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METHOD FOR ADJUSTI NG | NPUT GAI N FOR MULTI PLE SI GNAL FORMATS | N2aT B 2304
NETWORK. Technical Field The present invention relates generally to network
i nterfacing, MAQVMIPL particularly, to a systemfor control | iRgr/us00/27616
transm ssion of data between network stations connected to a network nmedi um

and a devi ce and_ met bed/peraRalMETHRD tﬂﬂjé*rlf\ﬁm?:qgé%ﬂ e signal
ormats in a data. ne r 0 vientl ssion o
o o e e e e R Erper AP E =

i nportance. The predom nant nethod of transmtting such digital data
includes coding the digital data intf.&did¥ Elefguency base data signal and
nodul ating 10 the base data signal o‘n‘rv—a_ﬁjl—g%ﬁ’;requency carrier signal.
The hi gh frequeiihyg preserntdnvesitionatlates gdwearally tonaetwidriethtadaciag, andgioner k

cabl e medium _ via RF signal, nodulated illumnation, or other network
nedi um t oParticelaslyetaa sysienhipr soatrpling transmissior pbdatadmiyeen mgtwerktstaions he

hi gh” f ' [ I b i ved depodul. d.
the or i g napissddd I8 EinehBnoliph oR <R S PRluS TRy SaiGBR hB G YR
carriser si gfigdplésigrat fdrifatdpl yabla nddodn the received carrier would be

identical in phase, anplitude, and frequency to the transmtted carrier and
coul d be denodul ated usi ng known m xi ng techni ques to recover the base data

signal. The base data signal cgglg t hen be i)eciovered into digital data
usi ng known sanpling al gorit hns22SKgr the,Ipye rk topol ogy tends to
distort the hig i i ;

*l"glé ?r%@rggr{n@?ﬁ f %l%uos]?tyg%%hf g@gﬁtﬁa@%%ﬁ cBﬁw%ﬂ?%}(s) gontinues

connections and engt ns es causl ng nune

refl ecti onto gfow ineiniporizsice! Teed pradoiméitant Tethbd o transmiténg gucmdigitar data
further distorted by spurious noise caused by el ectrical devices operating

in close pieldestspding theedigiid|datannde @lpwdiraHancy asasiaia sigeabandiasiulating

AOPATE R oA et B BiHor RelP i) S ERE RBGa N Bih iR nEy ghlfer
typically digpbbig@Heh Sanbitisdaeobo8a riftwBHatable ntbdighe pave s@t‘?l,?ig@r)m%d

signals in the .3-3.4 kilohertz frequency and are not designe

transni ssi tiHMiatignglor pthejunetegrkonediuer, teiagiemale somphdingrstatiorof 7 21 SEP
2004 WO 0117199 CT/ USQ0/ 27616. Megahertz. Further yet, the.high frequency
carrier signal {REF%W‘P]@PCW g atfﬂf‘ﬁr&? H@H@%ﬂ%&&?&ﬂ%{@@%%’ﬁtﬁ%k and
of £ - hook NRicHReRLhRPEeRIoduePTBcdlb iHel it 95 KicaP! RitheStBnce of
di stortion of frequengy, a%?clft u%e, and p é@gg‘d%?rggié?gﬁgrggtﬂgncy gceo
car rfiser si gnudistergiondd shereamier kignat dcrosa tive natwbrk emetiiutng themeegvedheardesi gn
of higher data rate networks and chal | enges designers to continually

i nprove oot bejdandicakin phaseqamplinds. e eapenewicntedrrnsmitied garrisfandat a
rates. For .0 i is

achi eved ug%grgguﬁ%rgggg@?olt @ﬁ"@gﬁl@” étrﬁ'éﬁ{g?%gﬁ&ﬂ(%'?gé&géﬁrv %Eﬁ?et %gﬁaé fhe nore
recent- 2. OsighahdHinel basédatesignallddvid thehObdl pdcdverdRints tiyitabd&tang¥irixknown
nmodul ati on scheme utilizing a frequency diverse quadrature anplitude

nmodul at i onSQ'QRMQ ajgositiypsem associ at ed wi t h advanci ng st andards and

' ing d I8t ' - e dul atj.on .
oot ques are HoMeFRe s hEfor WeoRel Bndd R wiSeRTRs Sigt EalB ol BB sional
i nherent i gué ke ndafréis Bfarfch%dhﬁé@ﬁor%\/éﬁ@Hﬁfer&ﬁﬂeﬁg’ih@@%ﬁbl@brérﬂ:hb@%aglgmﬁ

system to be backwards conpatible, the newer 2.0 Teceiver nust be able’to
denodul at endoerouseefiepNomoaithetteahsmiited earrsonglhiedigh freghendyecdrrier istfartbar d

and the fr epcy, di verse M nodul ated, carrier conpliant with the 2, 0

St andar d.  ASTTRAbY SBIOG ToRe CRUSRA DY RISCLiEa! HlevicaE BPeBingUB class Broxinity to
i mpl enent eghd Sk } j i L .

i Teal T oS P RO GBIk ard Blert bich ebpp it 78 s WhieBsc,
recelver. Romedebepbloae widngicables dsythe cetvyrk cablle dediumAlddaase Hes hemetous
sanpl i ng tggargﬂdm ated carrier signal and generating a series qf sanples

L S| ) nmp
occurring esAvdecannestientgre typicallypeaigned fardryismisaios af piaie o t he
remai nder j &I G ak 4 ' ' ed .on a
digital si E}grll%éﬁ%}% es%%‘?ﬁ?ggﬁ)q%%%}hA{rq%ar%rbéf’i&ﬁléﬁé@%ﬁéﬁ?éws%%esﬁ%tnal, in
accor dancedesighead fgetransmaibsion ®f bigh fieqwandyi ddrger sighalefort thetdr@ediy converter
to assure that the signal paraneters are within the dynam c range of the
Al D converter. The gain of the anplifier ks typically set using a closed
| oop feedback system A problemexists in that a PPM nodul ated carrier
signal and a QAM nodul ated carrier signal have significantly different
power 30 envel opes. More specifically, the power on the PPM nodul at ed
carrier occurs in short pulses on the order of 3usec and the power on a QAM
nodul ated carrier is 2 21 SEP 2004 WO 01/71999 PCT/ US00/ 27616 conti nuous

. . e . p— Y e 1 o 4



recei ver capable of receiving nodul ated carrier signals nodul ated using
mul tiple 10 nodul ation techni ques. Summary of the Invention A Qif%ﬁya?ﬁﬁct
of the present invention is to provide a network receiver configured rTor
receiving a nodul ated carrier signal from another network transceiver via a
networ k medi um The network receiver includes: a) an input anplifier for 15
anpl i fyi ngoeoirresei ved nodul ated carrier signal accordi ng tgrQtéolisia
plurality of anplifier gain settings and outputting an anplified carrier
signal; b) an envel ope detector configured for outPutting an envel o

-

si gnal i Megalisivs Furtharyet.dhphigh Egqueney earrisr giaag S(f')'maeﬁﬁiiﬁtﬂﬂe@abm&g@rntrol
ircuit fi d lect a fi in.setting | to th
envel ope 0 e B oo and ohehotk s pulsiRiarhe PRI BBiide eF o 20

pul se posidhierk ¢eled ated carrier signal; d} a second gain control circuit

configured to select a second gain control setting in response to the
envel ope si gna@uchtdistosterooidremiencyettripliyidesiand phpse wikhd bighrfeeqiericyg a

quadrature anpl.ityde %ul ated signal; and e& selection circuitry
Comr i gur € l%@ﬂ%ﬂ% ToRmeHerK PR A i§Tisdo impgAedaadesnR se
D5 anpl | G s et Bhieind thalEges eIy b toally iR R Bebn

setting resHgléy ehd dafthecoeemaekhhigues (& impryeldats Retes] P esanivle adepg t o
digital converter generating a digital carrier signal in response to the

anpl i fi edhe&RNAN.Gsigndardiad! Mbi datermate isanhievedassing pulsatporitien di gital |

Co the afprgyiRter () of AGefich TRt SialPoncon R blivate Shhaybhal TARGD T e

I annel i ; i i : 1 SEP 2004
V\Dm(;ll 71 gggﬁl’:éé%%f 6’8@0?%%“ 6 Tﬂ%’&??@g@[&?@%ﬁ*ﬁ g@Lng‘rsélﬂﬁgsglﬁ%%Pﬁ/&gseg carrier

sense ci quadrathor ashptitedei mgdulbton (@AM)on of a power pul se in the envel ope
signal, may select the first gajn setting if the duration of a power pul se
7555 than & BADIT GsseriEtastth aevapeing siandar dANdinEegsingdata sates dn
nodul at i p I i jf

dur at  on Tt SETE AR HEF A BRimBRY 13 Hitchydich BERRACCIATnSERE' Btne, Atigh

dur at i on bakkwapdd csmpatbility ¢ novitbedritom tHodesign of #& ndher systemeperdri gnal
may represent the square root of the sumof the square of the | channel

cdrier sXgmale.dndhe HENA gestemyfto biecbagkwiradnepmpatibleethesnewar 2.0Teseiver st

) | ci . Cnel ud i ¢ ,
Qont i gur St BE g e dra b R giodtiales RBRE Biiirist GG ey @1
ref er encetsiialandand fidygiehty alvedss QAM hiddifated @@i& BrAgIthitXvithehect.ong
saturation of at |east one conparator when iteratively testing each of the

pl ural it wtarfdagdi Mssstchi ngny offibe $endlivtdsgaitime caneivesImuestrbelimplemgntattinide a

| ogarithm.c. | ook up table generati a log signal representing the envel ope
si gnal , ?‘%B&?gﬁ'tr%ﬂ'év OE%I?HQS'(?EB'tSﬁ @nd %?‘%P'?"E%t fori é’@%@%@%m to 15
IERPT At € i ShB RO EBOUM Bbmpfodty dr il KeleifBil L Pl ying the difference
signal by a oog gai n cons anP to’generate a product, and an integrator

integrating tIRorexatpid, receigerseypically hechsdke and/Qaonveret forgamipgigglthep gain
constant may be selected to be a |arge value for a first portion of a
det ect ed %@xtéate&magéer sgraandegeneiptiag Aorerigssd sompleopPECWRngfata sripelet ed

ol so. " ATEaeR 1FedeHEh of sFERCaflfnBHl Bl Bls el TS Recitendiil o1

det er m nitihagr ig tgsiEallySifiplémentearorna digirisighaP bidde8so0@®Prt i ng an anplified

carrier signal in a receiver ) _ ] _
An ampilifier conditions the signal, in accordance with a gain setting of the

amplifier, prior to the A/D converter to assure that the signal parameters are within the
dynamic range of the A/D converter. The gain of the ampilifier is typically set using a
closed loop feedback system. A problem exists in that a PPM modulated carrier
signal and a QAM modulated carrier signal have significantly different power

30 - envelopes. More specifically, the power on the PPM modulated carrier occurs in short

pulses on the order of 3usec and the power on a QAM modulated carrier is
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configured for receiving a nodul ated carrier signal froma netwyork djg{n
The nmethod nmay include: a) generating an envel ope signal fromt 4 gé%la ed
carrier 25 signal representing the anplified carrier signal power; b)
determ ni %03 %t gain setting in response to the envel of @?08/%‘?1,6 t he
first gain setting selected for receiving a pul se position nodul at ed
carrier siffinliou$lordRé @ntitdirAfsRisERAGEMEAIFRcaBAER BigcUifty LSSRPTSTBetting he
envel ope signal, the second gain setting selected for receiving a

quadr at urispaingdin irud putsstlpawedemdronmant 43 fymalamentaltiediferantitman fdedbaek t he
nodul ated .30 carrier signal.is a Bul se position nodul at ed c&;r' er qr a

quadr at ur@reHHp 3efdln GingHt gainin 8-CONtiRHOWS POWET PRYIATHBEHaiAP SHCT  he

i nput anpldf | i a4 i : 71999
PCT/ US00/ %@?aﬁoo{e%ﬁra%% &ﬁgﬁ"g{g V@a@@?%rrgg?légldaﬁoz%%éﬁwéggnénr\é@ﬁél e a pul se
possti on ad)dsthdrg forassthirPMaimd QAM siggals h&Suchitcuitryplvotiidesiggficantlyaddie

second gain setting of the nodulated carrier signal is determned to be a
quadr at urtBesigs and gestRf@utesed@rcarrier. The nmethod nmay further include

converting the.a ified carrier si | .t i & rr i and
generating anell—hetr}%t?ﬁﬁe?a%dg%fecé’%"z%'a%@ﬁﬁﬁﬁ%?galg F%Jnga{?é Pﬁgr%oPﬁ%dgf:g?f?éal
carrier siHfangbBBd MIMIARL SORREhREIRAdARIRG MR JaidMridicarmpfamel
signal and the Q channel signal. The step of setting the gain of the input
anpl i fi erreneiyer oapahle of eeeaiving gnaddated cariiersigiiala npuiwateg wisig moltiphe

envel ope signal, setting the gain of the input anplifier 10 to the first
gailfl settmﬁgl’!?f'of‘ltf’ecrﬂl'ﬂ Son of a power pulse is less than a duration on
the order of a duration of a pulse position nodul ati on power pul se, and
setting the input anplifier gain to the second gain setting if the duration
of a power pulse is greater thSunamawy af tlos lroverttion order of a duration of a

pul se position nodul ati onr*ﬁower pul se. The envel QcPe si gnal, may  represent
t he square rooh fiest aspeckefrthePresrntdeneatiends iq pevide g RAEreCsiMGRal and t he

f t I e [ t1i i ned b
compar | n SRR & Py Popy Rt balrsh sl SR el fehgedhdred Y
i terativeliy atRstivoRErRARIMOThehfetRbEK Rickiver ficl@Rish aj ehtinmaarhpiifies frur at i on
occurring at |least one reference level to deternine the first fﬁal n_ setting.

Thd5s econamplifyimgse tadeivedmpduiaterb cairier signabgcesdingrioiong eftfeperaldy 8pbe si gnal
t 20 | i gnal, . ting th | i gnal .. compar i |

i gnal 1 AP SR EERGs iy e A AnaN e sEen waf ARy eharybiBe: ne

di ffer enc@(—ft@%ﬁtg"i‘ 8591‘? rga'fgr ?ﬁl@ﬁgﬁg@taﬁ Ena55E Bighal @ r%_%_ﬁgh'ﬁ to MRGrhpifREr at i ng

t he produ et er m ne ond gal n setting. | oop gain constant
may be setarritesighal; by adirstagaie coatrolecifcait canfiguret tpeeledda fust gaidsetitiged power
pul se, a smaller value for a second portion of a detected Sower 25 gpgl se

and zer o 1e§PoRSe Entheremiglers signah the Tist gainsatiteg peingroniimal dor geppin

nedior k. 1 PIsEesbiEnshaBRR ot Barer 8) & sBp8fd oLl PGRM et AR, |
di agr am ofelectu begorkPgaihnirpgstting aslrasponseto te anvdopasignaliithé s8corhe

embodi nent of this invention, 5 21 SEP 2004 WD 01/71999 PCT/ US0Q0/ 27616
Fi gure 2bgaip settingbeingoptimal ferdecaivinge avpdiatureampliudeamaesuatedisignal;and

accor dancg) g}glcta&io%n&rc%wg(i)r%gnutreg fo bBtetmidl GRLIHRP the envelope signal represents

a pulse position modulated carrier or an amplitude modulated carrier and sets the

- 25 amplifier gain setting to the first gain setting or a second gain setting respectively.
The network receiver may further include an analog to digital converter
generating a digital carrier signal in response to the amplified carrier signal and a
Hilbert transformer generating a digital | channel carrier signal and a digital Q channel
" carrier signal in response to the amplified carrier signal, the envelope detector

30 responsive to the | channel carrier signal and the Q channel carrier signal.



Figure 3 is a block diagramof a gain control feedback |oop in g%dzéh e
with one enbodinent of this invention; 5 Figure 4 is a block d?gﬁ $Uta
gain select circuit in accordance with one enbodi nent of this invention;
Figure 5 is a state nachine di agram show ng operation of the gain select
circuit of Figure 4; Figure 6 is a diagram show ng exenpl ary operati.on of
t he stat ewodaiTis®e of 10 Figure 5; Figure 7 is a bl ock di agcawssp2zwigai n
control circuit useful in determning anplifier gain setting for a
guadrature a '

aitu e..nodul a.tted catri.er in_accordance iﬂ? ne .enbodi ment of
thi's | nvent | one BPIEGIRNSIEANTY RviCiie CamiasPelSg rall intderoiia s 1 y
usef ul 'guﬁ%ﬁ.rd?‘a”b&ﬁerlﬁllégm {Hd Siiyeligid\sBRbY ik §é?écﬁh8‘ﬁt§tega‘?ﬁ’§bfti'ngﬁfthe

nodul ated carrier 1n accordance with one~e nment of this I nvention; and
Fi gur e 9dinstienfdf avpmher pulsé dsiliesy tiqre raturatiorodn theorten odatdurhtien ofis elide i n
the circuit of Figure 8. Description of the Preferred Enbodiments 20 The
present Positon uatian pewebeulgesand may sefeddhasecoRd gainsattingidng o t ne

dr aw ”95%@8%?33 Ia%cgﬁ\’\%ﬂ;?ﬁs%!iéééfegr@f tﬁéﬁ%(:@x@ﬂgﬁ%ﬂltﬁe g?cferlb?eaddﬁr%tiﬁﬁfo?% to

i Ke ele 'agfam o ocal area network 10

i npl enenpgdeigdsRionABABRYIbR PRI pulsd.Ng twi sted pair network nedia
according to an enbodi nent of this 25 invention. As shown in Figure 1, the

network 10 i nthecayelopevrighalsnay represarii(thy squarecnoot phthessum el tihe sgearetdf a

t el eph | twi sted pai i [ | 18 vi -11 .jacks 14(a)-14

Fespect | 1 hehaanebraisies sonaband the Afluaiea! B uanaatel SRR HOTalc k1A dy - ahd
. _ | . .

T ormunt RETrH R n b GRIRTRRF i el o LY e ArabES Bl SRFsteR 2,

shown i nchingurethl, ematdpa eignal With enieasf al@uralify bkrefeneacs sigalals ang thefirst
printer, server, or other intelligent consunmer_device and each includes a

t r anscei gain sediing isidgteyminedjacdeteating saiuralionefatieastape APy Wil wor k

12( ) - 12080k iERIngbleh BERrbINBIS: PFé safingd, TR sfippPBdR chofbteiReR
conpri si pthyanélabieiflogatigingt 16k Up 2disg genbratingtavigksigitdlaeprasenting eie of
net wor k devi ces 12(a?- 12(c) may utilize pul se position nodul ation (PPM

wher ei n apvelop& sigrtad, a somparatar eomparing éhelogrsignal o il referagce isignaebtee band
limted pul ses. t her portion of . network devices.l2(a)-12{c), m

sdPect | VE?Q‘?@?‘? P@&erﬁﬁw r?éﬁﬂﬂ"a‘? FB‘H“Q?W SRl e ngleéér%%‘? ?'9%3? %83‘9%9 i on

{ QM Whepf dideiib st fteldpiefiet, ArBrPtddistdt Mitbh itingithiqigding 1ot h ¢ he
anpl i tude and phase the carrier in accordance wi th a“conpl ex encodi ng
const el | geherate tive $écomat ghiersettinge nDheliotpngain ttbastaRkmayche aeleotedddier @s to

t he Hone Phoneline Network Alliance (HPNA) 1.0 standar% a gorrul gat ed by
a consor largevatueder adiret reftiop @ ardgieeied pomerinwge, & sgal \)’M or a second

portion of a detected power pulse, and zero for a remaining duration of a detected

20 power pulse.

A second aspect of the present invention is to provide a method of determining

a gain setting for an input amplifier generating an amplified carrier signal in a receiver
configured for receiving a modulated carrier signal from a network medium. The
method may include: a) generating an envelope signal from the amplified carrier

25 signal representing the amplified carrier signal power; b) determining a first gain
setting in response to the envelope signal, the first gain setting selected for receiving
a pulse position modulated carrier signal; c) determining a second gain setting in
response to the envelope signal, the second gain setting selected for receiving a
guadrature amplitude modulated carrier signal; d) determining whether the modulated

30 carrier signal is a pulse position modulated carrier or a quadrature amplitude

modulated carrier; and e) setting the gain of the input amplifier to the first gain setting
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15 Mcro Devices, Inc. of Sunnyvale) California, and provides 1;z?r g,.é Mﬂjt
data rate and the QAM nodul ati on adheres to the HPNA 2.0 stand (] Bg Lutt
provi des feyoa/ edpit data rate. As such, it should be apprpeilclifggogg_,ggPat
data communi cati on between a networked device 12 which is only capable of
PPM nodul ati on and any other device will utilize a PPM nodul ated carrier.
However, dbihe reodulatéd aarrien sigoalvs eletermindd talbe iacmsse basition enaristetcapfiedot h

PPM and QAM | at,ion will ilize the faster data rate of a QAM nodul at ed
carrier. -ﬁ{ﬁ%qﬁpg&h%pppﬁ@mpgﬁ%q QRIR P Hiar sRAADARAIN settingtof dhe madutated carrier

e bl et o TE S SRR 0SBk SRR G e Bk S e carvier

whi ch i ncl udes Tt methowmiahdunh@siacioge @bne@tingIHE Angskied hrrictistdrialgdhshi ng
bet ween each such carrier, 25 and receiving and denodul ati ng each such
carrver. [igitalearieisignal andgenerating avhehannsisignal Bed <R chdenelsignal from

12(a) - 12( in.network 10 ich includes th HPNA 1. Q devices and HPNA 2.0
devi ces, ?’? H&J%‘?ﬁ%ﬁ'@r3fgr@\£gbﬁte%ﬁloeﬁlsf$@?gﬁWaQ?Qﬁrﬁfeer%éfée g?h%’f‘%‘?l A
conpat i bi lsigng| apdant @BRamkéllsigRs @ PPM nodul at ed header i mmediately

foll owed by QAM nodul ated data. A transceiver 30 13(a)-13(c) nust further
be abl e to di stlihegsiepiofisettingethe garPil the amputeandplifier ongainthidei detectivgether ame

and appropyiately, receive each. 7 21 SEP 2004 WD 0Ol /71999 PCT/ US00/ 27616
As di scus@ré*&aa‘éﬂbé@ PEwer puiRerin dhg envlere stonal, sstingstheasin phthednput ampfifey

PP d ' i at al | f£f t.

Ref 011 ng 1 S aROLEAhG 8 WRMIR Sl SrBASER R it o il o ey
i ncl udes argdrusfad dusatioh ofisspulss boSitve nduullfsh Bale) pdldé AndceRbh@tes! input
power dwells 24(a)-24(c) within each frane. 5 Referring to Figure 2b, the

pover enva@mnpléicsgain loAhemegondoein saiting the durationuafespewernpilse isogreaperwer

ier dy . ' f af 28 Wi t dwel |. 30 i
et ween 1 Habd dURFGOR GBI o ot Rt B8 Py PR mRACieliog PoliFTdishe
net wor k nethedertVel@pe Sighal maRYesi24eht the Sk AsHt A Sihidtihe ggaaﬂe*attgéhe

strength of a signal nmay vary 10 significantly and nultiple localize
max19ra anéhannelsignalanscibersquarenof thedl cbdnpelrsigmal. si gnal . Each recei ver

15(a)-15(c) in.eac ransceiver 7.3 -13(c), ,must acco date for ,such

Bt o) ol s SR S IDAk b8 ke GH Y PP AT BAIBE & Pl o sighi 1o a
resence ; (! Lt LSt : : jer
P o penPrgli i e ctbR O Horlty B (BEPER0T oI AR (b ekirES
di gi tal 1%oresaturationeotcunirey &f least orecreferedcaialed o dorduniicciedRst gain setling.

sanpl ed V\%g an AlD converter to generate a digital representation of such
carrier, cIRFOASt9aiRy SeRingdNRY ba dstesmineshby genvierdisg dhe Enyelage signahfue

Gyral o1 K SBRB teptosdinihe ehvePbdain TotBPEARHIE Bu ighal 1d AFetsncs,
usef ul folewettd deteriniee 5@iﬂbr@ﬁcé}ﬁnt@xlﬂﬂyhg&ﬁ@|difﬁ’ér@h08%fy?a4lob9_gdiﬂ tbAstahtye ful l

dynam c range of AI D converter 38 is Shown. In operafion, input anplifier
34 anpl i f determire pvsaducigand irdegtating dhe predughito detarminey the.sethadgai i fi ed
signal 37 _igs.th i pput to th D converter 38, The A/ D converter 38,
uscti ons SPHGanTePRodif sPriaatmay dhiae aded {3 boch erdk Baliedur s S5t sortion
digital samaldstdaks URRe R OB LA RSP hSH

sanpl e val ues are t(r?('ia)r\{\yéiit put ’?oé'g&lz%rl%ﬂ I berltIa traRSB%({dﬂoz%e\?\}]ﬁ% P%g'[l ons
usi2fy knowulsesahdizene fortaremainingtduratiorl oth detedted power paeel ) and a Q

channel signal 42(Q fromthe digital sanple values. The ! channel signal
42(1) and the Q channel signal 42(Q are input to an envel ope detector 44

whi ch utilizes known techni qgﬁﬁfbgsgﬁbﬁgha&ﬂhbrﬁr#@igge root of the sum of

12+Q and generate an envel o e thereof. 30 The |
channel si gnal Fig(re)1 sralblobk dagramruiel losalgarel MEdaIK iaratcatdamceauitl efet 0 a

embodiment of this invention;

o

Figure 2a is a diagram of a pulse position modulated carrier in accordance with
30 one embodiment of this invention;



receiver (not shown) for recovering QAM nodul ated data on fine 41 (1) and
41 (Q while 8 21 SEP 2004 WD 01 /71999 PCT/ US00/ 27616 the erddl SpR 2l%ynal
46 is coupled to the receiver (not shown) for recovering PPM nodul at ed
data. The envel ope signal 46 is also coupled to each of a QAM aut omati c

gai n control % M AGC) circuit 48 and a PPM automatic gain control (PPM
AGO) circHAYFI¥Y The QAM AGC circuit 48 functions to gedérdV¥47@Am gain
val ue (QAM RxGain) while the PPM AGC circuit 50 functions to generate a PPM
gain value (P 8k di i Rl liiabe mddul ivhjrch of the
QAM RxGai n angﬁuﬁ%ﬁﬁﬂh&g@r\“ %?Iq@égﬁat}g?eed&?g a?rpl ify ?ggﬁglgﬁsi gnal 36 in
accor dangecavdhhcawithionesa@nbotingrgmd thisintentiensl. The sel ect ed gai n signal,

either QAM RxGain aor, PPM RxGain, from 10 nultjplexes 52 is inpuf to a
Fogar i t hii'c O U8 e A IpCa AGATIO! Gedrin SOBEOLRE BRI ROR 18 AFvaTags St

sets thﬁpgglsegnqo#‘q"b,‘gﬁ{,lé%m@)lhbgh@n34 The envel ope signal 46 is al so input

toalo generating a filtered envel op signal which, in
tusn, is coupFefiréd ig adsibtk aRigesh ofiar Galhtselett tpcuibiel fstiordgnddMitRoBei n or
PPM Rx Gain in accordance with detection of a PPMfranme, QAM franme, 15 and
conpat i behibogdimenteofithisneyereinerring to Figure 4, the gain select circuit 58
will typicall }é i ncl_ude % Sl i veé. 92 .0or ot hﬁr 1 hreshotld d€ ect ar fPr L
recei vi ng t heMlaue &g @ Lalpemaping diagiam, RNeWiRG aPeradqn.oLine Qain gsiech fretit s
the fil teFe u?@gel ope signal to a threshold value and generates a sliver
out put sign ontine 94 which is logic high when the filtered envel ope
signal is 20 @giguae 6éristahdingam showing exdrhplanhopariationl of #austate dhachineofi ¢ | ow
when the filtered envel ope signal is less than the threshold value. The
sliOver ofrigie i gnal is sequentially input to a series of delay el enents

96(a)-96 . = J: ; sliver
ou'g pzjt si(gzlal E@%Q@%g@bgﬁg@?ﬁ%@ %%ﬁ %%%‘”é@ﬁ%‘%?@%%@%ﬁ'b@? 92I \z;nd
f rom eacBniiifibhgaid setitlpior @l bfurd Ml gbdumtédpatricr in actordiance withui t
98 through tap Tines 100(a) 100(h). It should be appreciated that because

each del epecnebmlimedtobhioByghtioripr esents a 0. 5usec delay in the sliver
t put i [ h t that t [ .i DUL, S| . i . i
high Tor o auFidies i5a Batkdiacim € Gei Ghudl bRt LR SRR ©
| X o e . oY . :
CHETEnL oY B BUSE i el i
embodiment of this invention; and

Figure 9 is a flow chart showing operation of a microcontroller useful in the

circuit of Figure 8.

Description of the Preferred Embodiments

20 The present invention will now be described in detail with reference to the
drawings. Inthe drawings, like reference numerals are used to refer to like elements
throughout.

Figure 1 is a diagram of a local area network 10 implemented in a home
environment using twisted pair network media according to an embodiment of this

25 invention. As shown in Figure 1, the network 10 includes network stations 12(a)-12(c)
that are connected to a telephone line (twisted pair) wiring 18 via RJ-11 phone jacks
14(a)-14(c) respectively. A telephone 16 is connected to an RJ-11 phone jack 14(d)
and may continue to make telephone calis while network devices 12(a)-12(c) are

. communicating network data.



The slicer output signal on line 94 is also coupled to a tine out c;_rcuit
102. The tine out circuit 102 provides a tinme out signal on i ke 16SEP 233'&

i ndi cating carrier has been detected for a period i f
3. busec af t"&e(ir1ﬁ?7ﬁg%sl i cer output signal transitions froml od)ir&g%?ﬁ%gﬁ%ﬂg | ogi c

low. 5 The logic circuit 98 operates to generate a gain select signal on
line 61 which PemsheseninsFifid RahmetwdrKadliBx Girmay be acssrsdasicsoriputbr,gai n
sel ect state nmachine 103 as shown in Figure 5. Referring to the state
machi ne diPAgieinsYVeriq)thergnteligent epneyaet devierand gach inbudema traesegiver

her oi n' and(ds ACLERBR e Se i MaBahd B ot FRGREC s g Va®

circuit 9%hé peiwbrRind®a®4, it will remain in state 104 via |loop 12 so |ong

as the detected pulse width is not | ess than 3usec. (e.g. either no pul se

det drted for tkacBudeetworkadevices H(ejrd2(@)icomniatieates bydrartsmeittingpar analsg
mode i ndi cated by the receiver on |ine

1Q0 100( h i bili i
68. (zciiz)r r egﬁg'ﬁ‘&?(rié'ﬁ %? %ES'JSHJE& %%Etﬁifﬁtﬂ@imdaﬂaﬁeﬁ adlh nefyprisdalae ARAMORET ack

of compat L e g, ’ L
machi ne 18%“){{%&)& ate 1?(3%?%@?%%%'!%%“ 14&#‘%%6 stat eédrcr)g’cqﬁi n@ \%%te\;ﬁ\} |1
remai n i nnetvesrk dedd is/madllated 3A8hes calriengtikandBicratdeand limitid-pileds.on |ine
60 fromthe reciever. Correspondi ngl if PPMnode is not indicated on |ine

68 f r om t Adotheas posiien of petwerk devieas Hé’(@-m(c) rg@vmth@lm ug%ia« AR sT]@atéatm
1 i 5 . i na. i . i m i, Wi
oxaltb) o OB bR HRefEC Bd Bt D AR ReRsio A Sty e llate b Mg o

conpr i ses carrfdPMyVaiyiig bbth tie SNMitudaEbishasest the %@gﬁ@tiﬁ BEboanEB dithf4 ane

122 which consists of "a PPM header followed by QAM data. As discussed with
r ef er ence compkigencoding corstalidtions dhdbe paferied mmhbddivhent, Ithe REMinodutatidie QAM

RxGain state so | S | ses.of | ess than 3u ngot detected and
conpat i bi PF’E?"%BBH?%?%‘?E"HBP%E Ng Wkﬂ@?qqeo@'ﬁ%@g{ i@agrta't‘ dp@8i nni ng of
PPM frane haed hE ¢ W ; de j~an of
pul ses of pféérﬁgl'gta %ﬁ%ﬁ?gﬁsgﬁ%ﬁ Pthé’tﬂlgfr ‘?neﬁgll Y, F%g%pgﬁt@@g/&ﬁgﬁf 8t he
begitnni ngMiérot Devicesypad.i dfiSurnyvaied €alifoania, 422 proviges et sMbit datnsdtéiand t o
PPM Rx gain upon the 30 detection of pulses |ess than 3usec in duration.

Hovever - tHeRAM masuiion adheres f tha HENA 2D dtapdardransprovisiestaea T0bbtaM

AT/ usbor 9IRS, Apisuel EGuR B oirkblard B BB ehaiieAti betedia cvent
that the hetwirked deditedie Whichds @niystpadlecotPPRPoBUldtbY ditehybsther Bevice
transition 130, transition 130 will not occur. Upon conpletion of PPMfrane

118, t r an¥ilt vidizeBPMModVigeGaRiasc Hoveever ndatanesvnenigatign hetweansiwg on 710

holh! oo bevgelid e fnaBleartiai s pEN Ao AN AR AR T LS e s ehpE
| ook up t pktbef @20MM FlodURRE 8hRRra TherkiSid) Blthd %ﬁﬁ@hémregﬁe%e% shg@xd

envel ope signal 46. The log signal is then conpared t0 a predeterm ne

r ef er encebtappreddtedythabartranaceive683(ajprd 3(d) eagablecsfcratie ARM wadrQANEemust be

ref erence vel 64 and . the_ |l og, signal is | tipled a loop 10 gain

Const ant - Bb19 G REFVE SRS ITIEIG BOGCAEPM Bnd 4R Eokiziad comRraiRudes

signal isdk j ' I o 1 ,1;?/ N

R n si o MR presene8 of BLEG AL affor) Befiiguit Y HeAEBT LT Sub ol

74,25 f eedbdeécaiving@nd dénoduidting eaddeucty8amieri s known to those skilled in

the art. The | gop gain constant 67 is a val ue generated bﬁ’ a loop gain

constant cir Cu?prther yet, to facilitate communication between devices 12(a)-12(c) in network
10 which includes both HPNA 1.0 devices and HPNA 2.0 devices, a third mode of
operation called compatibility mode exists. A compatibility mode frame utilizes a PPM
modulated header immediately followed by QAM modulated data. A transceiver

30 13(a)-13(c) must further be able to distinguish between a PPM frame and a

compatibility mode frame and appropriately receive each.

7



15 66 which functions as a state machine in accordance with the follow ng
state machine rules: Select K1 for the first 0.5usec of the fradne S(@AI%G’?
carrier indicated on |line 60) Select K2 fromO0.5usec to 1.5usec 20 Select 0O
(e.g. lock gain) after 1.5usec until end of franme (Tinme out signal on line
fi3). Refwwgemgoedo Figure 8, a block diagramrepresenting pEeubitMaEC
circuit 50 is shown. Envel ope signal 46 is input to a bank of four
conparators 82(a)-82(d) each of which conpares envel ope signal 46 to one of
four refer encés @seysserigbove, thg poser eryrlepes ef  camiarimodwatedrulizing RBM

ot o enc g eaiieh FRBAEH RHIPAR 8o R BlidsisiRbfemt s Hatainng (o RIowe: om
Ref erri ngat m&b&»éﬁeﬁvéaa?«faﬂhwmirﬁa%mb@a c,Fétrﬂéf@o ﬁm&uéésoavPﬁJ}aﬁt o?laf%fpego |

operation of mcrocontroller 80 is showmn. At step 84, m crocontrol
sets PPMpbwer pRlseSER(2pA2(0)\éeparateddy po@Er dBails 2464 52K chithint eadthframexi num
ence | evel RL redet er m ned

PSSO R e eoisbie A A S s s o
settiny FORIARAIE adfeCodier NOATY MEqRaEER B BT 283 Bbnhasf g™ ™
det er m negciiggeitwbeh HRimRed.s saturation, or nore particularly whether the

envel ope signal 45 is consistently above one of the four reference |evels
RL(1 )-RL(4). Algo, aistdiscussed previeuskycthedwiringdopelogy iof thelpetvarl needis (Eiguss.

Gai dj i { ljished.i i i f h
orami 11 L pE et SESREBALFOEiar st et it St o S eI Yenirer e ont o
thg corr §F§nifﬁ,%hﬂ%%g§jtﬂ1[]@plé%%aiiié%f RbkiPi Qﬁﬁlr'ﬁiﬁipgér AL eggééﬁtv tected

on the carrier 1 m crocontrol l er 80. Therefore, "at step e gain
wi || be adfriestsighal.o Baichaegeied 15@f1&(c)tiheaghitranisseizdi 43¢l Ht) musp 88, at
step 90, a counter is conp he maxi mum nunmber of iterations that

d
coul d be aFeemmadate farguchy ‘%"I%éﬁ%g‘t"f‘ﬁﬁ RecRlYIRg Aedvorks datadr pddiionde @etestings

. r ¢ . . q
such 1 oo pliseRbERe A 1AF Ry BEARARG R EbnS! OAM ARIACY Kol Up e
ni cr oconPRM Ineddutstedansified i Inef tdoeiviar am( St eRcPnplentsnsd fPa digitaphoul d be
appreci ated that the above described device and net hods provide for a

silifpl i fi eBvEgRMent wherei ladieceivgd analagpmodulaied cawier imsamplad witly ahdDa

! em v APUOCAI PABIC! ¢35 :
i sti noutSR BB R S UG L RSP TR of e b EoRETOp S ngror such
t echni quegstortiBndIges tiliAiRg aRvsptt ARpltRs t& QRTbIR W cARE ﬁigﬁéﬁbbed with

respect to certain preferred enbodi nents, it 1's obvious that equival ents
and nodi Bppeapriataly witilize the dynanicaahge of $he AllRdonvertére art upon the readi ng

and under st andj of t specification. For_exanple, while _the exenpl ary
enmbodi ment isﬁﬁ?g%@séeq:ﬁ%%rﬁsa P “@fﬂﬁf%éﬁﬁ ihe 9ain of gadeRut amplifier

magul at i ap, £ fut i |t 4 tec 'gmﬁ;
readily g’ggg?{ﬁ?%?te@]f@udrt er'?gmgf&\dgeé@énp g?t%/l'se og\g}‘ n@n@gﬁ I |’z'®s"ﬁand
envel ope adwilifiet 84 ahglifidsTbceigad Shjnay36 dased ont hgaimshitting 86N THRCAMPIALS,

ot her distinguishing techni ques are readily used based on the

di st i nguP9RBhg’ dnhthercinert ta thedVB cenvester B@?/ Thegfva capvrrtfertdfifurcliongiong

cqut val esACi, i SRpiEaRINNEST AR GeefREN sofsr i didfal REVE BB of rhe
fol | owi ngeresenting the modlilat&l cafi4. Reel dgiseampika¢aluesHrEshaR inpebt?804 1. A

network receiver (15) configured for receiving a nodul ated carrier signal
f 28m anoHilbertieansiemnendhwbshfonctions usingknowk teghhiqugs theeparatea | 5

recerver cf\alén)xelcs?gﬁgl 'ﬁ(ﬁ%nd a Q channel signal 42(Q) from the digital sample values.

The | channel signal 42(1) and the Q channel signal 42(Q) are input to an envelope

detector 44 which utilizes known techniques to calculate the square root of the sum of
I*+Q? and generate an envelope signal 46 representative thereof.
30 The | channel signal 42(1) and the Q channel signal 42(Q) are also coupled to a

receiver (not shown) for recovering QAM modulated data on line 41(1) and 41(Q) while

8



a) an input anplifier (34) for anplifying a received nodul at edséeirgj—igr 20!
signal (36) according to one of a plurality of anplifier gain t ‘Flgsz gﬁd
out putting ified carrier signal (37); b) a first gai

circuit (4‘5@#@@& oviding a first anplifier gain 10 setti rll)gT asﬁe/%i.}%l(l)% a
carrier signal nodulated in accordance with a first nodul ati on nethod; c) a
second gaitine eovelopk signal 4ibtis €60plefido tipe madeiiargnat sheror)dormscbivéiireg PRM n
setting bas&g’l on a carrier signal nodulated in accordance with a second
modul at i ofMORHIAEY.94!8- d) a selection circuit (58) for identifying whether

the carrier si | ofd : | | | ion
nmet hod or the gg‘%o%@@r@%#@ﬁ%ﬁ% %I%%@ﬁéﬁ@%gﬁc%%%i iwgétgtbgﬁﬁgla@ﬁ]t r ol
si.gnal (3%pntrol (heM AGTDY) cirowt 48iseld 4 BPM hitoatstier gn eentrbIgPOM IWGCYiRguai n -
the selection circuit (58) identifies the carrier_signal 20 based on the
pul & wi df- ofhe RANM AGE eircyit 48 dunctions o genarate arQAM gain value (RAAMeRXxGain)

lLaim1, furt i Gl udi I det ect f t ' )

clal L IRC A AR B R O oot PRl S8R RS A0
wher ei n t Ren el iotdraip hératdstto(sect wHidn! ?ﬁle?éAWERQGQI?\ fife PRI Rk?% try
for detecting the duration of a power pulse in the envel ope signal (46). 3.

A net wor k wikbeiused tasaroplidy nenived sigaalr6lincaaccordanuedyitwherain selebesigeélemt i on
circuit (?_ ignal coupling the first anplifier 30

gai - set {1 6o LSeleplst eip ianeb einSnA FoREARGr SFMRAGAIR, f9er pul se

IS ss t : I t ar. . Of i=QnN it QF
mdl Tt i o iReRdl 52 16hpGRid &M pofiific ia Gl ity BeRsté BAgkbh
net wor k re?iaves vahieh xett the gdir&bfﬁnfut amplifier, 34\herei n the sel ection circuit
(58) provides a gain control signal coupling the second anplifier gain

Sl
setting to the TheRAVeeRs signalrd BAIse npuhto dlewiash filer 26 peneratipgl s tltgred

ol at 1 ot eaer g onaeh s VR R aGHEreet ot Biror ReRPhg My ng
claim fuRKEin iop HRMiIRIOGAM iARlcBrddriRedlitH §&lecEOR bR FPM frifhe JOART RamBY @

digital carrier signal in response to the anplified carrier signal (37),
t hel&®envel apd abmnpatibility (detle fsameg 10 responsive to the digital carrier

theaei ecti on EIHEGING'D adp 4-16e GaBsaee i bobulePenRnp P e 821 i ng
e dur atopydls (RrURS QBLEF o1} BFiBIVE!MeFad bAboe Lokl o REIS10 fhe

recei ver as claine the pre Ing clarm e sel ection

ci rcuitry s(i&é) 9z edmptsed the fiilered egwdlopes eignah 4 threblold waiid and génarateser
pulse is |l ess than a duration on the order of a duration of a pulse

posi ti on SHeRNHtPehSigBAN g 8¢ el rlogindrgh whendhe dltered envelopa sionalis (58)

20 greater than or equal to the threshold value and is logic low when the filtered

envelope signal is less than the threshold value.

The slicer output signal is sequentially input to a series of delay elements
96(a)-96(g). Each delay element 96(a)-96(g) functions to delay the slicer output
signal by 0.5usec. The slicer output signal from the slicer 92 and from each of the

25 delay elements 96(a)-96(g) is input to a logic circuit 98 through tap lines 100(a)-
100(h).

It should be appreciated that because each delay element 96(a)-96(g)
represents a 0.5usec delay in the slicer output signal, in the event that the slicer
output signal remains logic high for a duration of 3usec, the output of six sequential

30 delay elements, as input to logic circuit by tap lines 100(a)-100(h) will be logic high.



20 selects the second gain setting if the duration of a power puls
greater than a duration on the order of a duration of a pul se 80&3%%330‘?
nodul ati on power pulse. 8. A nethod of using the network receiver (15)
according to any one of the 25 preceding clains to receive a nodul at ed
.signal fr er network via a network nedium by provi d] _
appropri a'?&taaglzﬁ%@cont rol signal to the input anplifier (34§‘£-p/pg‘8’?27ﬂ6net hod
as clainmed in the claim8, wherein the gain control signal is 30 set to the
first gain setThewg:defrohgﬁ.utraghdlahaﬁmec@a isl d§0 sbgblal th & s SUICHEH 102.bTha
pul se position nodul ated carrier and wherein the gain control signal is set
to the i rijfoe oahpireuii €92 geavidesa time gelcsigirl g linesed iridiepting thatanmacne:ﬂm
carrier nal, .i s, determ ne dr at ur, rrpl itude dul a

carr1 or . Bebh tofBiediof sbetRRh Sedfador A s B e Dot SRl B 0. A
met hod of i JesRIHY fbM%&ic H‘to’SF% idiggy.for an input anplifier (34) generating
an anpllfle carrier sTgna in a receiver (15) configured for
recgiving a noths l@g&ﬂciocamr%aopenageato ¢&tyrafe agam selevisignaledi limg 61 hvhictet hod
conprising: a) generating. an envel(r)[g)? signal (46) fromthe anplified

carrier JPgMEENSIPM Byfairand RAM %ﬁ*punﬁcg@lrd@apemh qrigrsieyside; b)
determ ni (7 n response to the envel ope signal (46),
the fi rst'ﬂggﬁﬂggé)?t?%%h@"é'ﬁﬁ{:fggg? gr receiving a pul se position nodul at ed
carrier signalRefelrirftetceth@l SthfedmacHineUisgai of Figlid 5910 réfepeMEehE @tétée

envel ope signal (46), the second gain setting sSelected for receiving a
quadr at urwheneji mamn mstm:lt atgml presents QAMARXGain atet statd 106 gepresentsrthehe

quit ac rsE s ga Soke SafeEp ety er M RKERIL: or mi nat on of the
carri ot si gna'Whénqﬁ@fog]?ﬁéﬁ&.Pga o S RO B 881 164 v 88112 anc

e) setting the gain o e I nput anpliftier rst gain setting

if the nstubages therdatected ipyisd widsh dsem@trlefsmttmm:wm ée.guéiieemes ptilisen
nodul ated carrier and setting the input anplifier gain to the second gain
setting iqeteredipuiieadusecalrad centinioysulsasdefectademine tap linesalQUadrat ure

a'rml 16\ giwgﬂsoat&&pﬁ{b ksodjeig "H'C%\t&d ky thg\ riceuver on line 60. Correspondingly, -

e$s L~yt o getédterppGiad Q\ﬁaﬂmabg alaedesdcald tleciabk ofkempatibility mode indicated
a] ca] ca] ca] ca] ca] ca] caj] ca] ca] ca] c"a] ca] ca) ca] c”a] ca c"a] calcal calc
al EMKD@E®@" line 60 will trapai§gs the state machine 103 to state 106 via ransmon 114

S 5;]03;] %f%g,ag]]@f@@gca St i 6N loe) £ S3163Y sebid) o2l ¢
BRAEL " 2(h6 c]é’{é‘q oi‘iﬁiﬁedﬁ‘ Jm tﬁé%&]?@e/tib%%%aﬁ?ﬂagv ”ﬂ‘!ﬁsﬁﬁ\\ﬂ ﬁ;]éhé%l ﬁét} ¢"a]
a ca ca caj Cca

calca]ca]calc caj ca] ca ca) ca] ca caJ cal] ca cajc"alcalc

a] ca] ca] aa]ica]ad%rvllﬂﬂﬁa AR NS s %Dt Fhe/sta{comabbingé i Gransition back to state

773858®V8b8n8} 8| wr rrhc"\&ca] cal ca]c"a] ca]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a]
caf@a] ca] tO4 wat @é}s #ionctiQa) caj cal ca] ca] ca] ca] ca] ca] ca! } 889r 999! ; v;

<=0 APIAGBARRS RO GITBORRIRING e el s3b il el gl o o2

?]J i: 31]Kc ﬁ]KoK(?ﬁﬁadtm] raatkinkdakhewnajCatiensigadicre edrmptised ad M| feah& THBFOGHKIH! |

LKLLL 3V NRROTe# R macp eompatiblisempdsfeame AP2ayiieh capsistxel 2 RFMhoagien] cal cal

Ly LR B RAT S A L L [t T R S e 52’??2]
capsa] ca] ssg%mm malaﬁatm%@admm Rabtaf aalecai a4 ?Qis%]dffl’éé%ath‘éﬁ :%ébézz*

vi[\k]]~™™ NNANANG e Obbb. cPcccFeHeSeeee| wr | gb] ca] ca] ca] caU] ca] ca] ca]
ca] ca] ca]¥rajrcddetgated aa]:imhmse]ttbd]ty:am]d@a]smot indicated. Transition 126 near the

atiar O r 1 YREING L 00 Fea e A1 4] ey ea Pl '%i%gﬁﬁ%'@}a&%ﬁ%’éﬁa%gﬁﬁﬁi?(?
ﬂ;%f?]z Wﬁ&fgﬁ%ﬁﬂﬁﬁ?@aﬁc ca cax]chr@!'ﬁrf ]t{:aa g‘é’ Sﬁi %g]t@%}gégl}ﬁ E’ﬁ(;ca] ca]

ca] c a] cahe compatibility mode frame 122, represents a transntlon to PPM Rx gain upon the
a] ca] caj citéca] cal ca] ca] ca] ca] ca] ca] cajcal'1||]| 1} ~~$~5~A~ A~C~F~I ~L~BEwwxxxyyy] z

W (1] 19aipchipnyoinyises lespdhar 3)eas Hh]"é@}'@ﬁ] (E‘K]W,%}]Qfa‘]fé'a?ﬂ&‘af] 6§F69P@§FB'6§] c
2} ca] ca) il SRR 62Ucto gAM gaip gron amesitify mods beis indicgiad
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USAy#109V& ()-! 4L&L09M M & ()-! VL&LO%&' ()- L& 109%V& ()- $@LO%VE ()-3 10pWpW
10pWW 10pWWe TNzXQuSAY" 9' 109VE&! ()-! Y' Q' 10988&' () - M 109! ()-!M 10%

& ()-12.5'10% 6)6& ()-!.s 10% & ()-eW~ 244

AR AT AR AT ~nN7 1 N NN I A PSNAMA R 7\ L A PNAM AN I\ M. Y .Y Y4



109 & ()- 1006 & () 90 & ()-"1109% & ()- 11096 & ()- %O & () 1184 99,
10M LAEMN' 10% Y" 10% & () - 10%&'()-210%&'(;ti008;F&() e

109 & () - | DO (spy &1 10% & () - ENBBIN 10%- #10% & ()- ' E&  perusoonrel
(2810% " & ()-$! 10% & ()- !s! 10%& ()-& $10% & ()- S 10% & () - KDIE *HFoos7-

éf %1 g‘;,/(g g.' ( gf%%v%bﬂ%%% aé)ﬁre(c;azt% %tiﬁ if;e_ @i&%%{%%)t%hgs*gtéj%ﬂ@dn 'gieté;ot
i 4 Py SO R et
DTt AR B S i e Sy
""1006 & ()Siguitaneoysly Bitb(trarsitn 1004fare 50° 10" 9@10% & () -f; - #10% & () - .
92#1§ % & ()-3f #F{’ggérﬁ% %o_ ll-':i%;%rleoo?g Ibfczc_k d7i gcl:'(a/r\n( age%)rt)aé];n?iag}lt?e QAM AGC circuitry 48
is shown. Envelope signal 46 is input to a logarithmic look up table 62 which
generates a log signal representing 20Log of the envelope signal 46. The log signal
is then compared to a predetermined reference level 64 by comparator 68 and the
difference between the reference level 64 and the log signal is multipled by a loop
10 gain constant 67 in multiplier 70 to generate a product signal. The product signal is
then input to an integrator 72 which in turn generates the QAM RxGain signal. The
integrator 72 will typically comprises a delay element 74, a feedback circuit 76, and an
adder 78 as is known to those skilled in the art.
The loop gain constant 67 is a value generated by a loop gain constant circuit
15 66 which functions as a state machine in accordance with the following state machine _

rules:

Select K1 for the first 0.5usec of the frame (QAM carrier indicated on line
60)
Select K2 from 0.5usec to 1.5usec

20 Select 0 (e.g. lock gain) after 1.5usec until end of frame (Time out signal

on line 63).

Referring to Figure 8, a block diagram representing the PPM AGC circuit 50 is
shown. Envelope signal 46 is input to a bank of four comparators 82(a)-82(d) each of
which compares envelope signal 46 to one of four reference levels RL(1)-(4)

25 respectively. A microcontroller 80 receives a value from each comparator 82(a)-82(c)
and generates each reference level signal RL(1)-RL(4) and the PPM RxGain signal
therefrom.

Referring to Figure 9 in conjunction with Figure 8 a flow chart showing

operation of microcontroller 80 is shown. At step 84, microcontrolier 80 sets PPM
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is adjusted at step 88. Gain adjustment is accomplished in an iterative process from
the most significant bit to the least significant bit so as to rapidly con'verge onto the
correct gain setting. One iteration occurs at each PPM pulse detected on the carrier

10 by microcontroller 80. Therefore, at step 88, the gain will be adjusted to binary 011.
After the gain is adjusted at step 88, at step 90, a counter is compared to the
maximum number of iterations that could be require to select the optimum gain and, if
less, the counter is incremented at step 92 and the microcontroller stops gain
adjustment and as such locks the gain. If at step 86, no saturation is detected, the

15 microcontroller proceeds directly from step 86 to step 90.

It should be appreciated that the above described device and methods provide
for a simplified system for selecting an input amplifier gain setting for a receiver
operating in a network environment wherein the receiver must distinguish between
and receive data utilizing multiple modulation techniques.

20 ' Although the invention has been shown and described with respect to certain
preferred embodiments, it is obvious that equivalents and modifications will occur to
others skilled in the art upon the reading and understanding of the specification. For
example, while the exemplary embodiment is directed towards PPM and QAM
modulation, frequency modulation, phase shift keying, and other modulation

25 techniques are readily substituted. Further, while the exemplary embodiment utilizes
and envelope detector for distinguishing between the modulation techniques, other
distinguishing techniques are readily used based on the distinguishing characteristics
of a carrier signal modulated utilizing selected modulation techniques. The present
invention includes all such equivalents and modifications, and is limited only by the

30 scope of the following claims.
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a an input amplifier (34) for amplifying a received modulated
carrier signal (36) according to one of a plurality of ampilifier gain
settings and outputting an amplified carrier signal (37);

b) a first gain control circuit (48) for providing a first amplifier gain

10 setting based on a carrier sighal modulated in accordance with a
first modulation method;

C) a second gain control circuit (50) for providing a second amplifier
gain setting based on a carrier signal modulated in accordance
with a second modulation method;

15 ' d) a selection circuit (58) for identifying whether the carrier signal is
modulated in accordance with the first modulation method or the
second modulation method, and for providing a gain control
signal (35) to the input amplifier (30) in accordance therewith,
wherein the selection circuit (58) identifies the carrier signal

20 . based on the pulse width of the carrier signal.

2. A network receiver as claimed in claim 1, further including an envelope
detector (44) for outputting an envelope signal (46) in response to the
amplified carrier signal (37) and wherein the selection circuit (58) includes

25 envelop detection circuitry for detecting the duration of a power pulse in the
envelope signal (46).

3. A network receiver as claimed in claim 1 or claim 2, wherein the
selection circuit (58) provides a gain control signal coupling the first amplifier

30 gain setting to the input amplifier (34) if the duration of a power pulse is less
than a duration on the order of a duration of a pulse position modulation power
pulse.
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an analog to digital converter (38) generating a digital carrier signal in
response to the amplified carrier signal (37), the envelope detector (44) being

10 responsive to the digital carrier signal.

6. A network receiver as claimed in any preceding claim, wherein the
selection circuitry (58) includes a carrier sense circuit for detecting the duration
of a power pulse in the envelope signal.
15
7. A network receiver as claimed in any of the preceding claim, wherein
the selection circuitry (58) selects the first gain setting if the duration of a
power pulse is less than a duration on the order of a duration of a pulse
position modulation power pulse and/or wherein the selection circuitry (58)
20 selects the second gain setting if the duration of a power pulse is greater than
a duration on the order of a duration of a pulse position modulation power
pulse.

8. A method of using the network receiver (15) according to any one of the

25 preceding claims to receive a modulated signal from another network via a
network medium by providing the appropriate gain control signal to the input
amplifier (34).

9. A method as claimed in the claim 8, wherein the gain control signal is

30 set to the first gain setting if the modulated carrier signal is determined to be a
pulse position modulated carrier and wherein the gain control signal is set to
the input amplifier gain to the second gain setting if the modulated carrier
signal is determined to be a quadrature amplitude modulated carrier.
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d) determining whether the modulated carrier signal (36) is a pulse

15 position modulated carrier or a quadrature amplitude modulated
carrier, wherein the determination of the carrier signal is made
based on the pulse width of the carrier signal; and

e) setting the gain of the input amplifier (34) to the first gain setting
if the modulated carrier signal is determined to be a pulse

20 position modulated carrier and setting the input amplifier gain to

| the second gain setting if the modulated carrier signal is
determined to be a quadrature amplitude modulated carrier.
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