for frequency shift keyed (FSK) signals on an RF carrier. Briti

No.-1 517 121 (I.A WVance 3) discloses a radio recei'ver for FSK signals on 4
an RF 5 carrier conprising first-and sedoad signal paths to which the
received radi o signals are applied, each signal path including a m xer
circuit followed by a low.pass filter and a lLimting anplifier stage, a

| ocal oscillator running at the carrier frequency, the local lo oscillator_
out put* bei ng ap&g ed to one mxer circuit direct, neans for applying the (.‘
oscillator outp®“to the other nmixer circuit with a 900 phase shift, and a
D-type clocked flip-flop to the D input of which is applied the output of
one of the limting anplifier stages 15 whilst the output of the other
limting anplifier stage is applied to the clock input of the flip-flop. |€T
such a receiver with a sinple decoding arrangenment there is a constraint on
the rate of which switching of the flip-flop in response to nodul ati on of

20 the received signal can occur. That is, there nust be at |east one
positive edge on the clock line in each |nfornat|on bit period. The

maxi mum bit rate is ther #ADEO cREGEIVERt FORFERKN SIGN2IS, devi ation 6

i nposed on the carrier “aﬁﬁlgf B?@ﬂ#ﬁﬂﬁ’ﬂelates1?65a25ad£@n?é&éhﬂbra|SO
holds true in the limting ﬁ i ers nce thesge copponents R%eserve Zero

.cr033|ngsmhlIstf¢?nf¥¢ﬁﬁe§ﬁ$I§F&§§|Kﬁﬁﬁqnﬁﬁﬁﬁplﬁl$gﬁ c®RsaPy
Zero crossings to occur wBeRtike Padwat iNo.ONl Sh 52Ue(I.A-W2Vanok Be

I ocal OSCillatO&isc¥%3es hergh&or%%%é?$§¥ﬂ¥%ﬁrﬁéx signals on an RF
5 carrier comprising first and second signal paths to
which the received radio signals are applied, each
signal path including a mixer circuit followed by a low
pass filter and a limiting amplifier stage, a local
oscillator running at the carrier frequency, the local
lo oscillator output being applied to one mixer circuit
direct, means for applying the oscillator output to the
other mixer circuit with a 9Q° phase shift, and a D<type
clocked flip-flop to the D input of which is applied
) the output of one of the limiting amplifier stages
"15 whilst the output of the other limiting amplifier stage
is applied to the clock input of the flip-flop.

In such a receiver with a simple decoding
arrangement there is a constraint on the rate of which
switching of the flié-flop in response to modulation of

20 the received signal can occur. That is, there must
be at least one positive edge on the clock line in
each information bit period. -The maximum bit rate is
therefore equal-to the FSK fréQuency deviation §
imposed on the carrier wave of frequency f This

25 constraint also holds true in the llmltlng ampllflers.
Since these components preserve zero crossingswhilst
limiting amplitude information it is necessary for some
zero crossings to occur when the sgnal is on each side

RADI O RECEI.VER FOR FSIC SI GNALS Thi s i ti | at t | '
[ is invention relates to a raldé%égg:avﬁr
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devi ati on frequency there wll not be nore than one transition %7 each side
whi ch, by ‘Nyqui st's criterion, conveys insufficient information”" As the
phase 6t “the 5 baseband si-gnal s ‘on each side of the carrier is.arbitrary
there will be a variable delay in t he change%ver of 't he decoder output. The
_present | nventdbflrl:hé WEBFdS@dlm&tbtHprmvemgthélebﬂECnaitélgeﬁeééﬂgeﬁﬁétS to

bl d b h t
Fhventi on t nordey ifetof] bedBhbiy ! hbfe WPLE RS BECROAL IS, bE, DY CSe"
(FSK) signals mmu-‘oma@meac!mosqﬂe swinich erby /Myaist'sfcsiyeniomat hs to
whi'ch the receé#ée#édms&fﬁféiénerﬁ.famefie? rlg As"“é'ﬁé%ﬁ‘aéé af'%é' pl e of

2, a local osci or _running at the carrier quency ans m Xi ng.the 3
| ocal osch| | atbrsehandiisignals ren reaeh veide -of othe parsier b%chrlaatﬁary :

whereby the mueérélaﬂﬁi%érhee&ﬁﬁlé hge D@y Nen Ofhé EWargébFer NoflUgRE at ure
and the m xed €§$n1l S in successi ve paths have effectively a phase

shift of 360/[ 4Gk t?P?@%BECt to adj acent paths, each path including a
| ow pass filter and a ITM&tpr@genmﬂiﬁventﬁomgtsteoute:ﬁedheiuﬁxed signal s

l'i ed, 25
o fect vely a URESMHS S¢Tddbalg ShPshafionts o ShiBld BRtPedsed N9
pair of pkdhs bitwhatéstte b@t@mh;97¢®n1the limting anplifiers are applied

-as logic levels, said dgcogidthd ogactwcét@géwtfpﬁv@@eho@aeﬁeeé pat hs Lwo
t he” out put limtin | i

SRS AT AT AT ST R e g
to.the clock Ismgﬁsl@foﬁi@nmeéafmpeilwnﬁmmwﬁ 20pgips 6fi dignal
. connections from.each a i r out ut t ective.t
P Tt op ol ok, Fe YRist e ecelved 0818 o1 Rl SREE LHEHER e
four fli @y opehere mlmkednuhtxplatcﬁnZanai local osc:.llator runnmg at
the carrier frequency, means for mixing the local
oscillator output with the received radio 51gna1s in each
‘path whereby the mixed signals in each of the paths of a
pair are in quadrature and the mixed s1gna1s in.
20 successive paths have effectively a phase shift of
360/2n° with respect to adjacent paths, each path
including a low pass filter and a limiting amplifier
stage to which the mixed'signals are applied, the output
from the limiting amplifier in each path forming
25 effect1ve1y a square wave . signal, decoding logic circuit
means for each pair of paths to which the outputs from
_the limiting amplifiers are applied as logic levels, said .
decoding logic including for each'pair of paths two pairs
- of D-type flip4f1bps, the output of the limiting
30 amplifier in each path being connected to the D inputs of
two of the flip-flops and to.the clock inputs of the
- other two flip-flops with one of said connectlons from
each amplifxer output ‘to one of the respectlve two
flip-flop clock inputs including phase 1nver31on means
35 -whereby the four flip-flops are clocked in rotation and
b1nary loglc summlng means to wh1ch ‘at least one output
 from each flip-flop is



. . &

bi nary | ogirc sunm ng neans to which at | east one output fromeach flip-flop
IS appl i ed whereby changes in the relative phase of the anplifier
outputsin eaph pair- of paths are indicategq. Enbodinents of the invention s
W nom1be?ﬁéscr[bed'mﬁth'reference,go t-h& acconpanyi ng dramﬁngs, in5 '

‘whi ch: - Fig. appkiedpvberelyaghanges inphhecreiaréveepPbpser ofofhesk
- signals, 3amp1 {f Per 2outpat50fhCeatht patt a6Eapatas deeodnbdchleeasi gnal s
appearing at X, Yin F%a. é :Flg.-stEgmsia syg?re de;gdlng.goglc - G
arrangenent for the re bodimgnts; gt pesinvention Wigsqhoy.8fows an N
al ternative déesct tigedogitharefiageneet toabheFagcompahygingadrawpaygs,rdadio
recei ver _for ﬁ;gF ignals. In the arrangenment shown in Fig. 1 the 10 S
received®radi ¥ @hals'[err];“mhere [err] is a carrier wave frequency and 6.
is the FSK nmodul ati on Begs ali ba, aabtockddiagran ofxerbasicuradie, 2. A &
| ocal oscill NRLAJ yfggquency f is fed directly to m xer
circuit 1 an3£€§%?%§ghggg gﬁ?f%hgnﬁgg'netmork 4, whi ch introduces a 90
phase shift, to mxer circuit 2. . The outputs.of mixer circuits 1 & 2
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*are fed to | ow-pass filters 5 & 6 respectively. The filtered signals are
~then fed to high-gain liniting anplifier stages 7, 8 respectively. The
Jiltered 20 and lifited signals X, Y are-square waves in quadrature and

'can be treated as fully symetrically limgped [ogic | evel outputs. TH
signals can then be applied-to decodi ng Ioglc 9 to recover baseband :
information. 25 : The decodin Lc is required to_perform

according ‘to thelogic stateFH$ag?ah?sgo hASLR ﬁF@teZdl?ﬁEaHufBHtdicﬂgﬁéﬁds_ g

on the sequence oftnéaifgn@istﬁppéa@mgpatsxg( .2 Ynamghowg Thus assum ng
thet an eX|st|ng XY state | Sg IS char as 30 out. put

~Z='1',then Z='0" occurs only Fig. XgaﬁﬁovsbﬁtﬁlﬁB Sei prngagbﬁe goes to-
'1' The only otaerangemgntlﬂornphesreceévex gBeBigo 11' and Y remai ns at

gJ,does "o chgngelgglc ofhﬁiﬁ Sﬂﬁﬁé &gﬁ%iE39h£§%9§ QSQH% iggagerred'

: The decoding ses are
to as D-type clockanranGQMGntopand A D-type clocked flip-flop |s defi ned

as a bistable CIrCUIt whi ch Fiél Brgﬂéﬁgtﬁn“ﬁabﬁtﬁrrhﬂlo reEQ CE FIS at

its condltlonlng édata )in prior to the ©ccurrence of se to
t he ' (or Q outP8K éﬁSFﬁ sPeadlng edge of the clock pulse The 0" (or

[ﬁrr{R output delivers at thensene &rPBngbEReh®- shewﬁelgfpige pntgemati on at -
t he i nput .

Lne DLMBUE Mo, penptues bAebOTnERELECE R BRkRS B T o BRE TR "
i nput of the otherwaﬁeaffeqaenpalandf6EasyphecFBKkmddﬁlapabhopevi@tléh, and
“‘th ' ~are fed to two mixer circuits 1, 2. A local
_ osclllator 3 running at the frequency f is fed
dlrectly to mixer . circuit 1 and v1a a phase shift
15 1network 4, wh;ch 1ntroduces a 90° phase shift, to
- mixer circuitgz. . The outputs of mixer circuits 1 & 2
'are fed to low-pass fllters 5 & 6 respectively. The
filtered 31gnals are then fed to hlgngaln limiting
amplifier stages 7, 8 respectlvely. The filtered
-20‘ and limited 51gnals X, Y are square waves in _
quedrature_and can be treated as fully symmetrically
limited 1ogic level outputs. . These signals can then
be applied to decoding loglc 9 to recover baseband
. information. - _ ' ' o
25 .- The decoding logic.is required-to perform
according to the logic'State diagram shown in Fig. 2.
'"', - The output 2 depends on the sequence of states of the
2 _ o two inputs X & Y as .shown. Thus assuming that an
' _ :ex1st1ng XY state is . 'ot10! and is charactefised as
30 . output Z-’l',then Z='0' occurs only if X and Y both
- g0 to '1' or Y alone goes to. '1'.,  The only other
_~change in inputs, i. e. X goes to '1' and Y remains
'at '0' does not change Z. Other_sequences can
readily be deduced from Fig. 2.



phase.inversion to a respective D input of ohe_and 15 clock input of the
other of a second pair of flip- flops 12, 13.  The flip- flops are
triggered on the rising edge of the" cIock I nput. The Q outputs of -

 flip-@4¢ps 10 and 12 and the Q outputs of §lip-flops 11 and 13 are fed to

afirst 4-input NOR gate 14, the 20 remmining outputs are fed to a second

NOR gate 15. The NOR gate outputs are fed fo the SET and S uts
respectively of aso-call She Ga9q@ng 1983¢,-© I]‘f):‘rgslﬁa%1 ll?E 5

in which.a '0"
g etees o HloRam T Yo Ad AT £5 J0chga gk e

out put Z of the yiearivies .c frquite vth:BdiDmy]etpmmmtedteh@tlewgralnange- 30

ment in whic
pairs, thée p

E?gtable

WRHLC drey alerdain waifshiad the SED+tyoe chocksdt malpg- out putyy

o SRR L AL Sodo o bR ) Sidiinpie Rt N

i nput |ine andltd;thamndaurrénnenof aheleck pprlsefte hehewbl li §praR)

decodi ng circuit
operates at half

in Fig. 3 but-
only on one inpu QSé”oﬂ’ﬂhé'lﬁ!é&h&@i@ﬁ'dtatﬁﬁlm ﬂﬁguﬁuntanplltude
spurious noise pd?se at t2§% The s eed of deco na the regeiver .

mpt@ved by incr ¢k§ﬁt¥?$ﬁ%ﬂ& N SROYRF 1 phL RS p?%ePdg almeys
t hat the nunber fhéﬁsigné$e|$,aYnﬂstf@dednfe&thythothhenreeﬂeetgmalE |n_:
each of the pathp,ole %Pk ' dhd #H68k ip@0 %ot "he! BEn8HIBE & Flrst

can 5 be i

15

20

Syt | %d dech @l g2 &’éé:aofytheﬂ?'léej:}?fpuﬁééang@ﬁgnt only

or tw ce the output edge er) of -{hat shomn-

'tas( qm@hm@e’g@%%‘temu ak FhpuIame, tuRe oFRe0ERTIri ng

pair of D-type clocked flip-flops 10, 11, and with
phase inversioh to a respective D input of one and

clock input of the other of a second pair of flip--
flops 12, 13. The flip-flops are'triggered on the
rising edgeeof the cloeck input.'"-The Q outputs of
flip-flops 10 and 12 and the Q outputs of flip-flops

11 and 13 are fed toafirst 4-input NOR gate 1l4,- the _'
_remalnlng outputs are fed to a second NOR gate 15

~ The NOR gate outputs are. fed to the SET and RESET

25

30

35

inputs respectively of a so-called "Set/Reset" £1ip-
flop 16.. This is a bistable in whlch a 'o' logic
1eve1 delivered to the SET 1nput causes the Q output
to deliver a 'l' and vice versa. It is triggered
on the. negative going edges of its two inputs.

The Q output of fllp-flop 16 is the FSK output 2

.of the receiver.

Flgure 4 shows yet another decoding'arrange-'
ment in Whichfthe'outputs of the four flip-flops afe_
first decoded'in-pains,_thetpairs being chosen as the
flip-flops which are clocked from one input line and
its inverted fofm.' The outputs of the two digital
decodlng clrcults are then added algebralcally. This
arrangement only operates ‘at half the speed (or twice

the output edge Jltter) of that shown in Flg. 3 but



S
each path have a phase shift of 360/[err] with respect to 10 the signals
I n the ot‘her paths. In a 4-path system such as that shown in Fig. 5,
sthere-are twice as nany edges (deci sions) agfilable at the outputs of he
limting anpllflers in any given period and® his arrangenment i's therefore =
capabl e of decoding the data 15 at tw ce the rate of the basic 2-pat 3

~arrangenent. -The flip-fl.op p are the s ne for each pair of, Hs -
g ot B b e i et SRR ey ft |
“n;of paths there ardyston. Iormllmﬁum}ﬁ\lﬁi‘ glatvasll qmzimm‘e vngh 4 shalofv a 20 .

.«. .
o sell's thonal B SR A, e L A RRIE

25 ~ 0.5 probabi | i tBheofspeedicst MQM@Mlmmg‘ﬁﬂ\{ﬁmMI i ty

oqyal 1y distri st el e R A e TR

clock extraction circurt e

the real transiti @rovidedalwaye ihe rzw!%erarm oy F)aﬁ‘hseqlﬁarﬂ:y
deviations are GQWﬂltlpléy%f 2 with the mlxed 31gnals in each of the . |
"7 CLAIMS-- 1. radlo reqelver Egy shift keyed (FS§%
signals on an RF &&M%OL AR ¢ @4ad “3' Givhgtykhe sagnels i ch

the received radi (éaaﬂ—grpaltm dNareappiphese BhiftWer 60/ avitH tredpe oy h1'20 a
ISEZI coet 11 arsh R kg A S sl BRERRL ot S
such as that shown in Fig. 5, there are twice as many
edges (decisions) available at the outputs of the
11m1t1ng ampllflers in any glven period and this _
arrangement is therefore capable of decoding the data
15 at twice the: rate of the basic 2—path arrangement.
‘The D-type flip-flop pairs are the same for each pair
of paths as in ‘the 2-path arrangement, the only
difference being that for. any number n of pathe there
~ are Stlll only two NOR gates, each of which is now a
20 2n-1nput 'NOR gate.
The worst ‘case distortion of one. edge of a
" received pulse is then given by:-
Phax = glz ;age x 100 %
_ The dlstortion is dlstrlbuted as follows:-
_ 25 ' 0.5 probablllty of no d*stortlon. :
. o ' o Remalnlng 0.5 probablllty equally dlstrlbuted
up to Dmax
 This is all delay and hence an averaglng
clock extractlon clrcult w111 tlme the bit edge at
30 0.25 Dmax late of the real transition, if the mark and
space ( l' and 'O') frequency deviations are equal.

AR ]



patﬁ wher eby um,m,mm in each of the paths of a pair are i\n’ |
guadrature an m’mg I's in 10 .successive paths have effectively
a pha%%hShlft of B60/[&rF wth respect 4o adjacent paths - each path
“inclugding a éﬁﬁiﬂﬁis filter and a limting anplifier stage to which the

~m xed ‘si gnal pplied, the output fromthe linmting anplifier in each -
path form.ng 15 . effektradiq receiver forecfrequency debblitngeyedi (FSK)cuit

: t ” _.
gerrglnlsf [ g:seggei app{ cras Ih%F <'Oa,\ll\flevefl éag%fl?gé% Oﬁ?%?igcé’ﬂ%}%‘s. ng for: y
- each pair of Balhs. wtpiesh st {%%\éecm?ﬂi%ﬁsqne & aéetaas'lbc the . °

lln1tln%iﬂl whdEe i | £ armamsiprsu&sz;ng TOOAECoHLEi1atbe Ehhﬂﬂﬁésaef two
of the flip-flops and. to the clock inputs-of ‘the o theéBﬁm?B #p flops with.:

~ one of said. RATIRT (T ERTUSREY aiiP29$ ctOb AHRINY o he respectlvw
two flip- fIoms&trletdlpmmpmlmmmrwasecemedsrmlaes.bgnass imheaehy the

wbten at '] ol Rt ot O bl LA s naTd Bhiehdn 6 End MLBSTBROS (0
‘the relative gmaseam imequadratuee and ptite mixedchigaalsoinpaths are _
i ndi cat 3% uccessive iﬁﬁéc YE'e ﬁg&@tﬂﬂ?yg? %@gg Lpykerggn said

decoding 1ogiC 1S agran SO that t out nitlnghanpllfler in

- each path is %ﬁﬁﬂ?ﬁxi?%ﬁ ISSPRCE. &9 %ﬂﬁﬁ%ﬁﬁtaP%FB%k ¢a¢ht PaELt he ot her of
one pair of fiddrddans é”Iwa dss ek pliee MAsE 1ﬂﬁ££§ngnaﬁ?1£f£brnput 35

o one and a cloek Lok, SL1he Sibel ol ostpasseendegetcacy 1L SibE
f||p rop in Efuﬁltherlﬂmitﬁng ‘d&mplifier in each path forming
15 .effectlvely a square wave szgnal, decodlng loglc c1rcuit
- means for each pair of paths to which ‘the outputs from
" the llmiting ampllfiers are applled as 1og1c levels, said
- decoding logic 1nclud1ng for each pa1r of paths two pairs
of D-type flip-flops, the output of the 11m1t1ng ' _
20 -ampllfler in each path belng connected to the D inputs of
two of the fllp-flops and to the clock inputs of the '
other two fllp-flops with one of said connectlons from
each amp11f1er output to one of the respectlve two
flip-flop clock inputs_lnclud;ng phase inversion means
25 whereby the four flipéflops are clocked in rotation and
binary iogic summing_meansjto which at least one output
from each'flip-flop is applied whereby changes in the
relative phase of the ‘amplifier outputs in each pair of
~ paths are indicated. _ S
30 2. A receiver accordxng to claim.1l wherein said
-decoding loglc is arranged so that the output of the
limlting amp11f1er in each path is’ applled to a D-input
"of one and a clock input of the other of one pa1r of
_ fllp-flops and with relatlve phase inversion to a D-input
35 of one and a clock input of the other of the second pair
) of flip-flops, first means for logically adding the 'l'
(or Q) output from the first flip-flop in each pair with .



tghe' (or [err]) output ‘fromthe secondfllpflop

second neans for | ogi cal I'y adding t:he reémai ning out Hmmmnulmmu(ﬂr
ﬂllp flops,. and bi-stabl e neans for_ ¢l ocki nggt he out putt oft ome addrng ﬁﬁhns-
wi'th the out put 5 of the ot her adding reans. 3. A receiver

according to cItMem'b'V\/r(ef:em aitpute Erdnn ¢ Heo Geotid' Eliilp-£loy rlmgﬁt:hw th
the outpit of Uit AUl S U) TR b U i
flip-flop.of tleateus f@m tdmedﬁmmt-ﬁdetp@tn \a@qoﬂa@é:ahiteemaamrs tﬁm:t he cl ock
Isgggf' a'?](cal ;h'?hgqi?lr?g Ig -tfﬂeo% %m eac pal r q Ip ﬂ ops hb ﬁ%aﬁé%e%ggl "
for .cl ockidng t 1€ Ghep@t éﬂﬁ#ﬂﬂnéﬁﬁﬂsa palr of 15 addi ng neans: with the
ol put ‘from theg other onge rlcditR P adcoraingdited dIRARS 1 mﬂ@%”%afﬂf

al gebrai cal | ddi th yt put,s of, the bi stabl e neans. Ver'.
anOI’dI ng toyc%&ﬁﬂ%g' ﬁ?ﬂﬁ?@t"é’l reudis 1§ arrang M“cd’r}i‘&r joutput (,9§et (tgee
(R-S) flip- }‘I opmpatlfie& in. eachAlfbaa;ﬂll @aermgelawlﬁe@r to gmeerm-)irqhiﬁ;g deeved
FSK). signals qn Garkler Su st descr.i ref.erence to
t he ;cco?rpanyl ﬁ§s§ J'ﬁ'gs °thgat§'«§xt fg;&t fé.a@is ?gt | o%q’ﬁ H‘r? f];
reproducedOby oo oneo fliipe fillop @ﬁpMheamm$anwg;unﬂamq”x¥nh|q§latHWE Way o
contain a few HpRdmape liohh o End itk linhe! $30 eneldtly @1'1?-1510? o

typescript contalining these anmend may be”i nspecte m se
the Patent. O f iofe the other pair) means for log1cally addlng separately

the like outputs from ‘each paxr of flip-flops, bistable
means for clocklng the output of each one of a pair of

15 adding'means with the'output from the ‘other one of the
pair of adding means, and means for algebralcally adding
the outputs of the bistable means.

4. A receiver accordlng to.claim 2 or 3 wherein the
_ bistable means comprise a reset-set (R-S) flip-flop. _
20 5. A radio receiver for frequency shift keyed (FSK)

sxgnals on an RF carrler substantlally as described w1th
reference to the accompanylng draw1ngs.'
The text of the lpoeu!.u'ua bas bemn reproduced by pbotecom.u the applicants oxiginal

typesczipt. It may contain a few smendaents which sre difficult to read. The original
typesczipt containing these -nhuts asy be mpcctcd. on the prezises of the Patent OfZfice
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