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I nvention relates to a frequency nggyl\?gizgg FM denodul at or and, nore
particularly, to a pulse count type enodul ator. A pul se count type
denodul ator of the prior art, as will be described in nore detail later,
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shown in FIG 2B. The nonostable nultivibrator 62 generates a pul se 2c
(FIG 2C) rising froma transition id(;ﬁm%std]e rectangul ar signal 2b and
having a fixed time duration (err). supplies it to the LPF 63, which 2
EP 0 251 239 Bl provides a denodul ated output 2d (FIG 2D) by integrating
the pul se Zgrovides dYembdited 0P 24 FI® ADPBIL iRtblrating the paIseiodul ator of FIG 1 is
cal cul at ed by Th&Lihé deniod(ldtpd ERPuO.the ddmbllulatdn of IG.110s blcuiated b Equita(thbelaive d
output; T. the period of the input signal (err); [err] the frequency of the
i nput signal; Vp(t), the oMtzput pul se train signal = 15 [err] 20 E, the
anplitude of the t,pur_.p Is rating Equation (1) gives EC]I(Iil§I on (2)
bel ow‘»{/o = [err] (2) 35 uftlow i ndi cates that the démdul at ed
output Vo is proportional to t he |nput frequency [err] and its denodul ation
(FN) characteristic |s shown in FIG 3. As may be apparent fromthe

char acterl sVie® shown FI G 3 the lower imt of the denodul ation band is
zero Hz thezfﬁ o4 “af? i ntai ned over a wide band ranging from
zero to the d ?'FH:'""H 1g'§330 by the pulse width [err] This

denodul atIO{?pﬁ @%ﬂ pWever has t he di sadvant ages of |ow

denodul a- ti é sen VI t where the normalized bandw dth of input FM

signal s i, narrow, of vul nerabl lity to external noise. FIG 4 illustrates a
pul se count type FM denodul at or, tch I g @erefirred enbodi ment of the
present invention. In FIG 4, an |nput termnal €10 is supplied with a
rectangul ar signal 5a (FIG 5A) | g I(@r ,Eott.ae»ﬁ‘s rectangul ar output from
the limter 61 shown in FIG 1. AYirst®pul se generator circuit 11, like

t he nmonosd able nultivibrator 62 of FIG 1, generates a pulse 5b (FIG 5B)
havi hg-/a fi Kdicb gmplitede ofittétdatpatpoisenci ng at t he | eadi ng edge of the

rect angul ar s iintagegkingiequatiph €1) pivesdamuation @) beldw: At of the pulse 5b of FIG 5B is
a function of the input frequency [err] Thus holds the relationship of
Equat i on ( 3Ye Befrduwy &)second pul se generator circuit 12, receiving the

pul se 5b2 narrows the pulse width éﬂ of the pulse 5b only for a period
of Lime pro o@%ﬁ%fb?}\'@@?ﬁ'ﬁsé“# it 3o i BpRoriond e eéngrewcme.an@tsa
which is a ep n te G ha a
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1) tinmes highgliondRMEY, 88 it wsrikall foi iy i uehhan atraeanﬁu rGiAdI 36 (6] 5,1 fmifdf 1ol
Prior arifs i febiglkeduil fom i fmited 61 AR INGIAA! X firsQURE g¥HIRIOR cifclhe1 1) MR harslable
bandw dt h OhultNibrdtdyl 62i o FRE. 1] GenBries @\pulsd bie(FILR BBYIREviAg @ ixddSpulba fwitltty commeneing il e
t 0 ext er nal lestfingSsage bflthe redtaigulatisignalosac Shecpul3sl infietval ML thetpyise 5i5-bA FiG reBds! b Ainétion of
whi ch i s anié Input ipduehayriy,. Gtuschotae the malaiibnsbip ot Eqpatiob (3) pel@sent i nvention. In FIG
7, a nonostable nultivibrator 21, serving as a first pul se generator

Ci rcuW ‘geser dt-es p@ ses 8b (FIG 8B) having a pulse width [err]
commencing at the | eading and trailing edges of an input rect angul ar wave
si gnal 8a to Arferesdpuise greorgianeiavil 1 T°8*HV' puise\pp¢ Rarrov-{ile pulsewidtiy g, of the pse, %

to keep theoMt f°‘s%ﬂ"P‘ePf "E'ﬁaﬂ‘PP '@?’\a ‘° '“rh@“'a‘u%t P'PEH"?@“‘ sprstant being aﬁ’ﬂ\'FBé% a,ppsiive
of 7, - aAt as shown in FIG. 5C. An

mul ti vi br at B¢ bery 6‘?{ ip?’df
4 LPF1 n%rji‘ntegrates the pulse frain 50 to provide a demodu ated output which is represented by Equation (4)
below, derived from Equation (1) above:

Vo =E {(E + 1) 7cfin - 8} )

50 The characteristic of Equation {4), as shown in FIG. 8, indicates a narrower demodulation band on the low
frequency side and, correspondingly, an (@ + 1) times higher demodulation sensitivity than the F/V
characteristic of the prior art illustrated in FIG. 3. Accordingly, even where the normalized bandwidth of an
FM signal is narrow, the demodulator is hardly vulnerable fo external noise.

FIG. 7 illustrates a pulse count type FM demodulator, which is another preferred embodiment of the

66 present invention. In FIG. 7, a monostable multiviorator 21, serving as a first pulse generator circuit,
generates pulses 8b (FIG. 8B) having a pulse width 7, commencing at the leading and trailing edges of an
input rectangular wave signal 8a to increase the demodulation sensitivily, and is so adjusted as to keep the
At smaller than 7. The output pulse 8b of the monostable multtivibrator 21 is divided into two branches, of
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EPO251 239B1 which one is directly fed to one of the inputs of an AND gate
28 and the other, to the other in ND gate 28 through a del ay
circuit 29. The del ay circuit 29 Pésﬂ?:g%‘p%élbgeeﬁ of a first integration
circuit conprising a resistor 22 and a capacitor 23, a first inverter 24 to
recei ve t fiich oreqgdiatiydedid opdidf theanpui ODECAND §at028nt M othbr, DUhel othth inpilt oCheTARD Ses
a resi st ogate 28 Grviiglia AslPadciines. B dalagl circeic 29 ¢ eamprisa @ atfistiintegritioh lvieculticorsirising

i nverter 34esiston@2 and e capaditor BY, ar firgtrinvarfor 24 to @calve\tae integraied oyipit, a$ecorid itegrativond
I nt egr at i oircutt whichiedmprisela @ rebiston 25 aridraecapiabitay 26 andrechbies the oiitpw 9f the st inverier 24, and

r epr eseRg@dedond Invesiquadl otraceifGihe loetbus of thissegond inBorfiparccifiteThe]delsy fie e ithecdelay
mter\&ay " gircutt Pis setl as coppiseniddly Inereality @) helow:r equency is at its mininmum The
out put "8d of the AND 8ate 28, as shown in FIG 8D, has a pulse width

smal | er btef F1]< fsharf®t he out put puI se 8b of the monostabl e mul tivibrator
21. Integr tin th e8 ves the F/Vcharacterlstlc
of a = 15 Wie Rt o Bl he oo 1 st i i il

anot her pr ‘? Uit eut dh blg)t? Z%n E@Sr the a&x\/% M@E:\hs’r‘a ar;[ he
out put of Jgin E) [;ggf’ _ ai ?

Corespon A LD ] .@lbm‘é{bf i G bron b e 59 bt ©
connect,gd ufvéhtrBrii N9 tRd) &arn‘i‘oﬁ&%i:fe' nffRividkaldP B 18 ura rh §s3tﬁat @Xonﬁépfoﬁdﬁfgtoﬁe and
of the nMoRORs oemrsudame bru%tape.maﬂs ANE 3886 bdnRskddh Nipd Qi Bspaative bifjputsidie
opti mal dewbddbiay! circuits atdest eETHRINGSbI6! MulthBfatdr bearuabuee@ Mmag e350K0r kel BpiirhdR! I |
of each oWedidaeit @abcyhndhdedusd bet b vialesdet tiddlaly ke ALIOAMREN ¢F tRf dolalp QirddiR 13836 34 and
Circuits &® nivapsraethd aelayjrcidils @s feprlosentsti by thEdullawingEyuationtheqaiity paip@ex r (6) 1 20
[err] The denodulation sensitivity of the denmodulator of FIG 9, set as
described above, is (n + 1) tines that of the conventional denodul ator of
FIG 1. 30 FIG 10 illustrateg,a FA{I’.:[?‘1 dufator, which is yet another
preferred enbodi nent of the present" I nven kn FIG 10, the output of a
nonostabl e nultivibrator 21 is the sang gs t hat {of the correspondi ng one in
the ent®®di nent of FIG 7. A svmtclﬁﬁg CircQit 44 is intended to turn on and
off constant current sources 42 and 43. *Wen an input signal 11lb is at its

"hi gh" ircuit 41 he constant c¢ e t. SO 42
on ahi | ¢ @%}tﬁ %m,g rgz*gﬁgg%ﬁ b BT8P Bk B i 'S
versa 3 F mo Qor %hramt Je? amg{%yv rpfe ﬁ:g em nP Lfo{hg pre%h?n
the i npUt mql é rvr tor e’sa er %ﬂ'&ﬁ&t
source 42, ﬂrtﬁféaém ﬁ‘m{%ﬁta&f' é’r7 1 ura J?H: 199 irftdAbidPto tﬂﬂ‘%’ﬁran&%f:&&a urr
Conver sel ¥ouréé/§"i§ ahd Q3. WitltanTiddt Gignal b 8Vt 1S PRiGH 16Vel, §8! dwitthing! creuit! AVkoepd
const ant  giHslaRMHuné our® £3onWtiE Reldihe cbBtaRtodanRsnt bcosd JfrChna obéh“’arl&%&%fsﬁ'
pover SpUivfigh S inpd s@hddu Nlis ROk Ndvi"abvel. Mherdldrs, whar thb Gightarfib ko ¥Bé sWiRRing cirbhiea1 is
hi gher potiggtrj tb dorstane @irrdnt) SoukceOs2etiambs atapacdr MAAE | Hightpotdrtial Powdt 3o0ped4gat a
f.ii xed pot etivbresly,byhed Ghe @patl BIBTXo he ewdtching! Bircult e is loat,i the) sbrisfantodurrbrd Lsdtirc® A3 ( 7)
bel ow i s tiechagesTitientapaditerd4dtat avdawpoteniial ponvep Lburcal #9 da fgrdued pdtendifl ih s paiadaant
c ur r ent S irstanre). 700 higher pdientiad betpesn tisuwe eladtroded obéapaditer 4ddmelamened alaufixedprtentid by ce
] a4BmBicrst 48.he capacitor 44 .is charged and di scharged by the

const ant curthe ralagiorship of Equation &) bplgwe [syio be maintpipge Hepwgen e quigyt cynest ip pitheyeonsipng
di schar gecmb' > ang topt pupgni of the-congfart cUISHLIONRE 4%s r epr esent ed by
Equat I on bel ow 50 [err] 55 where c is the capacity of the capacitor

| f th ﬂ'per @i mit of these charge and di scharge wavefornms is cl arrped

at the otentral f the,cl U|t t he ote |aI |on
ito 44 IS ¢ ed and dr = é ) con cur GisH es;;g:a
Lerr] (A Wbl e g:‘m é»s oL i L
resen

EP 0 it on err ere
eV| dent fr "C, [err] equal S At Therefore [err] IS given by
Equati qp (10) beI ow.

av I Iz
dt T g and —= ceee  (8)

66
where c is the capacity of the capacitor 44.

If the upper limit of these charge and discharge waveforms is clamped at the clamp potential Vc of the

clamp circuit 45, the potential variation 8V (FiG. 11C) during the period of discharge by the current L2 will be
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[err] 15, Then, the time [err] required for returning the potenti al
variation [err] durlng the period ogp@a3Re the current [err] is
calculated as follows: 20 [er% rom Equation (11), 25 [err] 30
According to Equation (10), Equation (12) can be devel oped as follows: 35
[err] 40 repré¥ntod B Bghiation (B@elow:i on (7), Equation (13) can be converted into
Equation (14) below [err] Therefore, by waveform shapi ng the charge and

di scharge wavefognms shoyn- in FIG 11C with a 45 reference voltage obtained
froma vol tage s%ﬂce. 2 which is slightly lower than the clanp voltage
Ve, there is profged aSulse (FIG 11 D) having a width of Ferr] T8ds, by
varyi hg,the rati o n between the constant currents [err] the denodul ation
sensitivity can be changed. Integrati the pulse shown in FIG 11D with
the LPF 13 Where: asjs edentdiomfdG Jdg; gy 'Hl‘?feﬁ‘? Bhis giyephy: Equgiops(10nkplows 5 npr e
specific circuit diagramof an integration circuit 100 of Fig. 10 which
conprise& the so swi tchgpg ‘circuit 41, the constant current sources 42 and
43, and the cl anpVci Fcurg 2% tAn input signal 11 b is suppli ed,t,oum? base
of a first transistor 51 whose .enmitter is connected to the emtter o

second transistor 52 and to a constant current circuit 53. The collector of

the firsts {1 afinShetimed rduiddiBG6natg 118 pbidfiaCalisios sy By, faurtnb It peflddP 8t @navde by
The base 0fpd ARre3CiS Oalculaicds Ioidwdlf D2 | S grounded through a bias constant
vol t age source 56, and the collector of sanme is connected to the cathode of

a second di ode 55. The anodes of both the 65 first and second di odes 54 and
55 are connected p¢ a powdy source. Further, the collectors of the first
and secoad transi s*5ramd 52 are connected to the bases of .t hi(pdyand
fourtl/ transistors 57 and 58, respectively, whose enmitters are both
connected to the power source and collectors are connected to those of
fifth and si xFiemiBaystion 8dors 59 and 510, respectively. 5 EP 0 251 239 B1
The firth transistor 59, with its collector and base being short-circuited,
is used # a diode, and to thelr connecting point is further connected the
base of the sixth transistdrtple,~Ehe-endyters of, hqt iphe fifth and sixth
transi stors bei ng grounded. Béing“30 connected, the fifth and sixth
transistors 59 and 510 serve as a curreht mrror circuit. Further, the

of the {71 Reegkidhefiintn'of Eiabtio bt ddliE L™y 250000 10

serving as the output poi nt |slconnected to afirst termnal of the

capaci tor 44 who n1rs]eeon.cE.t..et:r’rJ._l:%a_ A g grounded. In parallel to the
capacitor 44 is comect e&la serfes‘circuit of a third diode 511 and a
referencg vol tage source 512 The above described structure enables the
capacitor 44 to be char éd a di scharged by switching the first and second
transistors 51 and 52 wi @ t T'nput signal 11b and the rati.e.bet{dd¢n t he
charging and 10 discharging currents to be determ ned by that between the
emtter areas of the fifth and sixth transistors 59 and 510. The third

di ode~B1% andAedauiing & Equatien &7).Fgation € Skeen be eongeripd intorisivation(14) kelew: cl anp circui t
45, whose clanp value is represented by [err] represents the on-voltage of
the di ode F41= Mhd {¥rr] the voltage of the reference voltage source 512.

FIG 13 showsthe FNchar cterlstlcs |rruaed bythe Si Iat [ Qgram
of SPICE-F Q% "I' STE% F 58%’"‘?

off
r fe ?Iy%q
: Lgnfs Ir Zt gre ggjgvg ﬁ (i %E?g avmg zehud - nA%‘ﬂ'ézs arynlg en:a o %gn‘%ints
q s a on fin 9%59»?5 11D
out put . Thqm "PFa '{M I nter r?e requency
of 455 kHz," Vigjghy3 fs a wcﬂc dichd %a?ﬁtﬁr, rctcut%d 67, 1 i ot o
consi der gt | QRehindirtut 45 Mh §ta Eﬁ?ﬂ%htt o 48a e lMpArb 45 SAn ifut sighal 11b is
denodul at'i aipked (ARSTEHEE 8f Shtbtlvakdis bl Whds Qﬁ\ﬁert@cdnh&%arté {h¥ eftBr d#Q sadohd ParBistod N
the tenper agolth@ to Db a® turfeRt dirbuitt53. ThéRollediBiCor itHd fikdd transitoesfis EshkédaYo thé tathicas ge
of 390 kHz 4 mst4ffde lskizThe IbBsei ol tatsatony trarisistr 52 igioulidatl Wecugh talbias Gonstahevdltage source
currents [ essl éndahel cdlidctor of Savte i icorthectdn to Al dathbliecettatseckma @ifotid) 851 Th@ Bnokidd of both the
denodul assorfira@sdsedoragiiddes $4and (56 @matntnectad e pover svaice Fuittier, plEselldsioes df the first and
second transistors 51 and 52 are connected {0 the bases of third and fourth transistors 57 and 58,
respectively, whose emitters are both connected to the power source and collectors are connected to those
of fifth and sixth transistors 59 and 510, respectively.
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I ncrease the denodul ation sensitivity. This is achieved by adding a circuit
whi ch subj.ects the pulse with [err] of a nonostable nultivibrator output to
pul se wi dth nodul ation by the pul sqy % ¥@lgAt to alter the pulse 25

width to [err] An FM denodul at or accordi ng to the invention is especially
suitable for monolithic integration of a dempdulator circuit for use with

i nput si gnal shevireStRinEQs8| Wit chiRBivdng bbisel 1Ring SNRIEdiralitsd;, ¢4 ysedias & diade, Ghdaiorssir30
1. A frequéenssctingombink &tfurtier ¢dnhdctod atotialsd Gfttiar sxarotgnisisten 510, th@gmiktersrot leth the &iftisand
(61) for ceivesisistog tangigmpoded SBejngaso conmbcleda thedifth amdjsitilatransisigrsaid;andh 10 servetas a
pul se genecurbmmime sincyit( Futtherthesgraities iakee of the sikik transigios § 10iiomageq times ap freatzs dhat of
rect angty athe §ithyrrabistércR9. Heruoliastor pigheasbfth ransisto 19 senving phihh autpy goiat ie iconpectechlg ag
second st afireisterminel phhbe sepacitnd 44 fwhasei vc?rédﬁfmhise\!mus@?d In parallellp Jhipaapacitay ft is
first stat @nwm@ﬁeﬂqqg"% of ibird gieds; S a@orgefe@fwet"ﬁ@gﬁ é?}{f%?r?@%n ar si gnal an

havi ng a pr edBR &9/ #reeribs ‘éth‘{SEl"ecﬁ“a's Eﬁ'geﬁé’é{ itqhing yhe
for int egr%{ftlaﬁ sa°°§%éf ?13@" te0'“ 6‘9 aﬂi 1 {}‘15 gp "9 nd
charact i ‘i‘gﬂ;’ 'Q? c % g our \ 12'(2 f})ltu ef %%’gm 'gm shséa
Second pU| Va UB IS represen [zg esen§ tﬁ glfVO? g

rect angul a¥o,{ ng{ﬁ‘ eéicz rrespondl ng to

duration o QM&,% dtw %.hm%udn rdin RASPRER) owr?m
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