;e3ew rsDt F'uveOwTw kN1 ~ DEC 2002 Non- coherent 6-port receiver 5 The
present invention relates to a nethod and a receiver for receiva%[ﬁE@ 2002
denodul ating a high frequency signal by direct conversion. The sent
application is furthernore directed on a npbile comruni cation device and a
cellular tel ephone conprising such a receiver. 10 Recently it has been
shown that a so-called 6-port receiving circuit in conjunctiﬁgmmmummﬂmmmwm
digital signal processor is capable of perform ng digital de

directly at frequencies ranging fromm crowave to mmwave bands. Tmssenew
direct digital receiver prom ses reduced receiver conplexity, |ow
fabrication requirenents and fair performance in providing a cost-effective
alternative to the conventional Nreheyont-6-POFLXacaIvEr ysed in 15 vari ous
digital csterm nals. The nost wi dely used nodul ati on schenmes in digital
communi Cation systens, such as satellite and personal conmmrunication
systems, arghefpréschpiinesiticieldte@Yd Method bn@racreddiCer f rédéPAsy Aid G’&ﬂ&ﬂﬂitﬂ{ghQn
t echni ques: Coherent and non-coherent (differential) . In general, 20 the
di f f er ent i dlighifrequemcy nignal byydiredt canversios. Therprasenitapglicagioniiv Birtheombregdirextadon
wher eas the coheé nt detecti.on.is Sé&FriOE i n E%&or ggngEnancg. However ,
the conpl eXftdMgpile, communication devies and agelluler feffpPReRE CAINRIISIRG FUCAZHEFS Vefue t o
the carrier recovery requirenent. This task becones particularly difficult
when the carrier recovery has to be perfornmed directly at m crowave and

mm waveof r fpoemdy it has BéepFshgwnethatia sheaalledGhematdetvng yirduitinagonjuncedn ovithad ea

of a direct six-port receiver as_a rﬁ)arti al, or_conpl ete replacenent of a
convent i on&igitabsigpalRraeessIcis icarable; o prrferming digitah demedulatignglirestly akhows t he

STUCTUC G R SOR L SARAE B i b
Synposi um pygtisesSredRedieredi%ér condfi®dty, 36w thbe@ion YBytifedfts and fa# gerforfarndd02

2 The six-port technique has been known for its ability to accurately
measur e t hén praxiding aregsteffestive alternativst to thensonventienal rhétepodyse stru¢turs wsedviav e
networks. | nstead of using heterodyne receivers a six-port receiver
acconpl'T sh&&HS, ggalrfﬁﬁ’%‘ﬂ%éments at mcrowave 5 and mmwave frequencies by
extracting power levels at at |least three and particularly four of the six
ports. The inperfections of the hardware can be readily elimnated by an
appr opr i at &he atasbmadaly nsqar modulatien sciemys at digital eommasicatiresysenmsasudheasmade
of a large dypnam c, range,and w de frequency r e, . 6-port. junction

recei vers E%éihes'i‘ndo?erﬁ%{?g FUBMBACAROR Y. t%ﬁgggs@%wh&&kwm c tlingFeATe two

couplers a bWl | i ) : ' iy can

be-casi |y Dheogy Spmirhei] efili, Coflfreth SEndEeHE AR iftrenlid§ B Rk, O

phase/ 20| tHewtifferdatinidddtedtiondrings abautdesm \conmplidatstirseirer tosfigienidre®hertethe

traditional |-Q block in a receiver is replaced_by a 6-port rohase/frequency
e

di scri mi nat@ereiideteciomissuperior io-qseartperioemancs: Havievar.dheremplesity fhp

processi ng it in i di.gi I RF- S| i

Conpar ed W etereth abtes sab5pe BEGTP b s Bieklte Re b Wqlghnens
Carrier regpNQisk betommes ?ﬁrtffé@[afl [dfRult WieenRRE chiftick rdebvelSt8G1S bk perfbrgéiency
di fference of the signals and then controls the local oscillator 18 to
track the dineotlyiatgnisrayave . andmro-wine frequeneies.i s recovered the instant aneous
phase the received signal is detected and decoded so as to recover the
origi nodul at ed dat'a: The nmaxi num data transm ssion rate i s determ ned
mai nl'y by ' s 1t t 87.S4; . LNg
speed of tﬁ%ﬁb% - unq‘fsgﬁc?.eﬁlgt;}&ggr %? ﬁélr%ﬁgﬂ\éa ai cgra;%l?%ﬁ%grpyc}gr ugﬁgegiﬁfﬁﬁhp
har dwar e i ofpsonfiletei roplacemii oéa cohearioaal lterolly ichectivedgrsture ifigirardap of t he
power detectors, etc. can be readily elimnated. This significantly eases
the requirenent of the hardware inplenentation and enables the 6-port 25

: . i de b ' . ) :
Fecel vor HESEL Mt SPLP R PR AR HORHRERS Mot Rt e
phase gmoduligict Biyi@l millitnetétoPaleNBeSivanaDigsab of 1994 IEEE NEIESyRGosien, 96t.13)
even though the Tanplitude of the incom ng signal changes over a | arge

dynam c r gpage.16S%- 1682 nSarbBiegeeMaji 199 ent nodul ati ons can be readily
acconplished by slight alternations of the algorithmin the DSP-unit 17. 30
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~12 DE C 2002 3 A receiver as shown in figure 4 is called a coherent -
recei ver. However) there is the problemthat the known 6-port reqqzq%E[IQMOZ
Quite conplicated and particularly cannot be integrated on one chip because
of the existence of the local oscillator 48. 5 1t is therefore the object

of the present invention to provide a nethod and a receiver for receiving
and denodul ating a high frequency signal by direct conversion with a

implifiedr.struct dwth | ts. Th tral id f th t
nvent i on THerEgP Eo BBt bt MavB3hE ke AR TnE Botcbiny SRasse 1B BURRE
detection gﬁﬁﬁx'eté’%,-boﬁi?ﬁﬂbﬂﬂuﬁ_g ah®phike, bNMBEoWale etWRHRO Indtéadriraisighed for
recei vi ng hi gh frequency si gnaP by direct conversion. Adigitally

nodul at ed hetprodyse cpoaiverssa sikpodadcdineratccbmplshet diredtrmemshemenna micrdwave
branches is delayed relatively to the other  one of the branches by a pr

15
det er mishedarfema "a¥s §fte9‘#ﬁn.°‘eAtb)>/’leé&é?“ﬂ&w?‘é%"‘p‘é\i@? ay \Jeast thapryansd: particdiarly IC%¢>1eerur
I t. | [ . f
Pt nput & B B B FDertBRtts AP RO RR AlbeSeadil ol lRaREBCE O)

anpl i tude éﬁpr@g}ﬁﬂﬁbﬁlwfaﬁd@mbed@e LS Ucatiftt meafuterfeiiPtAXbSngaAbS a large
representing the relation (ratio) between the two branches of the input

si gnal r el éitriama¢ yange|ang avide freqrasigy gangs: 6-pat fumetiomesceivers qopsist of passize or

f Levels. 20 Both b hes_of the jnput. si L b | ay.
wher el ¢ MEISTEVAYE CRRAPE® sOit o drecyisnnh e lBCa Sorat v BRE o5 redf e ¥iple s,
three povedetd &y Theefclifcdl te &R1Y HiktSdedand MBRINGSHIMIT TR BN tedRepf

25 the conpl ex signal can be cal cul ated by digital processing. The relative
del ay bet veeforiseliteeophase/amphtide fdemodulatipntit miicyowhve and inen-sgueafrequengiesat er

than the inverse of the sampling rate of the A/D-conversion. 30 The
nodul at ed T%@?delg?%gTQ @&?k% adPeeiver di I6RAA%ed Dy G-ReT PhaseededACY he conpl ex

Tevel's.  ySTHRAE B b OF GHRH feclivel M Ebig il Bind HERSIRSIOSPPRIE.
can be af f'Hed dorhingndigitsllyombyulated IR sighalis e6mpered AP Husput Hf @ iigisal
detection diodes. 5 The step of_ calculating the phase and the anplitude of

t hf—: E depl @@ngpgﬁlocelawﬂuﬁqrﬂ& ﬁ?r@'erc?ﬁwqrxésl firpe performeds Thg RIR-yait dd detects
i i i ci U ' he_ph h
Sl ¢ ude 1B At el nes (P S Ba R and i LB Thet 1L BT R P K Fasi e on

of the conpésifingisttal. OnteltR@tartiel isPReoveTBI tHRANManthdecRR bhase of the received

signal is detected and decoded so as to recover the original modulated data. The maximum

data transmission rate is determined mainly by the sampling rate of the A/D-converters 16

20 and the processing speed of the DSP-unit 17.

By performing a calibration procedure the hardware imperfections such as phase error of
the bridges, imbalance of the power detectors, etc. can be readily eliminated. This
significantly eases the requirement of the hardware implementation and enables the 6-port

25  receiver to operate over wide band up to mm-wave frequencies. In a 6-port receiver the
magnitude in phase are acquired independently. Therefore, the phase modulation of the
incoming signal can still be detected correctly even though the amplitude of the incoming
signal changes over a large dynamic range. Switching between different modulations can
be readily accomplished by slight alternations of the algorithm in the DSP-unit 17.

30



10 According to the present invention furthernore a receiver fcrl)\?I pEdC 2902
denodul ati ng a high frequency signal by direct conversion is pt e

vecei ver conprises' a power divider to divide a nodul ated input signal in at
| east two branches. At |east one delay line is provided for delaying one of
the branches relatively to each other by & predeterm ned 15 constant. A
cal cul ati nd\ tsiceiyer as simvamnaﬁege 4tis ralledta eaheeant pengiver | Boweverbthewlisdhee. g.

I nbi b h f the I h
del ayed roPHUGBIGA e KAEYn SURErFeBy o pACteeOmRita HEl B EURY SR Re
processi ng; edc‘&i&rwaﬁ ?eéatl& HHBS Bx R va‘ﬂﬁrIBédbtok'@lﬁ ef 18 _conpl ex signal

representln he relation (ratio) between the two ranc es of the input
signal relatively delayed to each other, on the basis of the said at |east
three 20 povver | evel s. Two del ay |ines can be provided for del aying

L espect 5; vfeftyls Sheaefore thecobiecs o€ H@sprefenﬁ H@enmto proyidala methad f% ad@@%‘iﬁrlf%es
Comvert | norEhits SEL B SRR Ban PR Bl A SUE L s AR B A Rl e

circuit. | pridhade HASRith MRs BoEEESSI NG rreans can be a digital processing
means. The del ay between the two branches of the input signal can be set
equal or greater than the inverse of the sarrpl ing rate of the

A/ D- conver e can .be ferenti.al |

Todul ot ed TG REATAL ek of R froseldavePRigh e dilis Feniach Be Caherih Reifgy £
processd NOpokediterent detebtibkcecéfYag s The cal culation circuit can conprise
onIy | i near passive conponents. The delay line and the calculating circuit
can 'be int egrat ed on one chip, as there is no 5 | onger any need for a |ocal
oscillator. Adjgital filter can be provided between an_ Al D converter and a

processi ngAREAIANE lohe Mveption a meghod s BroNides o5 ressdving o digh BrayedFy RIgRARY% a
mobi I'e CO%&%SH%E&PQGW%“I Ca{»&ﬁh@&l u@lutf §f‘g%hlv‘§fmﬁﬁe§&ht9{e& ﬁ?&}s ﬁes

provi ded, rchno ron d can be a ce one

Further preheor e branthes aé demredatRtisSely eb thd GheesiR yethe BFantREBW LD re‘-or
m crowave distribution systens. 15 Preferred enbodi nents of the I nvention

wi |l it béeterapined ﬁeley censiant Ayleass three pror%}u leyslsondtpreferablie fau pomeniaygls are
Figure 1 sche al l.y sho receive ccor.ding to the.present inventi
2071 Gor e ISR SR ort S ndiohS B IneyaOrapiEs PR Ll ok it SR v MR e ™
accor di ng {oQath @tHe?. thed trﬁ;phsse%naftﬁeﬂ@mbhede@ftal Rimpléx §oRA lieEAculRd aga@dmnt
of a heterodyne receiver ig. 3a) by a direct 6-port receiver (fig. 3b),
25 figure wmpimvsigaalcncpmsanmcah@miathne(crmobdnet\amdhd itwg bramchédseofshainpuof t he
? L; 6f nglrJ{ se1gr?al re atlvely r&elaryg ?c;[ tl:a(c): o&%&-,‘l\oene Hmerbeals%tolfvtﬁelp axree or faotulr %gwgre Ie%gltsed by
20
Both branches of the input signal can be delayed, wherein the delay constant of the two

branches is different.

The at least three power levels can be A/D-converted and the phase on the amplitude of

25 the complex signal can be calculated by digital processing.

The relative delay between the two branches of the input signal can be equal or greater

than the inverse of the sampling rate of the A/D-conversion.

30 The modulated input signal can be differentially PSK modulated and the complex signal

can be calculated on the basis of the at least three analog power levels.



recei ver according to the present invention and the relative phase
difference 30 of a divided digital nodul ated input signal, CEE(@ Zﬂﬂz
figure 6 is a graphic representation simlar to figure 5 but in the case
that the incom ng signals have relative pgwer |evel difference of 20 dB,
figure 7 shows an exanple of the calculation procedure required to obtain a
phase 5 change and the anplitude of the signal, wherein the phase change

t akes the Iue of ..157 ~/ 8 t he ni.tude, remainjng the s ure
" shows  an 08 aAisHBAPR Of fhe 4 Jeis” bien AR RIS EF ERCREE D mepR TR GG MR
signal is donfBonends, 4R afREBEdIIIG @] 455 (~/4) in phase, and 10
figure 9 sh%%ggthe na%henatﬁgal correc??%ns to match the possible offset in
the circle's crossings as e.g. in figure 7 or figure 8. The present

i nvention has been acconplished based on the foll ow ng notivation issues:

15 - Th i AhesePsd CWBVF&&@WW“&% ﬁhé@mwmﬁe@fs%ﬁomabﬁﬂmbyarsm@mlm ch
can also f i wave and to base band
conver si ong&% T%nthftrgteyb? cglg{xﬁﬁhg gﬁﬁb‘f@ﬂfﬂ 9&58&13 " passi ve conponents which
are not ideal due to fabrication tolerances, 20 - the invention inherently
avoids classic I/Qucircuits and therefore their anpl i t ude/ phase i nbal ance,
- the i nvelthe step af Icalaulating thei phasecansithe ampllijudecf tho vemples signal e4n furtRErrhoreal
oscillator, - the hardware of t recej ver c 0SS

i fferent FRIGRASEH thE FepHorTRt EiBlex sigrab b RallD Badhiaitits ar wlne

W dt hs9g 25 - the invention provides an inherently cheap concept which
features high integration ability and | ow cost process. ldeally the whole
RF front eAdcdrdingltachelpresend ieveatiompfurthetinerer £ ceeeiver farudepmdutatigh alddgh pol i cy

to reduce anal og proceSS| hg towards digital processing, - the inventian
suppor t s. t HEIY8RE SIgRalRR Aireh RRMESSIO fiaiiaLidsd  Thmreseivalicamprings d(power dévider

| nventi on g &191]‘9_@ &%g@g%ﬂuﬁﬁnﬁﬂﬂ'a’t fle %Sbr%ﬁéh%? ﬂgi%%&e& etcié?:ﬁ/ dl?ne is

Moi t s/ sec) . invention w e expla

r ef er enci ngrobfdledl ifgttictayling bhaof Ge bratravsrdlditreyededash otRp &9 Rl préfetarntiné@ct
6- port receiver based on non-coherent detection accordi n% to the present
i nventiSon. constapkrA pelcelabing eirghit qaleplates at least dyes peweeyelyhasedian @ gs Haear

h hab fol | lified d.th
anothor banBRRDHR o ki Sl treerhar Binhth S yeiaes ARVREAN R e
divi der 4 &lhé’ﬂ 8128 pdetiuBpticeihy Bonfin@n Al plodedsitfy MEARCHRAINRS haPRasSand e

branch S 1 i1s output to a first delay line 6 wth a delay constant T1 he
ot her br anahplgudaidfpaitomplea szmaelomregredentmg the mdaﬁom(rhho)d:edwéaythe awstbaaniche® of

which is different to de onst 1 of rst line 6. The
two brancHBS @uislggglrg HVB]é!d:{ %’g %S\/%?erdm}l%‘gas@ e g3 %Z%S'bﬁm?ene
first nd delay line 5 are then input to a passive circuit 7.
The pazgsiwg)‘%c?rléﬁﬁ? 7 provides for different |inear conbinations of the two
input signals. The passive circuit 7 preferably only conprises |inear

passi ve corrponents such as detector diqdes. The anplitude) i.e. the power

of the at Twadelay pinescan broprovidsdiferdalaing r%saﬁqswr:bt@zf ofythe éa;fgesﬁ%fs@ﬁ mput
7
pasei ve i AREEh BetK hafud B atenGRack EoRIB 0 P O He 6™ The pover

reading circuits 8 preferably conprise only detector diodes. As it has
al ready been stated, the m ni um nunber of detected power |evels detected
by t h@5poweD-cansitay canrbeirowidl far convarting ithe 4tHeaseﬁun®pewsrhbm S eutputghyr e 1

h 7. pr.ovi for, 4 |linear n
the passi Vtt?e lcxﬁgtlugg mr&nt(.)\frll %cas% the pro'ceses?ng r%ggrrglcag e cﬁgﬁal processmg means.

The delay between the two branches of the input signal can be set equal or greater than the
inverse of the sampling rate of the A/D-converters.

30
The modulated input signal can be a differentially PSK modulated signal and in that case

the processing means can be analog processing means.



20 two input signals S 1 and S2, and therefore four power |evels are
detected on the four linear conbinations. The exanple of figur e‘l)z D;EG?QOQ
provi des for a certain redundancy of the entire system The out

power readi.ng circuits 8, i. e. the detected power |evels are then 25
respectively given to circuits 9) which conprise |ow pass filters and A/D
convertéers. Alternatively, the circuitry 9 can conprise DC anplifiers.
Therefore the circuitry 9.respecti.vel lifies the detected power |evel
out put by t]ﬁ’é caiﬁﬁgaglopézér&pﬁﬁa%??rgaﬁeso%y iﬁga’c%%%? femp digitally. The
digital output signals of the circuitry 9 are then respectively given to a
digital signal processing unit 10. The digital signal processing unit 10
provi des 3THeatelay linegartdathe talculetinggirafit ¢anebd immgrated gnahe chip, asathebs &tricon of
the system which wil| be explained afterwards, the calculation of the 1/Q
parts of tHengenpny ngsdyfesiadogal ofgillptogs a further processing such as a
denodul ati on. 12 D E C 2002 8 As can be seen fromfigure 1 according to
the invention the direct 6-port receiver essentially consists of two inputs
(RF-band) apprg@arhitedcad teasoiided bBetwebh U tAITEcorvefst MR Rprosbdsiipl Mensi S
defined as a passive circuitry, designed to function in frequency bands 5
begi nni ng a@éspeetivells of MHz up to tenths of GHz depending on different
realization issues. The passive structure contains several (at |east three,
preferably four) power detectors. The outputs of the power detectors 8 are
DC vol Fl@gef%c%icﬁx‘i% & e 3RVERLIGH filherhere RobAB ¥emhfmicatish Us¥ic@ cHApHLiRk &
arrpl>|f|cat|on (optionally) and filtering. 10 An I nportant feature of the

i nventi on iraceivee apsetvaus aboveds prawdddypovidet mpblie nemnfnicatiomn devippeastse 4 he

| ocal oscill ator of thertate of the art. The two delay lines 5, 6 provide

for a rel affimarElerponsaRRE@RT PrETIHOARPISHANS Sreisafs IHESHCRIVRTRT 166X 197 vi der
4 of the .Sl L delay of whichis T =1, - t2. As it is
only inporRE]e{glﬂtoq{agLSgsﬁ%ghgg%'t&gs'reI ative delay between the two branches

di vided by the power divider 4, TZ can be 0 and the 15 correspondi ng del ay
line 6 can_be suppressed. The relative delay i between the two branches

di vi ded by Praferre erpodimentseaf the inyeptiemwilb poyrbepxplainedaafertieg tnthe figuresoft he
sanpling rgte of t LD converter 9. As can be seen fromfigure 1 the

i nvention &elmxeéﬂgrgﬁgﬁsi on of vector information, i. e. a 20 phase on the
anplitude of the RF signal based only on scalar information (power |evels
detected by the power reading circuits 8) . Therefore the invention all ows
for a detecti onFiguralshhematically shraws orecaiyer acdoedingtd the presenhimvbmttbrhow t he
vector information representing the relation (ratio) between the two
branches of the input signal which are delayed relatively to each other
(del aysd i nes S, i L gl i j bt i | ;

expl aiznded | at erﬁg%]r-e 2'?'%Heom‘g v%ﬁ%gggjgsﬁg ﬂl’?)h%ﬂlhg\?g‘%ﬁe\?gn g??%‘elgn?ov ralc%c?‘gg%istg
apprioaches are that figudvigre inperfections (phase and anplitude inbal ances)
are inherently avoided by a calibration procedure which can be perforned

wi t hout changi ng physi cal connections, which allows 30 usage of the RF
conmponents wth j i e Ql.erances.
Further mor et hepburee s hebfGal SRS ARE He5ta 0ot B AERRRG el

non- coherent denodul gid. 3a) b aulire: 6—?0&&&&&&& (figl g6l oscillator with |ow
power (simlar to RF level) is 1 CEC 2002 grequired an AFC (automatic
frequed®cy (phase) controlling) digital processing unit is required. A
advant age of th in\ae tion izl th{a&l t he whol e RFdf.rontthend C be realized
with a sinple SHBHES PWSRGODCIEE RPOFFEST VI ATPICME L. LesAtF PoAT ) not
necessarily very advanced GAAS or (SI) MM C technol ogy for | ower frequency
bands could be utilized for nmuch hi gher frequency bands 6-port structure,
as there are ndfigureiSvshows tiporedation tetwednhrelative powkratdtios getected diylthe beporeal i ze
detector diodes on a waver. Therefore the invenfion provides for ost

reduction in the RF-ICFYIMEr RAMIMRLO He RUGSER: IRYCHtion andiths rrbativaRhasy @igégen&ﬁd
havi ng~10 | ess conpl jca e f: . (wi thout |ocal oscillator
Ci rcu%to, AGC and PLL‘%f(.:a {llﬁﬂ%ﬁ%ﬁ%&i%ﬁd@ﬂ&%@kﬂfﬁﬁaﬁgme 1 the detected power
| evel s are A/D converted 9 and then digitally processed. However, in the
case the input RF signal is nodulated in a sinple way, the detected anal og
power |evels have not to be A/D converted and can be processed 15 in an
anal og way. In any case, in the calculation block provided by the digital
signal processing unit 10 an conpl ex signal representing a ratio of the two
i nput RF-signals provided by the power



divider 4 is calculating using additional calibration coefficients obtain g
froma calibration 20 procedure. The conpl ex signal can then be f‘pﬂt Bﬁc f 02
optionally deconposed to I/Q data streans to be further used for a

conventi onal denodul ati on procedure in a hase band. Optionally additional

LNA and additional BPF can be placed after the delay lines 5, 6 or

i nt egrat ed wi t hifigureh iscegraphicirepreseBjationtsahdarctodfigure ac hutig théeaserthaitthe of t he

passive circuitry 25 structure 7, Now the el enents. constitutj t he

Pavent fve. recei ving HEDTURE SEERIT PRETEIAvRe POVEr FF Sierose ob2DiBh ned i n a
nore detailed way: 30 The passive RF circuit 7 is a circuit including only
passi ve |inear conponents, this can include power dividers, hybrids,

coupl ers, transfigam Dshdwsrasexanplectl thg calcalition prodedsiesequited toagbaaintagshasd n a
di fferent nunber of each art of caonponent and conpositions. A 12 EC Q02
10 whol%® passage ci r ekange ynd Hi¢ aseplitady o/ dg signah veieseinithe pleage ghanggripkes the

el ements. The design_qgf t a LSsion |ine substrates or re-used |unp
el enents is arbitrar Vﬂ%ap?g}'és@’f%; tbggnatggﬂ‘g%d[ femayang s&ggesi ve circuit 7
to defined bands of interest, which are called RF frequency bands in the
foll owi ng explanation. 5 The RF frequency band is a band of interest. The
RF frequency bafiguredhsheswsransexampleciguthe caselthatthe reladivecthahgeeopihe fncomeing
receiver structure functions. RF frequency_ band can al so be understood as
an internmedi ate freqHerlys BEFRIUES B e magniuds and 428¢i(T6h) i phasgi apd). | n
that case, the proposed receiver functions as a direct conversion circuitry
from1lU internedi ate frequency to the base band. As it is shown in figure

3a and figure 3fgureleshdiwsahé matheRiaticdleoeie¥Ednsas ¢dteh fe fodsiblefRecHhemE
i nvention can process in that case the internedi ate frequency signal

obt ai ned from anot he¢irgleis erassiapnasce.gr byfigurey/ or figirgller RF frequency si gnal
by one of the classic down-conversion techniques. The RF frequency signal
can take frequency values in the range of 50 MHz to 100 GHz. The RF

; et . : e
requency e egt%iﬁ mb‘e]?xtlBh h&@ﬁéﬂ_a@é&n@%ﬁ%& fgg%g %@?&M%%Waﬂ&n ﬁé@ﬁes.

passive circult /. Before the first tering addi tiona

st r uctifr es- Thirlventidn proxiids far pdivadt denverson ¢ryodymansistenashichoaariso f
necessary._ As it has al ready been stated above, the passive circuit 7

provi des fiypctign indhe direet coaversign of mypeyasieAndy o base band foRVersioRbi nat i ons of
the two input signals S, and S2 output by the delay lines 6 and 5,
respectively. Said four power levels P,, P2, P3 and P4 are cal cul ated based

on the two theftont 8hd 6&l be fea)izédPwith passiiie@niponefie WiitH oeinog iddalidid @n 1. P,
=axS, +bxS2 25 P2=cxS, +dxS2 Ps=exS, +f xSz P4=gxS, +hxS2
fabrication tolerances,
20 - the invention inherently avoids classic I/Q-circuits and therefore their amplitude/phase
imbalance,
- the invention allows to utilize extremely low power levels of a RF local oscillator,
- the hardware of the receiver copes with many possible different modulation techniques
with different base band channel band widths,
25 - the invention provides an inherently cheap concept which features high integration ability
and low cost process. Ideally the whole RF front end is placed on one chip,
- the receiver supports global policy to reduce analog processing towards digital
processing,

- the invention supports the general developments towards software radio and

30 - the invention allows high data rate applications (also greater than 2 Mbits/sec).



The power levels P,) P2) P3 and P4 are detected by the power readfpn
circuits (power 30 detectors) 8. A power detector is a device mithBEC 2002
converts power of the signals comng in the frequency range of the RF
frequency band to a DC voltage informatioryg. It can be realized in different

t echnol ogi es. .The .nost...usu technol o far th ractical 12 D E C 2D02
11 i npl erreﬁ?‘ﬁt‘ilwngﬂdvlpéﬁl“i ‘f"ipg n%4 re?%{rgngpéittq g‘gﬁ)@?ﬁoi nt receiver is the
real i zat i omy; JenatraN ' ) . | 2Soleddhbe

i nt egr at ed@%%yr%)geﬁgm p t%ﬁfgtﬁﬁgreﬁc ' iﬁfj?ﬁgreg‘;‘g %ere(?ﬁeg&%t%%&l %gri?g%t or tdi odes
is to be udetectidromdontingles thetpoeseni inderstion. tAs can bepseew fivin figteul & raceived RF-

tenperature conpensation. 5 The digital si %?al processing unit 10
cal cul at es signalofpresgd shuguah a and passtfiier dapiN A1 waplified 2.02g8in pasged through

A D-conyerte wer. | evel s P2, nd P4 i.ch | ex signal
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The di gi t ahjvidednad supplie® KF-5ignainh twd Brarehés SRRANSY eONb ibdhch!J108Duthudtd &l
signal processing of the bits comng 10 fromthe A/ D converter 9. The basic
functions fifstdelytlme Gwithal defayocoms@inngl . Ultiet othiér rasch's odipgt tcad sdécond delay line
filtering, - calculation of the nentioned conplex signal, - _ calculation of

the cal i br &Witha delay crrstantd Vel isritferantia thedelavonsiaght hebredisidelydine -
t ransf or magi I | t i i

1 st or o) 2 B BRAHYSY 8 &by hOGer BtlieR AN DARY PREH 90
the cajeul gdcbhd délhy Uine Scatk ithndinb@toGOsHsive CRBEIE 7] ?héigﬁlﬁi\iésdiftﬂitaﬂ prRWuRS forel v
software digital signal processing capabilities or 20 hardware capabilities
(ASI C or sdifferent Jinearrgombingiond of the tWocinpuinsigends. cthedpassive airewit 7 preferably only
processed. The.processing done b he digital si | processing unit 10 can
be reali ze%orilwl‘%ﬁgijnﬁﬂcﬁaisg‘ﬁe W?ﬂo%n&eﬁ%gﬁ?&?‘ieﬁﬁqr ﬂﬁ%g%dure usi ng the sanme
hardware parts (e. g. the sane digital signal processing). 25 In the
following it will now be expl ai ned how the digital signal processing unit
10 cal cul albsamphtudent.e.othe powenpf tre as lgusaihreeciineas eombingtidmecalatlated bptheeen

the two input, signal .S 1 and S2. The conplex signal is a signal which is
cal cul Bt edPassive RECHE Jiand prefembhy thefevehngas gomyinations praviiedby| the Passien
coeffici ent; ' ' Ve K | i . dat ect ed
by 1 he. povdicufore A BALLEN By BoueblabinbreiRaNes, ThYBLRer MG, e 11 %5,

typi cal stpreferablg c@xfngfib@ ofl§THRteRtordigta) Awiit Mastah@adss bédn statedcthe dfinRver
reading circuits 8 (4) is presented in the follow ng equation 2: 172D~
C 2002 12 mugber|of detected ppwer Jovels detectadabiethe powes raading cirgyits 8 is three. In the

e~(2=(1( ='gx_a}n l=ex3 o%n-l-%(ftlgri}ré q(&lé }aas%ivgaxciircgit% S-r'olvid%g(?orﬂ }i}uEzir combinations of the

20 two input signals S1 and S2, and therefore four power levels are detected on the four

linear combinations. The example of figure 1 therefore provides for a certain redundancy

of the entire system.

The output of the power reading circuits 8, i.e. the detected power levels are then

25  respectively given to circuits 9, which comprise low pass filters and A/D converters.
Alternatively, the circuitry 9 can comprise DC amplifiers. Therefore the circuitry 9
respectively amplifies the detected power level output by the power reading circuits 8 and
converts them digitally. The digital output signals of the circuitry 9 are then respectively
given to a digital signal processing unit 10. The digital signal processing unit 10 provides

30 for a digital filtering of the input signals, a calibration of the system, which will be
explained afterwards, the calculation of the I/Q parts of the input signals as well as a

further processing such as a demodulation.



wherein 5 - p; is the relative power detected by the power readj] LrC
8 expressed in voltage divided by a reference power detection (t%ﬁtﬁpm

forth power reading, e.g. p, =P, /P4), - x (i), x, (i), y(i)) vy,(i), i=1) 2,

3 are calibration coefficients obtained bg a calibration procedure, - ~(z,
) is the input signal S 1 delayed by i, which actually consists of a base
band signal 10 up-converted to the carrier frequency fo, - S2 (TZ ) is the

i nput signal |g%9 t Bz J e | »Sd gnal of
which is S%Sacgglbg)cétgﬂla r3r/l C n%(ilsalte gorg a ggggtvgﬁgl)ﬂé%ﬂ%{ech%?g@%b&\{e@’d to the
carrier fregesintly donsis@d two tiptits (RE2band) dpprdaehing amisside RFadtrudnge i Basgiveat er
or equal to _the sanpling period of the AID 15 converter 9, that al so one of
the del ay B&rsimushnre iscdafingd apa prisivegirqyétry.edasignpdito functipe inc freguenpy bandse

h f the t.ot f t ' t . I f the si I
i € 1p1§ ecbohe R e R oB R Eilbs b ceiuptiuing B oGl fafetptifuen ) o
be negl ect ¢hs pARReGacRR ddtaihd fverRi(AtaBast et ;%:@Peralﬁ& %drzﬁo%xa&a_@ctbﬂa. tthe
anplitude 20 and phase fromone sanple to the other, or the relative

i ncrenment outputs of éepewerfdetdeeors 8Q@rs DfhudlsageT mehickedre chmpled dfy théiAsDvainuertert
particular]|y_correct in the case when the oscillating period of the main
carrier i s£ Aftemna Rﬁﬁsébl%ﬁ’a‘PlléFat{oﬁa(HPtt‘?f@ué’hﬁ?ff%Hﬁf%ri od (so that a virtually
guasi 25 steady state is obtained in the passive circuit 7 and the power
detection by the power reading circuits 8 can be performed. The calibration
procedior e Af impprianeeatae ofthe inviefitiore BehS pEvision Of €N twoCdeldit laned 56 &l tobr at i on
coefficients xi, y(i). The calibration can be done w thout di sconnecting

t he physi caippress thefpeal ngeillatog of Bigritate obthe a5t Theetven delasnlineshs &piovisiedor an
procedur e .ch n erforned in an,.off |i approach. The . s em

par anet er srv(\:@%&’ ﬁg§ﬁ§|'}%§}’g€fla[-§? ,EW% gralnﬁléﬁs Byyded ilbxgg%ﬁ@%ﬂ ‘if’ ﬁSﬁg o%él?g %t Signal,
perfornmed tha réiBgvd@lhPer WhichN€tReR! 04, TAd & iR ihipbBt&ft b PREVIHE forS] RN
synbol duration. 5 Th}g cal %cbr'atti orﬁl coBff | cilent 2 Lgf?eg%?)t ai ned by rt%he ve
cal i br at i odelgy batwsean thedwolbeyncheedivided Hyothe ipelvet divddesidgratardied @and dre i n

conjunction wth power reading. In the very first mnute before updating
with d&t a gorsspendingdeley bine pcae be surprossediebhe redative delayor hetween thedwo

l'i brati I . ilized.f th lcul ati f relati [ | .
To After partdekERitidhy e wolBhard B Bl e ool nde cRrRednabdelcal Ty
cal cul at edsampliHe gatk Bf tREAMD Gbhvdrtepiognal processing unit 10, a denpdul ation

procedure is executed. The denodul ati on procedure can be perfornmed by the
hardware structures (e.g. |/Q denodul ator chips) or with the DSP software

e.g. the same DSP which_is d.for calculation of the caljhration .
Coofti ci o SCa i Fe6h ol Bghier§ O IBFETERE A0 e tignar yeciot InamiasoRs pea
not ed ophat i i ; I i
i 11220 oS E RERrBARE HORT, B! SR Gy Shabar ARSmOf (R e
Q i nf or matdetzoteddnt the powenrdadingudrcuivs 81 eThenélerethicl invantiopatews fiore dakwioardf
detection it is , necessary to apply a differential processing of the data

streans ba@fRiRee HPFmALion; feg-cohereadiy Ehe methodhow thetvgetor informasionsrepreseniiag

transmtt | o . ] e.h tion of
the i nvent(::ﬂ:i eolﬁl@%}qrﬁa&%{ed) e"%@'(%ﬁr%@%&‘%%r" gfr‘lgcsinc%gtﬂggﬁ%ﬁ? g‘%%‘@ ‘gﬁé%%%?eé%gs 5- 9.
In the folrtlaielg te¥ahaoibér @dlap liged 5 £6int thaldigRPKignmprbedssidg ahinadl willsbe
assuned and 25 denodul ated. Additional assunptions are invariant to the
syst eRP cogEplpinedAder ey are utilized only for the sinplified denonstration
and expl anation of the system It is to be noted that the kind of

nodul ati on use does not alter the principal functionality of the proposed

receiver, T8e albataged bf e RSetive GOHBM Rel @DSsie fappRAtHR hiOhab RAI@WRR: Can be

imperfections (phase and amplitude imbalances) are inherently avoided by a calibration

procedure which can be performed without changing physical connections, which allows
30 usage of the RF components without having large requirements on the components'
tolerances. Furthermore there is no need to have a local oscillator (LO), as a non-coherent

demodulation is used. Otherwise a local oscillator with low power (similar to RF level) is



30 utilized if they are processed differentially before approachi nhgtﬁ 2
converters and 11 Q ports of the transceiver. It is furtherm)re QD@
that the structure of the passive circuit 7 is invariant. 12 DEC ~Ol12 14
In the follow ng explanation it is assuned that the deI ay difference equals
to the sanpli erjod. Furthernore it is assu he RF.frequency

S gnal - ha RE A ST ERLeP AR P RaSD R BB 8) (it RSP b B ¢ 7.
The incom p&luﬁF gsignal is differentially nmodul ated 5 and sent by the
transmtter he’ passive circuit 7 consists of ideal sub-circuits which
need not to be calibrated. Furthernore ideal |inear power reading circuits
(power detectors) 8 are considered. The passive structure can be as shown
in fi gure 2. advantage of gle| lDwnﬁlgntl%lmaéﬂleHéhq4@B@ Eramtengmerberré@lmeﬁqgtfnmmle zed
over r.ea from 1 present ed

of “ai or efPal arbisrorsorefie@e EhmieRloH oot geterdbedieRh Al fads 3F'
anpl i tude (SI?WI@Q&&&EIO@?%M lower frequency bands eoulcRSJ: ﬁthé@l fhanedl Higwrence ' ~

ang(s(t))- anhg(s(t-s)).............. ... . ~pd~p 1 .~ ...
.......... frequency bandsF!S}pR't 3tr&cturePZ£ Ehete are.no adDe'c icompnnémvgyand the-maial er ances
for P41P1. I Si on ~~~ tolerances fqr P31P1, . .........

~~Deci Si Onct'ag,lﬁpg:e 1§ qngr 9 124 {._;quatgﬁtorpizp PR Waer. ci'rhega‘?ore the invention provides’

:0.5857lto
05 Lgpqlt st Riduction i the RF-frontend-dus to avoiding the infgmediat iasss khaving -

In the example shown in figure 1 the detected power levels are A/D converted 9 and then
digitally processed. However, in the case the input RF signal is modulated in a simple
way, the detected analog power levels have not to be A/D converted and can be processed

15  in an analog way.

In any case, in the calculation block provided by the digital signal processing unit 10 an

complex signal representing a ratio of the two input RF-signals provided by the power

divider 4 is calculating using additional calibration coefficients obtained from a calibration
20  procedure. The complex signal can then be further optionally decomposed to I/Q data

streams to be further used for a conventional demodulation procedure in a base band.

Optionally additional LNA and additional BPF can be placed after the delay lines 5, 6 or
integrated within the delay lines 5, 6 before approaching the inputs of the passive circuitry

25  structure 7.

Now the elements constituting the inventive receiving method and inventive receiver will

be explained in a more detailed way:

30 The passive RF circuit 7 is a circuit including only passive linear components, this can
include power dividers, hybrids, couplers, transmission lines, matching elements,

resistors, capacitors in a different number of each art of component and compositions. A
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............................... ~~30. 585 §3 4141 to Sto 2 o 4 23~/203. 414
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with the assunption that the incom ng 20 signals have a relative power

Level diff bansdsdn the follosdng explenatiogures 5 and 6 it can be concluded that the
sensitiyity of the system decreases if the power |evel difference of the

I ncom signal S 1, S2 increases. This situation can occur) if only one
del ay line ' | fry ' t he

i ncom ng 2 gllﬁ;ng %d%eg})hﬁshgspgb%ﬁ?gqg@te?egﬂugfwe%p ?gelﬂg%rfc\?gaw? %?r?f]kgqtsg{ her one
whi ch i s néequiscppand in whRhRREpRPORed mctiver sricairbdumtivasl R fiteqhéreyrbandicar e
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and phases sé a sinpl e decision I C can be es ase

conpar i oningérmicd Rt fraqugicy @b tirdRise baVess it &velown inSigige 3N ahdGigdrvisaBe t 0
performa denodul ation, This is for exanple true for a (D)PSK nodul ation.
10 Fi gur e dirept @vpprtrgseivee peroeding ¢ tHeanrpsent yquiigreen: proerss g Hfapeasedhe n t he

digital signa rocessing unit .0f ,the receiver. Flqur.e 7 shows.
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band pass filtering 1 additional structures can be utilized to provide frequency channel

~ assignment if necessary.

As it has already been stated above, the passive circuit 7 provides for at least three and
20 preferably four linear combinations of the two input signals S, and S, output by the delay
lines 6 and 5, respectively. Said four power levels P, P,, P, and P, are calculated based

on the two input signals S,, S, according to the following equation 1:

P=ax$ +bxS,
25 Po=cx§ +dxS,
P=exS +fxS,
P,=gxS, +hxS,

The power levels P,, P,, P; and P, are detected by the power reading circuits (power
30 detectors) 8. A power detector is a device which converts power of the signals coming in
the frequency range of the RF frequency band to a DC voltage information. It can be

realized in different technologies. The most usual technology for the practfcal



vector represents the conplex ratio of the signals S 1, S2 at tvxﬁ le‘Eer?aﬁz
tinme.increments which tinme increnent is defined by the relative 2I

provided by the two delay lines s , 6. To obtain the conplex value a

mat hemati cal processing is required to caiful ate the crossing point of the
known circles (the circles are defined 'bY he calibration coefficients). 20
As can be dwplnenttioniagd realizptiemel the digital §rnodwitreerivarris tetigalizatiogiwitlof t he
grid to the crossin oi.nt of th ee ci.recles has .a length (anplitude
cor r espond FHYRE éfﬁ%t%nc?li)&ea?ﬁfr?aé; r ?gfeeﬁf% d_é?fl%éﬁﬁ’i’ Ee b‘f‘%_%‘?gg’ﬂ(ofﬁ?/cglﬁ)l? %Oﬂﬁ e% act
that the veginahe hasitdGrduNgiBesQbr G8ANE 115 8 LAIQRBo4 B Herb&BF 8BRS Withhf
fact) that the two signals S 1, S2 have the sane magnitude ) as it 25 1s

t he case eoptiordabcirtinery@@Skempedariztdompensdtignr e 8 shows the case, that the

two signals S1, S2 are different in phase and magnitude. Figure 8 shows as
an exan%le the state that the relative change of the signal is three tines

in the nmagm ~c/ I . S 0 i: e 8,
t he vectorqg%)ld%qtragc P%ﬁpr?(r:eos%l]n H@‘&P&S%@%%@@%é@%‘ cﬁ'ﬁgffgﬁeoésﬂgéfﬁg%oi nt
of the thr €igtefidrapd €s/Dasnverte® Poivr ROEI @ PP))E,Rgd 7Y, WhizhWwohiptexadighan angl e

of 45.5 (n/4). 12 D E C 2002 16 It is to _be noted that the results of the
cal cul at i oftpgeseBisshe gelatian (o) thebvaeniihg twe inpuesignals Seand St.hhe digigtisignalhe
direct 6-port recei VFE det Ects di f&epepcesdbet en .t he two s%rg’lnallz.gs S 1 S2
so that anhrOFEISHE WY LR A aardiyats Whish AP ERARIR! 157 pIosrsTing PRI Ome be
detectgfl. Rofde AERBSHveRaE 9 PEACBRIL RBCHSRBTISiH Q&nﬁ’lkx%@&sh‘l?'nﬁﬂ“ﬂﬁiﬂe?d
signal) the digital data before supplied to the transmtter [/ Q nodul at or
via D/A converter have to be differentially processed which is inherently

true for DP&K, rrﬁdul atig_q schenmes. In case the transmtted digital data are
not diff er efSA} 1Q¥ PAFAGHSFBE, ref erence sanples have to be sent in order to

provide a r g(n&f j nce phase for the detection of

t he absol utgaﬁ% \lla 8fe@gg?éﬂ?%§eﬁo%u@g¥§%ﬁé¢gi tal data. Inreal, i. e. not

i deal ci rcuédlsulation dfihe ealibratibresoatficients obtaitedl feorAQl dayibiafioh peocedure i Nt .
Therefore there is usually sone offset in the circles' crossings, which has
to be Yt heteasfermatipniofdhg eemplyx siganlitedhe real ankimaginay pres (I/Qrenrtputhé
calibrati o‘% gg&jfi cients are not 15 optimally obtained. A further reason
for the of F88¥“tan be different noise effects. Different approaches can be
utilized in the signal processing of the digital signal processing unit 10
to "decide" where to place a crossing point. For exanple the geonetric

medi an of Theecalarlatiah of thasgmplesasigriabag wkk s the cateulationafithe calibration However ,
the of fset can.be neglected in sone cases ere.a relative | ow nunber of
the nodul OFBIFISES obn s R M@V B sonw e gt Gsteh Bredislacaibilghs & qpsi
modul gl 0260 E TR apabilifesAASIEU SirhifarPOTHis |dep&Hds 3! (RE Bnsiderd LRAA rfBPId be
Clainms: 5 1. Method for receiving a high frequency signal, characterized by
t he fol | ovprocessade(Bhie prochssinglidnne byl theadipitaltsignabproeessing unpnit0 sargbeatealiredain

| east two branches (S,, .S2), .-, delaying (5, 6) the branches (S, , S2) of

t he input COPFW&HOR @11§t4 %T‘éd“tl%wé‘dlfﬂge@fl%e‘ﬂs”éﬂ\ eéaﬁlPé’égf“éﬂfﬁPﬁ’éﬂ?‘a&i the same
const ant, i (7, 8) at least three power levels (P 1, P2) P3
, P4) basedcli&(%a-r% sggg%g%ogﬁso g'( 12, 13, 14) of the two branches (S,, S2) of
the input signal relatively delayed (5,6) to each other, and - cal cul ating
(10) the phase and the anplitude of a conpl ex signal repres_enti.ng{ t he
rel at 28n HattheEallowring dtwillrawm beexplaiged howahe digitehsignal poecessiphianit 8] at i vel y
del ayed to_gach other, .on 15 the hasi,s _of the id.at |east. three power
evel o ( 8yaleSfalsgdh BensBRest hrne O SERMTeRiesctBa I o Brneb €6 B R e

| east thr e pEVST. TRV@npl6P si%nal'?s?a sfgdal whith iQEQcuded GOMERTiERA sighal and the
phase and 20 the anplitude of the conplex signal is calculated by digital
pr ocessi ngpr¢ckSying Bnit NBtusing catibmtidn cgeffioientsaind combitetioas vErdlatant pawerHenels, he

relative del ay between the two branches (S,, S2) of the input signal i
equal or ghHel afe Aoy TNt EROER s BEprTsgien g6 GHUAS afpottages. The
A D C8HVeLwifdl stradture of the complex signal with the usual number of power reading circuits 8

(4) is presented in the following equation 2:



4. Method according to anyone of clains 1 to 3, characterized in that the
nodul.ated i nput signal is differentially PSK nodul ated and the co

signal is 30 calculated on the bas is of the at |east three anal ogpé)ﬁsrc 2002
levels (P 1, P2) P3 , P4) . ~2DEC200z 18 5. Method according to anyone of

t he preceding clains, characterized in that the step of cal culating (10)

the phase and the anplitude of the conplex signal furthernore conprises the
step of calculating calibration coefficients. 5 6. Method according to

anyone of the precedi ng clai + cterdzed i hat the step of

cal cul ating (10) ﬁt'ge| phas& g,{r?](g) tg}be@g%’pl i_t?lﬁag K fgﬂf} €, HOBL RXsSiaQ N,
furthernore conpri™e (48 tﬁestransfornatioﬁ?();gt @(}c fpl ex signal in real (1)
and i magi nary (Q parts. JL@xTi) HEyHOdp,f or \récei Vi*Ng a nodul at ed hi gh
frequency signal) charact®rized by the followng steps: - dividing (4) a

hi gh frequency input signal in at |least two branches (S,, S2), - delaying
(5, 6) the branches (S, , S2) of the input signal relatively to each other
one a 15 pgpeseiner m ned del ay constant) - calculating (7) 8) at |least three
power levels (P 1, P2) P3 , P4) based on conbinations ( 12, 13 , 14) of the
two br &nche® i e relagyy powver Aetestepby the pavedr reading ciredifs &lexpryssed (Bvoltage t o
each other,. and.- detecting the states of.the ul ated high frequ

Ut st oY b R R POFT AR e ST SSTHbh S PBBRoFEE Featb. ey R ~m ok o
at least t : =18h. 38 PES2f; Sl ;

precedi ng J(}IE g?’n}wg'%c\ﬁ%(rdé%gjr'iqzéd)zf rslgdtr%g/iﬂ lﬂggt?% br ar@ﬁgtg OF%i@é%@g?fbtrﬁg&} nput
si gnal areprdeddayesd (5,6) by different constants. 25 9. Method according to
anyone of t precedi ng clains, characterized in that the calculation (7)
of the at A %ts) istthe énpup sigaal $edelayed(ty 1, wirigh agBally Paisistsofd basctbadd Isignakans
only of linear passive conponents. 30 10. Receiver for high frequency

si gnall9, up-convert&Ctede-catrerdreguendyelfpi zed by: - a power divider (4) to

divide a hig requency input signal in at |east two branches (S, ,
- 5,{7; ) is the input signal delayed by 7, by the second delay line 5, the input signal of

which is S, and actually consists of a baseband signal up-converted to the carrier frequency
f,, and
- At=1,-T,, it is to be noted that At is greater or equal to the sampling period of the A/D

15  converter 9, that also one of the delay constants can be 0.

It can be seen that in the case that the change of the total frequency content in the two

samples of the signal multiplied with the difference in the time delay is constant or if it

could be neglected, one can obtain information about the relative change in the amplitude
20 and phase from one sample to the other, or the relative increment or decrement of the I/Q

signals.

The detection of this value it particularly correct in the case when the oscillating period of
the main carrier is much more smaller than the sampling period (so that a virtually quasi
25 steady state is obtained in the passive circuit 7 and the power detection by the power

reading circuits 8 can be performed.

The calibration procedure is a procedure which is necessary in order to obtain calibration

coefficients xi, y(i). The calibration can be done without disconnecting the physical



S2) ~ - at least one delay line (5,6) for delaying the branches (

relatively to each other by 5 a predeterm ned del ay constant, - 152 D%t 2002
calculating circuit (7, 8) for calculating at |east three power |levels (P
1, P2, P3 ,. P4) based on conbinations (121,do, 13, 14) of the two branches (S,

S2) of the i t Si I | atjvel y. d 5,6) t h ot her, d -
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according to claim 10, characterized by 15 two delay lines (5,6) delaying
respectively one of the branches (S,, S2) of the input signal) the two

delay lines, (5 havi ng.di fferent .de constants. 12. Receiver according
o o aitn 1806 PPt teptndianss SlecPhioingh B o B Bliob avdieen SE BV s B ohe ot
| east thr e RNRWRIanaP¥&E&IdaRn tonfidetidiBwith BdiveP WaRity . BY e or #lréithffutd Before
circuit (7,8), and in that the processing neans 1s a digital processing
means ( 10)updhfing Rethedare froaccabibdition procedlure valdéy, fr@h acinamacy, dnitiakdalibratidrat

t he del ay between the two branches (5 , 6), of the input signal is set equal
or great er Valpesrare HElized for dhe elculatonofayeldtiyesignal.of the A/ D-converters (9).
| 4. Recei ver according to anyone of clainms 10 or 11, 30 characterized in
that the nodul ated input signal is a differentially PSK nodul ated si gnal

and pricesAftegpertafiing #e)nonscohsreat ¢ tegiop TS $iQ) thatfRaidsically dalcilated GaRi@9#h 20
15. Receiver according to anyone of clains 10 to 14, characterized in that

t he cal cul teidigitat pigagi progerying yajtrl0s 8 slemedylatipn pracegureds executpdpdient s. 5 16.
Recei ver ! uiart'i%ntp?oc%%z(')enceancoleaﬂe%r%lgd tb())' L&eS har%\r}/%geas%uecrt&rése ?e. sig.nl/bh at
demodulator chips) or with the DSP software (e.g. the same DSP which is used for
calculation of the calibration coefficients and for calculation of the complex signal). It is to
15  be noted that for some applications the complex signal can be directly utilized for the
demodulation without its decomposition in the I- or Q-information (data stream). Due to
the inherently proposed non-coherent detection it is necessary to apply a differential
processing of the data streams before approaching D/A converters and further I/Q ports of
the transmitter modulator.
20
In the following an example for the function of the invention will be explained referencing

to figure 2 and figures 5 - 9.

In the following explanation a differential QPSK modulated signal is assumed and
25 demodulated. Additional assumptions are invariant to the system concept and they are

utilized only for the simplified demonstration and explanation of the system.

It is to be noted that the kind of modulation use does not alter the principal functionality of
the proposed receiver, so that all kinds of combinations of modulation schemes can be

30 utilized if they are processed differentially before approaching D/A converters and I/Q
ports of the transceiver. It is furthermore to be noted that the structure of the passive

circuit 7 is invariant,
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function of the relative phase difference. In figure 5 it is assumed that there is no
amplitude variation between time samples and both incoming signals S1, S2 have the same

power level.

Figure 6 is a representation similar to figure 5, but with the assumption that the incoming
20  signals have a relative power level difference of 20dB.
From figures 5 and 6 it can be concluded that the sensitivity of the system decreases if the
power level difference of the incoming signal S1, S2 increases. This situation can occur, if
only one delay line 5, 6 is used in the system configuration, so that one of the incoming

25 signals S1, S2 is also attenuated relatively to the other one which is not delayed.
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10  Figure 7 shows a principle calculation required to be performed in the digital signal
processing unit 10 of the receiver. Figure 7 shows as an example the state that the two
signals S1, S2 have the same magnitude in two different time points (QPSK modulation)
and the phase difference is 77t/8 by detecting and calculating the measured power levels
and the calibration coefficients as shown three circles are obtained. Ideally they cross in

15  one point. When the crossing point is connected to the center of the grid, the thus created
vector represents the complex ratio of the signals S1, S2 at two different time increments,
which time increment is defined by the relative delay provided by the two delay lines 5, 6.
To obtain the complex value a mathematical processing is required to calculate the
crossing point of the known circles (the circles are defined by the calibration coefficients).

20
As can be seen from figure 7, the vector directing from the origin of the grid to the
crossing point of the three circles has a length (amplitude) corresponding to one unit and
represents an angle of 157.5° (7x/8). The fact that the vector has the length corresponding
to one unit represents the fact, that the two signals S1, S2 have the same magnitude, as it

25 s the case e.g. for the QPSK modulation.

Figure 8 shows the case, that the two signals S1, S2 are different in phase and magnitude.
Figure 8 shows as an example the state that the relative change of the signal is three times
in the magnitude and 45.5° (n/4) in phase. As can be seen from figure 8, the vector

30 direction from the origin of the grid to the crossing point of the three circles has a length

corresponding to 1/3 units and an angle of 45.5° (n/4).
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In real, i.e. not ideal circuits the three circles do not cross exactly in the same point.
Therefore there is usually some offset in the circles' crossings, which has to be
mathematically treated. The offset is due to the fact that the calibration coefficients are not
15  optimally obtained. A further reason for the offset can be different noise effects. Different
approaches can be utilized in the signal processing of the digital signal processing unit 10
to "decide" where to place a crossing point. For example the geometric median of the
curved triangle can be taken as the crossing point. However, the offset can be neglected in
some cases, where a relative low number of the modulation states are considered, as it is

20  the case e.g. for a QPSK modulation scheme.
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between the two branches (S,, S,) of the input signal relatively delayed to each other, on

15  the basis of the said at least three power levels (8).

2. Method according to claim 1,

characterized in that

the at least three power levels (P1, P2, P3, P4) are A/D-converted (9) and the phase and
20  the amplitude of the complex signal is calculated by digital processing (10).

3. Method according to claim 2,
characterized in that
the relative delay between the two branches (S, S,) of the input signal is equal or greater

25  than the inverse of the sampling rate of the A/D-conversion (9).

4. Method according to anyone of claims 1 to 3,
characterized in that
the modulated input signal is differentially PSK modulated and the complex signal is

30 calculated on the basis of the at least three analog power levels (P1, P2, P3, P4).
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the step of calculating (10) the phase and the amplitude of the complex signal furthermore

comprises the step of calculating calibration coefficients.

5
6. Method according to anyone of the preceding claims,
characterized in that
the step of calculating (10) the phase and the amplitude of the complex signal furthermore
comprises the transformation of the complex signal in real (I) and imaginary (Q) parts.
10

7. Method for receiving a modulated high frequency signal,

characterized by the following steps:

- dividing (4) a high frequency input signal in at least two branches (S,, S,),

- delaying (5,6) the branches (S,, S,) of the input signal relatively to each other one a

15  predetermined delay constant,
- calculating (7, 8) at least three power levels (P1, P2, P3, P4) based on combinations (12,

13, 14) of the two branches (S;, S,) of the input signal relatively delayed (5,6) to each

other, and
- detecting the states of the modulated high frequency input signal by performing an analog

20 comparison decision logic on said at least three power levels (8).

8. Method according to anyone of the preceding claims,

characterized in that
both branches (S,, S,) of the input signal are delayed (5,6) by different constants.

25
9. Method according to anyone of the preceding claims,
characterized in that
the calculation (7) of the at least three power levels (P1, P2, P3, P4) is effected by means
only of linear passive components.
30

10. Receiver for high frequency signals,
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(110% & ()-alpdwes’ diPel(4))to AHR&&nigh-frédienicy input signal in at least two branches (S,,

S2),
- at least one delay line (5,6) for delaying the branches (S,, S,) relatively to each other by
5 apredetermined delay constant,

- a calculating circuit (7, 8) for calculating at least three power levels (P1, P2, P3, P4)

based on combinations (12, 13, 14) of the two branches (S,, S,) of the input signal

relatively delayed (5,6) to each other, and

- a processing means (10) for calculating the phase and the amplitude of a complex signal
10  representing the relation between the two branches (S;, S,) of the input signal relatively

delayed to each other, on the basis of the said at least three power levels (P1, P2, P3, P4).

11. Receiver according to claim 10,

characterized by
15  two delay lines (5,6) delaying respectively one of the branches (S,;, S,) of the input signal,

the two delay lines (5,6) having different delay constants.

12. Receiver according to claim 10 or 11,

characterized by
20  A/D converters (9) converting the at least three power levels (P1, P2, P3, P4) output by

the calculating circuit (7,8),

and in that the processing means is a digital processing means (10).

13. Receiver according to claim 12,

25  characterized in that
the delay between the two branches (5,6) of the input signal is set equal or greater than the

inverse of the sampling rate of the A/D-converters (9).

14.Receiver according to anyone of claims 10 or 11,

30 characterized in that
the modulated input signal is a differentially PSK modulated signal and processing means

(10) is an analog processing means.
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20 characterized in that

it is a cellular telephone.

20. Mobile communications device according to claim 18,
characterized in that

25 it is a satellite receiver.

21. Mobile communications device according to claim 18,
characterized in that
it is a receiver for microwave distributions systems.
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