T SRATRS thenbim tagiom of amplitudei ng
sai d frequencgarlimﬁmhat ednsl-‘im:ala 4 measdriaguaoy VA shows. the Wﬁdﬂdt&bﬁd IF

si gnal ' na erX%e %gtgftudg §fa pr%ﬁb%g {at%hgqn the output s1gna1 of
the ratio detector R at an amphtude variation of an RF test s1gnal
15 which is ampl:.tude-modulated by a constant modulat1on mdex 0.3,
silicon diodes being used, and F_J.gure_S shows the same _by means .qf

' measuring curve X for the case that germanium diodes -'wete"'use'd.'.:- e

20
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mxer stage i s connected to said RF input stage, (iv) anplifying the
freffency nodul ated | F si gnal inan IF-circuit in said FMchannel which *

Ci ri s connected to said m'xerl%tage, and 15 “. (v) denodul ating.-
t he Y+equency nodul ated IF signal in a ratio detector present in said

FM chan;&_ed Mw:ll ch detector is connected to said IF-circuit, said ratio

det ect g of . a type incorporating silicon diodes as the detection _
di odes and 1haV|Anget110§mi)trhceigioamd| demodobatdingtd \febquenapnect ed t o sai dg\J

di odes fgdu1hbss QYPAT Qomgi%é‘qﬁ t :gwg;a!#l on of the ratio detector outpu
Ltu

signal in dg&endence on th the frequency nodul ated I F signal
applied to daP&Hiﬁgd'éteeéf?ﬂ“e“%)h@ﬂﬂaéﬁﬂsﬁGnﬂh tohen semiakder to provide a
bi @s for thengit bf Gin du-atiﬁﬁné]he noi se generated in the part .of the '

FM channel ced n Si di odes of the ratio detector applies’
to the di oéﬂ)ean iétv‘%ri"é't ethﬁo%rseéu%"fyt Eﬁ‘guhﬂﬁ?‘gt?iﬁg‘ﬂatml’éh& wHE to the

t hreshol d vetasegén faid M-chadned widichdemgants anupmear&g&awlaeeiﬂur rent which

i s equal toiﬁﬂ?& di ode f orward current, this.average noi se current produci ng-
a d.c. voltage deviating fromzero across the snoothing 30 capacitor. 2.

A nethod 4341} arfRsertingsaldnfrequsngy auadulateddsignaihta a Freequapeyt Sensitivity |

of 1gt he FM chstulated expacgsaeotnaa dfier Vilag@Ofs shEMEQthndll WREREN I @l 1 nput
to achi eve %_ratlo de%ector éput Si naI of half the value which would -

occur if theE-2Ha88uTT SRRPREtes o ’H’ i $APUt 8tag8r | ower - ‘than"40f ERR]/3dB |
that the fbykse &thi@yinu thélefrequén?:yaﬁduAhted’lmﬁtsilgﬁaﬁtinl &fst '4dB and the -

bandw dt h ofptcigedsfe ¢4 rsg%t%d_g nell C@silen $ Hﬁ 1% CW“F% t&ﬁd as-claimedin

Claim 2, characterise e nol'se put stage is -
5dB, the batRifli Bi¥erostages and |F-circuit is 150kHz and the input . :

semsi ti vi t y(of aélﬁdEMﬁhénﬂﬂ fk&quleQEﬁRBk(xfﬁBd e sigdil THd 28€10VET for. tjse

-wth the nethod. as cl aine g 19 sai d recel ver corrprlsmg an _
FM channel TO§HF¥ PEBSST 'eﬁaé %ﬁmnnet'h‘ﬂ‘iﬁk/t‘tﬁf&ﬁ% omprising in * '

successi on emoifted tRFsaidpIR-citage, saidi xﬂ{iosaa@e;oame[ﬁ Q,frgmt and a
ratio det ec{ye tncorporating silicon diodes as the detection diodes and
. having a smoothing capacitor conductively connected to said -
20 diodes for. the dynamic amplitude limitation -of the ratio -
o detector output signal in dependence on the anplitude of the L
frequency modulated IF signal applied to- said ratio detector, e
: fcharacterised in that in order to provide a bias for the silicon
diodes the noise generated 'in the part of the FM—chsnnel preceding
25 . the silicon diodes of the ratio detector applies to the diodes an
' average noise. voltage which is at ‘least equal to the threshold

- voltage of the silicon diodes and an average - noise curreat’ which isf '::r '

n -

equal to the diode forward current, this average noise current
producing a d.c. voltage deviating from zero across the smoothing
30 . capacitor. ' . o
' 2. A method as claimed in CIaim 1, characterised 1n that the
“input sensitivity of the FM-channel expressed as the voltage
required at the aerial input to achieve a ratio detector_output :
signal of half the value which would occur if the-IF—circuit were
35 limiting, is not lower than 40uV/3dB, that'the'noise factor at the

—_—

I



the ratio detector incorporating silicon diodes for the denodul ation
—fr'e'quency nodul at ed si gnal when present in said FM channel and a sno
capaci t ar conductively connected to said ¥ odes for the dynanic anpl
N_pitation of thhe'ratio detector 15 out put signal in dependence on

anpl i tude of the ti,o detecto | racterised_in . that neans
are provi ded i /¢ Eéﬁq ipgn ﬁlﬁrﬁ?e eWe %Bo “?hrg' nB‘T"g 1‘8@?}8&4&5&#'&#?\ "pé’?t of
FM channel aprmdlt@kﬂhe silicon d| odes of the ratio detector applies -
%e di odes as agqhias, vier Vel st
equal to the thresr?ol d ngf}?Od ag%ﬁ?ﬁ%@?fl@c?%ggle gm:%@:é asggai\}‘ertgitetﬁ%l se
current which nailagyfastaroof HihediErdaritskagel 18utdBenthe PM@idvleroégehmm se
current pgoducitpeeidcls € 15V P30kRE Cacde ¥he lihpiik fssﬂm:ae{? BET ARSAi-RAaddEIOLLi Ng
capacitor. 5. AWBlerecelver as claimed in Claim4, characterised in. 25
that a tran5|s§8¥V 88tonnect ed between the nixer stage and the I'F-circuit
and neans are proviéded Afnom-\mnyiveg fde ugaiwi thf tieh@e thodnss latmedhed eby t he
i nput . sensitiv t F. [ y S -
receiving and g%%m@&l’a %r M ??‘g r\ég%i@ ‘b%r@ﬂ% Fg%gd%ngﬁglﬁhg%jant i all
as herein descarmasia} tiHlPFe’f éherwech@nﬂilmsiﬂinsmanec¢se#°nhe '

acconpanying drAVdpdE - sthge, LRI bELHRI,VEL 19U0RR0E ialll & rasidQegidtor,

described with reference to Fi gures 1, 3 and 4 of the acconpanyi ng
dr awi ngs. 35 the ratio detector ncorporating silicon diodes for the.

y
. demodulation of a frequency modulated signal when present in said

FM-channel and a smoothing capacitor conductively connected to said
diodes for the dynamic amplitude limitation of. the ratio detector

k3]

15 output signal in dependence on the amplitude of the ratio detector-
input signal, characterised in that means are provided in: said o
FM-channel whereby the noise generated in the part of ‘the
FM—~channel preceding the silicon diodes of the ratio detector

_ applies to the diodes as a. bias an average noise voltage which is .

20 .at least equal to . the threshold voltage of the’ silicon diodes and
"+ an average noise current which is equal to the . diode forward
'current, this average noise current producing a d.c. voltage
deviating from zero across the smoothing capacitor. _ =
5. An FM—receiver as claimed in Claim 4, characterised in
+ 28 that a transistor is connected between the mixer- stage ‘and the
-IF-circuit and means are provided for varying the gain of the o
transistor whereby the input sensitivity of the Fu-receiver mny be .
'.adjnsted. r : L o - e
_ 6. . A method of receiving'and:demodnlating a fteduency'
30 modulated signal substantially as herein described with reference_
to Figures 1, 3 and 4 of the accompanying drawings.' ' '
7. An FM-receiver substantially as herein described with '
reference to Figures 1, 3 and 4 of the accompanying drawings.
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