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Technical Field

[0002] Embodiments relate to a front-end transceiver.

Background

[0003] The 60 GHz industrial, scientific and medical (ISM) band may have received more
attention recently due to a greater potential to revolutionize short-range high-speed Wireless
Personal Area Network (WPAN) systems with low power consumption. In addition, as the
transistor becomes smaller in dimension, it may give lower noise figure, higher power driving
capability, better speed characteristics, higher packing density and higher unity-gain frequency
(fr). All these qualities may aid in higher integration, more compact and higher performance
portable applications. The recent technology node supports fy greater than 120 GHz that may be
more than twice the operating frequency of 60 GHz. The motivation for applications around
60 GHz frequencies may be the large bandwidth of about 7 GHz which may be unlicensed by
Federal Communications Commission (FCC).

[0004] There may be many existing architectures which may be classified based on a selection of
the number of intermediate stages of frequency translation between Radio Frequency (RF) signal
and baseband frequency signal and also “frequency planning”, by selection of Local Oscillator

(LO) and intermediate frequencies (IF).



[ 0004] There may be many existing architectures which may be cl assified
based on a selection of the nunber of internediate stages of frequency
transl at iwo 2batozess Radi o Frequency (RF) signal and basebarsd20rmegessncy
signal and al so "frequency planning”, by selection of Local Gscillator (LO
and intermedi ate frequencies (IF). WD 2011/ 025456PCT/ SG2010/ 000307 [ 0005]
One architecture may include a 60G Direct-conversion architecture. This
architecture may be terned as either Zero-1F architecture or as Honodyne
architecture with fLO = 60 GHz. The frequency down conversion nmay be done
in a sjongsjeond eRhitectabimayinchide ROSED Difkcst@Vatsion drbhifecure NITh@ChrdhiteciBy be
sinple and straight-forward, making it well suited for nonolithic
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rej ectTRNfikqeh&y dbWNRYRYersidl nRy ¥ Honel ih MEHgIPRepetbYobiif MLHsbbdnd GERR at e
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30GF 30G architecture, This architecture may also be ternmed as half RF

ar chi tfsedthoushy {tmpxbe followsdby 1/f ngise problenidlush pevsiyennsymptiipt Eegiressi on
of RF to baseband signal. Initially, by double conversion using same fLO =
27 GHsyngssigerie shiy ther feaysaey from NC& R0 eldy ysing freppengycmultipliers.hlamited r ¢
stage using a frequency divided LOof 6 GHz. Since it may be a nmultistage
converdypamnic xange aedrpeel wasitingy. vEtereayapalse dducatk offhe lpikage to thervanfertigve a
frequency of 33 GHz which may be high and hence better inmge rejection, but
on t hevluomin wnymay giveyrisgeo self-ynixingod L1y sig@l o fThe dirgktzcoamersion memgisema®RF be
difficult to separate LOinterference fromthe IF and the LO feedthrough.
The VGOdY) froguedeies/may ldadto dyrfafrae DAY oftset athighoealy bffetithe systemtsi fonetlonalitycui try
and hence power consunption may be needed. WD 2011/ 025456PCT/ SG2010/ 000307
To gerétlatieolatidp by hotdspusaffoyedt,ahe trhamsntitter chtmitaney lask agldiof itltkerebsiv@/mRaymay be
difficult. Since the LO frequency and I F frequency nmay be an integer

mul t i el tofthd thansikssfondepkageself-mixéndrar noni cs and sub- harnonics nay | ead to
interference issues. The third harnmonic of the LOwhich may m x with the 60
GHz RE0006 AR afchRectiire nidEinelaaé a BEGHI0e0aehiti e, Blls @dhitechite Sndyad1§80bd C
interference may add on with the down-converted original |IF and nmay degrade
t he peéhpdBnal R artiRclufREE §io\“e27 GHz, it may include 3 stages of down conversion of

RF to baseband signal. Initially, by double conversion using same fio = 27 GHz, obtained by
frequency tripler on VCO of 9 GHz and then the third stage using a frequency divided LO of
6 GHz. Since it may be a multistage conversion, the demand on the VCO may be reduced. The
first IF may have a frequency of 33 GHz which may be high and hence better image rejection,
but on the contrary it may be very close to LO of 27 GHz and hence it may be difficult to
separate LO interference from the IF and the LO feedthrough. The VCO may be driving two

different unbalanced loads, additional circuitry and hence power consumption may be needed.



[ 0007] Another architecture may include a 20G 40G architecture. This
architecture may be sinpler because it may have only 2 stages of

conver si ono 20hw2fisest stage fw = 40 GHz nmay be far fromechschifesodd GHz
and hence no interference may effect. LO may have a consi derabl e hi gher
frequency and hence difficult to achieve VCO stability and frequency

synt hesis may have a hi gher power consunption. The sane issue of unbal anced
| oad for the VCO leading to additional circuitry may be prevailing here as
well. The IF and LO frequency for the first stage nmay be integer multiples
of RF b gasdratad) horfegueny fbedhd thifd dtigearsingrdivide b§ Bmbabérvifiicst. a8ifkce the

sub- harnoni cs. [0008] Yet another architecture may include a 10dF 50G
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signal_w_.th t% receiver frequency intq a first receiver intermnmedi ate signal
with o2 freey the s &7 @ CHzqnd heaeg Be anterferenseipay effscl KO way haws a gppsiderable
conversion stage coupled to the first receiver frequency converter so as to
r ecei \agher dreguensy apd B@F‘-‘\?é‘l‘fﬁi‘:ﬁlf & apbiava (VEQ pighility anffeequennytsyathasis manded ver
may further include an oscillator signal generator respectively coupled to
t he fia bigherepeweeeonspmytien cylheotamsr istie efhdnhalancerk loadclor the VHEQ deading to
conversion stage so as to provide a first oscillator signal with a first
osci | laddionglrargunyonay be prewailing bererag axslly drheflF egd d€t freqenuefardhe firstistagd i r st
stabilizing signal wth a first stabilizing frequency to the receiver
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configured so that the first oscillator frequency of the first oscillator
si gnalsubshgrbmicee| ect ed such that any integer nultiple of the first
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[0010] In various enbodi nents, the front-end transceiyer may include a
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and thereby being considerably large. This may relax the Q-factor of the channel selection filter.



second stabilizing frequency to the transmtter direct conversion stage;
wherein the oscillator signal generator may be configured so that the
second oswODl2batms4sbr equency of the second oscill ator si goalsGaen/obesosel ect ed
such that any integer multiple of the second oscillator frequency of the
second oscillator signal may be different fromany integer nultiple of the
first transmtter internediate frequency of the first transmtter

i nternedi ate signal. 100111 In various enbodi nent, the front-end
transceiver may include a transmtter path, including a transmtter direct
conversi on stage configured to proSutmaryt ransnmtter signal to be
transmtted with a transmtter frequency;, a first transmtter frequency
conver [0B09F U Rheshist embodEme#itans Nrdrt@hd HirdnS€dives OMYL el Providedge The Réntiedd
receive the transmtter signal to be transmtted with the transmtter

f r equengdkcangr they mERYEh kedefver %a{tﬁkﬂﬁéﬂxdihgﬁ fisit9oRlver Brelionty aERHhL RAfighled t he
transmtter frequency Into a tirst transmtter 1 nternedl ate si gnal with a

first {oanseiital REeildd QEAR AR £ rdeRRH ERGQYencR Mo 3 KRERREIVEF Al Heli{al signal
frequency converter coupled to the first transmtter frequency converter so
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second stahilizing.signal with_a second stabilizing frequency to the
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generator may be confi_aur ed so that the second oscill ator frequenc.i/ of the
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second transmtter internediate frequency of the second transmtter

i nt er nesdillatar frequensly of Breifust dSeillator pignad mayfbetdifderpntfviom gry MO@EPMuHiplcef the

drawi ngs, |like reference characters generally refer to the sanme parts
t hr ougieceivertfreguehdfyfod therecervedwignallhe dr awi ngs are not necessarily to scal e,
enphasi s instead generally being placed upon illustrating the principles of

var i ou®0&eibind vk Sembadithéres,f thiel froatrend descedipdri may meludo us trandmitdenpaths of

the invention are described with reference to the followi ng drawi ngs, in

whi ch:including a transmitter direct conversion stage configured to provide a transmitter signal to be
transmitted with a transmitter frequency; and a first transmitter frequency converter coupled to
the transmitter direct conversion stage so as to receive the transmitter signal to be transmitted
with the transmitter frequency and to convert the transmitter signal to be transmitted with the
transmitter frequency into a first transmitter intermediate signal with a first transmitter
intermediate frequency. The front-end transceiver fnay also include an oscillator signal
generator respectively coupled to the first transmitter frequency converter and to the transmitter

direct conversion stage so as to provide a second oscillator signal with a second oscillator

frequency to the first transmitter frequency converter and a second stabilizing signal with a



FIG 1 shows a block |level representation of a front-end transceiver

i ncluding a receiver path according to an enbodi nent; FIG 2 shows
a bl ock Iwoebiwepssesent ati on of a front-end transcei ver PCmsIGadliorngosa’
transmtter path according to an enbodi nent; FIG 3 shows a

schematic diagramof a front-end transceiver including a receiver path
having a first receiver frequency converter, a transmtter path having a
first transmtter frequency converter and an oscillator signal generator
coupled to both the first receiver frequency converter and the first

t ransnsécbad stabaipimgnfiyquendy er thertrankited siireétl @noersibngiiade; Gehemtimtlar odeilatorg an
oscillator and a first conpensating circuit according to an enbodi nent;

FI G 4sighflwgen@radeh@aftbeC califiz@fednicthat the @Bdond@nehcillatdisfequeasy iofaheldedtada
receiver path having a first receiver frequency converter, a transmtter

pat h hasdimorasidal sy bé 3018 d duh tHat RHURREYr BAMPRS ifehe R06nEHscAREIrifegh&icy
signal generator coupled to both the first receiver frequency converter and

the figpihelsb@aBstilifor Eigﬁmwoae BERURY {6 any RReHS %dli_i@fe QF th! 18 krarBRiE -t Or
having an oscillator and a sécond conpensating circuit according to an

embodi Hﬁ%gdia%c’?ﬂq% ?@ﬁr@gyngﬁt%g{t%ﬁg?e si nzﬂl. ~ FIG 5 shows a
SCh.eI'TB.tI Cc ( I agra O. a front-end transcel ver 1 ncl udi ng. a recei vgar pat h
havi gy gy 1 15 ol RCLBEAEERAURE Hof WY ShdSLei MR BSRE! 21D Yarr,
generator coupled to the tirst receiver Trequency’converter, e oscCI 'l ator
si gnal . g er at frr Sha}virn@ e%[10(95{,0{r lOI ator, a.sec nd cq}nﬁ‘gen r%xtlsirrrﬁ ercgir Cl.lli t band a
third %‘ﬁ@g}%"a PREIETT RIRCE CAR IO Tipot o ERVTSH SO ATt @ & 6
shows a schenptic diagramaqf a front-end transceiver includin ecei ver
path RAVRREIS 1 et CHRBaI Qreanms ey TRBTOLRT Bravarey spayter BausLip e
frequency converter and an oscill ator si nalggenerator coagled to the first
F ecel vERSHER LR, OB AT ML S QS th BoedE S PBERI o ene) By boRey g Bt or
t he oscill ator signal generator having an oscill|ator, a second congensating
ci r cui theaipnsmittes; freauear and 40 1998Vt they frensipitter gigag 1 bantrawmstadnwith; the
transmitter frequency into a first transmitter intermediate signal with a first transmitter
intermediate frequency; and a second transmitter frequency converter coupled to the first
transmitter frequency converter so as to receive the first transmitter intermediate signal with the
first transmitter intermediate frequency and to convert the first transmitter intermediate signal
with the first transmitter intermediate frequency into a second transmitter intermediate signal
with a second transmitter intermediate frequency. The front-end transceiver may further include
an oscillator signal generator respectively coupled to the first transmitter frequency converter,
the second transmitter frequency converter and to the transmitter direct conversion stage so as to
provide a second oscillator signal with a second oscillator frequency to the first transmitter
frequency converter and the second transmitter frequency converter and a second stabilizing
signal with a second stabilizing frequency to the transmitter direct conversion stage; wherein the

oscillator signal generator may be configured so that the second oscillator frequency of the

second oscillator signal may be selected such that any integer multiple of the second oscillator



FIG 7 shows a schematic diagramof a front-end transceiver including a
recei ver path having a first receiver frequency converter, a second

recei ver woegquansiseconverter, a transmtter path havi ngpraTiSiGeet/obeansmi tt er
frequency converter and an oscillator signal generator coupled to the first
recei ver frequency converter, the second receiver frequency converter and
the first transmtter frequency converter, the oscillator signal generator
having an oscillator, a second conpensating circuit and a third
conpensating circuit according to an enbodi nent; FIG 8 shows a
schenatrequellc A@f ahe eécoad fos€illhto BIEnklr A BRI different Glokd g irteged GRUIVIEIe ¢fathb
having a first receiver frequency converter, a second receiver frequency
conver tRbnd BakshaA& ThiehREdiNfrBqlbayy the sédohd trafsnafi&rThichBEdihte egHaNCy
converter, a second transmtter frequency converter and an oscill ator
signal generator coupled to the first receiver frequency converter, the
second recei ver frequency converter, the first transmtter frequency

converter and the second th?ﬂ?ﬁie%ctr-:' tioh'd? Jwingoverter, t he oscill ator
signal generator having an ;%T—angmgﬁgrrsg'conpensating circuit
accor dtadri:)SZ]E 0 gl tl?erﬁ?gngngﬁ Q{ke reference chara%{e% ge%ggatlhﬁvl\%feﬁtostﬁ@ g:ﬁ:?é *}%‘{sqhx%q of a

front- ranscei ver rrcluding a recelve aving a fi recel ver
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according to an enbodi nent; and FIG 10 shows a plot of neasured

recei v&iCBhar acteri sti cs indicating P1 dB (ml) and PI 1133 (nR2) output of a

front-end transcei ver according to an enbodi nent. Description )
FIG. 1 shows a block level representation of a front-end transceiver including a

receiver path according to an embodiment;

FIG. 2 shows a block level representation of a front-end transceiver including a
transmitter path according to an embodiment;

FIG. 3 shows a schematic diagram of a front-end transceiver including a receiver path
having a first receiver frequency converter, a transmitter path having a first transmitter frequency
converter and an oscillator signal generator coupled to both the first receiver frequency converter
and the first transmitter frequency converter, the oscillator signal generator having an oscillator
and a first compensating circuit according to an embodiment;

FIG. 4 shows a schematic diagram of a front-end transceiver including a receiver path
having a first receiver frequency converter, a transmitter path having a first transmitter frequency
converter and an oscillator signal generator coupled to both the first receiver frequency converter
and the first transmitter frequency converter, the oscillator signal generator having an oscillator

and a second compensating circuit according to an embodiment;



[0013] The followi ng detailed description refers to the acconpanyi ng

drawi ngs that show, by way of illustration, specific details and

enbodi menwe 20mi/02biseh t he i nvention may be practiced. These/Senxtodnesent s are
described in sufficient detail to enable those skilled in the art to
practice the invention. Oher enbodinents may be utilized and structural,

| ogi cal, and el ectrical changes nmay be nade w thout departing fromthe
scope of the invention. The various enbodi ments are not necessarily

nmut ual |y excl usive, as sonme enbodi nents may be conbined with one or nore
ot her enbodi MHIGS5 sliowsd sthemuticdibgdinngfat ffont-fehd frddscMaér iacladipplaqekdeiRnpshmay
provide for a front-end architecture terned as a 36G 24G transcei ver

ar chi t Baling & firdt @écebp fRlEency BbriveRECAtid £CIsdilRtoTBInhINEhbEer otiBd tkhs HirdiCt Ur e
of a super-heterodyne architecture and a direct conversion architecture

whi ch FRYiveO ity QRO& erY fhel S1114ESR SsiBlal [ ftReraiP BN AP GEUNIAST, t@ séedyce
har moni ¢cs m xi ng and harnoni cs feed-through. Careful sel ection of

respecwa{ﬁenwﬁl%rc%&k Hfa [HiAVRPENsafthS c&aﬁ@éccaﬁmg tbaﬁ% bdigRHency such that
any intedger nultiple of the respective first stage LO requency and I F

frequency may Fi8l6 Wo%slaasla Wnlitn; & %rafn%tf% nt- {'r!irRLSVQI 1n$ln(‘ﬁngla: récrefvg}'lsﬂﬁy nmay
allow the nulti-stage arc |tectur to ac |eve OW power con t1on and

| ess s 2 S 00307 0015] Var.ious

enbodt TRE 4 F5E RereiE Feghoh; %3‘?%5 %r%gf% 050 T OISl el it 2
over cone. redu e at east al the above- rrentl robl ens
o °t he SRl i Fashtratof SRURY 1 6 hf e R L By e ead S il
enbodi nent Ehe archltectur 5y %ve th first LO frequency at 36 G—%

(bei ng™REX" rﬁ‘é“‘*&‘&%t"@?“’\ftgf ug€ots L °ra5r’1€’ HEREBYT FBYER T OPHRD T &RFART ages
of sonme of the state ‘In’a e art to ogi es rther, the first IF at 24 Gz
may pr‘ER?‘i‘RfésaémgétrP‘é‘F an dcappense ﬁgr“ft(?fc?fﬁaﬂé‘g t‘éﬁ‘ﬁe‘PBWI?‘éﬁ‘w rement on
image rejection LNA and mixer design. The LO frequency i ncl ude a val ue
subst ant i al | y Féf£F ghostsa schespaticriagram 96 adioptendranseeiyer lgq {BE 8 receiyer Rty

| eading to Il ess inter-nodul ation interference. The LO of 36 GHz may be

achi evieaying 2 At receiver feqnepcyi eycress a second jregebies fregraek lsgnyesig @ tFagsmier power
and area consunption. [0017] In an enbodi nent, one effect of the topol ogy
of t hepatly baviog stfirstatansmitien fregecnch sonvertseanst apasciti4gorcsignal gehgraterycoppledde t he

| F mi xer stages of both the receiver and the transnitter, hence reducing

t he i ntbk direntestiven frd@singn coycrter, athel sesandt tgadiver ﬁmedgvebmnemanctdwt firsThe

t opol ogy may be symmetrical about the transmitter and receiver, thus taking
car e ofransinsttaat fodquersyuasivertterf He oscillatirtsigmal gbneratpt bassng atioscillatbhea baxaad on
the VCO and dividers may be bal anced and both the transmtter and receiver
may s hahepehsaeing @irevigamrich third cempadating disnntioading @ & ghbddmendi nce as the
first stage may include fw= 36 Gz and fw = 24 GHz, both may not be direct
frequency mul Fi@!&shodis atsbkenmiticallagrid of b G@HEaRYtranEbdiFer ifRdludifgl bl ER eivBrepath

i nfl uence of harnonics and sub-harnonics during the m xer phase. [0018]

Fur t hetiavidghefirtt edtbiveEfrbfiRn&f cdivertér @Récofd dedel RN He@ieney cametd iathnbmitlene
various enbodi nents may be able to support nultiple-input and

nul ti plag RARYA AEMEImiAEr SRRy Sttt £sRBAEHARMIAr (RLEndN@nl&rRPaRA Lt er

path and receiver path to inprove conmunication performance. |In addition,

each ofy bagbANMIL fkraitt dupld fohﬁlerﬁ&?'ré/c%fvepéﬁeauém¥ dAGL SRBRPN

antenna or their respective antenna (s) depending ‘on user l%g (ch gn
requi rr%&@%@érsfrequency converter, the first transmitter frequency converter and the second transmitter

frequency converter, the oscillator signal generator having an oscillator and a first compensating
circuit according to an embodiment;
FIG. 9 shows a schematic diagram of a front-end transceiver including a receiver path

having a first receiver frequency converter, a second receiver frequency converter, a transmitter



WO 2011/ 025456PCT/ SG2010/ 000307 100191 FIG 1 shows a bl ock | evel
representation of a front-end transceiver 100 including a receiver path 102
accor di ngvoaoam2essbodi ment. 100201 The recei ver path 1@2Tisepoioned3ate a
first receiver frequency converter 108 configured to convert a received
signal 106 with a receiver frequency into a first receiver internedi ate
signal 110 with a first receiver internediate frequency; and a receiver

di rect conversion stage 112 coupled to the first receiver frequency
converter 108 so as to receive the first receiver internediate signal 110.
The fr path havislg tar 86 Qisutitter FRQueRy dotivdrtee and BE bstilitatési @t igkheritoF cSuipBidato
generator 114 respectively coupled to the first receiver frequency

conver HRr firkP feceiver fRquARY I REOEL! thi JeB6d FRBIVES ﬁ’é«?&n&& R0fvektb? af@ tAS firf
provide a first oscillator signal 116 with a first oscillator frequency to

the figshsnli@GChdfiendy OMRREY tHOBYSIAE si%&a@ gﬁﬂ&a@r hivih a3t &Pillatt] RYengnal
118 with a first stabilizing frequency to the receiver direct conversion

t . A 24 i anal . fi d
L
be sel ect ed S;ﬂ#g. 1‘16‘§B?\9§1¥ | to?%éasﬁ?ég %%ﬁ%lv‘%igﬂa%@%fg'c%ﬁd{c‘%ﬁﬁ%iﬂ,%@h) and

frequency of Irst oscillator si ere nrany

i nt ege |ty pl.e.of. the receiver frequency of the.received signal 106.
100211{)?@%&%\%azgroﬁlf'g%qitr?né%Yerrag%r@%ﬁf E1Ri ?10%6 e'&' front-end transceiver
200 including a transmtter path 104 according to an enbodi ment. 100221 The
transmtter path 104 may include a transmtter direct conversion stage 120
configured to provide a transmtter signal 122 to be transmtted with a
transmtter frequency; and a firstbﬁﬂﬁﬂg¥¥kter frequency converter 124
coupled to the transm tter direct conversion stage 120 so_as to receive the
t r ans 0043 Ths fpllgwing detailed deseripfipaprefarstp thierascomeanymgndravings that sbgwe ¥y and
to convert the transmtter signal 122 to be transmtted with the
t r ansnvay ef ilustefinay specifin detailst andssmbodypents in which fheomygrfjon may bgpeactisels wit h
afirst transmtter internediate frequency. Further, the front-end
t r anscthase empodimentp areidesqabed inshifiséens detaid 60 ¢nahleghossiskillgl iy thearopracticd
respectively WD 2011/ 025456PCT/ S&010/ 000307

the invention. Other embodiments may be utilized and structural, logical, and electrical changes

may be made without departing from the scope of the invention. The various embodiments are
not necessarily mutually exclusive, as some embodiments may be combined with one or more
other embodiments to form new embodiments.

[0014] Various embodiments may provide for a front-end architecture termed as a 36G/24G
transceiver architecture, for example. This architecture may include a hybrid structure of a
super-heterodyne architecture and a direct conversion architecture which may combine
respective features of the two architectures to reduce harmonics mixing and harmonics feed-
through. Careful selection of respective intermediate frequency and local oscillator frequency
such that any integer multiple of the respective first stége LO frequency and IF frequency may
not overlap with any integer multiple of the RF frequency may allow the multi-stage architecture

to achieve low power consumption and less silicon area.



coupled to the first transmtter frequency converter 124 and to the
transmtter direct conversion stage 120 so as to provide a second

osci | | at owvo2bgneb4s828 with a second oscillator frequencyCrsGzie/0He30%t
transmtter frequency converter 124 and a second stabilizing signal 130
with a second stabilizing frequency to the transmtter direct conversion
stage 120; wherein the oscillator signal generator 114 nay be configured so
that the second oscillator frequency of the second oscillator signal 128
may be sel ected such that any integer nultiple of the second oscillator

freque[ospiatibes SaH08ENAGC pldvadeOfors bl Ndlernb@i®e MedhtRad dirddsediestt whichmnaRy
integer multiple of the first transmtter internedi ate frequency of the

first brabshd ok @edicatRI1BREIaREBatE | BRI of 1BE - abb PQRRhtidHe® prabIeReWT the SHHEIBL I C
di agram of a front-end transceiver 300 including a receiver path 102 having

a fir st ech6&RU\EhvdntisAtaRGeGRRYErter 108, a transmitter path 104 having a
first transmtter frequency converter 124 and an oscillator signal

enera 4 of Iy - LISt j r c ter. 108
9 th][llﬁf'ﬂm aff SBb&fhehO tCArPhitddfurd Hag hal/€ tife H%&,b {t?ﬁcgn%lgcg%’ a %gt&g{z @I[ua ol

and th st transmttér frequency converter

generator 114 ' Sci £l ' [ reqit 182
accor di e cbafl? (el T AR Bl mpdiacP e Gsaclieef SERGRE BF It bPUe

i ncl ude_an ant en 32 .canfiqur recei ve, an i.ncom ng .signal 156 with an
| noom 7 A B G o YR A 27 iy e Brey e Y berRy ined drict P rGinmes 1o
the antepna 132 so as to receiyve convert the jncom signal 156 to an
SR & Y g R A (B AL A T e
channel ed al o the receiver path 102. The recejver path 102 y further

i ncl ud@ value &ﬁ%ﬁt@yaﬁ%ﬂwﬁ é?m(*ﬁemyspf@@ec%ﬁ ﬁPéc]FtS e thr-‘f‘i]:%yﬁ'& Pg 1936550 as
to receive and amplify the incomng receiver signal 158 into a received

si gnal intergnqguigtion migeerepes: Thededoh 39 GHzympy ke agieyed wighipup freqysagy; deyplerst he
receiver path 102 may include one | ow noise anplifier 136, however, the

r ecei verrtripkersy theeebyraducingcthe pewerrapd grgacapiu@ptigiber of | ow noi se anplifiers
136 dependi ng on users' specifications and desi%n requi renents). WO

2011/ 09 HeRGH @urdin¢woas(fieckefaht jopolvapeh therlybod stragfurgsmaxbe the reuse of

speci fications and design requirenents, there may be multiple stages of |ow
noi se ZdPiH= ¢agnedustry IR dor the dF vmxepsiades b doth theGas]velhrd thecinsarittgrabéncd 02
may al so include the first receiver frequency converter 108 coupled to the
| ow noredaciagriie finpdemddtionodeaigntoyclecamndicventaally the rieesloprhdie costic eTwetbpsliognal

106 with the receiver frequency into a first receiver internedi ate signal
110 wiinhy Be §ymmttricelcabouethe transatin@dind recefvies qusnaking ddie of axismhatelr isqies bt tho2 may
further include the receiver direct conversion stage 112 coupled to the
first d¢irailvwel ihpRaidanatiyn.CTHY Ral @h tAOTCEDambdividefsafi®} Vebantted @AY ®bth thbe
first receiver internediate signal 110 into respective in-phase (1)

recei Vednshiitgtrahd 1&Qiva@nthafl Viadé Belhfie Rk BufAndrdgaen @il LO dpadls. 19i8ee d8e

respective in-phase receiver signal 160 and quadrature-phase receiver

si gnal fihf 2rapRynfeindhadts, P segiteafuly of 2P GBS Boi iy §RE e WiRSl freditBicy
recei ver path 102 may then include an in-phase receiver |ow pass filter

(LPF) A@ﬁg%%f%h&ﬂ@%@éﬂ&ﬁfd&ﬂé&?. MEHE IS TeduR/ iR Ruddct L halftChiE EREGHL Vel Y

coupled t0 the receiver direct Conversion stage 112 so as to recelve and

fi'teHw&BSmkgﬁﬁ%%%§¥%nk§1@Q&§e recei ver signal 160 and quadrat ure-phase
receiver signa , an urther convert into respective in-phase receiver
anal og ignal .1 nd . r ateur.e- ph ecej ver anal e si | _166. The
recei v@rﬁlgaﬁhﬁsz%fay rgﬁgﬁﬁge%tafn h}en&f)(ﬁig’g%& rtgaglé‘fe\?/‘éerr g%gf(gg e§°t %H%i ‘él %
converter (Al 142 and., a quadr at ur.ephase recei ver, anal digita
converearodaet atiiZbf Ay aRRT bl R AR R9 B AR NI I o
138 and 'hf uadraturegp ase receiver Ioilgass filter.140 so as to receive
t he re@blf&'e G GueTHS A0 e BRPERtE At GO TEGeGIFRIPATE P HARFOYG SR N EiBhase
recei ver _anal ogue siggal 136 and convert tgg respective in-phase receiver
anal ogrfsfosmanest In gddimigg, eashopiatha rteansmiies pathcand, the mReiVefgbath pgn aicludssa i nt o
respective digital output signals (not shown). [0026] The transmitter path

104 meSPIHRRN Hennaor itheifysepeetiver anftenan (Y depeaington|usergng Y& sigy [RAVTEMELs.



converter 146 and a quadrature-phase transmtter digital to anal ogue
converter 148 respectively configured to receive digital input signals (not
shown) amsocorvesisét he digital input signals into WD PCT/SG2010/000307

2011/ 025456PCT/ SG2010/ 000307 respective in-phase transmtter anal ogue
signal 168 and quadrature-phase transmtter anal ogue signal 170. The
transmtter path 104 may further include an in-phase transmtter |ow pass
filter 150 and a quadrature-phase transmtter |ow pass filter 152
respectively coupled to the in-phase transmtter digital to anal ogue

conver {19l #1G 2N dhd e a BIGL! RULI @pREGRRioh! &S Hohi-&fd Hh@cERLr 160 M&&y 8

converter 148 so as to receive and convert the respective in-phase

transnmdt&kr (IR @IMRoli 8 an LEBo@Rnguadr at ure- phase transmitter anal ogue
signal 170 Ento respgctlveaFn-pﬂasentransnitter signal 172 and

quad r aLdﬁgﬁ{ @ﬂ@?e%ei% s m & & y ﬁlcgﬂi@la fiIth%ECJ\be? ﬁterﬂg%x%glghﬁpfeétgp ?%@f%ngfgp%%o al so

i ncl ud ransm t di rect” conversion stage espective
i n-phase transm.tter | ass filter 150 and quadrature-phase transmtter

| ow pactplt i P dEhan 108 33 Lceh G dateR N P ARt eh B PR S e
transmiter.,si | 172 and quadrature-phase transmtter signal 174 into a
tr anom 14 8tSs 35 reqebter tpHedits Feipeeda B0 arfedoN R it COBETIPIERdYS The
transnitt?r Eﬁt@h 04 naé>further i ncl ude t first transm teé frequency
conver f&PlefoJo & éﬁrgdmﬁ VeTh fregyenny Ropyter ¢iU8e e a8 ofy Bicevgnthe sk 1458780 as

to receive the transmtter signal 122 to be transmtted with the

t r ans nitereediptectgnah 10 ahbe franteend\iemsceivre 100 mayninrther inglude an ogobaterysignal
transmtted with the transmtter frequency into a first transmtter

i nt er nemcEAt &14yFrapectivelyvgounled tpj the tfirsty eepeiiert frequenet epmvedientl 88 fanddacthey .
100271 The transm tter path 104 may al so include a power anplifier (PA) 154
coupl etgceiyen ghgect icoryersiomplagd 11260 fs éeypeavide @ binst enseillptot Bignglo 1 Hs with & Gicsei ve
the first transmtter internmediate signal 126 and to anplify the first

t r ans noscillatorifrequenty do thedirstirggeater fizguanny corvartent08gwil dirstrstabilding signad il gHhal
176 with an out-going transmtter frequency. The transmtter path 104 may
al so i with ud dirgtheabilZifix freqoercg th3the aecgverdditeot tchevepoowe rstagapl 12f iveierdib4hso as
to allow the channeling of the outgoing transmtter signal 176 into an

out - gooselasir@igahl dedBraair 144 matythg ebnfiguredaubnciie Gttt osdilldtbefrdgueidy sfabefist 134.
The out-going signal 178 may be transmtted out of the front-end

t r ansceicilRfor3§ighat i 196t gy det @fdetedlsikh thMOam0 inkéde? TATGRIEToSE0fitkt YOI 6r

frequency of the first oscillator signal 116 may be different from any integer multiple of the
receiver frequency of the received signal 106.

[0021] FIG. 2 shows a block level representation of a front-end transceiver 200 including a
transmitter path 104 according to an embodiment.

[0022] The transmitter path 104 may include a transmitter direct conversion stage 120
configured to provide a transmitter signal 122 to be transmitted with a transmitter frequency; and
a first transmitter frequency converter 124 coupled to the transmitter direct conversion stage 120
so as to receive the transmitter signal 122 to be Uansnﬁﬁed with the transmitter frequency and to
convert the transmitter signal 122 to be transmitted with the transmitter frequendy into a first
transmitter intermediate signal 126 with a first transmitter intermediate frequency. Further, the

front-end transceiver 200 may further include an oscillator signal generator 114 respectively

10



[0028] In FIG 3, the antenna 132 may be the sane for both the receiver
path 102 and the transmtter path 104 and the Tx/Rx nodul e 134 may be the
sanme for wothitthesssecei ver path 102 and the transm tter ppase2a@A003onever ,
the antenna 132 nmay al so be different for each of the receiver path 102 and
the transmtter path 104. [0029] The front-end transceiver 300 may further
i nclude the oscillator signal generator 114 respectively coupled to the
first receiver frequency converter 108 and to the receiver direct
conversion stage 112 so as to provide a first oscillator signal 116 with a

first gspldd @URe fifsk GanDNaYr itr&1u% donk&rter' 12@INY8H tHe @EHIRMES dHeAV@Rl&5ioR08
and a first stabilizing signa 8 with a first stabilizing frequency to

the regeiyvein didkes ro@fh@‘é%é@dn@rbséllﬁtgﬁsxééé 128 QB sebtd efitatok lPr%que%E& kd @k or
signal generator 114 may be configured so that the first oscillator

fr equeﬂfs}’ rﬁﬂli]tgr ffx'fe&&{?c?%ghwré; 9H4 H”a?"sec})ﬁﬁ I A ?1% ﬁci%?ﬂw?ﬂ{‘?i‘ E&ﬁ{i any

i nt eger first OSCI| at or requency o rst oscli at or

SI gnal é&ﬁ%&g ?1% 9 ici‘g% t}ap%]rﬁgtgf di rR)erm%f st e%l:el iOl (V%Eregmeﬁl? 8¥<§flator s1

nterrre eS| recelv I'nt erne re uec) may
be di fferent from n t eger e of cejver uency

Fecel SR A A dsBeTRi %@% f%{% b lifich SRR LB R sfler S e
configure e first stabilizin qu yof theflr t stabil.izing
o gnat S 138 P betaltet e ey St e RE B e hind, oSEilob eniey ol at o
frequency of the firs ei ve d| ate signal 110. 0 ,

addi t | B 3eqond opqilater %@iﬁsemar F%&E{s OB AR iRt Eer ptiplgypf Eh& Hé‘lffqr@w@a so
that the first receiver internediate frequency of the first receiver

i nt er nigéraediakifipquency pb thedirst trasmiter wtermedistoienshizh nay be det erni ned
based on a devi ati on between the receiver frequency of the received signal
106 an@02HLIG. Bsshopsc sdhgmatic fliaggnenty fimt-end thpscetven3deq inclding airepsiver 116.
[0033] The oscillator signal generator 114 may be further coupled to the
first patad@lrbevieg affrsgueesivsr fzomerant econvarger K18, adransmitien pattiel O4 hawringrad first

oscillator signal 128 with a second oscillating frequency to the first
t r ans niransmittefr fequenyycoowvertee 24 and 24 osdillatoo sighall genenatos i 1 A adoupjed¢o hotbrthd 14

first receiver frequency converter 108 and the first transmitter frequency converter 124, the
oscillator signal generator 114 having an oscillator 180 and a first compensating circuit 182
according to an embodiment.

[0024] In FIG. 3, the receiver path 102 may include an antenna 132 configured to receive an
incoming signal 156 with an incoming frequency and a transmitter/receiver (T/R) module 134
coupled to the antenna 132 so as to receive and convert the incoming signal 156 to an incoming
receiver signal 158 with an incoming receiver frequency to be channeled along the receiver path
102. The receiver path 102 may further include a low noise amplifier (LNA) 136 coupled to the
T/R module 134 so as to receive and amplify the incoming receiver signal 158 into a received
signal 106 with a receiver frequency. In FIG. 3, it may Be shown that the receiver path 102 may
include one low noise amplifier 136, however, the receiver path 102 may include any suitable

number of low noise amplifiers 136 depending on users’ specifications and design requirements).

11



WO 2011/ 025456PCT/ SG2010/ 000307 may al so be coupled to the transmtter
direct conversion stage 120 so as to provide a second stabilizing signal
130 wi t h wogetiansisst abi | i zi ng frequency to the transnitpen/sdzé®mbozor
conversion stage 120. [0034] Further, the oscillator signal generator 114
may be configured so that the second oscillator frequency of the second
oscillator signal 128 nmay be sel ected such that any integer nultiple of the
second oscillator frequency of the second oscillator signal 128 (and al so
any integer nmultiple of the transmtter signal 122 to be transmtted with

t he tr gesdliy! dgpendih€ el eRGiers"Gecibitatiink hRd s&hgd‘r@?m%tsi, HeROBAY Bainbitple Of
the first transmtter internediate frequency of the first transmtter

i nt er nRgibLeIcH S0 ard@ifierd RARS)ecdivE RAEIdd at or signal generator 114 may
al so be configured so that the second stabilizing frequency of the second

bi [ iai : : . >
Fr oquel e ETR, AER L BAUTRY, MUl OGP o ShivtoRRIR, GRukheS SHABRELALET,
tr anor P b HEWRIRNCRNRE Flo 166 B SR L S re il bRk
signal ;126 ma .a va .be det rﬂbned basgd, on an

Lncl ude | e of which ma
addi ti B P TERISSY, peP PbJbishe BIeTRrbtE, SR Loy Bl 195M pe
transnitted.ang t he second oscilla fr ency. qf the secand oscill.ator
S1 gnal miesgeding dreapéneyc 158 tscpivet myh AP may FHRE bl terectisy e cqatersi
oscillator 180 (or termnmed | ocal oscillatorlg*O)é configured to generate an
i ni ti af28sskli? oupiGH 1 it FPevv el ITAUEREY; GonYeriar 198 o of I Bieeive @Bt ePRyFT tihe
oscill ator signal generator 114 nﬁé{be configured such that the first
osci | | @isbrecsiVghantemeliate (spenahd 19 intyy respestive gingthase £ uspriyerntignalel60 and
substantially the same as the initial oscillator signal 192 with the
i niti aquadegirephassr (Qr egeieercsignalhid2os dhe |respeetivei ridiaseyaseivar signall kGrayd be
further configured such that the second oscillator signal 128 with the
secondquadraiurg-phape receiver signal 162 may be about 90 degree out of phrase with each other. The
receiver ﬁath 102 may then include an in-phase receiver low pass filter (LPF) 138 and a
quadrature-phase receiver low pass filter 140 respectively coupled to the receiver direct
conversion stage 112 so as to receive and filter the respective in-phase receiver signal 160 and
quadrature-phase receiver signal 162, and further convert into respective in-phase receiver
analogue signal 164 and quadrature-phase receiver analogue signal 166. The receiver path 102
may include an in-phase receiver analogue to digital converter (ADC) 142 and a quadrature-
phase receiver analogue to digital converter 144 respectively coupled to the in-phase receiver
low pass filter 138 and the quadrature-phase receiver low pass filter 140 so as to receive the
respective in-phase receiver analogue signal 164 and quadrature-phase receiver analogue signal
166 and convert the respective in-phase receiver analogue signal 164 and quadrature-phase
receiver analogue signal 166 into respective digital outpuf signals (not shown).
[0026] The transmitter path 104 may include an in-phase transmitter digital to analogue (DAC)

converter 146 and a quadrature-phase transmitter digital to analogue converter 148 respectively

configured to receive digital input signals (not shown) and convert the digital input signals into

12



WO 2011/ 025456PCT/ SG2010/ 000307 frequency may be substantially the same as
the initial oscillator signal 192 with the initial oscillator frequency.

[ 0038] Thwoastid2b#sbor signal generator 114 may further PaTISGde10a06307 st
conpensating circuit 182 coupled to the oscillator 180 so as to receive the
initial oscillator signal 192 with the initial oscillator frequency and to
convert the initial oscillator signal 192 with the initial oscillator
frequency to the first stabilizing signal 118 with the first stabilizing
frequency. The first conpensating circuit 182 may be further configured to
conver tespdifive fh-phade Rmeitierafilogicifiglal 188 and lqhadiird-phdst HandSieks bl

frequency to the second stabilizing signal 130 with the second st abi |Z|ng

frequeggNal 170. AiStradsmitfee pith 18k n%iy%hﬁér%hélﬂdéhﬂﬁaﬂhaéelﬁa&hﬁ&rtlm gfaésrfmer

stabi lizing frequency may be substantially the same as the seco

st abi | i 79 jgh §§9£@Ltyﬂéﬁ, \94? &anmﬁeélsn%qs fﬂtabiéz' 7k tlwfgzt@?&yt&tﬁuggrgﬁﬁ#n an

enbodi nent , irst recei regquency conver
f f 4 h
[1rst EhRBL hiffal CEONANEX PRUSET 56 e &hﬁ%ﬁ?%ﬁ%ﬁﬂ% Pgsilner REM A | o

t 1 | h hift 188. . The 0-90
phace- SitoalE poindfret 158 & Gs R SOtk AstPodC Pt e gnai
160 and th dr at | 162 be about 0
dogr oo BHICIPAR (IR BRD ﬁ%skter%fsh%'?erras' o?a%goslm"ﬁéuvﬁaarg%%ﬁtweh?r{‘p e

i n-phase transm nal /172 and the quadrat phase transmtter signal
174 mvmﬁel%ow%ﬁ%&n @“ﬂ%‘@?‘é“ea}tﬂﬁﬁéré“%“ﬁ signal, i o ehtreshuRer pAf 104 1 ot
conpensating circuit 182 may_include a divider, for_ exanple a 3/2 divider.

[ 0040] M3, @lsg s Pﬁfa@dfa%mgwéﬂuaerfepéﬁrapn stege R0 cPRRIE iR thenPsREsHYS HPhash and
arrangenment of the oscillator 180 and the first conpensating circuit 182 as
| ong alsansmittesdew| pase dHtes j1§A And guiadiaburesphase Arapgmitise lewy Ry fiterd! Yueh as kit any
integer nmultiple of the first oscillator frequency may be different from
any i needies amd| eoper 8fe rispeqtive einvpbiase tragsneitier) stgnat HE2 r ke iquedfatyegphabe 106
or any integer nmultiple of the second oscillator frequency may be different
f r om atrgnsinittes gignalnd Mtintel actrapbmittafsizdl 120 25 HEBRETIBEOILDA 00030 Tert freguénayst
transmitter internediate frequency. Further, the first stabilizing

f r equeBey tramsitier pathstnmagl furth¢rhmchideghadirsthearfsmitsdr fremenayeconvetter ixi at e
frequency and the second stabilizing frequency may be substantially the
sane asupled td tensamisitenr dircatquavarsion biagé h20 so 4she receiveche ahnsnligter digrial §22
oscillator frequency of the initial oscillator signal 192 of the oscillator
180 and Heheaneinittedi with Wl teedsmitfer fifequdncy ahd ¢coogRRAahE Bgnsiittérbignal 322 folye be
vari ed accordingly as long as these criteria may be fulfilled. [0041] As
an exargkmited wilte theat@shittn fRudnde itoliatfak ankmhatd eienedakdIgsnaM 1DB ivAtht he
front-end transceiver 300 as shown in FIG 3, in the receiver path 102, the

recei ikt dnSMUeR titeiMdidefrddu¥héy@r to the incom ng frequency and the
recei ver frequency may be about 60 GHz. The oscillator signal generator 114

may beog2N THUrAemitRr BaR V04 SdyR&ofihdisde L5l dr atbAlierSiPAYab4 ddfpled bhind fage fi 1 st

oscill'ator frequency of about 36 GHz. Therefore, the Plrst receiver

fr equepE¥miRp ‘ﬁ%ﬁﬁé?{cy 108vERY 19656 Aol B RARE Bird tAULHiRrel fﬁ?enfn'e&lﬁtte RGP

i nternedi ate signal " 110 WI th the first receiver internedi ate freguency of

ﬁgﬂjf pa%e g%ltp éulﬁoﬁ rst OSCI ]'Elgtre ?%éﬁnélanh&’ éﬁ%m@@%%&%@m
nt I pl éﬁ%ﬁéh%nf;}nlﬁgc{ fiel ﬁénc?/sCth ?gﬂ%mlt? rg{'}lﬁ] 10 egn&gna(iisot 1(ngfu any

|nteger cerver interne nc 4 GHz,

I f. the, fi t t t
i gnal x{%zs%%i?? Sefet R g P et 150 65 BefoRo 9r8%q%?1é%”%§nﬂ?aneany
0. CLaPuEpRs ehtsmior e 63%'&9“%’&5 rg%ﬂ}gegszéhﬁ%ﬁ Gpfeoins Eratptnopsd e

i nfl uence of har noni % and sub- harnpni cs duri n the fre uency converting or
mi xer BHRZSEodpls e The oRbeqipg %‘E“%léZ%F\?éérbe“ﬁ{‘%?l P‘atOéther R (ragsceiygiout 24
GHz may al so render the front-end transceiver 300 to be suitable for the 24
GHz cat00;vigithe aptpnmapl 32.
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[0042] Simlarly, in the transmtter path 104, the first transmtter
internedi ate frequency may be simlar to the outgoing frequency and the
first tramemitesssent er nedi ate frequency nay be about ¥YO1/SG2010/000307

2011/ 025456PCT/ SG2010/ 000307 60 GHz. The oscillator signal generator 114
may be configured to provide the second oscillator signal 128 with the
second oscillator frequency of about 36 GHz. Therefore, the first
transmtter frequency converter 124 may be configured to provide the
transmtter signal 122 to be transmitted with the transmtter frequency of

about 26028} F8G. FHhe andnFH32 mAH bSH sarhd fdrboth rtﬁ@?écgwelag%h' mzeaer the .

mul tiple of the second osci | I 'at or frequency (i

144 GHgandnQfter 3 ROL inPheTHER S GfcA0H 1?5%;1}) 1l RE E:ﬁh@ﬁﬁ'boﬁ@z %t%gteggztﬁh%any

i nt eger nultlple of the transmtter frequency

96 GHz,y g{y@gg&@t&) off Mwe@@,s Td LRl @ga,g 9}2@? X é?ﬁertﬁtaﬁ o § ﬁd By be

respectlv rontor may not coin y I nteger

of the f e frequency of the flrst transnltter

i nt er ned E‘th‘épa% Wtﬂ‘ffg‘gﬁfﬁ&‘%ﬂfgﬂtﬁ‘ 120 GHz, 180 GHz, 240 GHz, for

exanpl ce the Iue [, Mmni CS d Sub- harnDnl

dur ngf"i"ﬁif’ TR el bamtrts A v s AR SRR S DR 53

osci 'l at or nal ner at 114 .may_.al so be configured so that the first

ot abi | SPGEV¢ %ﬁf&@%@ym(@ dirstyiEcoier fregueRayecqnvpRer Mg fo, theressiudiafiract s nay
be substantially same as the first_receiver internediate frequency
(e.qg. PRVESEOR S&getlhg spap & Prrwde At osGillapraienahd &6 withadirstoseillaten freeensibcond
stabilizing_ frequency (i.e. 24 GHz) of the second stabilizing signal 130
may betosthsstissh recgivey ftqqeerscan@naeﬂqrhw& angha nfirst slpbifiziag uignay 1(1§ with 24figtlz) of
the transmtter signal 122 to be transmtted. 50044] The oscill ator signal
gener attehilizing fiegyensie tharecgiverdirestednvelsion stage 142.r st oscill ator signal 116
with the first oscillator frequency (i.e. 36 GHz) may be substantially the
same al080lcFurther,ithe osnilddton sigmal genegaton 1 1omaybe konfrgurddndot thatl the first| dseitlator
frequency (i.e. 36 GHz). The oscillator signal generator 114 may al so be
conf i gmeensgueftht Hiast astilatoesignal 146 mdyl tet sslecsd gnell thiyvinteert theltipkecafithe
oscillator frequency (i.e. 36 GHz) may be substantially the sane as the

i ni ti afirsoesilldtart equsngyned the first oscillator signal 116 (and also any integer multiple of the

first receiver intermediate signal 110 with the first receiver intermediate frequency) may be
different from any integer multiple of the receiver frequency of the received signal 106.

[0031] The oscillator signal generator 114 may also be configured so that the first stabilizing
frequency of the first stabilizing signal 118 may be substantially the same as the first receiver
intermediate frequency of the first receiver intermediate signal 110.

[0032] In addition, the first receiver frequency converter 108 may be configured so that the first
receiver intermediate frequency of the first teceiver intermediate signal 110 may include a value
of which may be determined based on a deviation between the receiver frequency of the received
signal 106 and the first oscillator frequency of the first osbillator signal 116.

[0033] The oscillator signal generator 114 may be further coupled to the first transmitter
frequency converter 124 so as to provide a second oscillator signal 128 with a second oscillating

frequency to the first transmitter frequency converter 124. The oscillator signal generator 114

14



WO 2011/ 025456PCT/ SG2010/ 000307 192 with the initial oscillator frequency
(i.e. 36 GHz). Therefore, the first oscillator frequency (i.e. 36 GHz) may
be subst anbi2aliloesiske same as the second oscill ator freqrerss2(i0/0603036 GHz) .
[0045] FIG 4 shows a schematic diagramof a front-end transceiver 400
including a receiver path 102 having a first receiver frequency converter
108, a transmtter path 104 having a first transmtter frequency converter
124 and an oscillator signal generator 114 coupled to both the first

recei ver frequency converter 108 and the first transmtter frequency

conver 4,65 Aéftbe thSHIAP & tHeAtDEmied BRket FORFALL stadd 426341 RY o@&&L's%@Jng
4 d nment. |00

r
0
and a second conpensating circuit 184 according to an enbodi 6]

{1 ont - SAER SEATIZ0 B A0n SRR eSS 1 RSy Bk ek

oscillg%géliﬁggnal generator 114. The oscillator signal generator 114 in
FIG 4 y Tnclude the oscillator 180 and the second conpensating circuit

184 whi e osci | at oy signal, generat 114 in FI 3,.may i nclJ ude the
osci | MGl Riafnipe Aihnds Hedy SERELE Plo 2osbe b Confiserda el e sirend
details, FIG .4 shows_.the receiv pat h i ncl udi the first receiver
fr equeﬂwﬁéwn@s%eew 86 HhechmigRstlator S0 may becelaiod ok dhhiany BEESE t h a
receiver frequency into a first receiver internediate signal 110 with a
first PRRtRleef thepecpagd @satlator frequsasit ot thensgeend: escaiaiery SIaiq? d@8 (awholse #nyn
stage 112 coupled to the first receiver frequency converter 108 so as to
recei vitegse npltiple of deofrgnsmittestsignab i 2atodbesirgisatitted] with thes trapsg terelieguency)
transcei ver 400 may further include an oscillator signal generator 114

r especmay deydiferem| tapy iriegef imudtiple etidie fiest tfanemiten inferosdiate frequenggofathe t o
the receiver direct conversion stage 112 so as to provide a first

osci | | atsdtragsngtier intefr@edipte hignalfli26st oscill ator frequency to the first

recei ver frequency converter 108 and a first stabilizing signal 118 with a
first HW0a5) The osvilateresignahggnetatort Hd maycalsovterr cantifigectl so olmt ehicsseoonds stalgBzihgd 2;
wherein the oscillator signal generator 114 may be configured so that the
first fisqiehtybbthefseempdenabylithg sipeal {130 siaydscdubbtantinllysthesahe Ad theneansianter

sel ected such that any integer multiple of the first oscillator WO

2011/ OftbdileAEY I théaadMiBes3ghal 122610 be maysmiitted.ne first oscillator signal 116
may be different fromany integer nultiple of the receiver frequency of the
recei VRR36] ThelfirkOfansnliiéd Gkquehiey @osvertentlon mhgrtd caemearat 66 thdd th¥ejirsbe
configured so that the first stabilizing frequency of the first stabilizing

si gnal trdnkfhifi@Yintefin&dife fRfhdndy by tHelRstSAiBmater iémieddlasd sigﬁ’é} Q¥ ayl iRdIGIERdI at e
frequency of the first receiver internedi ate signal 110. Further, the first

recei Veflud b WL Haf YeV@iidrifinedOShsdPYn RE 4QRHoh W @E 2QsthliRt feffercy 'otithe
receiver internmediate frequency of the first receiver internedi ate signal

110 mey.dsphtdtdGoml VEhUs B wihikfedBYd Rfe d6i80 r@seﬁﬁtobfé&,ggpa;naft Vi2bh®N

bet ween the recéiver frequency of the received signal 1 d e first
oscill&&gﬁmﬁgﬁﬁgpﬂﬁy of the first oscillator signal 116.

180

[0037] The oscillator signal generator 114 may include an oscillator 180 (or termed local
oscillator (LO)) configured to generate an initial oscillator signal 192 with an initial oscillator
frequency. The oscillator signal generator 114 may be configured such that the first oscillator
signal 116 with the first oscillator frequency may be substantially the same as the initial
oscillator signal 192 with the initial oscillator frequency. The oscillator signal generator 114

may be further configured such that the second oscillator signal 128 with the second oscillator
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[ 0049] The front-end transceiver 400 may further include the transmtter
path 104, including a transmtter direct conversion stage 120 configured to
provi de awonrangns4sser signal 122 to be transnmtted w t hrPaTiSGan®eDa0er
frequency. The transmitter path 104 may further include the first
transmtter frequency converter 124 coupled to the transmtter direct
conversion stage 120 so as to receive the transmtter signal 122 to be
transmtted with the transmtter frequency and to convert the transmtter
signal 122 to be transmitted with the transmtter frequency into a first

trans nfr%&@é’nc%OS%f H@Qhﬁgtﬁltﬁll? NRd sdgd ag"'tf‘lé1 irfitidl] 5s%¥llawra§?§ﬁ'l o8 wigh il fHRGU1at €

frequency The oscillator signal generator 114 may be coupled to the

first Bg@%@ﬂgqqﬁngfg equency converter 124 so as to provide a second
oscill ator signa 28 with a second oscillating frequency to the first

trans m[(iﬂ%@[pil’%% 8%‘1'1?5{?% ymg é%c&%@ eiLl%ma)Z ?ttrth%§ ?ﬂckud%taoﬁrSF (g'n eni%e necrlrac‘:ﬁl rl %3} 14

may be" cou dir conversion s so as

B

transm tt.er uenc nverter 124, conf| d so fhat. .the first
trans n??ct‘lgﬁ‘ {W‘gﬂ‘ ¥%‘f go FORE e yniip npgffg?af‘?rr %‘gn swith tﬂté initigl s Toét e

si gnal 126 may clude a .val ue of which e de erm ned based on an

addi t i BRISRCY fie tQ frtrsghilising siggakhty i figchirspeabilizing frequency. The firs
2011/025456PCT/SG2010/000307 transmtter signal 122 to be transmtted and
the seBURRFIEAIEIR it ! 8P magiln Bythsr canfigussdde fanvart thel inttiah ossiliaten signzb 192
[0052] ‘The oscillator signal generator 114 may include an oscillator 180
conf i gtk dthe gnigieh @seillatop draquenciyato Bgcsacprd gtabdizingabigna2 13§ tithathe picond|
oscillator frequency. The oscillator signal generator 114 may further

i ncl ud#akilizing drduernypeds HIGng, dhe dustt statgliziop sidnell 118 witle thes dirst] siabolizid80 so
as to receive the initial oscillator signal 192 with the initial oscillator
f r equefrequengydmiay becmubssantiallyché pimé ad thessecdndagtahilizing signall 3D with hd keeondhi ti al
oscillator frequency to the first oscillator signal 116 with the first

osci | | sslolizihg &bgqency.. The second conpensating circuit 184 may be further
configured to convert the initial oscillator signal 192 with the initial
osci | | [9089] Inr &1 emboyinient,t déneh sefctha direts exickivart Gequiengy a&onvetter WoBharddh thesgeoONd
oscillator frequency. The second conpensating circuit 184 may be

I espectrinélitier §RYypdred coivertee 144 may incRdeiaviiker! IBaghioNthy recenves diredt cd@rsigil t he
first transmtter frequency converter 124. [0053] The oscillator 180 nay be

coupl eglade0l IRhAdIBE GaiDiittel difet caRBNRNSHAER 120386 théfads U906 PRdselshigtet 190G i al
oscillator frequency of the initial oscillator signal 192 may be

subst afidi &d itdre 18RMErRSo bbq)hﬁdetsﬂftestx@blﬁlayz b@&oﬁﬁﬁﬂb@@ﬁdﬁ at memt;n{a&t
stabilizing signal 118. The oscillator 180 may be coupled to

transiietdifdr sfinaf $60 SRS qRhRRuaL 1e2BivaiGfhal 183 o) Del ABbhi @!mcp§§ li+ g or
signal 192 wth the |n|t|al oscillator frequency may be substantialTly the

S3TE 35kl RGP AOH ket 2hd G5 oM Turck et i AREPRhRHAR! Sl 1

frequen
and the quadrature-phase transmitter signal 174 may be about 0 and 90 degree phase shifted from

each other. The first compensating circuit 182 may include a divider, for example a 3/2 divider.

[0040] The oscillator signal generator 114 may include any combination and afrangement of the
oscillator 180 and the first compensating circuit 182 as long as the oscillator signal generator 114
may be configured such that any integer multiple of the first oscillator frequency may be
different from any integer multiple of the receiver frequency of the received signal 106 or any

integer multiple of the second oscillator frequency may be different from any integer multiple of
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[ 0054] As an exanple of the selection of the suitable frequency val ues
within the front-end transceiver 400 as showmn in FIG 4, in the receiver
path 102,woheiwesssver frequency may be similar to the ipoesGmgobsdguency
and the receiver frequency nmay be about 60 GHz. The oscillator signa
generator 114 may be configured to provide the first oscillator signal 116
with the first oscillator frequency of about 24 GHz. Therefore, the first
recei ver frequency converter 108 nay be configured to provide the first
receiver internediate signal 110 with the first receiver WO

2011/0 f 60
O L R (T SN U 5 5

oscill @ﬁ&{an{ﬁlf)ﬁ'tﬁn%e( hs the % gééw Hhudtei )?Fezfr%'&zen }9 gmgt_ge’ fetc eé@?‘?{ng)e of

the first oscillator signal ere any i eger

12 S A S v b R AT b
RSt Pt OB ATV LG,

180 Gz , r to, reduce the |nfluence of harmoni cs
and suﬁalﬁasr%ﬁ*gst&aﬂpﬁ@af %%fqlﬁérfew b Keae 35grdietyps lone 3s shsse critsoss)
Simlarly h transmtter path 104, the transmtter direct conversion
st age E@ﬁbﬁgﬂ %fconfigured to provide the transmtter signal 122 to be
transmtted with the transmtter frequency of about 36 GHz. The oscill ator
si gnal [49dHefa @8 expmplengl; theeselastion §f rﬂ@;fd syitgbler Gequency Malusewithih teclrontgndr
signal 128 with the second oscillator frequency of about 24 GHz. Therefore,
t he fiwansceiyerni(f e ehown bgBlEh Gy ie dlkeyeaceizer natl 192y theereedivdri frrguentyt maypbeovi de
the first transmtter internedi ate frequency of about 60 GHz (i.e. 36 Gz +
24 GHzyjimppi ¢h theajnchming frequency ond hige oastiyer frgqdaneyuenche aboutt 61 SHz2gdhe, any
integer nmultiple of the second oscillator frequency (i.e. 24 GHz, 48 GHz,
72 GHzoschtoEdrgnal genemtamblldahaypbe thidigaeciangrodde thedirst ossillgrualsighziB Idnelith
thereby any integer nultiple of the transmtter frequency (i.e. 36 Gz, 72
CHz, 108 fidtoscilldbr Gelguentp of ebeanPb GHzOf Thehefotel thefirst reediveri fipaaéncl 23ndeptebe
transmtted may be respectively different fromor nay not coincide with any
i Nt egero8mhy bptenfghredhe pfovidetthé firnfdctilver intefthediffe digahlel foreighe Giyst ¥écelvae
first transmtter internedi ate signal 126 (i.e. 60 GHz, 120 GHz, 180 GHz,

240 GHatenhediateXfediabidy Sfoabdst 24 GIeAveGHRe- 36 GHILACR @Hzﬁalﬁm Fegaﬁngny
sub- harnoni cs during the frequency converting or m xer phase. 056]

Fur t hefhtegbM@uRiptd bff tht FHrstDs&illador ﬂ%ﬁ\%@} re 334}P@W25ﬂiﬁ9 ) 5] GHE‘fMgLGﬁg fop that
the first stabilizing frequency (i.e of the first stabil'i Zi ng

si gnal exhdBIdYRY tREfisH BSLMb @bday ﬂmnme?éﬂ;%w;%g&%{%?@?&%ﬂi ﬁ&??&zlv%faﬁe as

the first receiver internediate frequency (e-g I rst
%) BBt

receiv (1.
36 G—lzl)ﬁ{egh&%lﬁtg%g{é%%g(iét ggﬁfféﬁgéﬁgg%gﬁ{%gg ‘{)re su ?antl aﬁq Q’)eér sarre

as t h%{eﬁﬁ&ﬁﬁg tsfg%il flroexﬂh';eﬂé’ YCslgé?:tlgely %ﬁfe%)fro% of ng BB%%&& $ith %}gmﬁege 122 to

be transmitt
multiple of the receiver frequency of the received signal 106 (i.e. 60 GHz, 120 GHz, 180 GHz,

240 GHz, for example) so as to reduce the influence of harmonics and sub-harmonics during the
frequency converting or mixer phase. Further, the first receiver intermediate frequency of about
24 GHz may also render the front-end transceiver 300 to be suitable for the 24 GHz car
industry IP.

[0042] Similarly, in the transmitter path 104, the first transmitter intermediate frequency may be

similar to the outgoing frequency and the first transmitter intermediate frequency may be about
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[ 0057] The oscillator signal generator 114 may be configured such that the
initial oscillator signal 192 with the initial oscillator frequency (i.e.
about 36 Wblz)1mmysshe substantially the sane as the respectiseaofionesn?
stabilizing signal 118 with the first stabilizing frequency (i.e. 36 GHz)
and the second stabilizing signal 130 with the second stabilizing frequency
(i.e. 36 GHz). Further, the second conpensating circuit 184 may include a
3/ 2 divider such that the respective first oscillator frequency of the
first oscillator signal 116 and the second oscillator frequency of the

seconds@&tiz I BleUscHla@Hp @ﬂg@fg%n%ﬁg%% 3?4 %&g%@%ﬂﬁf-i Al Sxﬁiﬁé‘ R deborft osofflafdrZ

divided by (3/2) => 24 5 shows a 'schematic diagramof a

f t- t i j: i i t havi .
oot VP 28 SABERY SlconB ety il JSEGI SFIIRE, Tochdor BN bl

coupl e j cej.ver. freguen converter 108, .1the.oscillato

si gnal ﬂacg%gé}gfc 8%%%51 ngw i iz;ien CSE@# T’cgié% P78 © tge stfaa(%rﬁlétteﬁ osﬁ%’gﬁslgé i trﬁ’g be
circuit 184 and.a third ¢ nsatin ireyit. .1 orgi to

embodi ‘ﬁ%ﬁf‘%‘“%oﬁ%@fhﬁfﬁ%‘sf‘?‘g‘i%%ﬁ’%f rogﬁg%‘gi(\z\%eé}{%g@ gg&s‘hﬁ%ﬁzﬁ ,2_4? éHZ% Ry be
simlar.to the frant-end tr ns?e'ver 4%0 aﬁ shgyn in FIG _4 with the

di 1 er QiCEEPR: s BUEH FRlgie &f e, Feogad ardllgpr frauenedigs3t Gk of? Signal
generator 114 in FIG.. 5 may _include the oscillator 180, the second
Conpentih @iz 14 Gt forgeammale) ol dng pioper exErSHER] 28 1974 SherehoB e, SEeT ( he
oscillator signal generator 114 in FIG 4 may include an oscillator 180 and
a secdnultip § Manypitley frequepcy §4. 24 GiH%H &8 GHne2 GHAL 2Rz farrrsempled of 500
as shown in FIG 5 may not include a first transmtter frequency converter
124 urfhe Keansmiter sigel ¢4 te bgntsansinittad WAy basrespisotively diffdrent filom apOnay not

2011/ 025456PCT/ SG2010/ 000307 [0060] In nore details, FIG 5 shows the

r ecei vaincidet with Giyi intsigedimulfipld of ther Stst transmiitter intarmgdietecfrequencaenf dre 168
configured to convert a received signal 106 with a receiver frequency (i.e
60 GHzjansmitter anténmegliate agral U@6 (1.1t60rGHE)i120 &1, d R IGHE] 040WGHzZ, forfexample)y scei ver
intermedi ate frequency (i.e. 24 GHz); and a receiver direct conversion

st age a3 reduepltiedinflnetdecoffHarmbniceaei subrhatmerjue duingctha \fekhaicy Hofvestingisr t 0
receive the first receiver internediate signal 110. The front-end

t r ansagrixeephasfl0 may further include an oscillator signal generator 114
respectively coupled to the first receiver frequency converter 108 and to

t he r qo@43]drurtier, ahé osEill¥er Siganl gém@forl 14 sRyadsd Be RoANEHEEd @0 fthiSthe first
oscillator signal 116 with a first oscillator frequency (i.e. about 36 GHz)
to t hesdbiliig FreGenYei.d. ANGHRE Yf HeITUer {syiliARS s%_ﬁéi A 8l inb be ShRdRddtaA) Ak
signal 118 wth a first stabilizing frequency (i.e about 24GH) to the

recei \ge @k &&Cﬁrspﬁe&eéﬁh&an&iag%ea&&icywg.rﬁi GHE)EF A8 Girdt kdleRer fréibiate
generator 114 nmay be configured so that the first oscillator frequency of

the {igshl PRl B Qoofid B8R relThch®, S5 RS Br UG oh lab e ASOPT

mul tiple of the first oscillator frequency of Irst oscl r signal

e 1ot oty R e A ks ARG Bl e (e 2 O JTRENBRI G SRHEDY O

confi Eﬁa he first stabilizing frequency of the first stabilizing
signaﬁQQ%gbﬁgyi e g%bstantially the sane as the first receiver internediate

frequ the,first receiver . intermed ate signal 0.. Furt , the first
ecel VA Has pafgrof Sroll St Gh st LY BE ot Ma el s i Gokloor s
recei ver i.nternedi ate frequency of f.irst, receiver ipternedi ate signa
110 ey Oith Padist Grcilator Beayehe r@-fné§ 10 e eyl Srses s saiton
betmeen.hhe recei ver freguency of the received signal 106 and _the first
osci | [05FI8RtoF piggtety Vo thhaningl oseillgiorffeausnsy (5¢-gitafHex 6 The sseliptonsizaplown in
FIG 5, the incom ng frequency and thereby the receiver frequency may be
generator 114 may also be configured such that the second oscillator signal 128 with the second

oscillator frequency (i.e. 36 GHz) may be substantially the same as the initial oscillator signal

18



about 60 GHz. The oscillator signal generator 114 may be configured to
provide the first oscillator signal 116 with the first oscillator frequency
of about W6 20Hz2si6eerefore, the first WO 2011/ 025456 PChLBSeA010/00650307
recei ver frequency converter 108 may be configured to provide the first
receiver internediate signal 110 with the first receiver internediate
frequency of about 24 GHz (i.e. 60 GHz - 36 GHz). [0063] The front-end
transcei ver 500 may further include the transmtter path 104, including a
transmtter direct conversion stage 120 configured to provide a transmtter

si gnal ;42 gvitBth ﬁlﬁ&l%éﬂh{o} %ﬁqﬂ@n&:p I(i‘?‘c. 55 %g_l?iﬁ? ;lpgl%feg&re,e&g g’[}gtéos%gl'a% éi@gu%) '

[ 0064] The oscillator signal "generator e cou

t .t t ' | t . ' .

St abi 1151 po LAY vE3RHElTaRD sREE o 88 sERp R Sraf bl BRI B0 Gy 1o
the t ] ' t . t 120. ,[0065] T i |.l at i I
goner a(USASh S 4 SAOich RS Shekfar of A FBBn A SRR BlreaA00 Segutind ateeelte
initial Ll 1 at ' .19 i th initjal i 1] at f i.e. 60
Gb). T8 5 dePd el rniser Gettps Srmversr By ancremeer bt (et B
conpensating circuit 184 (i.e. 5/ 3 divider) coupled to the oscillator 180
so as WRPSPELY,; HRAUPRRY samvene) 12d<nd  anseilalor gigapl segoraigrild 4tqoupledite bath the
oscillator frequency and to convert the_ initial oscillator signal 192 with

t he i nfifst sgceystiffenuensy qonzeitrank0f and the gt rapsmitieri frequensy senyisrer 124 thet h

the first oscillator frequency (i.e 60 Giz divided by (5/3) > 36 GHz).
oscillator signal generator 114 having an oscillator 180 and a second compensating circuit 184

according to an embodiment.

[0046] The front-end transceiver 400 as shown in FIG. 4 may be similar to the front-end
transceiver 300 as shown in FIG. 3 with the difference in the oscillator signal generator 114. The
oscillator signal generator 114 in FIG. 4 may include the oscillator 180 and the second
compensating circuit 184 while the oscillator signal generator 114 in FIG. 3 may include the
oscillator 180 and the first compensating circuit 182.

[0047] In more details, FIG. 4 shows the receiver path 102 including the first receiver frequency
converter 108 configured to convert a received signal 106 with a receiver frequency into a first
receiver intermediate signal 110 with a first receiver intermediate frequency; and a receiver
direct conversion stage 112 coupled to the first receiver frequency converter 108 so as to receive
the first receiver intermediate signal 110. The front-end transceiver 400 may further include an
oscillator signal generator 114 respectively coupled to the first receiver frequency converter 108
and to the receiver direct conversion stage 112 so as to provide a first oscillator signal 116 with a
first oscillator frequency to the first receiver frequency cbnverter 108 and a first stabilizing ;ignal
118 with a first stabilizing frequency to the receiver direct conversion stage 112; wherein the
oscillator signal generator 114 may be configured so that the first oscillator frequency of the first

oscillator signal 116 may be selected such that any integer multiple of the first oscillator
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[ 0066] The oscillator 180 may be coupled to the transmtter direct
conversion stage 120 such that the initial oscillator signal 192 with the
initial osoi2bliarsetseéf requency nmay be substantially the saog/sago0tlveosmecond
stabilizing signal 130 with the second stabilizing frequency. The
oscillator signal generator 114 may further include a third conpensating
circuit 186 (i.e. 3/2 divider) coupled to the second conpensating circuit
184 so as to receive the first oscillator signal 116 with the first
oscillator frequency and to convert the first oscillator signal 116 with
the fip idel - C ¥ bj lizi ' with
fr%ﬁué?ﬁ? d.f thé erst]&glllfa{o?ql‘é?xgl IYI.6E§ ﬁg% I%%éff%ﬁé{l}l %‘(télg 46{}; 1?53%% ﬁ{uggﬁ’é 29‘

%EZ L;rst stab|I|Z|ng.frequency ( e second conpensating circuit WO )
2011/05%%@%%%3?%%5%??% é%%ggi%g%ﬂéhf the third ggnpepsat?ng cirguit 186 may
sat)or 108 0 T SR LenfaRf Al CinRy To toniEidcRa i, e T SBbiizig e

intermgdi ate freguen f.the.fi receiver internediate si | 11Q to

| nel uageaspsy oF i B Sublisinzcignal 318, ey Feinibrbinly T s pothR iy Keehuer

i ndustry. 006 FI G ﬁ sgpms a schemati¢ diagramof_a front-end

t r ans c SITREdBEOITERENGY o refisbressiverinfsanediatg signal, | iy Burthersthe fustaecaiver
frequency converter 108, a second receiver frequency converter 194 and an
osci | | Segensy gomyertseh@$ maybe configyed pethat thetfist rereivdr iperaediate fraquensamty
converter_108 and the second receiver frequency converter 194, the

osci | | Bedistapepivar iglermaediate pignal 4 10 mayneclede owdud ofaviieh 1@y be detcanivnd based
conmpensating circuit 184 and a third conpensating circuit 186 according to
an enbewaweriation be@gn tearetaivantiregnency of thecretaiesd GGG 466 smbthe first ¢scillated nay
be simlar to the front-end transceiver 500 as shown in FIG 5 with the

di f f er &egueneyof thafirstlosciflatonsigmhdilG.r anscei ver 600 in FIG 6 may include the
second receiver frequency converter 194. Further, the values of the second
conpeni849nThe fronténd tt8dcava 400ima) fuedpeinslate bdg winsmitier phth610%yndd@ling a
different in FIG 6 as conpared to that in FIG 5. [0070] In nore details,
FI G OGtrasmisert digect @orverdon pags 120 2onhfiguredltd @rdvide: 4 itfaGémitRE €ignelr 147 efuency
converter 108 configured to convert a received signal 106 with a receiver
f r equenaysmittedewith@ tiarEmitien fieqienty.r The trRgs@iiM@ patin i &F MR ifgtiRr iRl thd ERtW t h
a first receiver internediate frequency (i.e. 36 GHz); and a receiver

di r ect r&RAVRr Sreqetdya@avérie? 129 dplptel doQhé BenshiifiédifeBC&InVEKioh!sBFeaR0 ¥o as
converter 108 so as to receive the first receiver internediate signal 110

The fr@nfec&él thd BRSHAIMESRA020BY Pelirdliffitdd el dRe BHnOSfE] Ky Rhcy 803
generator 114 respectively coupled to the first receiver frequency

converi@hed O atintifed ngﬂ Q98I ®F tFhnERited GAMY Esc}aa&nﬁseﬁ%%g&&l%y o3 fifP

provide a first oscillator signal 116 with a first osci tor” frequency

(1. e hsfdifer iftrnldufar Ei@ﬁél 126 with a first transmitter intermediate frequency.

[0050] The oscillator signal generator 114 may be coupled to the first transmitter frequency
converter 124 so as to provide a second oscillator signal 128 with a second oscillating frequency
to the first transmitter frequency converter 124. The oscillator signal generator 114 may be
coupled to the transmitter direct conversion stage 120 so as to provide a second stabilizing signal
130 with a second stabilizing frequency to the transmittef direct conversion stage 120.

[0051] The first transmitter frequency converter 124 may' be configured so that the first
transmitter intermediate frequency of the first transmitter intermediate signal 126 may include a

value of which may be determined based on an addition of the transmitter frequency of the
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WO 2011/ 025456PCT/ SG2010/ 000307 recei ver frequency converter 108 and a
first stabilizing signal 118 with a first stabilizing frequency (i.e. 12
GHz) to twe wwaoebsaser direct conversion stage 112; wher eiPaTiSGe00800307 at or
180 signal generator 114 may be configured so that the first oscillator
frequency of the first oscillator signal 116 nay be sel ected such that any
integer multiple of the first oscillator frequency of the first oscillator
signal 116 may be different fromany integer nultiple of the receiver
frequency of the received signal 106. [0071] The first receiver frequency
conver y@hsrditsr S@¥al0 220 @bt AEHitRA dnbathe {dREordd Bs%ﬁllart&‘:ﬁhc}if‘eﬁcﬂr W &hiRdiahe
frequency of the first receiver internedi ate signal may” i ncl ude a val ue
of abo lg\;%, 60 GHz - 24 GHz) which may be determ ned based on a
devi at P%)mﬁ%g a('l?_ e receiver frequency (i.e. 60 GHz) of the recei ved

Si gnal 2R FRE QLS ;ﬁﬂciéfia‘ Rl il RS oRipAE Y FipeR ttge%?ﬁe?%ta ude
d
Conver bri i poiot BB TRY daf RV B R-oilecs fr?aswenfyeﬁﬁmsfﬁﬁf'éét%ﬂéfe%a%Eh er

108 an r.ece i rect conver5|on sta 112 so a eceijyve the first
ocer voH iy Bt sutea S SORGURtne prnTIoe SOomIEL i BeoSeilier hiltreiado
frequency. and to.convert the first receiver internediate signal 110 with
the f | FGHIVF disoinyial rlatorsignal 192 f Vil theninyrial ﬁﬁvdf lafox; Gegiracy ée&t%?nvert the
i nt er nedi ate signal 198 with a second _receiver internediate frequenc .
12GHz ) ingtgpl lS’éClB?‘B’(/ pigad] 193 witethe dpigiph eseillator diequensije thg Brst 9@%@011%@&11 [15@73]
The oscillator signal generator 114 may be further coupled to the second
r ecei veithfthedfirsh egeilapn Sequancy.o 4The sepond ompensatiog taisutti 1 maychd fhurthsr
signal 116 wth the first oscillator 180 frequency to the second receiver
f r equesraigutedte cpayert B4 inifigioordillatph sigoslcl 2| witlo thesingiahbscijéaten faequendyl thmy be
configured so that the first stabilizing frequency of the first stabilizing
si gnal setd8l psoylldter sighadt128twith khe tehends asvdlaty frdymenamc oftie semai wempensating
i nternedi ate frequency of the second receiver internedi ate signal 198.

circuit 184 may be respectively coupled to the first receiver frequency converter 108 and the first

transmitter frequency converter 124.

[0053] The oscillator 180 may be coupled to the receiver direct conversion stage 112 such that
the initial oscillator frequency of the initial oscillator signal 192 may be substantially the same as
the first stabilizing frequency of the first stabilizing signal 118. The oscillator 180 may be
coupled to the transmitter direct conversion stage 120 such that the initial oscillator signal 192
with the initial oscillator frequency may be substantially the same as the second stabilizing signal
130 with the second stabilizing frequency.

[0054] As an example of the selection of the suitable frequency values within the front-end
transceiver 400 as shown in FIG. 4, in the receiver path 102, the receiver frequency may be
similar to the incoming frequency and the receiver frequency may be about 60 GHz. The
oscillator signal generator 114 may be configured to provide the first oscillator signal 116 with
the first oscillator frequency of about 24 GHz. Therefore, the first receiver frequency converter

108 may be configured to provide the first receiver intermediate signal 110 with the first receiver
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WO 2011/ 025456PCT/ SG2010/ 000307 [0075] The second receiver frequency
converter 194 may be configured so that the second receiver internediate

f requencywofotiesssecond recei ver internedi ate signal 198cmsgimnobesde a

val ue of about 12 GHz about (i.e. 36 Gz - 24 GHz) which may be determ ned
based on a deviation between the first receiver internediate frequency of
the first receiver internediate signal 110 and the first oscillator
frequency of the first oscillator signal 116. [0076] The front-end -
transcei ver 600 may further include a transmtter path 104, including a

t r ans Mgt Sledhitd Fr@%ue’ﬁ@?‘b_? LR B6SEAY 60 UL ONhI @iy ed3d e;}%ggvr? ﬁﬁié%%ag&@g tter

signal 122 to be transmtted with a transmtter freque

[0077] i fb&: q,gﬁﬁ]!ﬂle e Fird %@ém&sp%@}e@%a@é MBEHDe € Op) 99 éﬁztéaegnz, for

transmtter I rect conversion stag SO as to provi de"a s€con

bi |l Lzj i I gy ilLzi f i.e. 60.G¥
st abl g%zlsnlghqe)'s&fgtﬂ@ﬁrs’lt%gcﬂraltop s%uaeﬁggagldﬁﬁg I Oimz)}[ lgl%ﬁgli: re})%lﬁlg)'i]g 3t ] lfﬁftorlpceé}/eénél to

the tr tter direct conversion age oscl
generator 114 i ncl yde th sci | l.at qr configured to ner.at e .an
Pt bbb Raldey K 306HE° 74 . s . R BRL RS, SPrBflaiabe e, 60
GHz) . The. oscill at.or si | generator .114 further include g second
compentSAET RIS PEinte st (10 ey g BSReF Y abe it Tetest HOBKPRTBA 1S CREEE PARGRY 180
SO as to receiv tEe initjal _oscill a{or signal 192 with an initial
osci | | HHeger P?%‘éfﬁ%ﬁ’ yhe Frgeiver EeqHpaey of His rergiysdasiseal di0f) Gie-o?0 SHmdR0 2. wi t h
the initial oscillator frequency to the first osci|lator signal 116 with
the fi #8Q GH2c?249 GHay for cxyupipkse ¢ito gedugp therpflegnge eéharmpn{cg/azg subsharmogiss) .
[0079] The oscillator 180 nmay be directly coupled to the transmtter direct
conver $wrang the fgeuenoy canyeringlpamix¢i@hpssi ti al oscillator signal 192 with the
initial oscillator frequency may be substantially the sane as the second
st abi | [095plgSisilgrisl in1tBe transniitterpaths Hodo thd termaitier diregs conegsiem stpge THemay be
oscillator signal generator 114 may further include a third conpensating
ci r cui ¢conf@@regito provide thi wiadsmijtecngpll 22 toobe thessrttaineitic drepemsattien freqiencyi t
184 so as to receive the first oscillator signal 116 with the first
osci | | aft abouf 3@ Glzn Chhearsdilih®r cignelegehertatoe 114 medy Wesainfipakedito prayidzl thd doid t h
the first WD 2011/ 025456PCT/ SG2010/ 000307

oscillator signal 128 with the second oscillator frequency of about 24 GHz. Therefore, the first

transmitter frequency converter 124 may be configured to provide the first transmitter
intermediate frequency of about 60 GHz (i.e. 36 GHz + 24 GHz) which may be similar to the
outgoing frequency. In this regard, any integer multiple of the second oscillator frequency (i.e.
24 GHz, 48 GHz, 72 GHz, 96 GHz, for example) of the second oscillator signal 128 and thereby
any integer multiple of the transmitter frequency (i.e. 36 GHz, 72 GHz, 108 GHz, 144 GHz, for
example) of the transmitter signal 122 to be transmitted may be respectively different from or
may not coincide with any integer multiple of the first transitter intermediate frequency of the
first transmitter intermediate signal 126 (i.e. 60 GHz, 120 GHz, 180 GHz, 240 GHz, for
example) so as to reduce the influence of harmoﬁics and sub-harmonics during the frequency
converting or mixer phase. |

[0056] Further, the oscillator signal generator 114 may also be configured so that the first

stabilizing frequency (i.e. 36 GHz) of the first stabilizing signal 118 may be substantially the
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oscillator frequency to the first stabilizing signal 118 with the first
stabilizing frequency (i.e. 24 GHz divided by (2) => 12 Giz). [0080] FIG
7 shows awechamasise di agram of a front-end transcei ver PQO/SGeelowdizy a
receiver path 102 having a first receiver frequency converter 108, a second
recei ver frequency converter 194, a transmtter path 104 having a first
transmtter frequency converter 124 and an oscillator signal generator 114
coupled to the first receiver frequency converter 108, the second receiver
frequency converter 194 and the first transmtter frequency converter 124,

the oseirhd & e B8alvaonEMtR. fiduchay (d BTIIIMISHAS rebBer ArtfEARg So to

conpensating circuit 184 and a thrrd conpensating circult accor

an enbed}, e and GR&LEont g rl})%lﬁﬁf& fr % @ e S%eGYI‘Zf of tHOsR8nd %wthg \%}Ig%r?? 1 3§ may

be srnl ar to the front-e ran 600 as’ shown T n

di ff l.ud
firoe TS Besihddibry B @2t ah%%%@??%%%w (e 2.5t S ok R Vp e ST o
600 |n ?ﬂgﬁ%ﬁfngéngﬁa.aFurther, in FIG 7 the pscrl!ator 180 may |nclude a

val ue 0O nd the second conpensatrng circuit 184 may include a
3/ 2 diyj e.in t he cillator ma eavalu of
about  LSE TR RafilsiEr SaBterogtifEchaamen decionbavied sheh fay T nialcosale

di vi der.. 2 t he ece ver path t he oscillator signal

gener af‘%?ih ﬂ%g "%’r‘é’ﬁ{‘? H’gﬁ“ﬂd’é"l #or Lequengy (éec%wr abHghmay be sphstangialhe thejsyae

oscillator 180, the second conpensating circuit 184 and the third
conpen&aihe FesPestive dirst siabgizing sigl | b%wtthghef fiskstabjlizing fraquancy (i 36 GHZ andy be
sel ected such that any integer nultiple of the first oscillator frequency
of t hetheispapnd stabilizingtsegnak i Yhwith thegeqond gtabilizingrfreayencyrtise t36Fz)o Furthes, the r st
receiver internediate frequency of the first receiver internediate signa
110) nesgousk campensptirg cirewin IAymantiedede aud/Ri gividenfudthéat ebeirespectiveefiency
of the received signal 106. Further, the second receiver internedi ate

f r equesssillagdr fraquensyorfittie figt @saibiator sigml rid diand ¢hessegoral ostiiBitarefjeqoency of the
substantially the same as the first stabilizing signal 118 with the first
st abi | sezomboscillatA0ignd) 228 56483CH SERCHAAINO AidOsamef (.eqd® Gz diSided|tar (3y2) =t ong
the transmitter path 104, the oscillator signal generator 114 may i ncl ude
any su4@Hkge conbi nati ons of the respective oscillator 180, the second
conpensating circuit 184 and the third conpensating circuit 186 as |ong as
the sej00s8] FISCis| dhdiara sihgialic dRgrafByf BardhekRd traskcsivensd0aichamy 4 RiceBeF
mul ti pl e of the second oscillator frequency of the second oscillator signal

128 ( oputh 20y havihe @ drstiiebdivdd! freq@énch/ BNV drReR 308 bh® hn LEGMMENGYnaPlgeddifor 114
transmtter signal 122 to be transnrtted) may be different from any integer

mul ti pdofpRl té AR fidst &Eeﬁvé%&{ﬁhﬁéﬁon\zéﬁ&rlmdﬂl@'fogclfﬁt@ﬂéigﬁlﬁ YefdrathP €14 hivide

transmtter internediate signal 126. Further, the transmtter frequency of

the transfink&’ 180, W 8bcohd 2olipeRGtihd RDSH tm@dmrraa/ﬂﬁfd g Jg@?d Lkttt gy same

as the second stabrlrgfng gﬁgﬁa 1 % O wth the second gﬁg f? trgﬁsuency.

[ 0083] ;ckérd ﬁSaQ%ﬁﬁb&ﬁmuf'G- 7 shows the receiver path 102 |nclud|ng t he

first rece requency converter 108 configured to convert a recelved

si gnal g o cel\ b |nt a f|

recei er n]\tlﬂe BO% Jﬁﬂeﬁéﬂ‘sg&v% %%%%{%“ ’?rFrI?t %f}e“ég. \f:esr1 é? qrrlédr fnr &

frequenc ut 36 d recei.ver dir versron e 112
etr ceg | ) g}own n F%'ZQ W}:tﬁrh ¢ Rfflrence in r?s&lle %6 élgg generator I1 g% e

couple receiver requency con e the
first ver i.nt er nedi gpal 11 e fr. d transcei ver 700 may
furt hérsc@ﬁ%r Siaeel oot P 3PS R arclita BF arafiar 30, e 0] Sorpensaing cd t o
the first.r e quenc converter 08 .and to the receiver direct
conver<&ep lgg ét{ielﬁhnglo %‘ﬁ?nﬂg SUrykl §r61 ?‘r’lgtthebgici‘ ﬁalt%{t%%nak Bgfifaon IBwth a

first oscrllator frequency (i.e. about 24 GHz) to the first receiver

f r equdiiBy 4 dRAviBslnds an pgeillater lé fand @secangsompeRsagng pigval 184 dugther the frantst
stabilizing frequency (i.e, about 12 GHz) to the receiver direct conversion
st age end sranggeuiesSP0 ah shoyarin FI&k Srmay pefanclydme fisst cransmisfenfigqusacy oniveder ed so
that the first oscillator frequency of the first oscillator signal 116 may
be sell@dnabksihetronhrend Ganscéiverédge es shown iplFdGot. the first oscillator
frequency of the first oscillator signal 116 may be different from any
integer nmultiple of the receiver frequency of the received signal 106.
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WO 2011/ 025456PCT/ SG2010/ 000307 [0084] The first receiver frequency
converter 108 may be configured so that the first receiver internediate

f r equencywof2otinesfser st recei ver internedi ate signal 110pPomgGeoionae’ a val ue
of about 36 GHz (i.e. 60 Giz - 24 GHz) which nay be determ ned based on a
devi ati on between the receiver frequency (i.e. about 60 GHiz) of the
received signal 106 and the first oscillator frequency (i.e. about 24 GHz)
of the first oscillator signal 116. [0085] The receiver path 102 may
further include a second receiver frequency converter 194, the second

recei VRAjoshy BAMERAARNNRT. t58howd theTBYeiRE ps@URD %l&ﬁﬁgﬂﬁﬁrﬁrh*}@cé&&%&ﬁ&%@ ver

frequency converter 108 and the receiver direct conversion stage 112 50 as

to recgiNentmsid ﬁg%xg{eg@@&aﬁ%n araéc%gizt&qf’gﬁm 03ivﬂ{ha41re %Qer%é%ngﬁcgﬁ&% 56 Hz)

recei ver internedi requency an o convert the Tirst c

| Nt er TR Al el idrlfndlidel SR 110"l £ FEE Vvl SN AR EREAHENSY | Nt O

a second recelver I nternedl a S| gna a second rece

i nter iate frequenc i..e.about 12 to.b rovided to the receiver

o't oct CLe b EDGY e Seonf Bl aecTF2 ehfindl o "BY s e BeBfoe 4y
be further cor&ied to . the sechd receiver .freq ency.copvgéte& 194 so as to
provi d¥VRESTs {98 50 0% 19 regebr Meghsst roces e iptrpgiiate jsignal dd0 | The Jronteaduency
to the secondsrsceiv r fneaugn%¥ Cﬁgyerter 194. [0087] The oscill ator

si gnal "Ry 0P Myl ipelude,st psgitiatay sigpaliasagratop &14 respectivelyispynlsq foghe
frequencg of the first stabilizing signal 118 may be substantially the sane
as t hellSbESAYeT Begiepey comteaerbofi andstor the dersiey dBectcravaraep Sge dd2isg @p to

i nternedi ate signal 198. [0088] The second receiver frequency converter 194

may bePrewd iagfifseescillatersignal Ha6 svthon first escllajer freqyerpynEgi abaut Spdefdarteythef t he
second receiver internediate signal 198 may include a val ue of which may be
det er nfirsetecpiaseficquenay denventer dP8 bed adiest stabdizing signal dd8i wigh aifirstestahiliing e
frequency of the first receiver internediate signal 110 and the first
osci | | tquendy @gabnuty24FH2)e the restiversdirdet ednyersingstge 1126 wherein the oscillator
signal generator 114 may be configured so that the first oscillator frequency of the first oscillator
sign#l 116 may be selected such that any integer multiple of the first oscillator frequency of the
first oscillator signal 116 may be different from any integer multiple of the receiver frequency of
the received signal 106.
[0061] The oscillator signal generator 114 may be configured so that the first stabilizing
frequency of the first stabilizing signal 118 may be substantially the same as the first receiver
intermediate frequency of the first receiver intermediate signal 110. Further, the first receiver
frequency converter 108 may be configured so that the first receiver intermediate frequency of
the first receiver intermediate signal 110 may include a value of which may be determined based
on a deviation between the receiver frequency of the received signal 106 and the first oscillator
frequency of the first oscillator signal 116. |
[0062] As shown in FIG. 5, the incoming frequency and thereby the receiver frequency may be
about 60 GHz. The oscillator signal generator 114 may be configured to provide the first

oscillator signal 116 with the first oscillator frequency of about 36 GHz. Therefore, the first
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WO 2011/ 025456PCT/ SG2010/ 000307 [0089] The front-end transceiver 700 may
further include a transmtter path 104, including a transmtter direct
conver si oNOo2age54HR0 configured to provide a transm ttePCTisgnado/0d@sd7t o be
transmtted with a transmtter frequency. [0090] The transmtter path 104
may further include a first transmtter frequency converter 124 coupled to
the transmtter direct conversion stage 120 so as to receive the
transmitter signal 122 to be transmitted with the transmtter frequency
(i.e. about 36 GHz) and to convert the transmtter signal 122 to be

trans n}et ngr #e&&n‘:? %Eé rfhé [ RE f r %%? Wred tcl) n%oQ/u?e Ih![e %}Brtéfzeg?%rmpﬁegau(gﬁ%y

I nterned ate II’S ansm

f;'oupi (SR b BOERE B G R Ep R Lt 1506 & (0800 de o

second tg&gél ator signal 128 with a second oscillating frequency (i.e.
about 2 ) to the first transmtter frequency converter 124. [0092] The
oscillator sig erator 114 may _be coupled to the transmtter direct
conver 083 Ebagémtz %@‘S%V?rosoﬁr‘ﬁ% frether ingludm theswansmittsrinath 194y angludingay t h
a second stabilizing frequency é . _about 36 GHz) to the transmtter

di r ect reRsAReIsHistet SORYRESIOD Gtage J80 Ipnfigwsed ite providenadransmisier fsigaalibikjo be
converter 124 rra be configured so that the first transmtter internmedi ate
frequeﬁ@}m@ﬁedWé fpitrapsmittepireqvencye(iciG@dmedi at e signal 126 may include a
val ue of which may be determ ned based on an addition of the transmtter

f r equel¥994loThe beillatemsgnal igemeratpghd map De tcouriled ta thegransmettr directtdoaversioond
oscillator frequency of the second oscillator signal 128. [0094] The

osci | | stager 1K1 gmad togpmoeidataosecdriddstatsilizing) sigualel 3@nwils ai set@idostabliffng fafuepuyed t o
generate an initial oscillator signal 192 with an initial oscillator

f r equefiey6q GHe) tcathe tiansafittéddigect JonO&Sbn Stage 0B | | at or signal generator 114
may further include a second conpensating circuit 184 (i.e. 3/2 divider)

coupl lem(llgsg TheoRfkitdr signal ge@fht&0l 18SndyOinEla8€ hiy 8sdillor T80 doakige@itd betiepdte

°tona an initial oscillator signal 192 with an initial oscillator frequency (i.e. 60 GHz). The oscillator
signal generator 114 may further include a second compensating circuit 184 (i.e. 5/3 divider)
coupled to the oscillator 180 so as to receive the initial oscillator signal 192 with the initial
oscillator frequency and to convert the initial oscillator signal 192 with the initial oscillator
frequency to the first oscillator signal 116 with the first oscillator frequency (i.e 60 GHz divided
by (5/3) => 36 GHz).
[0066] The oscillator 180 may be coupled to the transmitter direct conversion stage 120 such that
the initial oscillator signal 192 with the initial oscillator frequency may be substantially the same
as the second stabilizing signal 130 with the second stabilizing frequency. The oscillator signal
generator 114 may further include a third compensating circuit 186 (i.e. 3/2 divider) coupled to
the second compensating circuit 184 so as to receive the first oscillator signal 116 with the first
oscillator frequency and to convert the first oscillator signal 116 with the first oscillator 180

frequency to the first stabilizing signal 118 with the first stabilizing frequency (i.e 36 GHz

divided by (3/2) => 24 GHz). The values of the oscillator 180, the second compensating circuit
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WO 2011/ 025456PCT/ SG2010/ 000307 with an initial oscillator frequency and to
convert the initial oscillator signal 192 with the initial oscillator

f r equencywoaotiesdscr st oscillator signal 116 with the fipcsiscaswiobdsat or
frequency. [00961 The second conpensating circuit 184 may be further
configured to convert the initial oscillator signal 192 with the initial
oscillator frequency to the second oscillator signal 128 with the second
oscillator frequency. The second conpensating circuit 184 nay be
respectively coupled to the first recei ver frequency converter 108, the

convor L 8F 8t HCRRECRE LT 15598 ie) "Eednhly bR b redh G TTEY

di rect copver m“§£%ﬁ$ a§ uch that the initial oscillator S|gnal 192
with the ini Gl 150t requency may be substantially the sanme as the

second t api | ng. sl 130 with_t econd stabilizing freque [ 0098]
The osif a}ﬁ'thb*?ﬁi-- IR oo Wrﬁfﬁf%r iRl eﬂlrﬁnmop the firs
conpensating. circyit 186 /2 divider) coupled to the sec

conpe n?&?ﬁvﬁ‘gll‘&“’l"&%ﬁe sigpal ijd) t9dnglyde %KaéP‘?/‘éf) *il}‘?ét 1 G5z sgzsite Pﬁfié?m@ Yifable 116
with the first oscillator frequency and to convert the first oscillator

si gnal fortlee ¢arandustee first oscillator frequency to the first stabilizing
signal 118 with the first stabilizing frequency. 100991 FIG 8 shows a
schenmal0068HFKg raphayfs & s¢heatic diagram aggcferrw@nd BB0sceivet 600 inpluding e abaeiver pat h
102 having a first receiver frequency converter 108, a second receiver

f r equepath 102 hewing erfirgtorgceivertiregnencyy tcomvertoni 08, iﬂ(mccmlvxiecﬂgvei fféquercytavavestert t er
frequency converter 124, a second transmtter frequency converter 196 and
an oscl94 aidoan escglatir sggnak gaeoatorlill4 coopipd edthe dirsthrecdivear ftequeanyi coaverfer g8iency
converter 108, the second receiver frequency converter 194, the first

t r ansnard the skeondurecaiver dequarcy eonddtter 494 théescilbnandgrial gasdtatot e14 hiviagiemcy
converter 196, the oscillator signal generator 114 having an oscillator 180

and a éscilkitord80pestaaid dugnnsating tirdi21 BCahdradthind) cdripaRatipRaduira 86 accbifid®01

The front-end transceiver 800 as showmn in FIG 8 may be simlar to the

f r ont - @@ embodiment.
[0069] The front-end transceiver 600 as shown in FIG. 6 may be similar to the front-end
transceiver 500 as shown in FIG. 5 with the difference in that the front-end transceiver 600 in
FIG. 6 may include the second receiver frequency converter 194. Further, the values of the
second compensating circuit 184 and third compensating circuit 186 may be different in FIG. 6
as compared to that in FIG. 5.
[0070] In more details, FIG. 6 shows the receiver path 102 including the first receiver frequency
converter 108 configured to convert a received signal 106 with a receiver frequency (i.e.
60 GHz) into a first receiver intermediate signal 110 with a first receiver intermediate frequency
(i.e. 36 GHz); and a receiver direct conversion stage 112 coupled to the first receiver frequency
converter 108 so as to receive the first receiver iniennediate signal 110. The front-end
transceiver 600 may further include an oscillator signal generator 114 respectively coupled to the

first receiver frequency converter 108 and to the receiver direct conversion stage 112 so as to

provide a first oscillator signal 116 with a first oscillator frequency (i.e. 24 GHz) to the first
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transcei ver 300 as shown in FIG 3 with the difference in that the
front-end transceiver 800 in WD 2011/ 025456PCT/ S&010/ 000307 FIG 8 may
i ncl ude aveeocnmdsssecei ver frequency converter 194 and arpseceadioongosn tter
frequency converter 196. Further, in FIG 8, the oscillator 180 may incl ude
a value of about 24 GHz, the first conpensating circuit 182 may include a
/2 divider and the first receiver internediate frequency may include a
value of 36 GHz while in FIG 3, the oscillator 180 nay include a val ue of
about 36 GHz, the first conpensating circuit 182 may include a 3/2 divider
and the_ first Y i.nte | at e equency may i ude a yal ue,of . 24
fecelver frergﬁgrﬁéfo%\)elqér. {5 % a Exgs'i Vs%lil)gller}gxy% Fl#lﬁl Tfé w1ﬁ1 2 %rrsl fﬁeﬁlgwg

GHz. Any sulta I'nations 0 e 0scli

first ) b ' it 182 . b d. I the t first

osci || SEReEY gha 1 GHEF R g roieiR e R R e S0 R oo el 80r 1 ne
first illat f t i r.st illat i | 116 d

{her eb ERPhBSRHAIEG 1 O P gred sshFy e iy ol FraFuviAlanana: PRUiEncy

of the first recejver interpediate, signal 110) nay be different from any

i nt eger8ARl i0gnay bt selerted wwehithat any integGemudtindy of the Tirgt aseillaigr Sregueary ebhide
Further, the first stabilizing frequency of the first stabilizing signal
118 mafirshesdliyer ugnal 16 pay e deffgrent epm sy igtegermultiplecyfiibe receiver frasteneyof
frequency of the second receiver internmediate signal 198. Also, any

sui t abthe reesitsidrsigniabH¥. of t he val ues of the oscillator 180 and the first
conpensating circuit 182 may be used as long as the the second oscillator
si gnal [0028] Why fibst recslier thedusey lvonveater 408 mayt legemfiguteti sol thatothe tfirst reeeixa@nd
oscillator frequency of the second oscillator signal 128 (and thereby any
i nt egemtermietiiapd feequendyhef the fisst receixasiniethediate siganinEdi maeintlude ueakiy ofibdune
first transmtter internedi ate signal 126) nay be different fromany .

i nt egeB6 1@H4 (il 60 @H he24s@Haendhichansnbé teermined bagedioat £ dévigipncvtyednf the he
second transmitter internediate signal 200. Further, the first stabilizing
f r equereyiver frédvendy (%t 66 GY) lof HHengedivedniagnal 166 aRy tHedfirstibisliRfrifidghonct bg sane
as the first receiver internedi ate frequency of the first receiver

inter nﬁgimt%sangaagigﬂalm@ﬁcb_ bheHgcond stabilizing frequency of the second
stabilizing signal 130 nay be substantially the same as the transmtter

frequ e[ZUDYZSP'i' hd R@ei{fér?ﬁm 02 Bhy FirBiBAinciid2a s5@oh& rdcbRBS I dueRE conVter 194, the
2011/ 025456PCT/ SG2010/ 000307y 1001011 In nore details, FI'G 8 shows the

recei veloRftdteit 02 frbQifchbf citveliBe 194 fal b REEHILE efweafl RN Gt TORNR rfr@@uell ,
configured to convert a received sighal 106 with a receiver frequency (i.e.
about ) 1dgn f. r ' i di 3t ' : ' j.p st
Focel var LT, heliplter (HREH (G bR IR ¢ ek s alhellef
conver §i : J i e C rter 108
o as Piifel@iieid 1B, BF 4 I hmEREE deheh SHOBRSRI R BRE 21
transcei ver f her, i hal ude~t he iLlator.signal generator 114
respectl (\e/lg?ry%g%ﬂg‘?i )étﬁ #%ﬁ A ﬁléof‘f&s tl[h % %rcsgfe\?gl%%? RS ﬁ%a?/e groew\l/eé‘g}’ &P0 1N
the recei.ver. direct conversiaon stage, 112 so as t ovi de fi

osci | | Seavodriafs SRR PP e dubRiey b 1R v a
to the firsévf rtﬁcei ver f.requenc%/.converi r 108 and a first stabilizing

si gnal Preyediq e Leceiverdirect eqnvessianstpee 1 guency (i.e. about 12 GHz) to the
recei ver _direct c(fnver,si on stage 112; wherein the oscill ator si(gnal,
gener ald87311hhe gefpllafer signtli generiersbl4 may bedugther qoupled; 1o thegsecend sereivey of
the first oscillator signal 116 nmay be sel ected such that any integer

mul ti pfredusncyt eRnverterst94oiacas orpyide thegfirshesrillsorsignal il & withsthe firgtoseillatpynal
116 may be different fromany integer nultiple of the receiver frequency of
t he reb¥) frayergyda e seoend eovay Hequiney tonvsrter Bidei ver frequency converter 108
may be configured so that the first receiver internmedi ate frequency of the
first 10824 The oballatomeignalt gensragorall 141 biaynhy cdonfigwred sa that the Gifst adtabilizi®s GHz
(i.e. 60 GHz - 24 GHz) which may be determ ned based on a devi ati on between
t he r eftejuency éfrtbe) fiesh stabilizing signbblit8 164y ti-Halbstaftidllyahe ennd aettie Seq@ndikecdder and
the first oscillator 180 frequency (i.e. about 24 GHz) of the first

osci | | intepedintgfrelquént§.of the second receiver intermediate signal 198.

to
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[ 00103] The receiver path 102 may further include a second receiver
frequency converter 194, the second receiver frequency converter 194 may be
coupl ed bebwesm2size first receiver frequency converter »@8/sandholobesor ecei ver
di rect conversion stage 112 so as to receive the first receiver

i nternmediate signal 110 with the first receiver internediate frequency and
to convert the first receiver internediate signal 110 with the first
receiver internediate frequency into a second WO

2011/ 025456PCT/ SG2010/ 000307 receiver internediate signal 198 with a second

recei vqoisPtrae nRedde feckivedBeqircy IcofverRPQYY iy %nﬁ%\r?@ sBr ey ﬁil@dslez:&ldt he

recei ver direct conversion stage 112. [00104] "The osc ator signa

gener atQleivkl tebfiedpRe HeGidRey of %boée%gn& PeckREr ﬁ{? BiafSHELY qb%%&g\ﬂfﬁ?ﬁﬁ? o

converter 194 so as to provide the tirst oscillator signal

Lo, [ SOTbT RN B R PR skiolyC SPERDT AT oe SBIRRRE b E oy
subst aAFy i BhsBh 26 MR R iRsmoeut et P h A B PR oEREY 6] ¢ he
Fr squeREddl o P FRGRCRlF pRadaRy pORF S Hb e B cond rece ver

| nct udbot7e] She,dog e rateriag 68 ey dhbadatinie adBmaen val Hombeiveen | he

first receiver jinternediate freguenc of the first receiver internediate
si gnal TAMIHEfqdirgeE cppyestion stage | 120 gronfigwgdi do pyoide eHeansmitter signel 122t be

signal 116.. ) ] )
transmitted with a transmitter frequency (i.e. 60 GHz).

[0077] The oscillator signal generator 114 may be coupled to the transmitter direct conversion
stage 120 so as to provide a second stabilizing signal 130 with a second stabilizing frequency
(i.e. 60 GHz) to the transmitter direct conversion stage 120.

[0078] The oscillator signal generator 114 may include the oscillator 180 configured to generate
an initial oscillator signal 192 with an initial oscillator frequency (i.e. 60 GHz). The oscillator
signal generator 114 may further include a second compensating circuit 184 (i.e. 5/2 divider)
coupled to the oscillator 180 so as to receive the initiél oscillator signal 192 with an initial
oscillator frequency and to convert the initial oscillator signal 192 with the initial oscillator
frequency to the first oscillator signal 116 with the first oscillator frequency (i.e. 60 GHz divided
by (5/2) => 24 GHz).

[0079] The oscillator 180 may be directly coupled to the transmitter direct conversion stage 120
such that the initial oscillator signal 192 with the initial oscillator frequency may be substantially
the same as the second stabilizing signal 130 with the second stabilizinglfrequency. The
oscillator signal generator 114 may further include a third compensating circuit 186 (i.e. /2
divider) coupled to the second compensating circuit 184 so as to receive the first oscillator signal

116 with the first oscillator frequency and to convert the first oscillator signal 116 with the first
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[ 00107] The front-end transceiver 800 may further include the transmtter
path 104, including a transmtter direct conversion stage 120 configured to
provi de awonrangns4sser signal 122 to be transnmtted w t hrPaTiSGan®eDa0er
frequency. [00108] The transmitter path 104 nmay further include a first
transmtter frequency converter 124 coupled to the transmtter direct
conversion stage 120 so as to receive the transmtter signal 122 to be
transmtted with the transmtter frequency (i.e. about 12 GHz) and to
convert the transmtter signal 122 to be transmitted with the transmtter
frequegeydtte Requchty Rl th TRASEbILA, &P PR ﬁ}sgﬁﬁ%ﬂiﬂiﬁg ﬁ\@hﬁé}mg rgif.é. hat

e. t 36 GHz) and a second

transmtter internediate frequency (7. abou

transtﬁ;gwﬁﬁgg¥§9Q¥,ﬁp@ﬁg{ter 196 coupled to the first transmtter

frequency conver 124 so as to receive the first transmtter internediate

si gnal (qMehit fi tr mtter inter iate fregue .and..to convert the
Firor (HSUFIGET shant o sEAREe b e BB Rk G VO sEISHER  rvio
2011/ 02 [ SG2010/ 000307, i nt er nedi at e equency into second
Cr ansnPat P2 TRy BE Aol oite LT ey oy T 408 uRsrord st FoalPro OBy SHg at o
freque i.e. .60 Gz 00109] The oscil.lator signal generator 114 may
e 1 os N GTRipits AT 404 BHEes A Somup AL HeBY Fdaaentsy S fesedRioroa
and the second transmtter freqyency,converter 196 so as to provide a
secondsigealigeperptor 14 sRupled spthy; st eewr JFrguensy onggertend 0By g sesnnd regeiver 24
GHz) to the first transmtter_ frequency converter 124 and the second
t r ansn{TeqUSACY ceryisERT {94 and, thetfipt tagmitter fryquepey TREVESSE il 24, 4he pscillajeragignal
generator 114 may be coupled to the transmitter direct conversion stage 120
so as sty il itk havingc amdossillater | 188, rey sedogd atomBosafing heircuite d 8 dindt althird zi ng
frequency (i.e. 12 GHz) to the transmitter direct conversion stage 120.
[ 0011 1dompreasaingidircuit 386 ajegriang igemembodiment4 may be configured so that the
second oscillator 180 frequency of the second oscillator signal 128 may be
sel ect WO8EUTHe fivat-erahyransteivge 700nas tshpive iof FIChe7 sayobkl simsitar | th atherfrdnt-eadiency
of the second oscillator signal 128 may be different from any integer
nul ti plransodivérn@Osascshnontin FAEN® twidy the Wi fbsremed i tieat e fromney tednsdeiver 60 Gmd
transmtter internediate signal 200. :
FIG. 7 may include the first transmitter frequency converter 124 while the front-end transceiver
600 in FIG. 6 may not. Further, in FIG. 7 the oscillator 180 may include a value of about
36 GHz and the second compensating circuit 184 may include a 3/2 divider while in FIG. 6, the
oscillator 180 may include a value of about 60 GHz and the second compensating circuit 184
may include a 5/2 divider.
[0082] Along the receiver path 102, the oscillator signal génerator 114 may include any suitable
combinations of the respective oscillator 180, the second compensating circuit 184 and the third
compensating circuit 186 as long as the first oscillator signal 116 may be selected such that any
integer multiple of the first oscillator frequency of the first oscillator signal 116 (and any integer
multiple of the first receiver intermediate frequency of the first receiver intermediate signal 110)
may be different from any integer multiple of the receiver frequency of the received signal 106.

Further, the second receiver intermediate frequency of the second receiver intermediate signal

198 may be substantially the same as the first stabilizing signal 118 with the first stabilizing
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[00112] The first transmtter frequency converter 124 may be configured so
that the first transmtter internediate frequency of the first transmtter

i nt er rediwobeosigeass may i nclude a val ue of which nmay be pdetsenmonestobased on
an addition of the transmtter frequency of the transmtter signal 122 to
be transmtted and the second oscillator frequency of the second oscillator
180 signal 128. [00113] The second transmtter frequency converter 196 may
be configured so that the second transmitter internediate frequency of the
second transmtter internediate signal 200 may include a value of which may
be det ' Lt f..hhe first transmttier inte di ate

f requeﬁ%@ﬁ%? 9.,[ %g%ﬁ ?rrl}g[h 1@%@%%#%@&3?3?%@é‘dlkhaetéesmsl{ag)ﬁasfgnfgge%ﬁ % Eg;gl&y,ond
oscil l at or, frequen of ,the. secpnd oscil.l ator.. si 28. WO .

2011/ olidertsy REBEY sRmmuetions B Bt R pRoLor PR ShF Seeandiomprariipe
converter . be. configured t.o provide the first trapsmtter

ot or et 4 b Hir Emp e e ol B et opg a toe stoph o Her ERLAZREYY of
about 36 qft. [001%? The oscillator signal generator 114 may i nclude an
osci | | Bt &fleaigd sugh %@P@dnﬁegerg@ﬂlé&p& efs g serpd gsciliden frequeney of ghaysecpgd wit h
an initial oscillator frequency. The oscillator signal generator 114 nmay be
conf i gescatpteryagnal 2B (ampdb apy fiegep sayltinle o thes frapsanitter ifgequendy ofy thef trangmitter
oscillator 180 frequency may be substantially the same as the initial

osci | | sigeal 122 gade tregsmiffedhmey be idiffar¢nd ifrops ey integer miltiplgiehihy firfiteanswister | at or
signal generator 114 may be configured such that the second oscill ator

si gnal int@@ediatehfrequencyeeiothd fug dransmitier interegdistecsignah 2 e Ferlgt thettrankittet he
sanme as the initial oscillator signal 192 with the initial oscillator

f r equefmeguen¢y0 01l fle] trahkmittes Gignhlat 22 tosheginalsmipeedemayt be sdhstantialyy ther dabeer asi thel ude
a first conpensating circuit 182 coupled to the oscillator 180 so as to

r ecei veecombstabilizihgkigaal di3DIvdthahe sdcginddtabiRZngfitquenbe i nitial oscill ator
frequency and to convert the initial oscillator signal 192 with the initial
osci | | @083) Inrmaerdeies,IKIG. ghéws e rédelei patk il 02 irthvdiiil thd 1i8st Wedetvel Beqdentpt
stabilizing frequency. The first conpensating circuit 182 may be ?urt er

conf i ionOEktdrol 08B kred R chriViett] sdec@bed difritl Q06 HitNAlecdifer MdulndyN@.cl Midut al
oscillator frequency to the second stabilizing signal 130 with the second

st abi | §zGAE) [Hie 4 ¥RAGHceivER tidridediatsSdighl | i ZWitE aSiradeivel Sntlintddidid Bredileh
stabilizing frequency may be the sane as the second stabilizing signal 130

with the 34RNE EHBfIdizd RlehECEIEN Bnvek OO Mke T Scodhidf WA HETRL] ©

di agram of a front-end transceiver 900 including a receiver pa avi ng
afir j A Lvern f
Cover RS AR R SR e (2 SRR SRELY O, LREMARY

converdlcad AR RBEH hlcia &;Lgﬂiﬂa&o&&@gg Ahardr Lt fgg,géﬁgge&g 30{3@8(1 fd rst

receiver requency ‘conver e sec recel ver nverter

194 ar}ge tﬁps? récielrv%}' ?&éﬁﬁgﬁ}é‘n&%ﬁerf 1%%%? Foc e %)c%élgr,r i?e[ct %Ozrﬁv'ﬁﬁtl’%lgs Oseﬁf;sllgltslg%g Eo

si gnal gener ator an ‘oscillator a Seco

gh{)gg:é{%l _él aafnlrgt gsc}lﬂitgrdsié:ngm (3 %v?thl 4 'first !)srcﬁﬁit(}r e8q\61er?é(§'c 1.re.dai1br2) t E? (?I?z) to the
first receiver frequency converter 108 and a first stabilizing signal 118 with a first stabilizing
frequency (i.e. about 12 GHz) to the receiver direct conversion stage 112; wherein the oscillator
signal generator 114 may be configured so that the first oscillator frequency of the first oscillator
signal 116 may be selected such that any integer multipie of the first oscillator frequency of the

first oscillator signal 116 may be different from any integer multiple of the receiver frequency of

the received signal 106.
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WO 2011/ 025456PCT/ SG2010/ 000307 [00118] The front-end transcei ver 900 as
shown in FIG 9 nmay be simlar to the front-end transceiver 700 as shown in
FIG 7 wiwb vheesistf erence in the positioning of the oseclrisabon/ @07 and t he
second conpensating circuit 184 relative to the first transmtter frequency
converter 124 and the transm tter direct conversion stage 120. [00119] In
nore details, FIG 9 shows the receiver path 102 including the first

recei ver frequency converter 108 configured to convert a received signal

106 with a receiver frequency (i.e. about 60 GHz) into a first receiver

i nter i signal 110 a first r erver |nter dra e freguency (i.e.
about | 0 e e ﬁ@P?}EP' capyatr 10 ARG o 1that WS JIPGHSLEER he
first recerver requenc nverter 108 so as to receive the first receiver

i nt er niTERedIats eenay of er Bt ecsiver iBtrgmediats sigapl, B0 man inghide pyralusad abort| ude
the oscillator signal generator 114 respectrvelg coupled to the first
f

recei véf GHz e R8yOHa M4 C8z) vhEhanay be deteaniped bpsgdongy deviatinobsreeeri te

stage 112 so as to provide a first oscillator signal 116 with a first

osci | | sacewer frequeneyy(iei about £ GiHz2 Hfhe Yrecaivadneighalr Ki6 prd dhe dirstf oseijlatmicy
converter 108 and a first stabilizing signal 118 with a first stabilizing
f r equefrequenoy (ilecabaat 4 (dtz) df the dirst oomllaosiignal $t@ge 112; wherein the
oscillator signal generator 114 may be configured so that the first

osci | | fi086] Theeaneypathi 102 way furtier msladé h aécond sécgivat fraduenopyortvertaeloacthe d
such that any integer multiple of the first oscillator frequency of the

first sgehd kakiver Sequvnky Ldibvenay 19E mdy fbeaoapled fbetween e Findt @gRiventfitelihgplcg Of
the receiver frequency of the received signal 106. [00120] The first

recei vednver@ALIBEX RNV AT dikBBcdershe GaRf | QUsEEs 8PrdcBt thé Girdtirk&eiver
receiver internediate frequency of the first receiver internediate signa

110 nejardrmehidftesignal al1gewit tdhfigh rddBYerPRdRbAREI ﬁ!&ﬁeﬁ)@sﬁﬂi NcchveR \théhit@n

bet ween the recelver frequency of the received signal 106 and the first

osci | | ak@led ineGHeaRYE Qbndl NG0TWitS theofifst HdRIVeF initaalatel Eequdn@Pigtbl a I8nd
receiver path 102 may further include a second receiver frequency converter

194, t f (o e e n the
100 REGTa RRCpAREL Watal VARNAACY SOMEK Sl SRR poataky  DoLRS

12 GHz) to be provided to the receiver direct conversion stage 112.

[0086] The oscillator signal generator 114 r11ay be further coupled to the second receiver
frequency converter 194 so as to provide the first oscillator signal 116 with the first oscillator
frequency to the second receiver frequency converter 194.

[0087] The oscillator signal generator 114 may be configured so that the first stabilizing
frequency of the first stabilizing signall 118 may be substantially the same as the second receiver
intermediate frequency of the second receiver intermediate signal 198.

[0088] The second receiver frequency converter 194 may be configured so that the second
receiver intermediate frequency of the secorrd receiver intermediate signal 198 may include a
value of which may be determined based on a deviatiorl between the first receiver intermediate
frequency of the first receiver intermediate signal 110 and the first oscillator frequency of the

first oscillator signal 116.
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converter 108 and the receiver direct conversion stage 112 so as to receive

the first receiver internediate signal 110 with the first receiver

i nt er mrediwbeofwesusency and to convert the first recei verciscesnmdiat e

signal 110 with the first receiver intermedi ate frequency into a second

receiver internediate signal 198 with a second receiver internediate

frequency (i.e. about 12 GHz) to be provided to the receiver direct

conversion stage 112. [00122] The oscillator signal generator 114 may be

further coupled to the second receiver frequency converter 194 so as to
rovid LISt QSEl ¢ A [ el t. . uency

ot he TBIFThE (R RRE b BEREr POCRAY fhbrdbbilal A phbley AL S R pdbE

si gnal . £ . first. stabili zi

Fr oquetagighal firectconpRioR Sip NoLLAEMER o 20b S rsBiud Wil inds Wi same

as the secogg &ﬁﬁeuyer k&tgrnediate frequency of the second receiver
i nt er nHa1H dm& &1y f fﬂ]ﬂﬁy’The second recei ver frequency converter

194 ma nfigured so t the second regceiver internediate fre ncy of
the Soltfl TEE bndinten 2 gy ogheg s ceoatimby TR e ol BV e ot
may be determ ned based gn a devi ati on between the first receiver
i nt er nEH °ft\Q%Efﬁ’és|‘FE§}er irecheonyersion stage 20 &0 af ip iepsigithstengniisarienal d 2and
the first oscillator frequency of the first oscillator signal 116. [00125]
The f r ihie eFrnsmitigeds #athy the Gygiey frequensr (igcabore 38 BHah Rt loeponyarththeos,
including a transmtter direct conversion stage 120 configured to provide a
t r ansniransarittey gjgeal 122 oths tymsmitied swiith thegtragsmittes fraquemnyi mteep frstelmanemisier
[00126] The transmitter path 104 may further include a first transmtter
f r equemtgrmediatesignal 120 with o findt drdnsmittethistermedistaifteeency (iree abous 6AEI=i on st age
120 so as to receive the transmtter signal 122 to be transmtted with the
t r ansn{009¢k The espikdatary signalegenaboutl 124mazHbe campled to dlenfisst tranfieitter firequnty er
signal 122 to be transmitted with the transmtter frequency into a first
t r ans nedriverter I2desoram do ptovideiageedndlddGillatiot kigaal {128 stitht & seaemd ddcdlating fiequendy at e
frequency (i.e. about 60 GHz). WO 2011/ 025456PCT/ S&010/ 000307

(i.e. about 24 GHz) to the first transmitter frequency converter 124.

[0092] The oscillator signal generator 114 may be coupled to the transmitter direct conversion
stage 120 so as to provide a second stabilizing signal 130 with a second stabilizing frequency
(i.e. about 36 GHz) to the transmitter direct conversion stage 120.

[0093] The first transmitter frequency converter 124 may be configured so that the first
transmitter intermediate frequency of the first transmitter intermediate signal 126 may include a
value of which may be determined based on an addition of the transmitter frequency of the
transmitter signal 122 to be transmitted and the second oscillator frequency of the second
oscillator signal 128.

[0094] The oscillator signal generator 114 may include an oscillator 180 configured to generate
an initial oscillator signal 192 with an initial oscillator frequency (i.e. about 36 GHz).

[0095] The oscillator signal generator 114 may further include a second compensating circuit

184 (i.e. 3/2 divider) coupled to the oscillator 180 so as to receive the initial oscillator signal 192
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[00127] The oscillator signal generator 114 may be coupled to the first
transmtter frequency converter 124 so as to provide a second oscillator

si gnal 128owotin2sussecond oscillating frequency (i.e. abegr/sgdo@da)zoro t he
first transmtter frequency converter 124. The second oscillating frequency
may be different fromthe first oscillating frequency. [00128] The
oscillator signal generator 114 may be coupled to the transmtter direct
conversion stage 120 so as to provide a second stabilizing signal 130 with
a second stabilizing frequency (i.e. about 24 GHz) to the transmtter

di rect ny.es si e 29] The ¢j. Lyl at.ar. si.gnal,.generator..114
may 1 el SRS dacih fePcitucy’ NS SonvanP B B ere” AR oB R Bl Bhinda o1
signal 192 with an initial_ oscgillator, frequenc i .e. abput 36 GHz).

[ 00 130]°S°I‘ﬁaét°f)£§ﬁcﬁef“é¥ t8rtﬁ%ﬁ'§h%ﬁ°ﬁ é‘ﬁéfg&fﬂo{ml ﬁ‘ {f?ﬁéir %t GreHaPr freideRde a second
conpen | circuit 184 (i.e. 3/2 divider) cqupled to the oscil|ataor 180
so as i@fs’r‘sgg.@ievsgcot“ﬁecolnmef‘éagpg SUEHf |1 fd‘?ays'i")g ﬁm%egggn@ww fohernvRtthe mitial
oscillatq frequ?nc and to convert the initial oscillator signal 192 with
the i nPfqlf;frt%g&lM |18¥ Srithrthe fitaa] Opcitlyor Fgauenexksio the ssoond pemillaiprysignal 13% wilht h
the first oscillator frequency. [00131] The oscillator signal generator 114
may f uthenggcond, opciblaton, freppangy.c offisesesand pempensating cit@et {34 mayobedraspesdivyly
coupled to the second conpensating circuit 184 so as to receive the first
osci | | aeupledsfogthg firgtimceiy erraguendyi gonvertss dliOB] the secdndegeriveryfreguendyocopwerteer t
the first oscillator signal 116 with the first oscillator frequency to the
first $9hbd theifing tshgpmigter fid@endyt donvéreerfipg4.st st abili zi ng frequency. [00132]
The oscillator 180 may be coupled to the first transmtter frequency

conver {0097]L The ssoiltatérhl80 mayebeicoupledito the cahsndttardiscgioahersDa swige 120 Rehitindtt | al
oscillator frequency may be substantially the sanme as the second oscill ator
si gnal thk2Bitial dseillane sixaalornd vasicibkligitialrostillany 8guency 8AY 33 kubshatialy tieGame
conpensating circuit 184 nay be coupled to the transmtter direct

conver & @8 sédoad StabdiRing 4dhal 1Bt vhitthe kédosill s@BizingFteqtiertygnal 116 with the

first oscillator 180

[0098] The oscillator signal generator 114 may further include a third compensating circuit 186
(i.e. /2 divider) coupled to the second compensating circuit 184 so as to receive the first oscillator
signal 116 with the first oscillator frequency and to convert the first oscillator signal 116 with the
first oscillator frequency to the first stabilizing signal 118 with the first stabilizing frequency.
[0099] FIG. 8 shows a schematic diagram of a front-end transceiver 800 including a receiver
path 102 having a first receiver frequency converter 108, a second receiver frequency converter
194, 'a transmitter path 104 having a first transmitter frequency converter 124, a second
transmitter frequency converter 196 and an oscillator signal generator 114 coupled to the first
receiver frequency converter 108, the second receiver frequency converter 194, the first
transmitter frequency converter 124 and the second transmitter frequency converter 196, the
oscillator signal generator 114 having an oscillator 180 and a first compensating circuit 182
according to an embodiment.

[00100] The front-end transceiver 800 as shown in FIG. 8 may be similar to the front-end

transceiver 300 as shown in FIG. 3 with the difference in that the front-end transceiver 800 in
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WO 2011/ 025456PCT/ SG2010/ 000307 frequency may be substantially the same as
the second stabilizing signal 130 with the second stabilizing frequency.
[00134] RANG20lM2s456Ws a pl ot 1000 of measured receiver EQASHOWIONGHT CS
indicating P1 (ml) and P11p3 (nR) output of a front-end transceiver 100,
200, 300, 400, 500, 600, 700, 800, 900 as shown in FIGs. 1, 2, 3, 4, 5, 6,
7, 8 and 9 according to an enbodi nent. [00135] For a study of the
characteristics of the front-end transceiver architecture, the receiver my
i nclude a RF heterodyne m xing stage and an | F quadrature direct conversion
M Xi NYF§Gagemay! ifbha¢ o RBh@IYcdIRY HREUUSEA chfVertt! 398 Ml 75 ARASHLRIRARLS
The 60T Srmar ftihde o SRShOKRY BanEAGH chiferts 308 iyt €'ssTRASHARIRRLS . o
in Fl , . h E dard
02, 155t 196, Sypher 5 209 £ BRSO BOHAY RSP ihude 8 vhigE i ABAHER
may in qdﬁig n L,th e annel. qf . aboyt ,.2. .16 bandw dth. The
o e MY &ﬁqeﬁ\é\éting Gt ?gr mﬁ%tlﬂaﬁ‘be 2 dl%éje%%%h%gir “LGTabout

RF freguency range o ansmt 4" may

G TR Rl oL BT b oo B Uyl Biorgu e arip g T80 may ™ *©
EDA 1 oBINE TSR o0t b Lk T O ECBPTBH Rl IRBAGEH GHoMeR Thdider -

foll owi ng paraneters such as cgnversion gain, third order_intercept point,

i mage thet firgh reciyey iptermediate. fregpency gmygariide anyuesel ¢h Gids. nAnyrwitable
interferers rejection, noise figure and DC offset due to self-mxing. The
setup FRIYLIRHAES 96 Hieyyades|of dhesessiflatar d8R and St icompengating citoyit 183 aedyf hecusefl ons
such as RF input power = -30dBmw th single tone of 62.16 GHz frequency

( cor r eaplongpndretthe firse osraliaten mgriah bl mREbE sglepted supia thpsamy intger wBltiphciofMBe = 4. 5
dB, the inmage-reject band pass filter with fcent, = 60 Gz and bandwi dth 15
GHz. Thest osraltater 180cfreqmenenof they fipstasciflatbr signaldyl 6 l{andsihkreby edy imeger bndtifle 4

GHz. The receiver's dynam c range of the proposed architecture may be

det er nofthd fipyt reciven iteimegliatd Gequepcyt oSthadirstiredeiver isénnmpdiatd/fgnal 110) may be

2011/ 025456PCT/ SG2010/ 000307 Pth_m n = 10l og(kTB) + NF = -174dBni Hz + 10l og
(2. 16 dferenzirom afy Tdteger-nidtipld Biithk)receiver frequency of the received signal 106. Further,

the first stabilizing frequency of the first stabilizing signal 118 may be substantially the same as
the second receiver intermediate frequency of the second receiver intermediate signal 198. Also,
any suitable combinations of the values of the oscillator 180 and the first compensating circuit
182 may be used as long as the the second oscillator signal 128 may be selected such that any
integer multiple of the second oscillator frequency of the second oscillator signal 128 (and
thereby any integer multiple of the first transmitter intermediate frequency of the first transmitter
intermediate signal 126) may be different from any integer multiple of the second transmitter
intermediate frequency of the second transmitter intermediate signal 200. Further, the first
stabilizing frequency of the first stabilizing signal 118 may be substantially the same as the first
receiver intermediate frequency of the first receiver iﬁtermediate signal 110 and the second
stabilizing frequency of the second stabilizing signal 130 may be substantially the same as the

transmitter frequency of the transmitter signal 122 to be transmitted.
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[00137] and the maxi numinput level, fromthe FIG 10, as, Pi,= PIdB = -22
dBm(2) [00138] Hence the dynamc range (DR), DR = Pin-max - Pmmn = 53.9
dBm(3) [WOLBH)u2Sisei |l arly, the transmitter path 104 nay roe/sceamwoesds f or

| mage attenuation, RF output power, conversion gain, output referred- 1 dB
gai n conpression point and carrier suppression. The baseband power input
used may be about -30 dBmwith a single tone frequency of about 2.16 GHz
and a power anplifier 154 (PA) configured for gain of about 20 dB. The

i mage rejection filter and the baseband | ow pass filter may be simlar to

155" SRt 5 B B8 Rl TR e e R,
, , 8 9 |j [ ' 104 . [
LR KN RN S e RN

m xer with their Lve circuit nodels fromth ilent  ADS library for

spect Al ;
exanpl Bhe. bR BOCHTE) Hhin & ircrpsriyer inisemesieip sigael HBer vl BFYECHIFBCdAN
used as the receiver path 102 may have_enhanced performance characteristics
bot h f &edudR¥i(t¢ gbeyt 34 PHzbrag arecayerpliecronvgrsion. stage EiPpequplednioathe ifss gai n
= 17.58 dB, noise figure = 4.74 dB and selectivity with imge rked ection =
131. 9 &ReivEireqyesey cenverer H8Bas thEdcpive the firsigreceivgrdntermydiate 3ignaldl 198 Thed
nearby interferer rejection = 24.52 dB. For the transmtter path 104, using
t he 36Goayadatratsceizen 80% map\futtler andudep theadscidlatpe sianahaeremtéot 1 4rospectiveliyhe
paraneters. In addition, the unwanted em ssions may have a snaller
magni t calplal to-the fird Beneaved fraqueacy cenvegerpi8emdito theodfecéver2BrediBconVhmsion stage
architecture may help to develop a | ow cost, portable (I ow power
consunpi en as t8 Gr&Adend) firsc osviliatdr digeahdd6iwidt a dirsthodcdlatatr eequBycyr @les abghtt he
al ready existing mature 24G
24 GHz) to the first receiver frequency converter 108 and a first stabilizing signal 118 with a first
stabilizing frequency (i.e. about 12 GHz) to the receiver direct conversion stage 112; wherein the
oscillator signal generator 114 may be configured so that the first oscillator frequency of the first
oscillator signal 116 may be selected such that any integer multiple of the first oscillator
frequency of the first oscillator signal 116 may be different from any integer multiple of the
receiver frequency of the received signal 106.
[00102] The first receiver frequency converter 108 may be configured so that the first receiver
intermediate frequency of the first receiver intermediate signal 110 may include a value of about
36 GHz (i.e. 60 GHz - 24 GHz) which may be determined based on a deviation between the
receiver frequency (i.e. about 60 GHz) of the received signal 106 and the first oscillator 180
frequency (i.e. about 24 GHz) of the first oscillator signal 116.
[00103] The receiver path 102 may further include a second receiver frequency converter 194,
the second receiver frequency converter 194 may be coupled between the first receiver frequency
converter 108 and the receiver direct conversion stage 112 so as to receive the first receiver

intermediate signal 110 with the first receiver intermediate frequency and to convert the first

receiver intermediate signal 110 with the first receiver intermediate frequency into a second
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WO 2011/ 025456PCT/ SG2010/ 000307 transcei ver | P, the devel opnent and

val i dation cost of the 60 GHz architecture may be greatly sinplified.

[ 00142] Wabl2e1tid2ssssnvent i on has been particul arly shownpamgcdemooezoed with
reference to specific enbodinents, it should be understood by those skilled
in the art that various changes in formand detail may be made therein

w t hout departing fromthe spirit and scope of the invention as defined by
t he appended clains. The scope of the invention is thus indicated by the
appended cl ains and all changes which come within the neaning and range of

S e 98T 30 I A0, 2 e SRS ot o
o B B b Sqan BTy Somverier
]]: :. reZLeh@;&‘h\éﬁ gl' hlencgsgirllrarggls?gtngl chen%pa%cl’r W4t rrrlxa}? bfe Iéftlgerrc%ﬁglleg etg tilg tseecroggdrlacaétiv%r
frequency converter 194 so as to provide the first oscillator signal 116 with the first oscillator
180 frequency to the second receiver frequency converter 194.
[00105] The oscillator signal generator 114 may be configured so that the first stabilizing
frequency of the first stabilizing signal 118 may be substantially the same as the second receiver
intermediate frequency of the second receiver intermediate signal 198.
[00106] The second receiver frequency converter 194 may be configured so that the second
receiver intermediate frequency of the second receiver intermediate signal 198 may include a
value of which may be determined based on a deviation between the first receiver intermediate
frequency of the first receiver intermediate signal 110 and the first oscillator frequency of the
first oscillator signal 116.
[00107] The front-end transceiver 800 may further include the transmitter path 104, including
a transmitter direct conversion stage 120 configured to provide a transmitter signal 122 to be
transmitted with a transmitter frequency.
[00108] The transmitter path 104 may further include a first transmitter frequency converter
124 coupled to the transmitter direct conversion stage 120 so as to receive the transmitter signal
122 to be transmitted with the transmitter frequency (i.e. about 12 GHz) and to convert the
transmitter signal 122 tov be transmitted with the transmitter frequency into a first transmitter
intermediate signal 126 with a first transmitter intermediate frequency (i.e. about 36 GHz) and a
second transmitter frequency converter 196 coupled to the first transmitter frequency converter

124 so as to receive the first transmitter intermediate signal with the first transmitter intermediate

frequency and to convert the first transmitter intermediate signal 126 with the first transmitter
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a receiver direct conversion stage coupled to the first receiver frequency
converter so as to receive the first receiver internediate signal; and an
osci | | at owoppimakssgener at or respectively coupl ed to theptirssRonmoesoyer
frequency converter and to the receiver direct conversion stage so as to
provide a first oscillator signal with a first oscillator frequency to the
first receiver frequency converter and a first stabilizing signal with a
first stabilizing frequency to the receiver direct conversion stage;
wherein the oscillator signal generator is configured so that the first
oscillator freq ncgpof.the first oscillator signal |s ggb cted such that

any i nf’&@’é‘?gdfﬁﬁ‘ft SUENSYr iR spoand Bransmifter; Biteredigife Stgpa hwith 3 gecond
oscillator signal is different fromany integer multiple of the receiver
f r equeHaYsTEfter REermediate freguency kg 60 85Hzkhe front-end transceiver of claim 1,
wherein the oscillator signal generator is configured so that the first
st abi | {A0188] 1 rBiguepciljater signal fgepasatostldfi mayi by resngpdvely soyplsdt tonthealfirst t he
sanme as the first receiver internediate frequency of the first receiver
i nt er nFanwitersiremygncy nvaes 124 ond thersgcandaranswittes freqiiency apmvettenl 9@so as to
provide a second oscillator signal 128 with a second oscillating frequency (i.e. 24 GHz) to the
first transmitter frequency converter 124 and the second transmitter frequency converter 196.
[00110] The oscillator signal generator 114 may be coupled to the transmitter direct
conversion stage 120 so as to provide a second stabilizing signal 130 with a second stabilizing
frequency (i.e. 12 GHz) to the transmitter direct conversion stage 120.
[00111] The oscillator signal generator 114 may be configured so that the second oscillator
180 frequency of the second oscillator signal 128 may be selected such that any integer multiple
of the second oscillator frequency of the second oscillator signal 128 may be different from any
integer multiple of the second transmitter intermediate frequency of the second transmitter
intermediate signal 200.
[00112] The first transmitter frequency converter 124 may be configured so that the first
transmitter intermediate frequency of the first transmitter intermediate signal may include a value
of which may be determined based on an addition of the transmitter frequency of the transmitter
signal 122 to be transmitted and the second oscillator frequency of the second oscillator 180
signal 128.
[00113] The second transmitter frequency converter 196 may be configured so that the second
transmitter intermediate frequency of the second transmitter intermediate signal 200 may include
a value of which may be determined based on an addition of the first transmitter intermediate

frequency of the first transmitter intermediate signal 126 and the second oscillator frequency of

the second oscillator signal 128.
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wherein the first receiver frequency converter is configured so that the
first receiver internediate frequency of the first receiver internediate
si gnal cowpros@rsaeval ue of which is deternined based omrca/sdevioabeon

bet ween the receiver frequency of the received signal and the first
oscillator frequency of the first oscillator signal. 4. The front-end
transcei ver of any one of clains 1 to 3, WD 2011/ 025456PCT/ SG010/ 000307
wherein the receiver path further conprises a second receiver frequency
converter, the second receiver frequency converter is coupled between the

e R T e
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front-end transceiver_ of claim4, wherejn the oscillator signal generator
i s furBenerate 8y i osgllptne signal dAd withamiipwial esclatx freguensyy dihe oscillgonugnal
provide the first oscillator signal with the first oscillator frequency to
the seguwertoretldimey be penfigurrelsuel Hipb thedirst ecillatos sigpainkLoetith thedfirstcaseillator of
claim ?SOOgregdency may be substantially the same as the initial oscillator signal 192 with the initial

oscillator frequency. The oscillator signal generator 114 may be configured such that the second

oscillator signal 128 with the second oscillator frequency may be substantially the same as the

initial oscillator signal 192 with the initial oscillator frequency.

[00116]) The oscillator signal generator 114 may further include a first compensating circuit

182 coupled to the oscillator 180 so as to receive the initial oscillator signal 192 with the initial

oscillator frequency and to convert the initial oscillator signal 192 with the initial oscillator

frequency to the first stabilizing signal 118 with the first stabilizing frequency. The first

' compensating circuit 182 may be further configured to convert the initial oscillator signal 192

with the initial oscillator frequency to the second stabilizing signal 130 with the second

stabilizing frequency. The first stabilizing signal 118 with the first stabilizing frequency may be

the same as the second stabilizing signal 130 with the second stabilizing frequency.

[00117] FIG. 9 shows a schematic diagram of a front-end transceiver 900 including a receiver

path 102 having a first receiver frequency converter 108, a second receiver frequency converter

194, a transmitter path 104 having a first transmitter frequency converter 124 and an oscillator

signal generator 114 coupled to the first receiver frequency converter 108, the second receiver

frequency converter 194 and the first transmitter frequency converter 124, the oscillator signal

generator 114 having an oscillator 180, a second compensating circuit 184 and a third

compensating circuit 186 according to an embodiment.
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wherein the oscillator signal generator is configured so that the first
stabilizing frequency of the first stabilizing signal is substantially the
sanme as twe samepder ecei ver intermedi ate frequency of treTseconsdosecei ver
intermediate signal. 7. The front-end transceiver of claim5 or 6, wherein
t he second receiver frequency converter is configured so that the second
receiver internedi ate frequency of the second receiver internediate signal
conprises a value of which is determ ned based on a devi ation between the
first receiver internediate frequency of the first receiver internediate

5. “The (FH38E "Chs PGB SO SRETE A% Gy ey B B fxm?t‘ %ﬂa"
'II t conf dt ..d th t

s gnal aﬁ{cwvs%asgﬁé‘%& gtvar OB e RS Rp uh rhap e o

a grou con5|st|n% of. 24 G+E The front-end transcejver of

any oniegFeqnd gompensatipe 8“"% H‘“Fﬁg’-%’ﬁfgit tragsmaitiee frequeagy epvsTieiodander s

configured to. provide the flrst recelver intermedi ate signal with the first

r ecei vEYC GARPBITEHIreat SONYCEURIEHEF 198i ng a frequency sel ected froma group
con5|st|n? of 24 G4z and 36 G&z. 10. The front-end transceiver of any one
of cl al09d19] t dngmore datailsy FeGnPBrshewghe receiver path 102 including the first receiver

frequency converter 108 configured to convert a received signal 106 with a receiver frequency
(i.e. about 60 GHz) into a first receiver intermediate signal 110 with a first receiver intermediate
frequency (i.e. about 36 GHz) ; and a receiver direct conversion stage 112 coupled to the first
receiver frequency converter 108 so as to receive the first receiver intermediate signal 110. The
front-end transceiver 900 may further include the oscillator signal generator 114 respectively
coupled to the first receiver frequency converter 108 and to the receiver direct conversion stage
112 so as to provide a first oscillator signal 116 with a first oscillator frequency (i.e. about
24 GHz) to the first receiver frequency converter 108 and a first stabilizing signal 118 with a first
stabilizing frequency to the receiver direct conversion stage 112; wherein the oscillator signal
generator 114 may be configured so that the first oscillator frequency of the first oscillator signal
116 may be selected such that any integer multiple of the first oscillator frequency of the first
oscillator signal 116 may be different from any integer multiple of the receiver frequency of the
received signal 106.

[00120] The first receiver frequency converter 108 may be configured so that the first receiver
intermediate frequency of the first receiver intermediate signal 110 may include a value of which
may be determined based on a deviation between the receiver frequency of the received signal
106 and the first oscillator frequency of the first oscillator signal 116.

[00121] The receiver path 102 may further include a second receiver frequency converter 194,

the second receiver frequency converter 194 may be coupled between the first receiver frequency
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a transmtter path, conprising: W) 2011/025456PCT/ SG2010/ 000307 a
transmtter direct conversion stage configured to provide a transmtter
signal towbeotweapseitted with a transmitter frequency. pcT/st2o10/006807
front-end transceiver of claim10, wherein the transmtter path further
conprises : a first transmtter frequency converter coupled to the
transmtter direct conversion stage so as to receive the transmtter signal
to be transmtted with the transmtter frequency and to convert the
transmitter signal to be transmitted with the transmtter frequency into a

]]: :, ;ije%(%n?aﬁgpziéﬁrﬁ%d ?kﬁ efeg?g%rgcth ei,cglﬁg%\zers\ll%nr Etage II (5 tai&or ?chemet € ﬁr.lwstnrtegerl\r/re‘:i"dl ate
intermediate signal 110 with the first receiver intermediate frequency and to convert the first
receiver intermediate signal 110 with the first receiver intermediate frequency into a second
receiver intermediate signal 198 with a second receiver intermediate frequency (i.e. about
12 GHz) to be provided to the receiver direct conversion stage 112.

[00122] The oscillator signal generator 114 may be further coupled to the second receiver
frequency converter 194 so as to provide the first oscillator signal 116 with the first oscillator
frequency to the second receiver frequency converter 194.

[00123] The oscillator signal generator 114 may be configured so that the first stabilizing
frequency of the first stabilizing signal 118 may be substantially the same as the second receiver
intermediate frequency of the second receiver intermediate signal 198.

[00124] The second receiver frequency converter 194 may be configured so that the second
receiver intermediate frequency of the second receiver intermediate signal 198 may include a
value of which may be determined based on a deviation between the first receiver intermediate
frequency of the first receiver intermediate signal 110 and the first oscillator frequency of the
first oscillator signal 116.

[00125] The front-end transceiver 900 may further include a transmitter path 104, including a
transmitter direct conversion stage 120 conﬁgured‘ to provide a transmitter signal 122 to be
transmitted with a transmitter frequency.

[00126] The transmitter path 104 may further include a first transmitter frequency converter
124 coupled to the transmitter direct conversion stage 120 so as to receive the transmitter signal
122 to be transmitted with the transmitter frequency (i.e. about 24 GHz) and to convert the

transmitter signal 122 to be transmitted with the transmitter frequency into a first transmitter

intermediate signal 126 with a first transmitter intermediate frequency (i.e. about 60 GHz).
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wherein the oscillator signal generator is coupled to the first transmtter
frequency converter so as to provide a second oscillator signal with a
second oswolbatizegef requency to the first transmitter fregsencyooesoverter.
13. The front-end transceiver of any one of clains 10 to 12, wherein the
oscillator signal generator is coupled to the transmtter direct conversion
stage so as to provide a second stabilizing signal with a second
stabilizing frequency to the transmitter direct conversion stage. 14. The
front-end transceiver of claim 12 or 13, wherein the oscillator signal

d so . that th econd osgcy | r fre of the
deconalBUfF | B osEitiR sifal Sfralor duF BHSibe RuDIed 1§ R ret EERSRR POUEY ¢ ne
d | f d [ I fferent
TR ESE ko SN e
of the flrst tr nt er medj at gnal . 15. The front-end transceiver

mtt er
of any(ignabegt ?cqa 9?11'% tq Shg §r914ran%wé%§rﬁqwey fepperter | 4hs iher sepond: exsillating

converter is configured so that the first transmtter internediate
f r equefiequeaey gy be difserent fepmsthe firy osqibating feegpency: si gnal conprises a val ue of
which is determ ned based on an addition of the transmtter frequency of
t he trHQd28k t drhespgpilddton gighal generaton tld€dmancbet keupdest dodthe swarshatteyr direct
frequency of the second oscillator signal. 16. The front-end
t r ans cennversianf stageal 20 sbOas tetpeoadaa s¢vend s@abdimingt signabh &3 hwithra seeond: stalplizisg s
frequency (i.e. about 24 GHz) to the transmitter direct conversion stage 120.
[00129] The oscillator signal generator 114 may include an oscillator 180 configured to
generate an initial oscillator signal 192 with an initial oscillator frequency (i.e. about 36 GHz).
[00130] The oscillator signal generator 114 may further include a second compensating circuit
184 (i.e. 3/2 divider) coupled to the oscillator 180 so as to receive the initial oscillator signal 192
with the initial oscillator frequency and to convert the initial oscillator signal 192 with the initial
oscillator frequency to the first oscillator signal 116 with the first oscillator frequency.
[00131] The oscillator signal generator 114 may further include a third compensating circuit
186 (i.e /2 divider) coupled to the second compensating circuit 184 so as to receive the first
oscillator signal .1 16 with the first oscillator frequency and to convert the first oscillator signal
116 with the first oscillator frequency to the first stabilizing signal 118 with the first stabilizing
frequency.
[00132] The oscillator 180 may be coupled to the first transmitter frequency converter 124
such that the initial oscillator signal 192 with the initial oscillator frequency may be substantially
the same as the second oscillator signal 128 with the second oscillator frequency.

[00133] The second compensating circuit 184 may be coupled to the transmitter direct

conversion stage 120 such thatthe first oscillator signal 116 with the first oscillator 180
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WO 2011/ 025456PCT/ SG2010/ 000307 a first transmtter frequency converter
coupled to the transmtter direct conversion stage so as to receive the
transm t two 28i1gnadset o be transmtted with the transm tt ecTiSGeagquenasy7 and to
convert the transmtter signal to be transmtted with the transmtter
frequency into a first transmtter internediate signal with a first
transmtter internediate frequency; and a second transmtter frequency
converter coupled to the first transmtter frequency converter so as to
receive the first transmitter internediate signal with the first

t r ans gkl §dnel HA BE QRGPS 208k ok et\éﬁiﬂ&ing@n%{éh 186 Wift2he Feddnr
th the f r

I nternmedi ate” si gnal w irst transmtter 1nt late frequency into
a secopdudi RSl gl i ntermediate signal with a second transmtter
i nterne |%&e% rgque cy. 17. The front-end transceiver of claim 16, wherein

t he osgi ore sd gral.  geney at s configured so that the second, oscill ator
f r equelitsaat °(rIS. 93 RsleR1phg b mERU S SRab Bl InT IR R Bt cger
mul tiple, gf the second.oscillator fre CY- 0 he s osgi Llat ar si gnal
"o o P8 Bire P REGR Sk fFBhesr R Binetohel 107 200030l naSEE Blaniiih 5p6'dto 3

i nternedi ate frequengy, of t second transmtter . internediate signal. 18.
The f Fgfﬂ“f“e’ﬁc}!l&?'g]ngcgi gr@j;g@i“g?ﬁ? ling foAnsmpodifaente cond transmitt er
frequency converter is configured so that the second transmtter =

i nt er rrmiﬁ’iaﬂe fior g §BWY w1 dre chpactsastisn 9f the droafrend Banspefy erareitesiues, ghegmregiver
conprises a value of which is determ ned based on an addition of the first

t r ans nmingy aclpdeta-R Khgteradyne mikng lage 81d aniE quadrature disers gprvession mixingrslagat e

signal _and the second oscillator frequency of the second oscillator signal.
Similar topology may be used for transmitter measurements. The 60-GHz transceiver 100, 200,

300, 400, 500, 600, 700, 800, 900 as shown in FIGs. 1, 2, 3, 4, 5, 6, 7, 8 and 9 may be governed
by the IEEE standard 802.15.3c, IEEE standard 802.11ad, etc. specifying that the applications
may include 4 channels, with each channel of about 2.16 GHz bandwidth. The RF frequency
range of the transmitter path 104 may be about 60 GHz to about 62.16 GHz and the receiver
baseband frequency range may be 0 to about 2.16 GHz. The simulation may be performed at the
system level for the transceiver architectures using Agilent Advanced Design System 2008
version EDA tool for example.

[00136] The receiver may be measured for the following parameters such as conversion gain,
third order intercept point, image rejection, half IF rejection, 1dB gain compression point, nearby
interferers rejection, noise figure and DC offset dqe to self-mixing. The setup may have
behavioral system blocks configured for the specifications such as RF input power = -30dBm
with single tone of 62.16 GHz frequency (corresponding to the maximum input RF band), LNA
gain = 20 dB and NF = 4.5 dB, the image-reject band pass filter with feepter = 60 GHz and
bandwidth 15 GHz. The channel selection low pass filter may be selected for fi; = 2.4 GHz. The
receiver’s dynamic range of the proposed architecture may be determined by calculating the

input sensitivity using,
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19. The front-end transceiver of any one of clains 1 to 18, wherein the
oscillator signal generator conprises an oscillator configured to generate
an initiavoasoidbasor signal with an initial oscillator ptrsguensye3o20. The
front-end transceiver of claim19, wherein the oscillator signal generator
I's configured such that the first oscillator signal with the first
oscillator frequency is substantially the sane as the initial oscillator
signal with the initial oscillator frequency. 21. The front-end transceiver
of claim19 or 20, WD 2011/025456PCT/ SG2010/ 000307 wherein the oscill ator
(

o2 ERRe A,NFL  hg FeipASRE O3S e o gl T
oscill ?60?57]Si %g lthe%%x@m%rr}lemli)u ilé\;eﬁlfro(r)nsﬁ)ie Il:llét Pd, ag,r equency.
Pin-max = P1dB =-22 dBm )
[00138] Hence the dynamic range (DR),
DR = Pin-max — Pin-min = 53.9 dBm 3)
[00139]  Similarly, the transmitter path 104 may be measured for image attenuation, RF output
power, conversion gain, output referred-1dB gain compression point and carrier suppression.
The baseband power input used may be about -30 dBm with a single tone frequency of about
2.16 GHz and a power amplifier 154 (PA) configured for gain of about 20 dB. The image
rejection filter and the baseband low pass filter may be similar to the receiver path 102.
[00140] The power consumption of the transceiver 100, 200, 300, 400, 500, 600, 700, 800,
900 as shown in FIGs. 1, 2, 3, 4, 5, 6, 7, 8 and 9 including both the transmitter path 104 and
receiver path 102 may be measured by replacing active circuit blocks such as the Gilbert mixer
with their respective circuit models from the Agilent ADS library for example.
[00141] In this regard, the proposed 36G/24G architecture when used as the receiver path 102
may have enhanced performance characteristics both for sensitivity with Pygg = -22dBm, Pyp3 = -
11.5dBm, conversion gain = 17.58 dB, noise figure = 4.74 dB and selectivity with image
rejection = 131.9 dB, DC offset = -40.5 dBm, half IF image rejection = 334.4 dB and nearby
interferer rejection = 24.52 dB. For the transmitter path 104, using the 36G/24G architecture
may have comparable performance for most of the parameters. In addition, the unwanted
emissions may have a smaller magnitﬁde of -131 dBm and a carrier suppression of 24.28 dB.

The architecture may help to develop a low cost, portable (low power consumption =

98.82 mW), compact transceiver architecture. By reusing the already existing mature 24G
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22. The front-end transceiver of any one of clainms 19 to 21, wherein the
oscillator signal generator further conprises a first conpensating circuit
coupl ed twot2ba/sail | ator so as to receive the initial eseisGetomoosy gnal
with the initial oscillator frequency and to convert the initial oscillator
signal with the initial oscillator frequency to the first stabilizing
signal with the first stabilizing frequency. 23. The front-end transceiver
of any one of clains 19 to 22, wherein the first conpensating circuit is
further configured to convert the initial oscillator signal with an initial
oscillator .freguency to the seco stabi]izjing.skgnal .wth the secon

st abi I?‘lirfsﬁegw rrlgqg%en%ey ?Bgﬂ{e ntane ‘fagi g?’ntfo-necnoal ?fg'ﬁgsg eé}@érar%‘f%%wgi %3 ElfkY ei n
the first .stabilizing signal with the first stabilizing frequency is the
same a%“?Hgagecond stabilizing signal with the second stabilizing

freque 25, The front-end transcei ver of any one of clains 19 to 24,
wher'o ROV’ oSS ﬂFo‘PV%‘}t’QH;raS AR ATy AR Bniasrbed Witk gt race 1
conpensating circuit coupled to the oscillator so as to receive the initial
osci | | Weeific spmprdimants, i shpuld bempdgerstged by those skifledimn the ats thal yaxiepschangssin t he
initial oscillator signal with the initial oscillator frequency to the
first losmiapgd detel maydreanadgithereiniyethopt depagingifiana therspirit and sgepy of the invention

as defined by the appended claims. The scope of the invention is thus indicated by the appended
claims and all changes which come within the meaning and range of equivalency of the claims

are therefore intended to be embraced.
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26. The front-end transceiver of claim25, wherein the second conpensating
circuit is further configured to convert the initial oscillator signal with
t he i nitiwb208mi2kdsat or frequency to the second oscill at ecTsicgamloossor h t he
second oscillator frequency. 27. The front-end transceiver of claim25 or
26, wherein the second conpensating circuit is respectively coupled to the
first receiver frequency converter and the first transmtter frequency
converter. 28. The front-end transceiver of any one of clainms 19 to 27, WO
2011/ 025456PCT/ SG2010/ 000307 wherein the oscillator is coupled to the
receiv E.direct conversion stage such that the initial oscillator frequency
of the lal oscillator signal is substantially the sane as the first

stabilizing signal with the first stabilizing frequency.
1. “A front-end transceiver, comprising:

a receiver path, comprising:

a first receiver frequency converter configured to convert a received signal with a
receiver frequency into a first receiver intermediate signal with a first receiver

intermediate frequency; and

a receiver direct conversion stage coupled to the first receiver frequency converter
so as to receive the first receiver intermediate signal;

and

an oscillator signal generator respectively coupled to the first receiver frequency
converter and to the receiver direct conversion stage so as to provide a first oscillator
signal with a first oscillator frequency to the first receiver frequency converter and a first

stabilizing signal with a first stabilizing frequency to the receiver direct conversion stage;

wherein the oscillator signal generator is configured so that the first oscillator frequency
_ of the first oscillator signal is selected such that any integer multiple of the first oscillator
frequency of the first oscillator signal is different from any integer multiple of the

receiver frequency of the received signal.

2. The front-end transceiver of claim 1,
wherein the oscillator signal generator is configured so that the first stabilizing frequency of the
first stabilizing signal is substantially the same as the first receiver intermediate frequency of the

first receiver intermediate signal.

3. The front-end transceiver of claim 1 or 2,
wherein the first receiver frequency converter is configured so that the first receiver intermediate
frequency of the first receiver intermediate signal comprises a value of which is determined
based on a deviation between the receiver frequency of the received signal and the first oscillator
frequency of the first oscillator signal.

4. The front-end transceiver of any one of claims 1 to 3,
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29. The front-end transceiver of any one of clainms 19 to 28, wherein the
oscillator is coupled to the transmtter direct conversion stage such that
t he initiwb 20860025458t or signal with the initial oscillatecTiSGeguwenay7i s
substantially the sane as the second stabilizing signal with the second
stabilizing frequency. 30. The front-end transceiver of any one of clains
25 to 29, wherein the oscillator signal generator further conprises a third
conpensating circuit coupled to the second conpensating circuit so as to
receive the first oscillator signal with the first oscillator frequency and
t o conwaheteir the rédeiet pathdurtheatanprises n aécond tdeeivhefréquescy @motritdrathesedonéquency

to the dirat %én{u%m% b VaHerSL g&@hed eweeh?ﬁ xiﬁ;s{féael%affegh%wgﬁt%%@ﬁx 31.

The front-en el ver one 0 erein
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transmtter direct conversion stage such that the first oscillator signal
with the first oscillator fregquency is substantially the sane as the second
st abi | i zidngThe Gpatreng; transqerier ek »stabi | i zi ng frequency.

wherein the oscillator signal generator is further coupled to the second receiver frequency
converter so as to provide the first oscillator signal with the first oscillator frequency to the

second receiver frequency converter.

6. The front-end transceiver of claim 4 or 5,
wherein the oscillator signal generator is configured so that the first stabilizing frequency of the
first stabilizing signal is substantially the same as the second receiver intermediate frequency of

the second receiver intermediate signal.

7. The front-end transceiver of claim 5 or 6,
wherein the second receiver frequency converter is configured so that the second receiver
intermediate frequency of the second receiver intermediate signal comprises a value of which is
determined based on a deviation between the first receiver intermediate frequency of the first

receiver intermediate signal and the first oscillator frequency of the first oscillator signal.

8. The front-end transceiver of any one of claims 1 to 7,
wherein the oscillator signal generator is configured to provide the first oscillator signal with the
first oscillator frequency being a frequency selected from a group consisting of 24 GHz and 36
GHz.

9. The front-end transceiver of any one of claims 1 to 8,
wherein the first receiver frequency converter is configured to provide the first receiver
intermediate signal with the first receiver intermediate frequency being a frequency selected
from a group consisting of 24 GHz and 36 GHz.

10. The front-end transceiver of any one of claims 1 to 9, further comprising :

a transmitter path, comprising:
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33. The front-end transceiver of any one of clains 1 to 32, wherein the
receiver path further conprises a receiver antenna coupled to the first
recei ver woequensasesconverter and configured to provide roe/sceewiovesdr si gnal
to the first receiver frequency converter. 34. The front-end transceiver of
any one of clainms 11 to 33, wherein the transmtter path further conprises
a transmtter antenna coupled to the first transmtter frequency converter
and configured to receive the first transmtter internediate frequency from
the first transmtter frequency converter. 35. The front-end transceiver of
claim 34, WO 26aidshil@&rdhREi(Chh&Ereion SradEBdiguidties piovidearaneftiey Signaltb 88na nay

be the sane astré&lﬁli{téda\gm &Eﬁsﬁni&&tt?eqﬁgﬂcy.

11. The front-end transceiver of claim 10,
wherein the transmitter path further comprises :
a first transmitter frequency converter coupled to the transmitter direct conversion
stage so as to receive the transmitter signal to be transmitted with the transmitter
frequency and to convert the transmitter signal to be transmitted with the transmitter
frequency into a first transmitter intermediate signal with a first transmitter

intermediate frequency.

12. The front-end transceiver of claim 11,
wherein the oscillator signal generator is coupled to the first transmitter frequency converter so
as to provide a second oscillator signal with a second oscillating frequency to the first transmitter

frequency converter.

13. The front-end transceiver of any one of claims 10 to 12,
wherein the oscillator signal generator is coupled to the transmitter direct conversion stage so as
to provide a second stabilizing signal with a second stabilizing frequency to the transmitter direct

conversion stage.

14. The front-end transceiver of claim 12 or 13,
wherein the oscillator signal generator is configured so that the second oscillator frequency of the
second oscillator signal is selected such that any integer multiple of the second oscillator
frequency of the second oscillator signal is different from any integer multiple of the first

transmitter intermediate frequency of the first transmitter intermediate signal.

15. The front-end transceiver of any one of claims 12 to 14,
wherein the first transmitter frequency converter is configured so that the first transmitter
intermediate frequency of the first transmitter intermediate signal comprises a value of which is
determined based on an addition of the transmitter frequency of the transmitter signal to be
transmitted and the second oscillator frequency of the second oscillator signal.

16. The front-end transceiver of claim 10,
wherein the transmitter path further comprises

47



36. The front-end transceiver of claim 33, wherein the receiver antenna
conprises one antenna or a plurality of antennas. 37. The front-end

t ranscei we0o 20f1/@b&cm 34, wherein the transmtter antennacTsmRiio®essopne
antenna or a plurality of antennas. 38. Afront-end transceiver,
conprising: a transmtter path, conprising: a transmtter direct conversion
stage configured to provide a transmtter signal to be transmtted with a
transmtter frequency; and a first transmtter frequency converter coupled
to the transmtter direct conversion stage so as to receive the transmtter

si gnal atf@sthenimifes feqiedy vordvbrtérleupledvstht trasymiftéeditenéonvaiidnlstags eoNEht t he
transm_tter a
r

lgnal .to be transmtted, w thhe transmtter f uency.into a

firat (7avef PaPming sifalio3F Pt Wik e pimi Y WlhasnEirepd BRI e gt at e
f r equetreysmitteicsigial bl trinamatedsyigntht trgemeitert forquerypiatota first yansmifpired to the
first {fiansdiatd §5ndl WERUSHRISYraORURE IfdmR Bl td Pedubficyt haIsMm tter direct
conversion stage so as to prOV|de a second

a second transmitter frequency converter coupled to the first transmitter frequency converter so

as to receive the first transmitter intermediate signal with the first transmitter intermediate

frequency and to convert the first transmitter intermediate signal with the first transmitter

intermediate frequency into a second transmitter intermediate signal with a second transmitter

intermediate frequency.

17. The front-end transceiver of claim 16,
wherein the oscillator signal generator is configured so that the second oscillator frequency of the
second oscillator signal is selected such that any integer multiple of the second oscillator
frequency of the second oscillator signal is different from any integer multiple of the second

transmitter intermediate frequency of the second transmitter intermediate signal.

18. The front-end transceiver of claim 17, v
wherein the second transmitter frequency converter is configured so that the second transmitter
intermediate frequency of the second transmitter intermediate signal comprises a value of which
is determined based on an addition of the first transmitter intermediate frequency of the first

transmitter intermediate signal and the second oscillator frequency of the second oscillator

signal.

19. The front-end transceiver of any one of claims 1 to 18,
wherein the oscillator signal generator comprises an oscillator configured to generate an initial

oscillator signal with an initial oscillator frequency.
20. The front-end transceiver of claim 19,
wherein the oscillator signal generator is configured such that the first oscillator signal with the

first oscillator frequency is substantially the same as the initial oscillator signal with the initial

oscillator frequency.

21. The front-end transceiver of claim 19 or 20,
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oscillator signal with a second oscillator frequency to the first
transmtter frequency converter and a second stabilizing signal with a
second stwbizbizi2ze@ef requency to the transmitter direct eomserein®mnodt age;
wherein the oscillator signal generator is configured so that the second
oscillator frequency of the second oscillator signal is selected such that
any integer nultiple of the second oscillator frequency of the second
oscillator signal is different fromany integer nmultiple of the first
transmtter internediate frequency of the first transmtter internedi ate
si gnal witein thefosatiatoesigndl gemsater isepnfiguversuck itray theaed¢and nscillhtoe sighd twith

conpri I vi de a
trgﬁsmﬁﬁ%crzonsd?os&ﬂ {b?@?egﬁe%rc?' ?n%%&%?t%gy %ln%rb,[s ?llgeﬁigﬁxaﬁ@ liag) %alt \gltﬁ{h% first
transnﬂ‘%‘f‘%lrosflﬂléﬁ%ﬁﬁ&‘yenébnverter coupled to the transnmitter di rect
conversion stage so as to receive the transmtter signal to be transmtted
with the smtter. fre uenc and t onv he transmtter signal to be
transmitt d%?ﬁmtﬁgtﬁnﬁ%ﬂﬁr? & S 38@%{&?%%‘ 'a first transmtter

i nt er medersireths iogeilatonsigiml gerferater futthenvomiprisesra finst @mpedsating circwtempled;to and a
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er
frequency converter so to receive the first transmtter terrrgiLBEI
si gnal "anNeRt e ipitiakescillatgy signgk with the dnipakageifiater ﬁF@%fB@hwh‘éﬁEFt F@b’@éﬁ‘ﬁert t he
first sigasswyith te firstRtabilizhg fedgaeriygnal with the first transmtter
internediate frequency into a second transmitter internediate signal with a

second transmtter internediate frequency;
23. The front-end transceiver of any one of claims 19 to 22,

wherein the first compensating circuit is further configured to convert the initial oscillator signal
with an initial oscillator frequency to the second stabilizing signal with the second stabilizing

frequency.

24. The front-end transceiver of claim 23,
wherein the first stabilizing signal with the first stabilizing frequency is the same as the second
stabilizing signal with the second stabilizing frequency.

25. The front-end transceiver of any one of claims 19 to 24,
wherein the oscillator signal generator further comprises a second compensating circuit coupled
to the oscillator so as to receive the initial oscillator signal with an initial oscillator frequency and
to convert the initial oscillator signal with the initial oscillator frequency to the first oscillator

signal with the first oscillator frequency.

26. The front-end transceiver of claim 25,
wherein the second compensating circuit is further configured to convert the initial oscillator
signal with the initial oscillator frequency to the second oscillator signal with the second
oscillator frequency.

27. The front-end transceiver of claim 25 or 26,
wherein the second compensating circuit is respectively coupled to the first receiver frequency

converter and the first transmitter frequency converter.

28. The front-end transceiver of any one of claims 19 to 27,
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and an oscillator signal generator respectively coupled to the first
transmtter frequency converter, the second transmtter frequency converter
and to thgotwanesisst er direct conversion stage so as toprpTSG0®/0803Econd
oscillator signal with a second oscillator frequency to the first

transm tter frequency converter and the second transmtter frequency
converter and a second stabilizing signal with a second stabili zing
frequency to the transmitter direct conversion stage; wherein the
oscillator signal generator is configured so that the second oscillator
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29. The front-end transceiver of any one of claims 19 to 28,
wherein the oscillator is coupled to the transmitter direct conversion stage such that the initial
oscillator signal with the initial oscillator frequency is substantially the same as the second

stabilizing signal with the second stabilizing frequency.

30. The front-end transceiver of any one of claims 25 to 29,
wherein the oscillator signal generator further comprises a third compensating circuit coupled to
the second compensating circuit so as to receive the first oscillator signal with the first oscillator
frequency and to convert the first oscillator signal with the first oscillator frequency to the first
stabilizing signal with the first stabilizing frequency.

31. The front-end transceiver of any one of claims 19 to 30,
wherein the oscillator is coupled to the first transmitter frequency converter such that the initial
oscillator signal with the initial oscillator frequency is substantially the same as the second

oscillator signal with the second oscillator frequency.

32. The front-end transceiver of any one of claims 25 to 31,
wherein the second compensating circuit is coupled to the transmitter direct conversion stage
such that the first oscillator signal with the first oscillator frequency is substantially the same as
the second stabilizing signal with the second stabilizing frequency.

33. The front-end transceiver of any one of claims 1 to 32,
wherein the receiver path further comprises a receiver antenna coupled to the first receiver
frequency converter and configured to provide the received signal to the first receiver frequency

converter.

34. The front-end transceiver of any one of claims 11 to 33,
wherein the transmitter path further comprises a transmitter antenna coupled to the first
transmitter frequency converter and configured to receive the first transmitter intermediate

frequency from the first transmitter frequency converter.

35. The front-end transceiver of claim 34,
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wherein the receiver antenna may be the same as the transmitter antenna.

36.

The front-end transceiver of claim 33,

wherein the receiver antenna comprises one antenna or a plurality of antennas.

37.

The front-end transceiver of claim 34,

wherein the transmitter antenna comprises one antenna or a plurality of antennas.

38.

A front-end transceiver, comprising:
a transmitter path, comprising:
a transmitter direct conversion stage configured to provide a transmitter signal to

be transmitted with a transmitter frequency; and

a first transmitter frequency converter coupled to the transmitter direct conversion
stage so as to receive the transmitter signal to be transmitted with the transmitter
frequency and to convert the transmitter signal to be transmitted with the
transmitter frequency into a first transmitter intermediate signal with a first

transmitter intermediate frequency;
and
an oscillator signal generator respectively coupled to the first transmitter frequency

converter and to the transmitter direct conversion stage so as to provide a second

oscillator signal with a second oscillator frequency to the first transmitter frequency

- converter and a second stabilizing signal with a second stabilizing frequency to the

39.

transmitter direct conversion stage;

wherein the oscillator signal generator is configured so that the second oscillator
frequency of the second oscillator signal is selected such that any integer multiple of the
second oscillator frequency of the second oscillator signal is different from any integer
multiple of the first transmitter intermediate frequency of the first transmitter

intermediate signal.

A front-end transceiver, comprising:
a transmitter path, comprising:
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a transmitter direct conversion stage configured to provide a transmitter signal to

be transmitted with a transmitter frequency;

a first transmitter frequency converter coupled to the transmitter direct conversion
stage so as to receive the transmitter signal to be transmitted with the transrhitter
frequency and to convert the transmitter signal to be transmitted with the
transmitter frequency into a first transmitter intermediate signal with a first

transmitter intermediate frequency; and

a second transmitter frequency converter coupled to the first transmitter frequency
converter so as to receive the first transmitter intermediate signal with the first
transmitter intermediate frequency and to convert the first transmitter intermediate
signal with the first transmitter intermediate frequency into a second transmitter

intermediate signal with a second transmitter intermediate frequency;

and

an oscillator signal generator respectively coupled to the first transmitter frequency
converter, the second transmitter frequency converter and to the transmitter direct
conversion stage so as to provide a second oscillator signal with a second oscillator
frequency to the first transmitter frequency converter and the second transmitter
frequency converter and a second stabilizing signal with a second stabilizing frequency to

the transmitter direct conversion stage;

- wherein the oscillator signal generator is configured so that the second oscillator
frequency of the second oscillator signal is selected such that any integer multiple of the
second oscillator frequency of the second oscillator signal is different from any integer
multiple of the second transmitter intermediate frequency of the second transmitter

intermediate signal.
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