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NETWORK TECHNI CAL FIELD 5 . The present invention generally relat est ¥ 8EP 2003

" networ k Wlﬁ% ing and, nore particularly, to a system fror/Gsonte3as | i ng

transmi ssion of data between the network stations connected to a network
medi um and a device and nethod for adjusting input gain. BACKGROUND ART 10
There is an ever present demand for transm ssion of vari oﬂﬂmmmmmwmta
bet ween conmputers. A predom nate nethod ofy transmtting s udes
coding the data into a | ow frequency base data signal and nodylsagd ng the
base data sig | | ' I ' frequency
carrier si gnaﬁ%WQWmﬁM§%%%wg% via RF
signal, nodulated illum nation, .or other network 15 nmedium to a renote

conputing station. At the renote co%uti na station, the high frequency
carrier signal nust be received ] d to recover the original

base data si gnalﬂﬁ%ﬁ%’?ﬁ%@ﬁ%@é@gr ﬁtginémmfnfé&a?%g%@?{ng@“ er signal

across the networ ived carrier wou entical in

‘phase, anplpatticdiarly,dod systensfor cantrolling ttdeasntissiomsfidate betweerr the setwarkd coul d be 20

denodul at ed ysi ng kn m xi nq techni gues to recover.the base data signal.
The base dat*°8} ?gfggﬁPaevﬂa‘rf"ﬂé“‘?MWéﬁaﬁng‘b‘ffgf ?cﬁys ﬁflﬁ’uﬁsi ng known
sanpling algef.ithns. However, the network topology tends to distort the

hi gh frequency cagi er signal due to numerous branch connections and
di fferent I%é&@ﬂwm branches causi ng nunmerous reflections of the

Lransii 4§ od. oar gl s H\Gel el doBINFRP B BEKIoR o biobd plicg g i stort ed by

spuri ouS noi se cause evi ces era n close proximty to
t he cabl e rietresmcobpitérs.pA peddeninameetiodet tramsidttiag meech dait indudas eodingor k whi ch

uses hone tel ephone wirjng cabl es as, the petwrk cahl e di.um because t he
numer ous br‘gﬁg‘ﬁ‘ég‘t‘h%iglwcéfﬁqﬂmBﬁﬁqgméflgn{]ﬂﬂé]@ Wé@b@ﬁ%@%‘f%@ PR ssi on
of plain ol ok RERBRGGrRY S We@@ﬁ&;&:&i@kﬁﬁkﬁiﬁn@ﬁs%eﬁ_tﬁaﬁsﬁﬁéﬂ Ki | ohertz
frequency and are not designed for 3o transm ssion of high frequency
carrier si giveassapeiwptkcable medivgs, vip Riisignale modulafed flugination, ps ethes »etwerkequency

' ' . | d by t - t ients d t hook
carrier gg@%&nqggré#é%%ﬁ?g%% y turn-on transients due to on hoo

and of f norse pu S utilizing the network cabl es.
At the remote computing station, the high frequency carrier signal must be

received and demodulated to recover the original base data signal. In the absence of any
distortion of the carrier signal across the network medium, the received carrier would be
identical in phase, amplitude, and frequency to the transmitted carrier and could be

20 demodulated using known mixing techniques to recover the base data signal. The base
data signal could then be recovered into digital data using known sampling algorithms.

However, the network topology tends to distort the high frequency carrier signal

due to numerous branch connections and different lengths of such branches causing
numerous reflections of the transmitted carrier. The high frequency carrier is further

25 distorted by spurious noise caused by electrical devices operating in close proximity to
the cable medium. Such problems are even more apparent in a network which uses home
telephone wiring cables as the network cable medium because the numerous branches
and connections are typically designed for transmission of plain old telephone system
(POTS) signals in the 0.3 to 3.4 Kilohertz frequency and are not designed for

30 transmission of high frequency carrier signals on the order of 1 Megahertz or higher.
The high frequency carrier signals are further distorted by turn-on transients due to on-
hook and off-hook noise pulses of the POTS utilizing the network cables.

T
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Anmended Page 2:'Such distortion of frequency, anplitude, and phase zg S&'EPYUUS
hi gh frequency carrier signal degrades network performance and ten
i npede the design of higher rate networks and chal | enges desi gngirend&l Page
continually inprove nodul ation techni ques and data recovery techniques to
i nprove data rates. For exanple, under the hone 5 phonel i ne networ ki ng
alliance (HPNA) 1.0 standard, a 1 Mot data rate is achieved using pul se
position nodul ation (PPM of a carrier, while the nore recent HPNA 2.0
standard achi eves 04:Maj t ' a d i hene
using a frequency g'ilc\]/’e(rilg{gma)ﬁa rtgﬁqgﬁﬁa%lw&d% n@%ﬁfg{ ?%n“%%\tﬂe%n probl em
exi sts in t hatcagieppgnahdrerades eetwerk perfasmanse gpditendsrig) inapedptite dovign efthéghetar ri er
signal have 1 I G fid i : bl em
Gad ggyoms smﬂsﬂaner%gs aegrgﬁgh _wua@y.i%%&g%duéaa{ B8hidfRE t

associated wt anci ng standar nd 1 ncreas ata rates Is that, as

in the HPNA eeadndhie, recovernyitechniqpesste improxe ditymates. Fapexampdee upder itket haws and
distortiogs c £ NCOI G L t t e
greater than &ﬁg&g%gﬁl@@kﬁlﬁn@?ﬂ%( an gﬁg? g%&i[ﬂgd, 3ilgl|wtggl\ﬁgtg§%\3er e;ew\';bgi ch
converts the iwiogpilegpdsBionmaidoigtisi (FRM) of mtarier, whilgi thamoregpeeasBRANA2. N of t he

i ncom ng anal | . he i ] ' . al n

anpl 1t ude. whi apngicdBlievey B30 MEE T BeP GRS BE B i SRR

di gi t al converfteguency dizerse quadraiune arhgditddgimadnistioro(QAM e Aaptoblem xgistsad thahe f ul |
dynam ¢ range, Lon.. . of a o_di.gital V, .

Ther ef or e, basaegﬁ%%?ogk%%%i zede?i i ugtar?ig %o Ii“isd fnggggt%?eca%%g c%‘tsaf hra‘('aeducti ons,
20 what i18 nesitpificarglyaliffreant pewaenvelopediod for adj usting input gain for an
anplifier in a recegi I recal Vi i d ed carrier
<1 nal s pot enti ai | "S5k §BRER, SsRlardaShl KR Shplehdlind RERAFERE | 2

di scl oses a neasuiséimgris ircthe HANA tluaiplep oigina dasealatdisigntlodmplifilde @aritiossn

anal ogue signal , ;,the.circuit includin a i tier that. receives the

anal ogue 255 i diORigh battabec s Sichngdndifl A o oy R an Bl B ER Ve ¢ ne
anplified signid dyniing gaganobén nirdogawpdigifal @onvegercwliithr odrivexts the igiosduget e st eps
by a contigol gf gnalydadiackaliamea contiole 4ol tndbhil, LEgS! ves (i digital
out put of "t he "an ogile e & glg’[al shvérter. Kedsral ﬁg'f ole spect of the
present i nventincomirgasaleg signa covilwabdhdveanchatplitude tvirioh ksl leny tiche vhedfell dymamipr | Si ng: a
vari abl e gain | kfier;, an analog to djgifal. nverter for converting
an anal og out SRl HieSHraigh % R Bpeflers AR in i AAGETE Wk ab BouafE8 01 P
si gnal noni t orthenfyll dymaowik tangepor nwhitibmrof thg andieg tdidigitslabnertgnal and suppl yi ng
Anmended Page 3 feedpack signals f t. i.n.of the anpljfier as a
function of the di 3? raPreslt)%ﬁglo? reccﬁé'rﬁ%@t'é‘r?'!stsr%g&}l%ﬁ}r%éz’? atnﬂég%%nqjﬁck?né’r has a
first seRéct alwhat ismpatidiice devid and srethod dorsdjustitgabput grinfedanaeplifiehia a

| rpedances belr@c%ivg‘lp Ealf)%lg C(I)f tl)' celtvpneg Ji&&%‘&? Pn%dlﬁi!ltg(i]%‘eln‘%ert scl’gn%gsl Ho%etntially using

multiple modulation techniques.

US-A-5,146,155 discloses a measurement circuit that provides a digital value
of an analogue signal, the circuit including an amplifier that receives the analogue
25 signal, and an analogue to digital converter that receives the amplified signal. The
gain of the amplifier is controlled in discrete steps by a control signal fed back from a
control unit that receives the digital output of the analogue to digital converter.
According to one aspect of the present invention there is provided a data
networking device, comprising: a variable gain amplifier; an analog to digital
30 converter for converting an analog output signal of the amplifier to a digital signal;

and a digital signal monitoring circuit for monitoring the digital signal and supplying



5 the gain of the anplifier, and the digital nonitoring circuit m)nitorin?
the digital signal to determ ne the percentage of dynam c range of the SEP 7003
anal og to digital converter being used to convert the anal og OUARiIshd& PHPR!
of the anplifier. According to a further, aspect of the invention there is
provided a nethod of controlling a varid&ble gain anplifier wherein, an
anal og output signal of the variable 10 gain anplifier is converted to a
digital signal by an analog to digital converter, characterised in that the
met hod conprises: determning a portion of the dynam c range of the anal og
to digital converter being used to convert the anal og output signal of the
vari abl e gai n fezdigick sigeals toaantrq) thegaini of thezanfpllifiertas f dengtiercef the djgital siganla fir st
selectabl e i d i di e j t.0 cond

el oot abl o | mouanged Joff B MiHReLna eI eGSR s g

the gain of t kelectabps impedance, theiimpedaaceebdimgactiated by the feedbask sigrals toyadjute anal og
to digital converte preferred.. i L Qn:Lhe
di gi t al g a'ig“ & thi dpiifis é@mﬁeeg@??%ggﬁggﬁ{cgj‘ mﬁ’&!‘%ﬁ@'ﬁs‘% 8%‘%‘ is
consi stent |y nigeal td determpeahe parcehgeesf dynaimio fanghef thy srmtvigdo digitg somfertehe A/ D

converter and, t.he feedback signal i rr ondi ngly 20 adjusted to
decrease or ir??:l%gss?g?cﬁ?éw%}%f?qaﬁ)éroug’gls(i) nggot eaat%p?ﬁee')'/full dynam c range of
the A/ D converter Acotding fosefirthefhagmeet afitbe invertioe thepr Bfpeovided af eethad efs of t he
pr esent inventci nwll h ag ar en@&.‘fr m t he Lnoh)l %\A{g{gidefg i&bgtiroél lewith
reference to f Ogg'g&rﬁﬂﬁti}f %"3'?13 (NS Rle PLIH, B RREYEBY CeR&ANDT onl y: 25
FIG 1 i3$0a blgaiakangplifigr &neodverted tanatigialf signal bend analbg wo tdigitalv congerger,var i abl e
gain anplifier, and enpodyi ng to the present invention:. Fl 2.01S a
representat i v8““61”?‘36'6‘%‘“df(‘étgﬁsﬁﬂ‘%‘?"}‘]t‘iﬁ’ PUEP é‘ﬁ‘f’%““@‘éﬁ h P ioﬁﬂéer OOABE i n
Fig.l; FI G 3ringe af the heabapi to digithlagheeneiobeing used oicomveltelet anblog outpytasipanice f or
use with the 30 variable. qain_.anplifier. of .Fjg.2; . . nded Page 3A FIG 4
e 2" s chermt 1 & U S i KnDado Ry reeiding s ot S sk pianalIS AR S 1 ¢ he
vari abl e gai n impadhict iafd pliding@.s2cond fiddback signal to a second selectable impedance,

15 the first and second feedback signals adjusting the gain of the amplifier to increase the
dynamic range used by the analog to digital converter.

In a preferred embodiment of the invention the digital monitoring circuit
determines if the digital output signal is consistently near the upper or lower end of
the dynamic range of the A/D converter and the feedback signal is correspondingly

20 adjusted to decrease or increase the amplifier gain so that the full dynamic range of
the A/D converter is utilised.

These and further preferred features of the present invention will be apparent
from the following description with reference to the accompanying drawings wherein,
by way of example only:

25 FIG. 1 is a block diagram of an analog front end circuit having a variable gain
amplifier and embodying to the present invention;

FIG. 2 is a representative circuit diagram of the variable gain amplifier shown
in Fig.1;

FIG. 3 is a schematic diagram of a first selectable impedance for use with the

30 variable gain amplifier of Fig.2;



FIG 5 is a schematic diagramof a selectable capacitive conpensathm SEP 2003
circuit for use with the variable gain anplifier of Fig.2. 51Int

det ai | ed description which follows, identical conponents have bg@@ﬂ@bypghe

t he sane reference nunerals, regardless%gf whet her they are shown iIn

di fferent enbodi nents of the present ntion. In order to clearly and
concisely illustrate the 4 present invention, the draw ngs may not
necessarily be to scale and certain features may be shown in sonewhat
schematic form TERUSSElnchBERbiAR of §'sfi® sd@uaBleiRpL AR LR RTP! | T or
whi ch conditi ons an |ncon1n% anal vol tage signal to take advantage of the
full dynanic ﬁ@ﬁ@éﬂﬂ¢g%ﬂmnglﬁé§3h&,@Oﬁ) of an analog to digital (A/ D)
converter in a dat t: front
end circuit 10 of gldqngtlﬁr%kmguy& r&ﬁofgh%]&aglsééaa A/ng;cgl’ﬁ?%g%gﬂ?lrl OMops or
ot her bandwi dtf@rl#ﬁ@WéhFillqdﬂredbler@mrﬁetNtﬁwmfﬁg%l | i ance (HPNA), or ot her

st andar d, cdat a net ephone
line 12. %’he anal ogpﬁgo‘%{méeoﬁg&(%t@ﬁﬁ&m ﬁ)?g%gpééeng acoaggllﬁagi}?a e;hr omthe 1o
t el ephone | i neiveR thejsame reférense innmdralstragardiess o6 whetherthey areoshown di differentt he dat a
signals, such eﬂx%oédnkﬁt?&ﬁ %rés%ﬂfi{n%‘hﬁ&{ ﬁmr&{}‘?o «?@r@%n&’éo%‘%&ghﬁﬁ&r t%tjﬂg recel ved
signals, or incomng ana age signa are processed by an

el ectronic hybrid CIrCUIt 18 to perforn1funct|ons such as collision
detection. Next, the incom ng signals 16 arc passed through a variabl e gain
anplifier (VGA) 20 and a filter 22 to condition the incom ng signals 16.
The 15 conditioned, incomng signals are input into another VGA 24 which
anplifies the conditioned, received signals for an analog to digital (A/D
converter 26. The input signal to the VGA 24 will be referred herein as Vi
and the output of the VGA 24 will be referred to herein as Vo. The
operation of the VGA 24 will be described in greater detail below. The AID
converter 26 converts the output of the VGA 24, or Vo, into a digital 20

output, Dog,.,.. Don,. is then sent fromthe A/'D converter 26 to a digital
input/output (1!'CG circuit 28. The digital I/Otircuit 28 acts as an
interface between the analog front end : , circuit 10 and a subsequent

network device circuit. Digital data output signals received fromthe
subsequent network device circuit by the analog front end circuit 10 are
received by the digital 1/Ocircuit 28. The digital 25 data output signals
are converted into a transmt analog signal by a digital to analog (D A)
converter 30. The transmit analog signal is conditioned by another VGA 32.
The VGA 32 acts as an adjustable gain transmt attenuates to allow for
flexibility in setting the transmt power of the analog front end circuit
10. The attenuated signal is further conditioned by a filter 34. The
filtered, attenuated transmt signal is optionally passed



30 through a transmt switch 36 before being sent to the tel ephong 9 §apelli2
t hrough the electronic hybrid circuit 18 and the circuit 14. 5 One
function whHobsss/ O circuit 28 is to provide feedback si gRETASHIHIGHE VGA
20, the VGA 24 and the VGA 32. The feedback signals are used by VGAs 20, 24
and 32 to vary the gain of those anplifiers. Wth additional reference to
FIG 2, a schematic of the VGA 24 is illustrated. 5 The VA 24 is a .
programuabl e anplifier inplenmented in standards CMOS. The gain of the VGA
24. is adjusted by varying an input attenuater, or first sel ectable

i mpedance 4 rm&ﬂﬁv&t&%?&@dm&ﬁg@ﬁa?hbﬁ&dﬁﬁ%&@sﬁb HABREhA Adiukdd nfayl eedback
| npedance 48. As illustrated in FIG 2, the first sel ectabl e i npedance 44

and t he secdpshoseipsomeyhat schereatieder®. 46 are conti nuous potentioneters having

total resistance . ' . ﬁl’]% i oneters
are one iIIustraﬂ\“{e\%I eﬁ%@gﬁnﬁé%%ﬁc%‘%é&aﬁggﬁgﬁ%hﬁgéﬁv%@;&gw ed in the art
w | | appr eciimbmirghablof Reltage bigndl sdnake ddnpeage ot the fullldyndfaicrangeike. npl enent ed
wi th discrete uniform or _non-unpif r%& ped, resistor I.adger,s actuated with

CMOS st r dict lﬁ‘?sélé‘u%%)qf@_&%aﬂ%é?é’(&“?lr(_ eLif @ data agtyvorking, W¥ssed in nore
detail bel ow. Nm.a%wdmhhﬁgmaeﬁaﬁﬂ%faﬁémgeeﬁ&mum ed with

ot her resistive or ~5 swtching conponents giving equivalent results and
are consi deddibpsyi 10Mbps,t 108 Mhpe peothdr baidwidth heme prowelitinetwarkingalliandenpedance 48

has a fixed .or RP. .The fir I abl e i mpedanc t he second
Cel ect abl o (PR o Bhgtiinadd upia ok BhAEhE BT R RRRTPORSTIY L o 170
circuit 28. td¥phenslRciZ Tha biajog fidneerdl drcuibl0 deteives idaia vighal? frolwake a di gi t al
nonitoring circuit 50 pr_ovi,di_n? feedback to the VGA 24. The 20 (Finng t al .
moni t or i¥g dsienbone lingdl 2in3 itcuit 14 having compgnents ip gopditipn the datagignalss el t er 26,

or D QUT., Thfnds %&ﬁtﬂ@%ﬁd&%&gg&:&é&ﬁw The Beefvell siAAIS, o HcBiHR an tB%a”d

statistics regarding t Dog. which are used to ad] ust e
f eedback pr voltagedignals 16 are fEdcesséd b mecledtranic hybridcireni 18 td perfoan ifunctiomsc| ude

si gnal output .|l evel.s. of the D conyverter 26. the o ut of% Al D
convert er 2@@8@%&%9@%&%’?’“&) ¢ g%{?mgﬁlgnﬂi,#eqmgﬁ ‘I’P‘}“ﬁ'éaa c range
of the 25 Al Yifieit @0 aPa filet 22 € Eonblitiod the Mbollidy A¢dalscHI BBt er 26 and
di gi tal nonig'?g?iﬁ?l)g ci(ygfi%t 50 will provide feedback to the VGA 24 to

at t enuat’é Vicorgitioned, jreonping.signalsiasminpyfdnte angther (VG &t whigh asppdifiesthe On t he ot her
hand, if o QoS 4 I g%p@m(ﬁ: of the A/D
converter 2 ,ndtn?%]eg’l gl t%ﬁ%ﬁ/ﬁ%??ﬁgk ?(?(él |tﬁ(%/\mwl)lcoprow é"f;%g%lztick to the
VGA 24 to armsighility the| VGA 24 siiikbendfeared beyein of Vidnd teidulputi phthe VEA 2hwill tef t he 30
Al D converter, 26, For.ex I i f the.digi 0 ut of the A/D converter
26 1 consi SHER o BTV 1Bt pperatonge B oA s M Rislere ibmoi? AR
converter, theRwdiTheAdD convertér 26RbiveRs the Guphl Tl VEA 24) &d VY iy h Bigithleedback to
the VGA 24 so that the gain of the VGA 24 is increased to anplify the

si gnal  pRovioywst Dout Hipuaisthea seps Siomehe AD coptierter 36 tprigitpl inpat/pagpytdHOhind

I nformati on ghaule %‘ét%&l {?}6 Hr&ﬁt%%ﬂs Méeﬁ?&'b?gvc@lﬂe'alﬂﬁogﬁﬁﬁt%g si gnal
val ue and determ ni ng whether the average signal I's wthin-a certain
dynam c r angacfipl0 ands sebsequintnefwork desdee oidyit.such as 1.0 cosec to 1.0

(err)sec. ne sk bllélglg dziltg oﬁt{;‘ﬁ sﬁggngls ¥¢\=Acelnlred%Po%{ gis&)tsgquent network device circuit
by the analog front end circuit 10 are received by the digital I/O circuit 28. The digital
25  data output signals are converted into a transmit analog signal by a digital to analog
(D/A) converter 30. The transmit analog signal is conditioned by another VGA 32. The
VGA 32 acts as an adjustable gain transmit attenuater to allow for flexibility in setting

the transmit power of the analog front end circuit 10. The attenuated signal is further
conditioned by a filter 34. The filtered, attenuated transmit signal is optionally passed
30 through a transmit switch 36 before being sent to the telephone line 12 through the

electronic hybrid circuit 18 and the circuit 14.



t hat ot her statistical and/or signal |evel sanpling nethods can be 2@@@ agg
are considered to be within the scope of the present invention. As a nore

" detai | edypafeeiss, the following table illustrates a sanpPETJ®I106393

determ nation | ook-up table. The factor to increase the gain by is selected
conservatively so as not to overly increase the gain of the io VGA 24 in a
short period of tine thereby saturating the A/D converter 26. TABLE 1
Moni t ored Dynam ¢ Range of Dam I ncrease Ggin by Factor of:0-40% to
2.540-50%. 75 to 250-60%.5 to 1.b660-70%.3 to 1.4375-80%.2 to

1.2580-85%. 15 {0 1.1885-909%. 08 1, : 980 : T, edback
signal s produceg?"f) oém(ii%bel afm%%%ﬂsotﬁjﬁo d%?%%ﬂi&c%sé@%g%&%v; %d(; used to
assi st t he teGAQ4 ahidihe VOXI3Z.i Thelfeddbal sigasle wefusel 3G As 2h)21 ahd3Btobeen
nodul ated i 5 using different standards, such as pul se position nodul ating

(PPM and WFQMW%P@B%dra_t ure anplitude nodul ation (QAM .
Accordingly, t hWigl'bagg{Ei%alEéﬁe%&&ﬂd&%g%&nﬁ"c%ﬂh@% 4 B ifludiady) ation

detecti on and fee circuirt, or MR, GAIN select circuit 52

(FI G 1) 5 Tlithe G4 ismpregranumahie anyplifier implbmentet dnistindards EMPSS Pii\gain of RxGAI N
sel ect circui and..a rrespondi.n in. fee C l.gnal for e

nodul at i on%t‘]“yfﬂﬁi(%&{-‘dﬂl‘fﬁ}eﬁﬁ’g vmélaﬂf %%H'fﬂtﬂs?rqftﬁélé © peflﬂlge% 24 to
coor di nat e a4 b BecohEscRRWBIe iRPoHRN®RMAE chifnebtbProiTeddbadk itiPedanBd8. e gain feed
back signal for the nodul ation t%ﬁe, RXGAIN, is factored into the feedback

si gnal pr odlustated in Ko 2 theyfissksclesiablp inapedange 4 aud the sevond selegtabls det er nine i f
the full r .S hel [l e PPM
RxGAI N sel W&cﬁ%‘e éff@}xﬁﬂ(ﬂ@é@tﬁ@hﬁ%&*&@ﬁd&% ?sdn rgﬁﬁsﬁgﬁ donverter
26, or Idoutrespactivelyr The paertiomerrshirgonedllustatingleabodineht of thd inbention andansf or mer .
Usi ng known technj.ques, the Hilbert trans ner separ.at an | channel

si lgngl , or quesy @%%%ﬁ&?@ﬁg‘ﬁéﬁf@eﬁ%@{ﬁ@gﬁap 431‘gﬂs‘faﬁﬁesarrpl es. The |
channel si giplenRiEd Wi dicieRAURTFeIm drdofufifdtin tagRd rddRtor lddders Actedisbhiape

detector which, utilizing known techniques, calcul ates the square root of
@1&1

the sum of CMOSpirageresibisieted iGEnY Bdsirndes diensseddp mosedptalk el ¢ her eof .
equal i zor ARG PRbebile OAIF, plERRe Ol GhadBMIEDEC Lo envel ope
signal is owitchiag cémponente givihgrequivalan résulfsand areconsideraigwitPhiheschpeaf ed dat a.
The envel o pt e 1Sn|vgnr1]1%|n jl‘ﬁe %Lib%cf{i’# elia%ge isoha(sa %(H;'(ed value, or Rg.
The first selectable impedance 44 and the second selectable impedance 46 are
controlled by feedback from the digital }/O circuit 28. More specifically, the digital 1/O
circuit 28 has a digital monitoring circuit 50 providing feedback to the VGA 24. The

20  digital monitoring circuit 50 monitors the digital output of the A/D converter 26, or D gyr.
The digital monitoring circuit 50 collects information and statistics regarding the value
of Dy which are used to adjust the feedback provided to the VGA 24. The statistics
and information include signal output levels of the A/D converter 26. If the output of the
A/D converter 26 is consistently at or near the upper end of the dynamic range of the

25  A/D converter 26, V, may be saturating the A/D converter 26 and digital monitoring
circuit 50 will provide feedback to the VGA 24 to attenuate V; or reduce the current gain
setting of the VGA 24. On the other hand, if D, is consistently less than the full
dynamic range of the A/D converter 26, the digital monitoring circuit will provide
feedback to the VGA 24 to amplify V, to take advantage of the full dynamic range of the

30 A/D converter 26. For example, if the digital output of the A/D converter 26 is
consistently within the first 60% of the dynamic range of the A/D converter, the digital



i5 of a QAM automatic gain control (AGC) circuit and a PPM AGC ci r @i §£P 0be
QAM AGC circuit functions to generate a QAM gai n val ue (QAM RxGai n) while

t he PPM AfGogh98slit functions to generate a PPM gai n val u®CTESM/RERi n). A
mul ti pl exer, controlled by a gain select signal, operates to sel ect one of
the QAM RxGain and the PPM RxGain signals. The sel ected gain signal, either
QAM RxGin or PPM RxGain, 20 fromnultiplexes is input to a the digital
nmonitoring circuit 50 in either digital or éanalog form The envel ope signal
is also input to a [ow pass filter for generating a filtered envel ope
signal whic wﬁPﬁB‘n I etecting
t he presencgmgif a %ﬁﬁ%‘ﬁous ca??f%‘?oa @%ég%%‘ﬂ%gpf‘?%?iegﬁwéké%%ﬁgt es the
above - nent 24 isdocregsedtossiplifyt the signal ipravidded émthe 4VD conyerteri26i The fosegoin2S Wt h

conti nued referenc Fl G e VGA,2A...is a.current, feedba.cka lifier
having an aff ?‘"ﬁg‘“’g’ e“ﬁ? tt‘%l‘"ﬁ%ll"ﬁéfigﬁg}mﬁmﬁ qua b aYsEree signal ™
operati onal v&ﬁpﬁﬂdfdeefm{mgvah&heimeaw {sign@l is WRBiniatéR4ih dfthnliORbge fora t O
which VI is applied through the fnrs?%és %nect abl e i npedance 4gﬂéT he

oper ati ofal cetain time pericgpsueh gs b0 mseatod 9 st ¢ Qﬁklliqd\;emeiqﬁgwﬂlmmwm

ted t
Feedback 3o handHhabiortthdie dehR 1BRELARHAP Bakifiah bt Blogifla wdcBlifoly " )
first term mbeﬁﬁ:mthetsb@asﬁdmrmssmlmhﬁﬂﬂ mﬁmddamddﬁamﬂe,stm:ond t er m nal

70 of the s ng selec abl e ance 46 i conn to a ground or
ot her vol tag S“ﬁ‘ﬁ%a?aﬁiﬂft n"g’cfﬂ"f"é’ﬁﬁ’a?‘ﬁ'lf’ sU @R Z'lﬁ“" gciogfo

connected t %Mé the éz%uE 8& ¥ sgRbted é’oxﬁérviti%lgfsb lahot %&&&ﬂ?%&sé the §Hﬁ‘6f3t‘ﬁe 44. A

second term nal e first selecta npedancé 44 1s connected to
ground o0 otmz‘%/mat@gepcrm@fémehermseuuq@agthp@\/chonmtetZG st sel ectabl e

i npedance 44 is connected 5 to the nowﬁrtl ng i nput 62 of the
operational anplifier 60. The output 6 the operational anplifier 60 is
connected to an i nput [of e A onverter nt. , fhelfirst
sel ect abl e i npedance #4 h °’5t°f NS st aﬁ?‘@%ﬁf*@m&f@a@f “fifst

f eedback signal, or s gnal s Rangsof Povts the first sel ectable irrped:lmce 44
such that a portion of E@,%nt bet wegn t he se%ﬁngsterm nal {74 and the
output 76 of the firs 1o seI ectabl e |rrpedance 44, portl on ¢f R, or
(err)R, represents afper (,emd%e of —TTpedapce conmect ed—betweenm the second
termnal 74 and the ofit put 78400& bal ance| of R, HF7Y®2a)R , represents
the percentage of R ¢ } } 't he out put
76. A second feedback]signal, 50460% gnal s, rontrol siskelsecond sellectabl e

i npedance 46 such thaf{ a portion of R is _present between the _inverting

i nput 64, or first 15|term ”also%% and t he} second igr(gl 70. THhis portion
of Rp or (err)R2 is the anbunt o |rrpedanc between"the Tirst tefninal 68
and the second term n@— 70, "AS_one sKkifted |n theart W it—appregi ate, the
gain of the VGA 24 caf be expr/é89& by the| f ol | owi hgt@ddati on. @

80-85% 1.15to0 1.18
85-90% 1.08 to 1.11
90-95% 1to0 1.05

The feedback signals produced by the digital monitoring circuit 50 can also be
used to assist the analog front end circuit 10 recover signals that have been modulated
15  using different standards, such as pulse position modulating (PPM) and frequency
diverse quadrature amplitude modulation (QAM). Accordingly, the digital 1/O circuit 28
is provided with a modulation detection and feedback circuit, or QAM/PPM R,GAIN
select circuit 52 (FIG. 1). The signal modulation type is detected by the QAM/PPM



vo = ~ v~ 20 Referring to FIG 3, an enbodi nent of the first selecb%pﬁﬁ 2003
i npedance 44 is illustrated in greater detail. The first selectablé
‘inpedancauﬁé%gﬁg a resistor |adder 80, or other type of \wurvespeoshoyi der,
and a nultipl'éxes 82. The resistor |adder 80 has an overall inpedance val ue
of Rl and is nmade up of a series of individual resistors 84. The 25

mul tipl exes 82 selects which part of the resistor |adder 80 is connected
between the first termnal 72 and the output 76, or (1-(err))Rl, thereby

al so determ ning the portion of the resistor | adder 80 connected between

th d lL.nal 74 t t put.. 76, . R_.T lection i d
by coupl | ng SN grieq dff LA BBk intredoi i vt 18 B8 RBUERAA o | ¢ he
art will aﬁ?ﬁ%@gL@Ag?i@ﬁiodﬁ&& tE&RKisthe 8din bfwlle VIGI to'B6idifaRwithe NMBKi Nng up

a

the resistor er 80 need not have the sane inpedance val ue. The

I
i npedance \RAWgEeVEIope plcthe madulationdynes The gain feed hacksignal foy themedylgtiane| at ed, or
non-1i near | I . Tl ' I . : nunber of
i ndi vi dual %&&?ﬁ%@gﬁg@%geﬁe@n%g%%%gm\% uel% %ﬁ%&%%ﬂgaﬁ}gtged to
Tesult isn atircoi 50 ased td deerminerif the fulbrangesif thedA /Dl convextet 26 ks beingotilirad. val ues of
t he individual resist | ess Lo, t than the percent age. of
i rrpei:lanl:\él agove @ﬁ@%&ﬁﬁ@&éﬁ%@&%t%ﬁ?@s ss from the AR o

i npedance 4énvéted 6 OFPO‘STI, BldSpSessBLthb aigﬁ;ﬂrsmﬁgg& with RHiB&AEHeforRére f eedback

lines fromthe digital nonitoring circuit The feedback lines are in the

f orm of nul Usipg koosm technigyes, the filbert sansformen separates pndchanmelsignal ot L, apd anct uat e
the multipl . tipl ' | s ror for
the VoA 24, CFfuanEisigelt Sy O trdoh e Bt Giolel, TSkl denaP B GO Shanll 7 0
across the signal obinpyt wwealkavelapedetkctdtwhich) intilizidpcboewndéthnifins] @loolaes thehe

swi tching nechani s f the I pl exer 82 is.a series of MXS fransistors
cont rol | od ByseR ot G sum ot Pl efrerinad epvelfhe BAR e RSHTE Ry | g
circuit 50. TH¥hhBRAGEK ard tH@chann6l sighaled 86 couple@ toinGighatizernd Bifdes t O
provide digital control of the VGA 24. NMOS and CMOS i npl enent ati ons of

mul ti pl exer 1 fiepuening QAM thwdulatgd dasa, while theenyrlepetsignakis paupled 49 ydrepderand

mul tipl ex, | Q | t re o) single
out put are %%%#X?@ﬂﬂ%%ﬁi& e'isﬁlegweg%’(%%i%l? ?%‘F%&glreg aneragh descri bed
i n Donalisl Gof #)AM sutuinadtio gaih dostfol (AGCyekeeinandE BRM AGC discufinThe@AMs Handbook

3d. Ed., 198 s..16: 49-53, incorporated herei ef.erence. ferring to
FIG 4, the ﬁﬂtg’éf’%ﬁme@°m ngm-vgluf pilg;thePEM | osi st or

| adder 86 NAGE dRuiPfundticiS id Sheiale o PPUA plisividhe (PPM REGQ4H). 0muliplegisher type of
vol tage 20 divider, and a nultiplexer 90 for cgfgﬁ)l IR&one.o a series of
taps 92 to ¢oniroHedbyra gain selectnignals opatates tp seleqt gng ¢fdhg QAM RxGainanddhe e i npedance

b o, o PP AL, TARAAE R o Rl PRV SGBIBHPAAOBAAE, 01 o
portion2of from mudtipleteis ihputl ther thBdigital nemitordng ciwuib 50 ixm'eher_tdig’tai orrandlog er m nal
RS CET R R I T N T
linearly rekmicRge Spndl ¥hich, in turn, is coupled to a carrier sense circuit for detecting the
presence of a continuous carrier (e.g. QAM carrier) and generates the above -mentioned
-gain select signal to control the multiplexer.
25 With continued reference to FIG. 2, the VGA 24 is a current feedback amplifier
baving an amplifying component, or operational amplifier 60. The operational amplifier
has a first input, or non-inverting input 62, to which V; is applied through the first
selectable impedance 44. The operational amplifier 60 has a second input, or inverting
input 64, connected to an output 66 of the operational amplifier 60 through the feedback
30 impedance 48. The non-inverting input is also connected to a first terminal 68 of the
second selectable impedance 46. A second terminal 70 of the second selectable



linearly related. It should be appreciated that the digital nonitorjngep 2003
circuit 50 coordinates the a select and (err) select feedback signals so

t hat the Wwi'oijoosse! ect abl e i npedance 44 and the second sel ETABBOHOGHpedance
46 can be individually or concurrently adjusted to provide the VGA 24 with
the desired gain, attenuation or unity 30 gain. The sanme type of MOS

mul tipl exer used for the first sel ectable inpedance 44 can be used in the
second sel ect abl e i npedance 46. 10 It sis noted that by using a pair of
sel ect abl e i npedances 44, 46 controllable by the digital nonitoring circuit
50 adjust t ' ) §d | f LRk i s

possi ble w Elﬁp%ér%éﬁ% %Eﬁn%ge??%#éﬂloﬁﬁcﬂ (\)7i ﬁ}g?&?ggfbﬁglgﬁ ;Iﬁé‘%:ﬁg res eg['k) or

| adders 80, tiROVGAR4, aiiVyiié ednnenteditod @ firsh tprminalC7h of thecfivstiselectalyle anpedameed Wit h a '

i .5 i recuit the l.ike, The digital i tori
G reunt 1 s Mosee Baaigal T4 of Shefitscioqra (RRednct 44 i CEReca S BrOMHIPT oy 1)
sel ect feedbgfekvoiabdi@ferdnee. 28 b\gﬁut% Bf M8 ¢ird rselfaam# #ipeddite 5£1sR6ARBES

| npedances 44, 46 To attain a desired gain of the VGA 24. For exanple, the
di gi tal &onite e neryinyerting inpusi? of the aperationsl, araplifien,6Q. \The owpwbpGofthe storing a

| ook-up tabl . f provi de stable
anplificati gﬁe%f#"?%%l’@@?ﬁé’;’%éﬁﬂéﬁ% ‘°3ﬁﬂ‘§’tﬁp‘!’§t§%}§ ‘g’r’ﬁ’é'g%%gw dth, the

oper ati onal anpl Ak nRhtidhed,dhe firbiseldtidbl inpedaricap Rasavtbrali resistadceovatue@R,.f eedback
anplifier to attain the benefjts of constgant bandw dth with cl osed | oop
gain. It is p&sstieslack ﬂ&?&%@%ﬂ&l%"?%‘%&%%k%%%@@%@d to
communi cate?ﬁm o b&&Sen'tt tErnlithd P4 AEh ?‘ﬁﬂw t hith this in
m nd, the V Zgoggﬂﬁgreeggn:s})usteng%\nt a 15 SZ| ect aﬁ e co@pdei.hhse;ﬂtt%ton

capaci t ao natleastite fupeddnce34. SThicmnidned R, orieRe, repredents agerc@agedfie oper at i onal

anplifier 6Q is provided.with cOo sat.i no 9 = 2) which is
connected td™8 %@%P%WWF‘?@J%? 0 "fag?%ag%tg??l‘ﬁg{}gzh'evammcﬁpgxer 100.
Each of the RjaRICIRY) epRstniiake Rrodhthg st comRpad bérésnahe fidst lernvihdl 7
corresponds to _an appropriate conpensation for the anplifier 60 to provide

cl osed | oop 28 e ontput6s A second feqdbacksignals or Dgpalsseantipla the seqond seleatabley| exer 100
is th . f ol '3 Ehoedh ks d

ol ectabl o Fmpane ST MRYGERLR oF R, fs o] BEhwedh 40w lonl i, S
conpensatsi onersinak 68, afidthd lseoohkd fermina, 700 This poption ®ERg ot PR4 twthe mhduatiofei t her by a
bandw dt h | t ibn the.digital. j tqQr. ' L t ,ath t [
ybri d ci r o gPPedpReapoieaa s s et el e e Sy AL Aot BIBT Lt ed 1o
the recei ve hé fewil applaciae) it S6n bf theVGANTH cah be bipresséd byGhe foll6wiag! ect abl e

conpensation capacitor network 94 and the variable gain capability of the
VGA 24 al | 0%§udile8- VGA 24 to provide an anal og voltage signal to the A/D
converter 26 which maxim zes the dynam c,r ngeaof the A/D converter 26 as

t he anal og signal VI anplitude vari ¥e=an Hihe bandwi dth of the received
signal varies. Al though particul ar BnbodiA®ats/of the invention have been
describem in detail, 30 it is understood that the invention is not limted; |,
correspondi ngly Refemingite FIG 3 ar énodieent of the firkfiselelclable irapeiasce 444gli fi cations ~

and equivalents coning within the spirit and ter ﬁ of the clai ns_appended
her et 0. ARustrated in-grater dotail. The first selectable impedance 44 has a resistor ladder 80, or
other type of voltage divider, and a multiplexer 82. The resistor ladder 80 has an overall
impedance value of R, and is made up of a series of individual resistors 84. The
25 multiplexer 82 selects which part of the resistor ladder 80 is connected between the first
terminal 72 and the output 76, or (1-a)R,, thereby also determining the portion of the
resistor ladder 80 connected between the second terminal 74 and the output 76, or aR;.
The selection is made by coupling one of a series of taps 85 to the output 76. One skilled
in the art will appreciate that the series of individual resistors 84 making up the resistor
30  ladder 80 need not have the same impedance value. The impedance values of the

resistors 84 can be the same, linearly related, or non-linearly related, such as



CLAIMS: 1. A data networking device, conprising: a variable gain aiglEPiZh
(24); 5 an analog to digital converter (26) for converting an anal og out put
"signal ofydhfesaggpl ifier to a digital signal; and a digitaCBUSMAE33
monitoring circuit (50) for nonitoring the digital signal and supplying
feedback signals to control the gain of the anplifier as a function of the
digital signal, characterised in that the anplifier (24) has a first

sel ect abl e i npedance 10 (44) and a second sel ect abl e i npedance (46), the

i npedances being actuated by the feedback signals to adjust the gain of the

anplifier, Bg&nﬁ:ﬂﬁa]ﬂireiaka.l THOMInARF bfiHdiGidusl Yesistdr @4 addhkis Ifgelifhct he di gi tal
signal to deferm ne’'the percentage of the dynam c range of the analog to

di gi tal convalyes eam heagjusted iongsulisn dlmost any iransier curve desirad.oln factt theiactedl gnal  of
the amplifier. 15.2. JA. a.n r.ki.n ' caor di tQ.claiml1l, wherein
t he firrPslt ;ﬁ%“eg8@8%“@'&?@&%‘5%@%@2%@@@@33 &Zg’fm%‘g%‘?l Oﬁé’{’%éaﬁnl Pesi stor |

| adder (80, ahd6g andh@low thelidléchid@apeBs df et firQplectibieinifetiincplLxer tapping the

resi stor | adder based_on the feedback signals. 20 3. A data_ networking

devi ce atcor di ngrheanifiniexet 82 isgpriralied by e armoars {sedbagk lines fromihe figfitled wit h
MXS transi Sﬁleﬁiﬁ)rﬁpgirfd?ﬁiof. 9% Z&HHAMS 1igQASinthéFofth BF ﬁ]ﬁllﬁpﬁﬁér%@fectll BESr & OT

actuating the nulTiplexers. 4. ata networking device according to claim
1, wherein selest, useditarinirober actuat thenpultiplexer 82.sThermultiplexer 82 isha potentiplaci ti ve

conpensation circuit (94 r,adhusting.the. handw di.h of. t he lifier. 5.

A data net VPP RESHE Al YO nelerd i Al Gk Plotrling SRR 11 ve

conpensat i Ofop hér6dsithe SHafching Betliadisint of tiRfmulfiplaser BRI Fherédsty, tAB Switdhinghi ch i's

coupled to a 30 conpensation node (96) of the variable gain anplifier with
S

a mul t i p9exBechanisy@f the multiplexen 82)isp-sgues p§ MOS trangistors Goptr vithe @eslect e

according t ' | : gc.%@ﬁ]ﬁ 1<Cpl’ s a
functiongofwg@a@a‘%gaﬁﬂgﬁgg al va tﬁ‘?o t g&d.%it%%?a%%%%’?ror %&

pr edet er m nawd digéali sighals fto prowmide digital.cortral af the V&tARA. KNMOSaed CMOSiIccor ding to
claiml, wherein a si I dul ati.gn type iis deterpi.ned. by .a nodyl ation
det ecti on aﬂ@?%eé'g’ﬁ%ﬁgor}g’?'#ﬁﬁ? °m(v§l§§]', arg *@Pﬁﬂm eo‘ﬁ}"g&eéeg ?‘5‘?‘?@0&? f eedback
circuit profiiRipled, ¢t coisleloné bR plitd§ ob tabs) of BPEILAS 4 shipledatpulire &Khovnfinf act or ed

into the feedback signals to actuate the first_and second 10 sel ectabl e

i mpedandés. the art Expmples ol syebyliiplexses arg deserited inPopgld G Hiplgand Bonalgher ej n t he
vari abl e gaich;dileh,/Hi&drohité kngifeef HtlibcoR 3l B HOR6 g0 8143190 RRbrpaARN ! f 1 €r -
herein by reference.
Referring to FIG. 4, the second selectable impedance is also provided with a
resistor ladder 86 made up of a series of individual resistors 88, or other type of voltage
20  divider, and a multiplexer 90 for coupling one of a series of taps 92 to the first terminal
68. Similar to the first selectable impedance 44, the second selectable impedance 46
receives feedback from the digital monitoring circuit 50 in the form of P select lines to
determine which portion of the resistor ladder 86 is connected between the first terminal
68 and the second terminal 70 of the second selectable impedance 46, or R,. The
25  impedance values of the individual resistors 88 can be equal, linearly related or non-
linearly related. It should be appreciated that the digital monitoring circuit 50
coordinates the o select and B select feedback signals so that the first selectable
impedance 44 and the second selectable impedance 46 can be individually or
concurrently adjusted to provide the VGA 24 with the desired gain, attenuation or unity
30 gain. The same type of MOS multiplexer used for the first selectable impedance 44 can
be used in the second selectable impedance 46.



15 9. A data network device according to claim1, wherein the first 29 SEP 2003
sel ectabl e i npedance (44) has a resistor |adder (80) having a first

term nal @W@pymoesmected to receive an anal og vol t age si gnalCHES014063%cond
termnal (74) connected to a voltage reference, and a nultiplexer (82) for
coupling an output (76) of the first selectable inpedance to a sel ected
point on the resistor | adder, the output connected to a first 20 input (62)
of an anplifier conponent (60), the feedbadR signals actuating the

mul tiplexer to select a portion of the resistor |adder to be connected

bet ween the firsti§ 868 thal by vl afast of BétectableSinpasaindes 44,216 cofPdllable®ghhe 10. A

data network device according to claiml1, wherein the second sel ectable 25

i npedance ( 48gitahmenitpring<ireuit}0 adinstithe gaig oF th amplifier.a kigh deereccofigring] ( 68)
ted t i f . Lif] : : : t er ni nal
C90)  connec aRft Wbl SR dukSlor SUMABE AL It aillhidodfiplBo) o 11 10

the first teeamThediglifiSnoditorifg sieduitchebe inplapiented witha nieopotessor] adder, the
f.eedback signals actuati na@the | tiplexer to select a_portion of the

resi stor § ac@@parpigr gigeuit ax Hedikeg The: mRopiterng, cyit isrcopfiguredpry ) £ er
conponent a”ﬁuérﬂﬁmhé&’ﬁtﬁﬁb?edléﬁﬁﬁﬁéﬁ&ﬁ;dﬁml&i%&?aﬁﬁ@t&ﬂﬂs&theﬁu@'&t%ﬂ{mt wor k

device according to clarm!10, wherein the anplifier conponent (60) has a
f eedback i npdfdisrsclectibld jmpedances 44 46 iieattainadesiredgainmf theoVGAR4. Hogrxampley

conponent angd t.he . i nput .of .t h |ifier an . 1..A§Q%_ net wor k
devi ce accor@?%&%@%ﬁ%”?ﬁgmﬁﬁ@%%eptr?nvéd“é conadﬁ %ﬁiqr&i?rgéﬁnggfl (%Z“che has a
resi stor | addble withviand paelectifesdbackivaluesil connected to a second input of an
anplifier conponent and a second term nal connected to a vol tage r ef er ence,

and a nul® i pl exerfomsevidesiahls amplification of the voltageisigap! ¥iat 3 g nt on
the resistor st ' e 4 | HHH‘% xer to
sel ect a portth%g[%gn??n?ltﬁg@]ési sto‘rili%‘zedge@?hﬁ%ﬁbegé%%@%o%\ﬁ@gt ed gétg\;veen t he
second i nput amyflifitite attaipthefbeaefits oiqoostant bandwidth with elos¢ecHgep gaid.cltisnce. 13. A

dat a networ k devi ce.accordi t o,cl a..m. rein the amplifier .conponent
has a feed ba@f&%ﬁ’@&%&gﬂ%ﬁﬁ’gﬂ%?%tﬂéﬂwga?ooﬁ’flﬁ?ﬁf“(@fe %"éﬂ@ﬂﬁ%r 15

conponent  angith M6re tRaiie bhntinddth O With this ailiaind] the VGAO2PA BB hdjustéd with set hod  of
controlling a_ variable gain anplifier (24) wherein, an anal og output signal

of the va¥i aslestabja compensationicapaciter netspsk P4 €0+ coppladdp the amplifier-40. hhe
anal og-to-di gi ; 'e:f@fﬁ? 5{'{? 6h idie b6 @hG!L god
conprises: 2 ot g{:%a‘ri%ﬁﬁlﬁ%%%g l‘{J‘%rg‘%lldon 0 Qt egs;aﬁan%l’l ce ? aﬂge' %]Sv t elE'anaI og to
di gital convemhetediebmgofiagiarality of capacitors Q8throughed wyltipleen100s Egphaolf thef  t he
vari abl e gal o S iohieh ) o PLANESASafle bhick ol SSHRR B iBliak 0 2 117"

compensation for the amplifier 60 to provide closed loop gain at a selectable constant

20 bandwidth. The multiplexer 100 is the same type of multiplexers 82, 90 used in the first
and second selectable impedances 44, 46. The multiplexer 100 is controlled by
compensation select feedback lines, or comp. select, controlled either by a bandwidth

monitor in the digital monitoring circuit 50, the electronic hybrid circuit 18 or a separate

bandwidth monitoring circuit connected to the receive side of the analog front end circuit
25  10. The selectable compensation capacitor network 94 and the variable gain capability

of the VGA 24 allows the VGA 24 to provide an analog voltage signal to the A/D

converter 26 which maximizes the dynamic range of the A/D converter 26 as the analog

signal V| amplitude varies and as the bandwidth of the received signal varies.

Although particular embodiments of the invention have been described in detail,

30 it is understood that the invention is not limited correspondingly in scope, but includes

)



providing a second feedback signal to a second sel ectabl e inpedance Qﬁﬁg,mna
the first and second feedback signals adjusting the gain of the anpﬁ
. to i ncr eagg oiHggd> dynanic range used by the anal og to dipif/pborvesvserter.

15. A nethog accordlng to claim 14, wherein the portion of dynam c range
used by the anal og-to-digital converter is a function of the average signal
val ue of the digital signal for a predetermned period of tinme. 30
Amended Page |5 16. A method according to glaim14, further conprising the
step of selectively coupling a first input of an anplifier conponent of the
vari abl e g L ifi Lo an | volta Lhr a_portion of a
resi stor ﬂﬂﬂ?ﬂg uﬁﬁhp émPF%§PEPg@ PfB§ 17. A
met hod accoaﬁh@g m@ﬁ&&614 further conprising the step of selectively
coupling a secon i nput of an anplifier conmponent of the variable gain
anplifier to a voltage reference through a portion of a resistor |adder in
accordance with the second feedback signal. 10 18. A nethod according to
claim 16, further conprising the step of selectively coupling a second
I nput of an anplifier conmponent of the variable gain anplifier to a voltage
reference through a portion of a resistor |adder in accordance with the
second feedback signal. 15 19. A nethod according to claim 14, further
conprising the steps of determ ning a nodul ation type of a receive signal
produci ng a nodul ation type gain feedback signal and factoring the
nodul ati on type gain feedback signal into the first and second feedback
signals. 20 20. A nethod according to claim 14, wherein the first and
second feedback signals are digital select signals for controlling
mul tiplexers in the first and second sel ectabl e i npedances. 25 21. A nethod
according to claim 14, further conprising the steps of determning a
bandwi dt h of a receive signal and providing a feedback signal to couple one
of a series of conpensation capacitors to a conpensati on node of the
variable gain anplifier. .A As.As .AAYy/.A . AY. A . A A32. A ALU3_. AA5. Ah
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4, A data networking device according to claim 1, wherein the variable gain
25 amplifier is provided with a capacitive compensation circuit (94) for adjusting the

bandwidth of the amplifier.

5. A data networking device according to claim 4, wherein the capacitive
compensation circuit has a plurality of capacitors (98) one of which is coupled to a

30 compensation node (96) of the variable gain amplifier with a multiplexer (100).
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7. A data networking device according to claim 1, wherein a signal modulation
type is determined by a modulation detection and feedback circuit (52), the
modulation detection and feedback circuit producing a modulation type gain feedback
signal which is factored into the feedback signals to actuate the first and second

selectable impedances.

8. A data networking device according to claim 1, wherein the variable gain

amplifier (24) is a current feedback operational amplifier.

9. A data network device according to claim 1, wherein the first selectable
impedance (44) has a resistor ladder (80) having a first terminal (72) connected to
receive an analog voltage signal and a second terminal (74) connected to a voltage
reference, and a multiplexer (82) for coupling an output (76) of the first selectable
impedance to a selected point on the resistor ladder, the output connected to a first
input (62) of an amplifier component (60), the feedback signals actuating the
multiplexer to select a portion of the resistor ladder to be connected between the first

terminal (72) and the first amplifier input (62).

10. A data network device according to claim 1, wherein the second selectable
impedance (46) has a resistor ladder (86) having a first terminal (68) connected to an
input of an amplifier component (60) and a second terminal (70) connected to a
voltage reference, and a multiplexer (90) for coupling the first terminal (68) to a
selected point on the resistor ladder, the feedback signals actuating the multiplexer to
select a portion of the resistor ladder to be connected between the input of the

amplifier component and the voltage reference.
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component has a feedback impedance connected between an output of the amplifier

15 component and the second input of the amplifier component.

14. A method of controlling a variable gain amplifier (24) wherein, an analog
output signal of the variable gain amplifier is converted to a digital signal by an
analog-to-digital converter (26), characterised in that the method comprises:
20 determining a portion of the dynamic range of the analog to digital converter
being used to convert the analog output signal of the variable gain amplifier; and
providing a first feedback signal to a first selectable impedance (44) and
providing a second feedback signal to a second selectable impedance (46), the first
and second feedback signals adjusting the gain of the amplifier to increase the

25 dynamic range used by the analog to digital converter.

15. A method according to claim 14, wherein the portion of dynamic range used
by the analog-to-digital converter is a function of the average signal value of the
digital signal for a predetermined period of time.

30



PO! 10% &&' ()-m 7<9! 10% &&' ()-m \ r A+ va#b$bob&b| [ NA41010I &101 &101 &

S) 110% &% ()-M"'s) 110% &% ()-Ms) 110% &&' ()-M " F9!10% &&' ()-& 29 SEP 2003
, " F9110% &&’ () - &&b' b, bbbbbbb| 0bU410 ' 10%&z& () - 102810281028 SHLAURRE Pape

Ps! 10%#&' ()-3 Ns! 10%C2&C& () - 3 '10%&&'& - bbbbbbuc| [: bU410 3- 10%&& ()-f &
F 10%8&z& ()- 10%&z& ()- 109%&z& ()- &iDwm&zé& ()-

% 10928z & ()-ucsd! eeeff|[:bU410 !10%&z& ()- 10%&z& ()-T 10%&z& ()-
109%28z8& ()- 0 109X&X& ()- 109X&X& ()-fgggl hhQ Pi|[:-410z#z 0 10%#z& ()- O
109K &K&' ()- S, 10%p&p&. ()-f *109%&z&' () - .. &10% &z &" ( )i- .

1006 & & () - gPi'6i R & 'Q‘ig‘%&é‘i) %“%’R%d%ﬁa'm ik @”ﬁﬁ%&?&"i‘?é ki Sﬁfo‘b%s&'x?‘“tv)e'-yf

10% &&' () - Y4 LOOMiEE (fxst inplOof MlanfplifitOaebbentpfiie jvidkdblel dajr] aniplifide hzan+s

10% &&' ()-g L1009 "()- L. 109% &&' ()- S.109% && (()-f L 109% &&. ().

52006 82 {) 1 mitPb O el et P pbokin PRI EF st in feed RS S ey o (1
L*10% &&' () - feedbdbR3Mghad’ ()-@L 10% &&' () - @ppppp qgqbA410! & 10%&z& ()-f
10%&z& ()- &10%&z& ()- $L10%&z& () -

"I mM0% &z& ()- 10l &10I &gq?rrrss|[: A4101 & 10%&z& ()- y 10%&z& ()-g
10%2&z& ()- 109z &zX& dthod 46z &0 (C)aim 34,1 APM&zBMpyising Hie| stdpudfusklectAdlOl &

#10%2 &z &' - 110% &z & - 0%z &z & - 10% ' - 10% &z & () -
ovntes ()| uopUBER oM hinel ok ot S5 lics KOS o the yple Ko Dl ID 8 8¢ () -
f)10%2&z&' () - voltake Yetirerck thrdughQfostioR’ of h resistor faduéiih ¥étyrdakct Qvith tAOSEE () - 0
SLOVESS () 1Q9EQE () SLOVERE () - g1078210z8710782
310% &2 & ()-#%ﬁ% 77| [: vUAL0 " y109E8& ()-g 109E8& ()- " 10%E8&& ()-
T109E8&' (D- | 10%E8& ()- © 10%E&& ()-zS{V{O ald|}|[:vU410  S&I0%E&& ()-f

s$10%E&& () - f#109 C()- T 109E&E& () -, 10YESRE () -, .  Y109E&E () - ~~| [ vU410
* S&10%E&E () - flgs$1é5£%§’d} §°P°f3‘1“ﬁ1‘€‘§é&'1€’) 8“@5%%’29@&@/ %*f-“e?s?,f S)I'Gaia}&k' ()-

) Eza 350%&%]( ) to%@ﬁkécoﬁdé?@ﬁﬁdﬂ@rﬁéﬁgmer 'c':ckrlqaﬂGS émgﬁe aﬁlgefiab'ld%apumfgag@" 3]
"Headi ng c" "Headjn c" "Headi c" "Headin G¢" !"Headi,ng c"
"Headi ng 93] c™Valta (%%{E'?CF "Fﬁé?@gﬂr%ﬂwnrﬁg%f?%& dﬂ“l(ﬁ@??&%@ e sepqnd

Z% x~PQRSTUVWédblck signal&) , 1367778G8; N

: 7<>@FAI JM OLSVEX\ &bbucf Pi % | pgsl ux#yz}~Z[\]"_" abcdef ghi j kl mopqr st uvwxyz{
| } ~6Ti med> New RomanAri al Courier New'h Root Ent r yWor dDocunent *

P HSUR () *+, - -19.01234155@%83660rding to claim 14, further comprising the steps of determining a

<=>? @GABCDEFGHI J LM\IODQ?STU\/V\XYZE_I\gL" “apcdef gnhi ,rmt%)ecg st uv, ac)ﬁle{gL;r

j Kl
modulation type of a receive al;producing a odLlatlon ain feed

and factoring the modulation type gain feedback signal into the first and second

feedback signals.

20
20. A method according to claim 14, wherein the first and second feedback signals
are digital select signals for controlling multiplexers in the first and second selectable
impedances.

25 21. A method according to claim 14, further comprising the steps of determining a

bandwidth of a receive signal and providing a feedback signal to couple one of a
series of compensation capacitors to a compensation node of the variable gain

amplifier.



