5 10 . . RADI O RECEI VER This invention relates to a

r adi ceiver for frequency nodul ated signals on an R F. c rr|e g tlsh
pat e peci fication 1517121 describes a 15 so-cal l ed "di

radi o~receiver in which the incomng RF. signals are m xed mnth a Ioca
oscillator signal at the H arrier freqdemy to produce quadrature baseband
signals. In the case of FSK binary signals the' resultant quadrature
baseband signals are, after:20 limting, identical square wave constant
frequency signals which have + [err] phase difference depending on the

bi nary val ue being transmtted. The quadrature baseband signals can be
sinply processed, as disclosed in patent specification 1517121 to provide a
digital output 25 in the case where the initial nodulation is conveying
bi naPy encoded digital information, or they can be processed in a nore
conpl ex manner to provide a S|nulated anal ogue out put representative of
anal ogue i nformation nodul ated on the R F. carrier signal, as 'disclosed in
30 British patent application No. 8128956. One of the advantages of
direct conversion radio receivers is that they are suited for construction
inintegrated circuit form This invention provides a denpdul ation
arrangenent for a direct conversion radio 35 receiver that is

advak®ageous for integrated circRARIQ (RECBEVER! | on. -2- According to the
i nvention there is provided-a radio receiver for receiving frequency

nodul at ed si gnal s ﬁgéan R F. carrier nal , wherein the received signals

are mixed with a | o 6§3PPF&PBr‘§;§ﬁ£ §P @Ah&addo receiver for

(O frequency modulated signals on an R.F. carrier.
British patent specification 1517121 describes a
15 so-called "direct conversion" radio receiver in which the
incoming R.F. signals are mixed with a local oscillator
signal at the carrier frequency to produce quadrature
baseband signals. In the case of FSK binary signals the’
resultant quadrature baseband signals are, after
20 limiting, identical square wave constant freﬁuency
signals which have + 90°-phase difference depending on
the binary value being transmitted. The quadrature
baseband signals can be simply processéd, as disclosed in
patent specification 1517121 to provide a digital output
25 in‘the case where the'initial modulation is conveying
binary encoded digital information, or they can be
processed in a more complex manner to pfovide a simulated
analogue output representative of analogue information:
~ modulated on the R.F. carrier signal, as disclosed in
30 British patent application No. 8128956.
One of the advantages of direct conversion radio
receivers is that they are suited for gonstruction'in
integrated circuit form. This invention provides a

demodulation arrangement for a direct conversion radio
35 receiver that is advantageous for integrated circuit
implementation. '
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5 signal frequency to produce quadrature baseband signals in two

sépar at e~si‘gnal . channel s, the receiver including a denodul ator arrangene
for the baseband signal-s, characterised in that the denodul ator arrange
conprhsé% means for limting the baseband signals in each 10 signal
channel to form square wave signals in quadrature, nmeans in each channel to
derive fromthe square wave signals in that channel a sequence of pul ses

the frequency of which is AEREERT HI ol neetisnatrhefechingesvided nd
square wave Si gnatadi@arécdifelidrd Heddigihy frib@enulySnodanacedesigne€peh

channel by the square wave signal .in.the.other channel £ ce.two
uni pol ar pul se traF n%l}\,\?h}g‘ p‘fj srgi%rr esqll.?enr?cly " eeach &ﬁ?p%gﬁglgg s%l???ﬂ'%
bei ng equal to thateohixéd wiklsa sapadnesdiddmtalri shghali atdehévearriheans

for. generating ag;oul Pufr Pliiey® t B Hroflice HadratUP8NEYs8hatilll €0ghs1£qual

to the sum of the_}requen0| s of the two unipol ar gulse trains, and_neans

for integrating tha PUPstRPIFateSigRJucChamned ssi §ng resedvas| apgluding a

i nformation lfT})dU|@ézg&1@Ia¢d$hs ﬁﬂ_anq‘egdé’dte;fd@i:i fgtm@ baE&badHLTEQﬁamé,t he

i nvention w no e 25 esCf i Wi reference to_the acc anyi ng
i SRS f%:

drawi ngs, in whic _gr$$2fr%§$ el ea&FEﬁF A3°F 2B 52PEEES
according to a geremptisedomsanmifax himddimgerdhieobaskbgnd2signals| dokeach
Crbod ot “SHOF, ok ot Sy, 91430 SR Kl oFRYSO8pL GG RS
Fig. 2; Fig. 4 shBeanfaifeath mdah d8Fivite f508c kN85 SAURFRCHRY®di agr am
of Fig. 1, Fig. Ssign@lsiifutiatlid@dmivlofa GeyueiicecsEnpallses ehet he
enﬁggjnent of Figfr%ﬁuency of -which is representative of the polarity
changes in the square wave signal, means for multiplying
15 the pulse sequence in each channel by the square wave
signél in the other channel to produce two unipolar pulse
trains, the pulse frequency in each unipolar pulse train
being equal to that of the pulse sequence from which it
- is derived, means for. generating an output pulse signal
- 20 the frequency of which is equal to the sum of the
frequencies of the two unipolar pulse trains, and means
- for integrating the pulses of the output pulse signal to
simulate information modulated on the R.F. carrier signal.
Embodiments of the invention will now be _
25 described with reference to the accompanying drawihgs, in
N - which:-
Fig. l-is a block diagram of a radio receiver
according to a general embodiment of the invention:
Fig. 2 is a block circuit diagram of a pulse
30 forming network which may be used in the embodiment of
Fig. 1; N _
Fig. 3 shows waveforms applicable to the circuit
of Fig. 2; . | |
- Fig. 4 shows waveforms applicéble to the block
35 ceircuit diagram of Fig.  1; '
Fig. 5 is a circuit diagram of one
implementation of the embodiment of Fig. 1:



Fig. 6 illustrates a detail nodification of the circuit of Fig. 5 and Fig.
7 ilhuystrates an alternative configuration for part of the circuit of Fig.
In the arrangenment shown in Fig. 1 the |I. and Q baseband
in quadrature fromthe R F. front end (not shown) of the dire
conversion receiver are applied te Biwting anplifiers 11,12, the outputs

of which are sq al ' d Ln_this 10 ’
exanple in the ?gﬁgl%aégipﬁﬁfggﬁere ngég%|ﬁ8§%f%8%g1?ﬁpé# §%§nal beati ng
with tidrceds ofs&ig.ader @a8dgnal ). The square waves are each fed to a

respectlve pul sgilgQr i &qmaft%tbsl%nlémaﬁnaumea' eaneggifgw)%s to derive
fromt HF gg&re waves puyl se se%%enqes the frequency o chis
a

repres & Of the ﬁ&F&PFFy h&A§esSin the square wave signals. Fig. 4
sBows the resul uantthpuhseaagqnemesnawandn4mbD thtBeexagngegt he pul se

vave sPRRgpane 15nads 2h AaR%aThs) e2oh,Bhe eF 28f%9§Fge$e'2;J“e e
differdnbmaﬁhpyn) Bifgthe digestacoaveesiehni vrecpivee &oenapglmeamork in
hCT e 13RRS" ABIeIREs 13,300 bRE bA:BAEs' BE kpfbnafl! o ent

anplifier an | niegré I nput of the
anpl|fﬁaﬂar?h@aﬂéﬁeﬂénﬁhﬂﬂﬂeﬁérﬁégaré 3kownand ?|Q1n3th2§ the square wave

(ah beiex@ampne iAP¢he chadm‘iear 2hat¢ easekoil ébbihglagtshe other input and

th l, t of Fi
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capaci The Ghuarei waviesnareoegchufiddatd a0respbutineecpalsely one pin if
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are eacC i'n"mi I ers € squar € wav omthe oth
channefrom, éhepﬁﬂﬂér§eqa§#§e991§ﬁ seguenceg kbet Epequenpy ofjuare wave 2 and

SqeuengRith is representative of the polarity changes in the
square wave signals. Fig. 4 shows the resultant pulse'
sequences 3 and 4. In this example the pulse sequences
are of alternating polarity mirroring the changes in the
square wave signal. The pulse forming networks could be

20 simple CR differentiators. Fig. 2 shows an alternative
pulse forming network in which the square wave signal is
applied to one input of a differential amplifier 21, and
via an integrating RC network to the other input of the
amplifier. The relevant waveforms are shown in Pig. 3,
25 the square wave (a) being one input, the integrated _
waveform (b) being the other input and the pulse sequence "/
(¢c) being the amplifier output. The arrangenient of Fig.
2 is attractive for implementation in an integrated
circuit since the capicitor Cl is in shunt to ground and
30 thus needs only one pin if external to the chip.
Returning now to Pig. 1 the pulse sequences 3
and 4 are each multiplied in multipliers 15,16 by the
square wave from the other channel, i.e. pulse sequence 3
of Fig. 4 is muitiplied by squére wave 2 and'sequence 4
35 by square wave 1. Taking the square waves 1 and 2 in the
sense that they are representing plus and minus binary
values it is clear that they'serve to invert alternate
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35 by square wave 1. Taking the square waves 1 and 2 in the sense that
t Hey are representlng plus and mnus binary.values it is clear that they
serve, to/ invert alternate -4- pulses in the nultiplied pul se sequence
to gi V& the unipolar pulse trains 5 and 6, with pulse train 5 being of t =
opposi.te polarity to pulse train 6. Pulse tLaLns 5 and 6 are subtracted in
network 17, result a u e signal 7 the frequency of
which is equal “'tlﬁgssgfh gf’et Hglgf‘ggg%ﬂ P'égsﬁfs ‘ée?%suﬁ?p%*‘é %
trains. This outpnlpp&htepgigﬁatrhaBSpﬁleaé 6 withppulbseétyrain \5 Mmmngmlse
For oach cdae of gt tHE! opdudige Byfality kb LUPEE OHADH!6DUISEPsd Erains

or own

conventionally 1 assi e co as positive pulses,
then for the aItérﬁaﬂl6eaq§a§ﬂ§FHF§t€6nHFtDﬁﬁwﬁékl$Ed reswdtirg i imAansi gnal

beati ng fr0§1theoQE§QE|b&l%bdglgﬁalh¢ kﬁéakr@%ﬁéhéft@f WHEEK e Yed kel PeE Ses

woul d have a negative pol filter 18 the
15  out put pulsgg aPBR R% FhédffﬁqﬂF981ﬁﬁp?ngﬁétEV? %P{b%f ax RR1S¢ he
nﬁgn}tude of mh}chadapendwhms bhepﬁulpaléeeqﬂgnay mbscpulsestnflah@ends on
the frequency o t e. ' t

denodul at ed freqﬁéggrgginggéﬁcgn #§+%§D?éﬁ §§8#e§a§re§f %E%ﬁ§ %éggctlng
frequency nodul aveye. 1,Ret eIfhkheset putputt bulseanpre q@s%emtmnnakimxes
primarily tega tﬁ@s&&ﬂ@&fESGUEHGycéﬁa§E15§y§ﬂokﬁf9§g§6é991§é ] ses/Ch

is used in mnde area‘ra ga |ngsserV|ces e InventiLon IS a o) gllc
for the detectiofo8f thee@dEREDARINE| GnaArature fandihion; ¢ert nﬁf
frequency nodul aiggutosegnaiubbadingr e:uﬁeehenoﬂpbsiee peiaen@f tiéli Docal
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polarity. When filtered by a low pass filter 18 the
15 output pulses are smoothed to give approximately a d.c.
level the magnitude of which depends on the pulse
frequency which in turn depende on the frequency of the
beat note. This smoothed output is therefore the
demodulated frequency difference information as required
20 for detecting frequency modulation. Note that although
the example described relates primarily to a two tone
frequency shift keyed information signal, such as is used
in wide area radiopaging services, the invention is also
applicable for the detection of frequency modulated
25 analogue signals and'frequency modulated tones, such as
~are used in mobiié personal radio receivers.

In an integrated circuit, the outputs of the
amplifiers 11,12 will usually be available at no extra
cdmplexity in a balanced form. Hence if the multipliers

30 15 and 16 are balanced, this drive for balanced inputs is
used. It is obvious that if the sense of the balanced
drive to one multiplier is inverted, then the output of
that multiplier will be of the opposite polarity and to
obtain the co:rect overall output, block 17 must become

35 an adder.

A particularly convenient integrated cirecuit

form exists for these blocks as shown in Figure 5, in

v



conplexity in a balanced form Hence if the multipliers 30
ed, this drive for balanced inputs is used. It is obvious-that
nse of the balanced drive to one nultiplier is inverted, then the
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multiplier 16 may be subtracted, as indicated in Fig. 1
(or added depending on the relativ§ §o1;rity_of the
connection), as shown in Fig. 5, and a differential
output pulse train obtained by the use of resistive'loads
R3,R4. Resistor Rl balances the effect of R2 and is of -
the same value. (Resistor Rl may be omitted for some
applications). "

An alternative to the resxstive loads 'R3,R4 is
the use of a current mirror to give a single ended

output, as shown in Fig. 6. ,Trans;stors él,sz_replace

the resistors R3,R4 of FPig. 5. Resistor RS is optional.
In a further alternative configuration the pulse output
from each multiplier is used to control a current source,
as shown in Fig. 7. The output pulse current (x') of one
multiplier is reflected in a curreﬁtﬂmir;ot, formed by
transistors 71,72. The other oﬁtput pulse current (w')
is not affected. The output pulse current (x") of the
other multiplier is reflected in twd'chtrent mirrors
formed by transistors 73,74 and 75,76 respectively. The
outputs are then connected together{ A capacitor C3,:or
low pass filter, connected_to'pbint Z integraﬁes the_
pulses. When no pulse is present from either multiplier,
as the currents in both current sources are equal (or
very nearly equal) no net charge flows into or out of the

EhAPRRF AL I | SRR SOT Ahen Gt ve ThE ¢ he resistive
| oads RfLfiFedentinl uaskmit Twrddnds (WY (F Sromitie dtietgl e ended

out put

o/
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output, as shown in Fig. 6. Transistors 61,62 replace the resistors R3,
of Fig. 5."Resistor R5 is optional. 25 In a further alternative @,'
configuration the pul se output fromeach nultiplier is used to control
currént source, as shown in Fig. 7. The output pulse current (x') of one
multiplier is reflected in a current mrror, gfarnmed by transistors 71, 72.

current (") of SARACRYS 4RH O T PARRGS SSHA S ORE AR nERC <
formed by transimtlse ikl pabithves aresegatiive \fromlled thexpmud tipdieken
connect ed toget %gpél% g@%ﬁ{r‘a%@s he ¥ $dd lan® th‘éo'&'iﬁgﬁd to point

Z integrates th 0 pul'se 1S present fromeith

nul tiplier, as tyRltage hanges RRIPAINGR-. sources are equal (or very
nearly equad) no net charge flows into or out of the -6- capacitor and
hence its voltage renmai ns constant. Each pul se either positive or negative

fromeither nultiplier charges or discharges the capacitor and the out put

vol tage changes accordingly. 5 10 15 20 25 30 35 -7- CLAIMS: -
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- A radi o receiver for cy nodul ated signals on an

.carrier signal, wherein t”mﬂuwmumﬂ(M% s are mxed with-a l-.ocal .
IIator signal 5 at the carrier stgnal frequency t.o produte

quadrature baseband signals in two separate signal channels, the rece|Vpr

i ncluding a denodul ator arrangenent flor t he baseband S|gnals characteri sed

in that é¢herderodul ator arrangenment conprises neans for limting the

baseband™I0—signal s in each signal channel to_form square wave signals in

quadr at ke, nean |§?4%QHF%9%%ME§I%PG JEFRI¥ipgofTEAue.GYiare wave signals in

t hat chatsddlat et sl Ofonp Wns &S R.heakrdguestynal , Weheheis tiepresentative

of the P2, t u n -

mul ti pl ylén(g&t% p;%% sea&gntglgx%% 2’211% . Eoég? ggc%gfggéuagggmgve signal in

the5othe#tc¥kﬁwﬂﬁr%kﬁﬁn%kﬂnﬁitﬁ&?QHﬂWQM &P EGP@EC?raPﬁéraFHéepulse frequency

in each weddwdmi L d i3l Rwleisepatdal signhllatnahnkle, pehée sequence from

which it_is deriv, ans f r ner ting. 20 an gu%@ut ulse signal the

f r equency®ot Vi c‘ﬁ“‘?]sr%(ﬂ% (?“Y%%é" ?3 Fof TERABIPPERGARF 52%f the two

unipmembqnﬁbandrsmgnalsmu¢hamam$etdseﬁnﬁagthatnghehéepu&skatnt t he out put

pul se_si ghalnddneddMdtcy i " 'so&o@%mfz?ﬁgoehahsa&ﬁa%&arr' er signal.
recel ver

25 according ta clalm haracterised in that the
pul 4@ de$1iﬁ¢&ﬁrﬁﬂuﬁ§QH1%%%ﬂ?%:W&ﬁﬁ@?lcéﬁpFPSEs5§u€FFdV§Y%rentat|on net wor k.

3. sﬁﬁﬁelqumﬁm tniéa@isah.lﬁl lea&haeashaélsed aerivat the pul se

deriving i n each channel, ri,se ; erential anplifier to

one inp | n rati ng RC
SeTGH Sha AT S 190 TR. L pBSt, Shantel  SRobeRes

net wor k of puldes the SaprencyawnE sihgohl iissreépdesentativehef theut of thev

dif fer eidpl e APl difdiifes 4n the s@ar%ce,wsr ségﬁgidlmgaag gy preceding

cIa|n13 cterlsed Int he two uni ul se tralns are produced

h5 oppeit P iing i thePulse S@m@epapssac chanhel by th

square wave signal in the other channel to produce two

unipolar pulse trains, the pulse frequency in each
unipolar pulse train being equal to that of the pulse
sequence from which it is derived, means for generating

20 an output pulse signal the frequency of which is equal to
the sum of the frequencies of the two unipolar pulse '
trains, and means for integrating the pulses of the
output pulse signal to simulate information modulated on
the R.F. carrier signal. '

25 2. A receiver aé¢cording to claim 1 characterised in
that the pulse. deriving means in each channel comprises a
CR differentation network.
3. A receiver according to claim 1 characterised in
that the pulse deriving means in each channel comprises a

30 differential amplifier to one input of which is fed the
square wave signal, and an integrating RC network via
which the square wave signal is fed to the other input of
the differential ampllfler.
4, A receiver according to any precedlng claim

35 characterised in that the two unipolar pulse trains are
produced with opposite polarities, the output pulse
generating means comprising means for algebraically
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generating means conprising neans \ “\e“‘\ﬂ e‘um - 8- subtracti ng one
uni pol ar pulse train fromthe othe train. S. A 2
recei ver~ accordi ng. to any precedi ng* cl &inclaracterised in that the nmeans
for. mi~ti plying the pulse 5 sequence in each channel by the square wave
signal in the other channel conprises a doubl® $bal anced nultiplier circuit,
o the out put - curt Stassdrd, e uhRBb1a, BThe MLELEL, 080 ol HARST | O
two 10 nultipl |@1§0@@rn@ué§#btnéélnand applied to a capacitor or |ow pass
filter to formthg simul ataeéebeiewa%earamgl%Iﬁ%%é&ﬁfcﬁmal 6.

A radi o receiver substantially as descrjbed with erence to

acconpanyi ng dr afifif@cteyised’ in thatthe neanss Lok MR IHPS r‘é‘(ﬁx@’l’é‘fs
nodul at ed sigynal sexuetizeRih eaahr cnanﬁegmay the | sghante (veres tipmaf iM tiheg
"t he nodul at ed 5| 1 LILa r{i.er. signal
frequency to pro Egﬁﬁég%hEuﬁ ggﬁh %renggé%fégﬂgia ?&rgﬁ#g%élﬁﬁf1:he 20
quadr at ur e basebmct%ilg:nalegchompﬂ-éénééeseﬁa%'gltlbt sbﬂ%r@ VRHEP U gwirent

quadrature, deri \@;iiGdd ABaRC l%hé%ééﬂ.ﬁr\l\@YSs sb8 n@ﬂ;e 3o NGgr Rntd Isnd he
frequency- of V\/mch I S repreilﬁntat ve, of pol ari t c a es, |n t he square
wave signal, nul PRAFHFS ek §HE§P8tmﬁ§§r§Fgﬂ%T9$ YUl se sequence

derived frcnmafuammﬂtmpkmynsrbewagecsmgmabdtan@rmﬂpbeedvtnLanqxpauiqnﬂfnr

trains the pul se é’L"e% )ﬁag_ftegagg @8ﬁggtﬁguéixhﬁfaéé@tu9§o{ﬂﬁ: QH ce trains

sequence from whi e two uni po
to produce an ouﬂ%%ﬁuﬁﬁﬂ¥9§ srgfhr ReE- fFéﬁB%ﬁcy of 30 which is equal to
the sum of the fre&quenci es ehdiberbdBiver substantially as described with

reference to the accompanying drawings.

15 7. A method of demodulating frequency modulated
signals on an R.F. carrier signal including the steps of
mixing the modulated signals with a local oscillator
signal at the carrier signal frequency to produce
separate quadrature baseband signals, limiting the

20 quadrature baseband signals to produce separate square
wave signals in quadrature, deriving from each square
wave signal a sequence of pulses the frequency of which
is representative of the polarity changes in the square
wave signal, multiplying each square wave signal by the

25 pulse sequence derived from the other square wave signal

Y to produce two unipolar pulse trains the pulse frequency

' of each being equal to that of the pulse sequence from
which it is derived, combining the two unipolar pulse
trains to produce an output pulse signal the frequency of

30 which is equal to the sum of the frequencies of the two
unipolar pulse trains and integrating £he output pulse
signal to simulate information modulated onto the R.F.
carrier signal.

8. An integrated semiconductor electronic circuit

35 including a demodulator for a direct conversion radio
receiver for frequency modulated signals, the demodulator
comprising means for limiting the baseband signals in



uni_pol ar pul se trains and int egmﬁ‘mamummiw Lpul se signal to simulate
i mat i on nodul ated onto the R| . 8. . An integrated -

S onductor electronic circuit 35° fncrudﬁng,a dermodul ator for a direct
conversion radi o receiver for frequepcy nodul ated signals, the denodul ater
conprising neans for limting the badeband si gnals in -9- each signal

channel darH igrsquahanna\le tsi doahssignageawaaé us Bgnaransni N each channel to

derive g LAGA0UGL UAYE ShoRaLRabed AL GLANE! s fpagence of pul ses

the frequency o h I's Tepresentative e pol al"ls@%/ _ changes in

the squagnassy @ayiegRdignakeansd £HAtNERERPRY| AgSeweeper sef SwykReke in each

channel dje tfie oavRishgnal rbprébeneibtie ChaNNIRL @lamosgice EWO'
se train
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uni pol ar _pul se trains, the pul se frequency in each unipol u
bei g cIARISS (e AR, MY S BAHERRE FRORS WEPE P EHRAYIRG der | ved,
and nearthd gulgensegiuengeannoetpht chahsel sbynihe tdgudrequerney of which is
equal taq.t s t e L€S+Qaf wi W [ : | s& 41 ains, such
that whaiFiRE 4 tnel SEnbEoQUARARE®.0] ok DBacHnis, BRI BELEY BRIad 7 e enand
nmodul at itgrRises « kder padgendyeaBanrdt 8 ¢ach %$b?@l§¥ PYles GrRLs

being equal to that of the pu;se sequence from which it

10 is derived, and means for generating an output pulse
signal the frequency of which is equal to the sum'of'the
frequencies of the two unipolar pulse trains, such that

when the output pulse signal is integrated it simulates

the baseband modulatior of the frequency modulated
15 signals.
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