PHASE- COHERENT DEMODULATI ON CLOCK AND DATA RECOVERY ‘5 : 219149 15'
Ba&rground of the Invention The present invention relates in general to the
dat a conmuni cation schene specified in the | EEE 802.4 token bus
specification for |ocal area networks. More 40 particularly the present
invention relates to a circuit and nethod for-the denodul ati on of signals “-
transmtted under such connunrcatron schene I n order to obtarn both t he
cl ock signal associ-aEed - : ! =52 ef G
There are prior art denodul at i on technlques and crrcurts mhlch are used
with the Ethernet (IEEE 802eé%Hé%gE#§#£§%$§§¥§SEEE§¥$£§§EZer t hese are not
suitable Tor use with the n pecified in | EEE
802.4. Most of the prior art denodul ati on methods are 20 not only not
designed for use w't oy (ﬁgogﬁ % f
of sanpling of the agg%?tude of the si ¢Ogef§€§§f?§ﬁglhg%g % ‘@ﬂ% "
acconpl i sh t fataeFOBURLcH 1y, SiFh %é%%ﬂc@%r@ﬁﬁpﬁ@ﬁeﬁt &@ken

digitally b%/pﬁekspgcaﬁldagimmrfdmlmcﬁf sﬁ@@lﬁt@éﬂd@t a M3be dU][I ng a bit
time are,su r o, et sence.Q n
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phase- coher eghcfieRfihit dadiUin Witndhd Nift $£802 kS| 6Pt 2t ANBbLRALH A -
| east two phase-cqQherent frequencies gconpri si recovery

means for gefitPBAlnGSsAqiate EF%EQV&FQha%%stgﬁed§§ﬁecPP§&&&ﬂﬂf%ﬁ;ﬁqﬁﬁ

Iomest of sasfignhase- coherent frequencies; and data recovery means coupled

fesal 4 ghook Teoov e AN d G HEPSLAL! A0nS8RTLEN 815 LAARI LU SR 9

to sai d | east tmo ase- CO
circuits whlch are used with the Ethernet (IEEE 802.3) -

communication scheme, however these are not suitable for
use with the new data communications scheme specified in
IEEE 802.4. Most of the prior art demodulation methods are

20 not only not designed for use with this new communication
scheme but involve some form of sampling of the amplitude
of the signal in question in order to accomplish the
demodulation. Even those methods which are implemented
digitally by taking a single or multiple samples of data

-25 during a bit time are subject to errors which can occur due
to the presence of noise during the time the sahple is
taken.
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Summary of the Invention

30 '

According to the present invention in a first
aspect thereof, there is provided a phase-coherent
demodulator for use with a transmitted signal having at
least two phase-coherent frequencies comprising:

35 clock recovery means for generating a clock signal
which has the same frequenoy as the lowest of said
phaSeQCOherent frequencies; and

data recovery means coupled to said clock recovery

. means for generating separate signals corresponding to said
at least two phase~ccherent frequencies.



YAcco?ding to the present invention in a second aspect thereof, there‘is
prov§ ded a net hod for denodul ati on 5 of a‘téfnsnitted si gnal having at

| east two phase-coherent frequencies conprieing the steps of: recovering a
edock signal having a frequency the sane as the | owest of said

phase- coherent frequencies; detecting the zero crossing points of said 10

transnitted signal; geREIGHd Y oo £V :Sd S ﬂ{v&@i_gﬁt%lﬁnaegaébnao

one-quarter of the period of said clock frequency durin e center portion

of each one-h3FP A %ai therecks Prmatded, ) method for degmaduiatigna
dat g si gnab f@!fl’ @s sl ttedins bytlgel dedeiig CHtI.J Vit dt mrﬁﬁéLQoﬁéként
wi ndow si gna sent ' ref.ore an object of the present

i nvention to 61%'0%\%[2{ g‘.cgi%dsen%%f#%f%%&ﬁg %o SRR %f‘r cuit for use with the
phase- coherent signal Itegpeehing apekock cslignrl BEN 26y S02f¥equéncy the
further objeckagfe S Laveat d t ' L g Lation
nmet hod and ci rcui t%%rﬁgft%%?éi@nﬁh%% o%(éga%&%get%% gﬁfé“%?%%gg'

transmitter utilizing d9FPTHRE-ERAIR KPFRANT RPRERRE F_IGEE 25 802. 4
30 35 30 Theahwmeigtied) sthghal her objects are achieved in the present

et Lon " P L e O b EoB 5L SEEREIA Ghumn e
. - . ung-guarter of the period of said clock frequency during
the center portion of each one-half perio dof said clock
signal; and )
, 15 generating a data signal corresponding to an edge
detection which occurs while said window signal is present.
It is therefore an ocbject of the present invention
to provide a demodulation method and circuit for use with
the phase-coherent signalling scheme specified in IEEE
20 802.4. |
- It is a further object of the present invention to
prbvide a digital demodulation method and circuit for
extr;ctihg the clock and data signals from a transmitter
utilizing the phase-coherent signalling scheme of IEEE
25 802.4
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W o
.having a termnal for receiving the'transnmtted signal, 5 said tine delay
being fixed by an external resistor and capacitor coupled to the one- shot
- The-output term nal of the one-shot is coupled to the input of a ~ ‘
divide-by-two circuit. The output of the divide-by-two circuit is coupleg:‘
to an input of a multiplexer which also refeives 10 as an input a
transmtter clock reference signal. The output of the multiplexer is
coupled to a phase-locked | oop circuit having extracted clock, two tines
cl ock and four tines clock output termnals. The terminal for receiving the

transmtted signal Jéhre§§£§50§§8'§9h£9 &Qg?éggugr egghggb?a %ﬁn& rst

inverter, the outpu ermn 'S cou
a second |nvemmasennu;nxﬁmmmomewhenainothene secpndvideéraephaaa-the

terninal for regrirddyd dé}ﬁ‘o&ﬁf&é&tééﬂpﬂﬂﬁﬁb arelﬁeuaéngég bhs-gﬁe'et

termnals of 20 an excl usjve-OR erm nal
coupl ed to t h&3YENT ter¥RFRInaL §9¥|FgﬁeEVFPQpthﬁoﬁran$ﬁétFS§rS%Bﬁé@rclock

termnal iss cagiectine tdelaypmbéihgr fikal B ant Bktdrhayerbelstbheanut put
of which is cogﬁied to the q#ogk te nal o

he first D flip:flo
Cnverted 25 ShOSK | TRuP1 PR ot E R BoproBors o5hfI eBtPatl FermRpar of
term nal of athﬂxnnﬁiﬁh¢tp1$lGpuahedtUOthbecnnpnttanandhvoﬂeabyhtwa D

flip-flop. The.Quhpii, t efie naiztgﬁtt B? exe! a;wggtogyaeas b1 6ok ad o thé

clock terninal of the second term na

coupl ed 30 tQ?%94§En§P"ﬂﬁ"1nPWFe°fn9ePPéﬂlB&F§GF whi Fﬁea§§eoﬁ§cslﬂﬁﬁp
flop is aoupl e tan t:hepxdata teansnatter theckhiredebehtepsignap. haweng an

OULPUL {or 1ol s S mEEFRRRE 18 BB LGe okl
. © loop circuit: having extracted clock, two times clock and
four times clock output terminals.
The terminal for receiving the transmitted signal is
15 also coupled to the input terminal of a first inéerter,
the output terminal of which is coupled to the input '
terminal of a second inverter. The output‘terminal of the
second inverter and the terminal for ‘receiving the
transmitted signal are coupled to the input terminals of
20 an exclusive-OR gate. The two times clock terminal is
coupled to the data terminal of a first D flip-flop. The
four times clock terminal is coupled to the input terminal
of a third inverter, the output of which is coupled to the ..-
clock terminal of the first D flip-flop. The inverted AN
25 output of the first D flip-flop is coupled to the clear
terminal of a second D flip-flop and to the clock terminal
of a third D flip~flop. The output terminal of the
exclusive-OR gate is coupled to the clock terminal of the
second D flip-flop, the data terminal of which is coupled
20 to a logic "1"., The inverted output of the second D flip-
'flop_is coupled to the data terminal cf the third D flip-
flop, having an output terninal.
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" the" data and non-data pairs for S|gnals transn1tted and 5 recei ved under
_the phase:coherent nodul ation scheme of IEEE'802.4. FIG 2 is a block
_di agram of the clock recovery portion of the denodul ation circuit of the

present invention. 10 FIG 3 is a diagramindicating that portion of
-the wavef orm where edge detection woul d takdyplace in order to extract data
fromthe transmtted signal. FIG 4 is a block diagramof the data recovery
portion of the denodul ation circuit of the present- 15 i nventi on.
Description of the Preferred Enbodi nent 20 - Wth phase-coherent

modul ation the data is noduBaied Dgsngl@tspgnaﬁ'mges@m@melmhere a"1" is
represented by one full cycle per bit time and a "0" is represented by two
cycles per bit time.__ This scheng, is called phase-coherent because the zero
crossing points aref$phads & dipgmam ofkhevavetermenased £98hbeth
time. FIfG 1 shkhes dan:aemtwl Irforpdad the ﬁ@ﬁb&alf@ﬂ signals ‘E?éném i;‘l:edgan@ and
a pair of pon-data 0l.s n- S s a ation: an e
used as ne Saggeg&ivér%)@&de%%e ﬁ‘?%‘?’é?’%{ e’ﬁ%%ui’/%gﬁ?ﬁ soheme, %i’s
shown the cl ocREEEC®OXAcircuit of the present invention which includes a

one-shot 12 having- 1 iV térgh?ggﬁg g¥§¥eég egeIEQHE§ QL4288 Ving

t he phase- coherent o ul at e sl gha or coupling to a source

. of - suppl y vol t #§&tizmi- Uﬁ5$Qﬁn#ﬁ%9%%ﬂ@61©hecéﬁGFlEZOf thﬁaﬁrﬁéﬁn$2 for

coupling to a dnemtilgf erence, i s connected to one-shot 12. One- 5.

shot 121 g coupl ed g & hiey ipput of divide-by-tuo eifeUlt  ion oe the

wavefprm_where edge detection would take place in order to
extract data from the transmitted signal.
FIG. 4 is a block diagram of the data recovery

portion of the demodulation circuit of the present
15  invention.
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Description of the Preferred Embodiment

20 .With phase-coherent modulation the data is modulated
using a'signaling scheme where a "1" is represented by one
full cycle per bit time and a "0" is represented by two
cycles per bit time. This scheme is called'phase-coherent

U ' beeauee the zero crossing points are in phase at. the

o ' 25 beginning and end of each bit time.

~FIG. 1 shows an example of the modulated signals for

a “i", e'"O" and a pair of non-data symbols. Non-data
stbdls_are a "violation" and are used as message
delimiters.  '

30 _ With reference to FIG. 2 there is shown the clock
'recovery circuit of the present invention which includes a
cne-Shot'lz'having both inverting and non-inverting inputs
for receiving the phase-coherent modulated signal.
Reéistof 20, for coupling to a source of supply voltage,

35 is connected to one-shot 12. Capacitor 22, for coupling
to a ground reference, is connected to one-shot 12. One-
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14, the output of which is coupled to an input terminal of nultiplexer 16.
Multipl exer 16, -for receiving a transmtted clock signal on a second i nput
-termnal and 5 for receiving an inverted silence signal, is coupled'to .
‘“.phase-|1 ocked | oop (PLL) circuit 18. Phase-locked loop circuit 18 has an )<
extracted clock output terminal, a two tine§clock output termnal and a z

four times clock output termnal. 10 As shown in FIG 4, the two
times clock output termnal of PLL 18 is coupled to the data term nal of D
flip-flop 32 having data, clock and inverted output term nals. The four

times clock oghget19f 1ELbohBled €URKEd i gfdﬂ%é- r&wiﬁ-ﬂgwé eisdf@ving
I nput and 15 outﬁut termnals.  The ,output of_ inverter 38 Is coupled to -

) u
the clock terhfnabher optprtyof] yhish lphequriad &P An pirPYerbeminat of
L ! itp fl I010 §2 ﬁﬁlﬁ@pmé&é_ﬁ Qst.Peé@Infnpvtee{eﬁ na, quoxD T’fqé“f’iﬂ??té“ _hav: n?
ata, clock, ear_and inver Qu ermnal s. e input ternjnal to one
Shot 20 1> ErSBudtisttipcl aakal, an 4 @aHad TPTACErTRERSE i g
i nput ands out por receiwding abhdnwenbed tsdilemed signal/erisrc@épledcoapl ed

to the input ﬁégleai%f:gedi Q\G%rte(rig_,%fj @@é{g&%}ﬁ%&é’é’l?g&k&&rf{,e |s.

The output tefm nal I nverter I's coup st Tnput m na
of 25  exclusiveudk & &ag0 ImERtFactes aknrk wkelt nkerminaki nal Swand an

out put t erm nghmesToe JkP GutiRitTitiainitlal AL LLT£&8r | €1804PEEEckOchBBut
second input term,nal of exclusive-OR gate 30. The output termnal o
excl usi ve- OR §§F®i381i:s coupled to the clock terminal of D flip-flop 30

34. Alpgic "1" sagnahdwn applFEel to, tie dave tinesnelook Butbup-flop 34.
The mvert ed SykRtbahols T e Q! {JERS70ha SRLR! Slehiphicet BOK. N\
i nverted out pfitiperfiliopal3nthaying patap Glock andpinvertedhoutipus 35
termnal of Debbiinth@? 36he four times clock output of PLL 18 is
coupled to the input of inverter 38 having input and
15 output terminals. The output of inverter 38 is coupled to
" the clock terminal of D flip-flop 32. The inverted output
terminal of D flip fidp 32 is coupied to the clear
. terminal of D flip-flop 34 having data, clock, clear and
inverted ocutput terminals. The input terminal to one shot
20 12 is also coupled to the input terminal of inverter 26
having'input and output terminals. The 6utput terminal of
inverter 26 is coupled to the input terminal of inverter
28 having input and output terminals. The output terminallgﬁ‘J
of inverter 28 is coupled to the firect input terminal of. -
25 exclusive~OR gate 30 having first and second input
terminals and an output terminzl. The input terminal of
inverter 26 is coupled to the second input terminal of
exclusive-OR gate 30. The outpﬁt tefminal of exclusive-OR
gate 30 is coupled to the clock terminal of D flip~-flop
30 34. A logic "1" signal is applied to the data terminal of
"D flip~flop 34. The inverted output terminal of D flip-
flop 32 is coupled to the clock terminal of D flip flop 36
having data, clock and output terminals. The inverted
. ouﬁput terminal of D flip-flop 34 is coupled to the data
35 terminal of D flip-flop 36. '



I'n operation, the received signal is applied to the input of inverter 26
and al so to one input of exclusive-OR 5 gate 30. The conbination of
inverters 26 and 28 creates a slight del ay ch that the inputs to
exclusive-OR gate 30 are different only at the crossing point of an input
sygnal ;. therefore the output of exclusive-OR gate 30 will be a pul se signal

whi ch

Wi e this pul se oGhaPTESRgT % o eieitfa R Bart: ag 2ppioeR STERS, 34
it will only dami of e:awemezdmﬁ mnd hateot taeonehinpulie ofl exclusiverQR,
or wi ndow § gn@lpe ifpl O neT:E@mﬂ‘iﬁ@'@%MhbﬁhEMb%ers b% %Bawml Rrigh®es3al S

generated by co |n|29 e two tines clock 15 signal and an inverted four
times clock sisgrkght ‘Ei-aYI$‘b¢11IW%ZtheThBPPﬁﬁeFPerG&Pﬁ}tveﬁ‘P%%ep-3tol op
32 rsepr esteﬂts a’v}fhldli/ﬁéﬁéhﬁlm s@rilnsageﬂdsaﬁnt;o bh@it\thIdQ\ﬁ ?Ji@i\ﬁ: in FIG
i nce i's |nve Si appl i o] e_clear,_ tern na

flip-flop 3 getiefaRors BB oufRh o BxeabRivaroR Bt Wil |
only be cl ockehslet&nrpmﬂg@edsu.gnglthbiuhnﬁeprpsen&& ar 2eren adessimgepodesht of
W ndow si I P, e n %ﬁﬁy
peri od thg‘{@nv"té#?r% aﬁé g%vééﬁ?gﬁggn% omogh%?g tt?&]‘is %%}ge % Qjo\eéqsva% chirn led
fromlow to hith mcﬁl‘?\ﬁkl tesminadcRE DPf Ifﬂ-ﬁPf'Ifé-[S’P?,é‘*aﬁd: Hiddk A0 FF

what ever signaj i:éa@éféﬁn&ui‘inéh@hdééath.ﬁéﬁt therridhd dlfed? ftldrﬁtifridm afrto

two rmj or el ortHRSoR SLARELI oL £8¥overiest ERRL MELRA e onodma sV

mul tivi brator {nEIchos)id2gandrateldiaby- combdahimgphe roowg ttn;lnaas 'Etie:cdne '

Tob dol ayior THETER.Eha #f, (A¥eLERAUSBOE LN S ad %}% t: of e dat a

rate (this al | BhipfEtoma?nunThegénysried: outruth©hiRE ¥ RekAIR B L omponent

edges are i gnof@fresents an inverted signal corresponding to the window
shown in FIG. 3. Sinée this inverted signal is applied to
the clear terminal of D flip-flop 34, the edge detection

20 coming from exclusive-OR gate 30 will only be clocked
throuéh during the window period or when the inverted
window signal from D flip-flop 32 is low. At the end of a
given window period the inverted window signal from D
flip-flop 32 will be switching from low to high which will

25 clock D flip-flop 36 and clock through whatever signal is
present at the data input terminal of D flip-flop 36 to the
output terminals Q and Q, each being the complement of the

ot other. ' _ .

‘ The two major elements of the clock recovery

30 circuit are the monostable multivibrator (one shot) 12 and
a phase-locked loop circuit 18. The one shot is uéed to
recover the low frequency from the incoming signal. The
time delay of the one shot is set to 75% of one-half the
period of the data rate (this allows for maximum edge

35 jitter). The high frequency component edges are ignored
since they occur before the time delay has expired. Every
one-half bit time, another edge occurs which corresponds to
the low frequency component. The output of one shot
circuit 12 is connected to a divide-by-two
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since ‘they occur before the tine defay has expiredf Every one-hal f. bit
time, another edge occurs which corresponds to the | ow frequency conponent.

(\lhe out put of one shot circuit 12 is connected to a divide-by-two. .- -’ .
ircuit 14 to obtain a square wave which i,g then fed to a phase-rockedl(xjg
circuit 18 via a multiplexer 16. Miultiplexér 16 is used to supply a ”
frequency reference to the phase-locked | oop circuit 18 and sel ects either
the 5 recovered clock signal or the transmtter clock signal (TXCLK)
dependi ng on whether there is in fact a valid signal being received.

Phase- | ocked ¢bppuif Luntocabbitain b Eemalries wwied whilch aill {Hevi £ €0 a
conti nuous st [0 our dat,a Vi lrcpuit and synbo
reporting to @F%%? %grgﬁeoang‘%g ﬁe&%ﬁ'gsgtecg#%r gnﬁu%ﬁn%cfgn%ye’?% :lyén‘di cated, the
phase- | ocked MabbiPhgyer d6sist ased te wapprlynve fnequency arefereptexte 16.

Wen the r ecetﬂedgﬁagaaho&e\aalli&pt A rictI 1igS e JMES sl ehOFkehgOm the
I ncom.-ng si gnal

en_th 1ii Jeceived signal 1s not valid éi.e. sl |l ence

i s det ect®d) ,r?ﬁ‘a"ﬁfﬁdi.ﬁgﬂ: i é@&i‘ﬁcé’& et STHERS 1SR SRR XCLK) -

of the nodem (TXeLK) adepenidimaoCloyr whietheedthHexreprizyiite fast eadyasbdrce to

the PLL. By Kgggﬁgg BQ&nﬁLEéHQTvéﬁg at the data rate, the tinme to |lock up
B m ng -sr gmral '

to the 20 ‘inc s mninmzed since the PLL need only acquire
- phase- 1 ock-and--not Phpsgrdeskeaddiear thgungyall e Hiresatherdabacryte

circuit recovgrg Ebevdat?.% RY dAimb P s tHbIRIGE B | S P PE6i £he BhER

w ndow which is 2 created using th xtracted, clock signal. The w ndow,
whi ch i st9n tFECR¥RTY, S Budh -%m??ﬁbﬁen‘?‘?ﬁ‘:n%p%‘?ms°‘6‘g%¥qeaFFéPnﬁi pt
ti mne as showntha 5h65e3cdﬂ§renﬂ1mnﬁ;mJssxkﬂinﬁinhtbdinﬂhéhpnaséndaukeahe\_)

one-hal f bit iggﬁskﬁﬁht is switched.between two sources via multiplexer
16. When the received signal is valid the input is the
recovered clbck_from'the incoming signal. When the
15 received signal is not valid (i.e. silence is detected),
the PLL input is sourced from the transmitter clock '
(TXCLK) of the modem. The transmitter clock is used to
provide a steady source to the PLL. By keeping the
PLL running at the data rate, the time to lock up to the
20 incoming signal is minimized since the PLL need only
acquire phase lock and not frequency lock to the new
- signal. .
The data recovery circuit recovers the data by .
looking for an edge during a specific time window which isfNA
25 created using the extracted clock signal. The window,
vhich is in the center of each one-half bit time, spans
one~quarter bit time as shown in FIG. 3. When an edgé is
detected during this window, the one-half bit (physical
symbol) is an H or high frequency half-bit. When no edge
30 is detected during this window, the half-bit (physical
'syﬁbol) is an L or.1ow'frequency_half-bit. The half-bits
are then combined to provide the data as either a "1", a
"0", or ‘a non-data symbol. The circuit of FIG. 4
therefore generates an output low at the output terminal
35 of D flip-flop 36 when there is a zero crossing
répresented by the output of exclusive-OR gate 30 and this



* synbol) is an H or high.frequency hal f-bit: Wen no edge 30 i s detected
duri'ng this window, the half-bit (physical -synbol) is an L or |ow frequency’
palf-bit. The half-bits are then conbined to provide the data as either a
wl", a "0", or a non-data synbol. The circuéd of FIG 4 therefore

~geperates an output |low at the output termnal "35 of Dflip-flop 36 when
“there is a zero crossing represented by the output of exclusive-OR gate 30
and this zero crossing .occurs during the wi ndow which is generated by D
flip-flop 32. Wiat has been provided therefore is a digital phase- coherent
denodul ation ciZexs tct@@éi&? NSc@ufs Odlir £ ' €RE1 Window Whiich Ui ARbraddlead
recovery circuigt Eyr Penygg abggn of signals utilizing the phase-coherent
schene of IEEEkﬁﬁ ) FLipetieR tescription is given by way of exanple
only. Changes in forWhatdhastbeés prgvideduthebgfore dsi la digitalhehmde-

appended o ai meEr S8t AendaTRe £y, GFrLaYE theTudlng 3° RO Shebadettn
denodul at o f orcimeuiktand acdatycrecoryery aivecudp Sorademosvrlatjerpiate
coherent frequeifd£81s CREPLiSiAG: tRé OSKaEBCO¥REYcARABTHcMe SINAEHE b .JOM
said received shgnal, &l §8ko219REbn TN BHubRohy By LFUSRRELE ony.
Changes in form and details may be ma@g'by ore skilled in
the art without departing from the scope of the invention
10 as defined by the appended claims. '
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__10 the lowest—ef-sai d phase coherent frequencies; and data recovery means
coupl ed to sajd clock recovery neans for generating distinct S|gnals

“Mﬂ “r&“ 0o said at | east two phase qoherent frequencies 2. The - .

\“ml laim 1 wherein said clock '15 recovery neans conprises: a -
*morfostabl e nul'ti vi brat or havi ng inverting and non- inverting input T
termnals and an output termnal; a d'g;g%ng two circuit having input and
output termnals, said input terninal di vide-by-two 20 circuit
coupled to said output termnal of said nultivibrator; a multiplexer having
first amsl second i noyt hephbBalgohatelt AdiplLeo %E: u§2' @ikhrat 1 nput

term nal coupled t ut, term nal sal IVI circuit
and said sé%%#ﬁFY% ?198?x1ﬁaﬁefap P@béﬁv#ﬁ&s§ FP&n§hﬁ§?eF°bB§€mtS|gna

and a phasefregkenciesp comprisihgyéi ng an |nput|tern1ngl andtc{ock tro f
times clock and fou t termnals, . sa i npu ermnal o
sai d phase- | ocked 3%1%%g§§8§P§§E¥ %8%§ﬁe5qug§§F535&PHu€rP #Add of said
nultlplexerreQElvh@ gbgnall at clock shgmnﬂ2hnhéng|Mheasdméat&eQﬁQﬁbgrﬁsneans
compr L SE5, hadULgEchR! LARATRRASE QordeankaldiatAn3lidadl o33 W L1 2

duration of one-quarter perio sald i ng the
center portion of e%iﬁaoﬁﬁcﬁHPFYpéﬁﬂéé soupded Eroskid gheck reaaMgry

'detectlonIﬁ%ﬁﬁsfﬁérdgéﬁﬁfhﬂﬂngfd&%%lﬁ@&psﬁbﬁﬁihn&oQQbeénﬁ %?E@ sai

transmtted nd c nbi_ni_ng _neans coupl ed,to said generatlon
means and §%€dg%%%% g@?e@ REh ﬁggﬁquE’f @H@F&ﬁ RE a
2. The demodulator of claim 1 wherein said clock
15 recovery means comprises: . ’\‘)

a monostable multivibrator having inverting and non-
inverting input terminals and an output terminal;

a divide-by-two circuit having input and output
terminals, said input terminal of said divide-by-two

20 circuit coupled to said output terminal of said
multivibrator; '

a multiplexer having first and second input
terminals and an 6utput terminal, said first input terminal
coupled to the output terminal of said divide-by-two

25 circuit and said second input terminal for receiving a
transmitter clock signal; and

a phase-locked loop circuit having an input
terminal and clock, two times clock and four times clock =AY
output terminals, said input terminal of said phase-locked

30 loop circuit coupled to said cutput terminal of said
" multiplexer. '

3. The demodulator of claim 2 wherein said data
recovery means comprises: .

window generation means for generating a signal

35 with a duration of one-quarter of the period of said clock
signal during the center portion of each one-half period of
said clock signal;



e

" 53 signal when said edge detection occurs during said WI, m jumﬂm”"
denodul at or of <l aim 3 wherein said edge detection nmeans
finverter having input and output term nals 10 sai d i nput t er m naf said
.first inverter for coupling to said transntted signal; a second |nverter
.QaV|ng I nput and output termnals, said |np& term nal of said second
“Fnverter coupled to said output ternlnal of said first inverter; and 15
an exclusive-OR gate having first and second inp&it term nals and an out put
termonal, said first input term nal coupled to said output termnal of said
second inverter and sdge ﬁ@&ﬂﬂ?hqnmmeanﬁrﬁonﬂdqtnqhxmhtqfsxhd zepat

ternminal of sapfobkifly LML or HhiA t%%ve%er i & nm 4 wherein

sai d mnndom/generatlon means conpri ses: | nput and
output termnals, sSPEPHLRIRG P‘@qﬂ%é’f"%ﬁﬁ dep tseﬁ%mraﬁewq%er@teen

output 25 temsansl and said ;d%ﬁse -dSXd L AP AR 1S CEbE gé&ﬂé’ré\tihésé
flip-flop havin daﬁ F cl ock

nverted output termpals, said_.d
ternminal of saf hen sa (ﬂé lﬂﬁ&ﬁFY%P&%ﬁF?QE§t$ %I%Ekdoﬂ%BGPw‘
term nal of said phase-locked |oop circuit and said clock term nal of 30

said first.flip-flog coupleg énfbdﬁ_fial &g %tciﬂ@ $al, g{%%gl dat g éﬂﬁe

I nverter. 6. The denndulator erel sal -Nt-Ng
corpri ses: 35 detectignsaemnt fqaprisgshavi ng data, clock, i nverted out put
and clear terninalsa &@r@tﬁ&r&éﬁé&ﬁ?&vix@é @p@é'é‘ﬂdt@uéphﬁgtérmi iggnal

;ZLS cl ocfoter@arigl inpugtoqiolr?ndixga 5t salé pfl}.ré‘g rﬂ\rr]grl:ter Eg}dcgﬁfa ESI V%o

sald transmltted signal; '

\,/ a second inverter having input and output terminals,
said input terminal of said second inverter coupled to
said 6utput terminal of said first ihverter; and

15 - an exclusive-OR gate having first and second input
terminals and an output terminal, said first input '
terminal coupled to said output terminal of said second
inverter and said second input terminal coupled to said
input terminal of said first inverter.

20 _ | |

5. The demodulator of claim 4 wherein said window
generation means comprises:
a third inverter having input and output termlnals,

S said input terminal coupled to the four times clock output

: 25 terminal of said phase-locked loop circuit; and

a first flip-flop having data, clock and inverted
output terminals, said data terminal of said first flip-
flop coupled to the two times clock output terminal of
said phase~locked loop circuit and said clock terminal of

30 said first flip-flop coupled to said output terminal of

"said third inverter.

6. - The demodulator of claim 5 wherein said combining
means comprises: '
35 : a second flip-flop having data, clock, inverted
oﬁtpﬁt and clear terminals, said data terminal for
coupling to a logic "1" signal, said clock terminal



5 and said clear termnal coupled'ta'said I nverted out put tgrninal,of said °
nd a third flip-flop having data, clock and out put

tHl““N‘“S‘“&M‘Mta termnal of said, third flip-flop coupled to said -

i nver fed* odt pdt fermnal of said second 10 yfyl i p-flop, said clock termi nal Yoo

of said third flip-flop coupled to said clear term nal of said second Ras~d

flip-flop and said output termnal for providing an output signal. 7. A
nmet hod for denodul ation of a transmitted signal having at |east two

phase- coherent f uenciy 1 ri | t.he f: ecover cl ock
si gnal havi n ﬁ‘ggq%gnc?ﬁfih ut%%e@ ! ifmﬁ%ﬁlbv\e 3t %‘fd %i"b%]a‘g% cscxg%%e
f requenci &s; atldt ssidngledy trermimadssiowplnd s SﬁlttalmvermrSmutmLtm gnal ;

20 Esgﬁ&aslngfag@ﬂahsyfggyyi ffb Luégdon equal to one-quarter
of the period of said cIock requency uring the center portion of each

one-hal f period of s& &bdirsc EldRNFLCP hayifigh<iala nFirdhiand epput
correspondi nﬁeﬁ:ﬁmalqueaaa dritec tieamiti CloPgati s, Wh1iLd sed fovETsew si gnal

's present. oupied to said inverted ocutput terminal of said second
10 flip-flop, said clock terminal of said third flip-flop

]

coupled to said clear tergina; of said second flip-flop and .. . ..

said output terminal for providing an output signal.
7. A method for demodulation of a transmltted
signal having at least two phase-coherent frequencies

15 comprising the steps of: \gJ

recovering a clock signal having a frequency the
same as the lowest of said phase~-coherent frequencies;

detecting the zero crossing points of said
transmitted signal; _ -

20 generating a window signal of a duration equal to
one-quarter of the period of said clock frequency during
the center_poftion'of-éach one-half period of said clock
signal; and |

generating .a data signal corresponding to an edée
25 detection which occurs while said window signal is present.
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