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The driver signal may be a digital clock at a radio frequency with four possible
phase transitions: 0°; 90°; -90°; 180°. The bandpass filter may store energy at the
previous phase. However, when a phase transition occurs in the driver signal, some of
the energy stored by the bandpass filter may be lost. The larger the phase transition, the
more energy may be lost by the bandpass filter.

In practice, for QPSK, the collector efficiency may drop to 60% for a bandwidth
of half the sampling frequency of the sigma-delta QPSK modulator and to 40% for a

“bandwidth of a quarter of the sampling frequency. Typically a bandwidth of less than a
. quarter of the sampling frequency is needed to attenuate the noise, so the efficiency of a
radio having a class E power amplifier, a sigma-delta QPSK modulator and a bandpass
filter may be worse than that of a radio having a classical AB power amplifier.
SUMMARY OF THE INVENTION

In accordance with one aspect of the present invention, there is provided a
portable communication device comprising: a sigma-delta N-phase shift keying modulator
having a non-uniform polar quantizer to produce, based on an integrated signal, a quantized
output representing a symbol selected from a set of N symbols, the selected symbol

. corresponding to a cell of a set of N non-uniform cells covering a complex plane in a non-

overlapping manner, wherein said cell corresponds to a phase of said integrated signal. .
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manner, wherein said cell corresponds to a phase of said integrated signal.
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_quantizer to produce, based on an integrated signal, a quantized output representing a
symbol seclected from a set of N symbols, the selected symbol corresponding to a cell of a

- set of N non-uniform cells covering a complex plane in a non-overlapping manner, wherein
said cell corresponds to a phase of said integrated signal.

In accordance with a fifth aspect of the present invention, there is provided a
method comprising: subtracting a quantized output signal from a baseband input signal to
produce a difference signal; integrating said difference signal to produce an integrated:
signal; and producing said quantized output by selecting a symbol from a set of N symbols
-according to which of a set of N non-uniform cells the phase of said integrated signal

belongs, said N non-uniform cells covering a complex plane in a non-overlapping manner.
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15 FIGS. 5 and 6 are graphical illustrations of the output spectral density of a first

_-order sigma-delta QPSK modulator having a uniform quantizer and an exemplary non-
uniform quantizer, respectively.

It will be appreciated that for simplicity and clarity of illustration, elements

shown in the figures have not necessarily been drawn to scale. For example, the

20 - dimensions of some of the elements may be exaggerated relative to other elements for

clarity. Further, where considered appropriate, reference numerals may be repeated

among the figures to indicate corresponding or analogous elements.
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Types of cellular radiotelephone communication systems intended to be within

. the scope of the present invention include, although are not limited to, Direct Sequence -
Code Division Multiple Access (DS.-CDMA) cellular radiotelephone communication
systems, Wideband CDMA (WBCDMA) and CDMA2000 cellular radiotelephone

20 systems, General Packet Radio Service (GPRS) cellufar radiotelephone systems,
Enhanced General Packet Radio Service (EGPRS) cellular radiotelephone systems,
Personal Digita! Cellular (PDC) cellular radiotelephone communication systems, Global
System for Mobile Communications (GSM) cellular radiotelephone systems, Notth
American Digital Cellular (NADC) cellular radiotelephone systems, Time Division

25 Multiple Acﬁess (TDMA) systems, Enhanced Data for GSM Evolution (EDGE) and
Universal Mobile Telecommunications Systems (UMTS).

FIG. 1 is a block diagram of a transmitter according to an embodiment of the
present invention. The transmitter may be part of a mobile communication device,
although the scope of the present invention is not limited in this respect. A transmitter

3v  may comprise N oscillators 100 able to produce N carrer signals having the same
frequency and different phases, where N is typically 2, 4, 8, 16 or 32, a sigma-delta N-
phase shift keying (N-PSK) modulator 102, a preamplifier and a switching amplifier -
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The transmitter may also comprise a selector 103 that is able to select one of the
N carrier signals based upon the digital output of modulator 102. The output of selector
.20 103 may be a constant envelope signal at a radio frequency having a changing phase,
| although the scope of the present invention is not Iumted in this respect.
The selected carrier may be amplified by preamplifier and switching amplifier
104 and transmitted by antenna 108. Modulator 102 may reduce the noise at frequencies
close to the carrier and may increase the noise at frequencies far from the carrier.
25 Therefore bandpass filter 106 may be coupled to the output of switching amplifier 104 in
order to filter out the noise at frequencies far from the carrier.
FIG. 2 is a block diagram of modulator 102, according to some embodiments of
the present invention. Sigma-delta N-PSK modulator 102 may comprise an adder 200,
an integrator 202, and a quantizer 204. Integrator 202 may be a first-order integrator or
30 may be a higher-order integrator. As mentioned hereinabove with respect to FIG. 1, the
input to modulater 102 may be a complex baseband amp_]itude—varyiﬁg modulation -

signal ((r),0(r)). Modulator 102 may comprise a feedback loop so that adder 200
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complex I-Q plane is divided into four cells, marked (D), (II), (TI) and (IV), each cell

- having a symbol located therein. The cell boundaries, at [a°; p°,y°,8°], are non-

symmetric, therefore the cells are not all of equal size. Quantizer 204 may output a

digital signal y,(I(r),O(r)} representing a symbol according to the cell to which
20 zr(I '(r), Q(r)) belongs. In QPSK, the set of symibol§ may be, for example, the set {(1,0);

(0,1}, (-1,0); (0,-1)}, although other sets of four stboIs (one per cell) may be used

instead. Since a later value of signal u{/(r)0(r)) may belong to a different cell, phase

transitions from one symbol to another may occur. The set of possible phase transitions

in QPSK may be 0°, 90° -90° and 180° although other sets of possible phase
25 transitions may be used instead.

Once a phase transition has occurred, the cells may be redefined so that the cell
boundaries rotate with the present state of the quantizer. The redefinition of the cell -
boundaries may be implemented in hardware, for example, -with the use of a look-up
table relating the cell boundaries to the present state, or may be implemented in software

30 or in any combination of hardware and software. For example, if a -90° phase transition
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Once a phase a gapit li‘ﬁ‘ TRy %@é’ﬁgr‘% rth;P aIcgéll"nl1 ‘hfilg E%gﬂ‘ri%;ﬁ%% ‘1%38 so t hat
t he cel Isombamibdaiicas dipﬂl@tp@esléﬂttiﬂvdnﬂ@ prrﬁ%aﬁap@k ate pmfue ih@vidu@idtbzer . The
redefinition of the cell _boundaries nmay b(r;{)‘i)lernented I n hardvvare for

[

exanpl e, eighf cplls Wlfféie(lbf (Wb@kﬁhwﬁﬂ lla&lBBeﬁ %@p argted Heereie| ITheseMdaries to

h Yo.
ooy ol BE o P24 0 g BRY SRONER Bl 48Ry O R
transitins eéﬁzlzéutzjﬁal?t%ﬁzoel\/}&;ﬁ)&{tﬁﬁ%@ghal’@ﬁa '—JQ@Q@Q@)%@%@% fig hrom synbol

(1,0) to synb hen thHe cel| boundari € e redefined as [(a -

90~; (f Isymb&lOaccoddihg tOfhe, cell&o- Wﬁi@ﬂf’]zfé) éﬂkﬁér))%dlﬁla@.n }1n| 8.BSK[ eHel son off @
Don-uni fl onn pol ar quantizer for 8 K' according to sone enbodi nents of
t he preswnboli magritei fr exgmplectbapétei], 0},@ b); 40.8); |(51 Ur, (ﬁldlm §A9:d0.-B); ei ght

ol 180 UheiF hubderothelisort heciBSAnEEs tond Bl Bey P ik iefhed' el E0T o I

t her ef Oflaﬁert\faﬁleCcﬂ“'si@aﬁhﬁ %Eo}(r )) &y b@IBn§ﬂJU@H1fﬁaté€@celgp@ﬂielt?aﬂﬁn&ﬁ‘frdmy output a
digital signal );,(1(t) representing a synbol according to the cell

t 0 whi clenei§yngiio) t@@nc)tl)erbm:vmgs Tha s&-cﬁsﬁssxhlh@h@ettranﬁnmsymﬁfﬂsg may be, for

Other SEEL A GV PEOTT. (3e ML SOEH PR MR RS Since g

| at er Vv @dabkericak n@w@e@geuhﬁegﬁt) Qt)) maybel ong to a d| fferent cell, phase
transitions from one synbol to another may occur._ The set of p055| bl e
phadd transi Pessphase gesiien hasoccpgedthe celimay begredefingd so thaygke ceflis b 5

and 180 gufhiAQUGR: P EE p&gén? sife oP ﬂéﬁhgﬂtﬁm{) has Example, if a -45° phase

transition occurs from symbol (1,0} to symbol (1,-1), then the cell boundaries may be
redefined as
[~ a5p: (- a5);(y ~45);(5 - 457, (e - 45, (g — 45, (0 — 45); (1 - 45)].

.20 - The selection of non-symmetric cell boundafies—ma—y-affect the statistics of phase-
transitions. In particular, certain non-symmetric cell boundaries may reduce the
occurrence of larger phase fransitions as compared to those of a uniform polar quantizer.
In other words, a sigma-delta N-PSK modulator comprising a non-uniform polar
quantizer may have fewer large phase transitions than a sigma-delta N-PSK modulator

25 comprising a uniform polar quantizer. This reduction in the number of large phase
transitions may lead to an increase in the collector efficiency of a transmitter comprising
having a sigma-delta N-PSK modulator having such a non-uniform polar quantizer.

It will be appreciated by those of ordinary skill in the art that by increasing the
number of symbols, the distribution of phase transitions may be concentrated at low

3t phase transition values, which may further increase the collector efficiency of a




transitions may be used instead. 15 Once a phase transition_has occurred,
the cells nmay be redefined so that the cell boundaries r o2A0RIYROPH t he
present state of the quantizer. For exanple, if a -45" phase transition
occurs Wodsossymmbol (1,0) to synbol then the cell boundam.ewonmy be
redefined as [(a - 45p; (8 - 45)'; (y - 45)0;(,5 - 45p;(e - 45P, (0 - 4b5p;
(0 - 45P, (q - 45P]. 20 - The selection of non-symetric cell

boundar I g fiier hGiikind £l Bk K Aba G Bvink AR AdiQSorb Polgar ti cul ar,
certain non-synmmetfic telt boundaries nay reducg& the occurrence of |arger
phase trquatizarons as conpared to those of a uniform polar quantizer. In

ot her words, Si -delt,a N-PSK npdul r _compri si a..non- uni.f orm pol ar
quanti zer nay Ha ge%%%'\]l\@% mea’?o_&ésyﬁ’ﬂ’}gr £ ??ﬁﬁ%“g?fgeﬁpén%aﬁé ﬁﬁ";scl?él?ﬁ‘}?i%el ta N-PSK
modul at OﬁltaFiingpB&M1§|df% Bighialdefd TN-PEKamogklaw iehg al AbSufigdmcholan in the
nunber of lar geFEhase transitions may lead to an increase in the collector
ef i Si en@yAnBzer.a HEANS #Rd ¢ shove ettt shectldensily @f & fighardgesigna-felfask

nmodul at o gl ; =40l s j - i appr eci at ed
by 1 hose2op areiateiitlg ARATR) Skt Riep B Hon dhlfoll plankBeEET €01
synbol s, respestietils t Thberemplarp hophwefemt polan sjutnitisershaymyl! beundemneset (#48fed at | ow
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conpri Si mg-@umicgioai dell t foubddRK Fmdutdicor thd arwisegats iovh fequaidies nivliiter m pol ar

quanti zer. The sel ectign of .,the non-symmetric cell boundaries may al so
af f et tRErepBsIbat lgneprpiyiessitset rum of “a si gma-del ta N-PSK nodul at or havi ng

- @ non-uni for g RAlAher %egkégaké iy bFISEﬁ@ to%hﬁf‘g‘laﬁ ISP Vg cRY LRI Spectral

density of a first™orde Igma-delta SK nodul ator having a uni'form
quant i zenoamdtecimigies niberar ma be-sewersl dransyissing iapplicationsewhare tii wayybe The
tizer has cell boundari
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While certain features of the invention have been illustrated and described
herein, many modifications, substitutions, changes, and equivalents will now occur to
those of ordinary skill in the art. Itis, therefore, to be understood that the appended
claims are intended to cover all such modifications and changes as fall within the true

20 spirit of the invention,




Si nce higher frequencies may be sinpler to filter than | ower frequencies,
using known techniques, there nay be several transnissionzgﬂmﬂihﬁions
where it may be desirable to use a signa-delta nodul ator conprising a
non-uni f orm pol ar quanti zer in accordance with enbodi nents of the present
i nvention. These applications may include is nobile tel ephones, digital
audi o and asynchronous digital sqﬂgﬁﬁﬁber line (ADSL). Wile certain
features of the invention have b | ustrated and descri bed herein, nany
nodi fications, substitutions, changes, and equivalents will now occur to
those of ordinary skill in the art. It is, therefore, to be understood that
ms_are int.ended to cover all such nodifications and

t he appiended clrt\%') )

changes as faRCTGRIE APRMURLCAHiPR eVIS PODMTISINE: of t he i nvention. 7 27 July 2006
Caims 1 A pokigahl®le EeCatift RByid 8 \hERIAQ AV B GonAmHoBNBolle! t 2 N-phase
shi ft keying nodul ator having a non-uniform polar quantizer to produce,
based o@ta@tizerrie eydace dasidyprain integptethsignadde euangined pEpriaspiesentigs a synbol
sel ected_f y. | ; ding to a
e L R R

- non- ov e¢dllagfai seg of Nawnamiforharels Bovting acehlpleoplamsipanasn-6erapphgse of said
integrated signal. 2. The portabl e conmunjcation device of claim1 wherein
said N m@mseéu%&r@a saifl cgllcarrgspands toddibash ¢igaidintegrated siggl.ang 32. 3. A
portabl e conmmuni cation device conprising: a sigma-delta N-phase shift

keyi ng 4rodul Broportahleecargmunisgiéon deyviesaefedlaind | winpein ssidgNals seleeteda quanti zed
out put &l ] u r jsing: an adder able to subtract said
guant i z%%g%%%ﬁlggugﬁgl b’%gmlés:%i%gg%aseband i nput signal to produce a

differ ce;ﬁr\%ﬁl c.an inte {.atgr .able to.integrate said difference signal
to prodice PHEE PP myCation, devicCooMPIISMgn_ uni f or m pol ar quanti zer able to

produce sai th igmAlder N-PHASRUshif® (k&%ihgtmodtﬂat&e%@&@%ﬁvéh a)yab&angel ected from
a set of N synbols according to which of a set
input signal into a quantized output signal, the modulator comprising:

an adder able to subtract said quantized output signal from said baseband
input signal to produce a difference signal;

an integrator able to integrate said difference signal to produce an integrated
signal; and |

a non-uniform polar quantizer able to produce said quantized output so that
it represents a symbol selected from a set of N symbols according to which of a set
of N non-uniform cells the phase of said integrated signal belongs, said N non-

uniform cells covering a complex plane in a non-overlapping manner.

4, The portable communication device of claim 3, wherein said N is selected

from a group including: 2, 4, 8, 16 and 32.

5. A transmitter comprising;

a dipole antenna;

a sigma-delta N-phase shift keying modulator coupled to said dipole
antenna, said modulator comprising:

a non-uniform polar quantizer to produce, based on an integrated signal, a
quantized output representing a symbol selected from a set of N symbols, the

selected symbol correéponding to a cell of a set of N non-uniform cells covering a




of N non-uniformcells the phase of said integrated signal bel on%s said N
non- uniformcells covering a conplex plane in a non-overl &561115[& %nner. 4,
The portabl e comruni cati on device of claim3, wherein said Nis selected
froma group including: 2,4, 8, 16 and 32. 5. Atransmtter conprising: a
di pol e antenna; a sigma-delta N phase shift keying nodul ator coupled to

sai d di¢oimex alinerina neaperhppiokatamesowhereisi sagl cell momespondsotonz pol ar

quanti zgr. .t o. produce ased on an integrated signal, a quantized out put

HEPREHeL

represep a?%%f dP¥ted froma set of N synbols, the selected

synbol corr onding to_a cell of a set. of N non-uniformcells covering a
8 6.°" | “Tiletransmitter of glalmé‘/fu’fflaﬁr)?o@@@%mgcorrpl ex plane in a

non-over | appj d%ﬁtdﬁﬁ{grbﬁﬁglliﬁ/«‘!ﬂ%ﬁiléﬂ ®2hid AEdNIaELIPORAA I afteniNase of said
integrated signal. 6. The transmtter of claimb5 further conprising: a

swi t chifng amald £.i.8c.: » 0 | at-0f - n&]é ' iLpol e ant enna.
7. The ’{]rangﬁ‘l{%{rgﬁhégag&a?% ?3’ \?ﬂfg%éﬁgga%&g#tc lg%égdﬁg}pﬁ%%e% conprises a
cl ass- Elpedepovenrpliplifier.. 8. The transmitter of claim6 further conprising:
a bandpass filter coupled to output of said switching anplifier and coupl ed

to sai &8.di pdite teams@itea of Slain] beurthicaaembiitiag: of claim5, wherein said Nis
sel ected froma grou including: 2, 4, 8, 16 and 32. 10. A nobile

t el ephone cdnpArRassdilter goupledh faouiputendiraid srigchingsapliificdard somplphase shift

keyi ng t%ﬁﬂ'dﬁio@émﬁ&ﬂﬁ' ed to said dipole antenna, said nodul ator
conpri si ng: non-uni f orm pol ar quanti zer to produce, based on an

I ntegr agt.ed Sf.‘h%nﬁ*hnsnﬁtter of claim 5, wherein said N is selected from a group
including: 2, 4, 8, 16 and 32.

10. A mobile telephone comprising:

a dipole antenna; and

a sigma-delta N-phase shift keying modulator coupled to said dipole
antenna, said modulator comprising :

a non-uniform polar quantizer to produce, based on an integrated signal, a
quantized output representing a symbol selected from‘ a set of N symbols, the
selected symbol corresponding to a cell of a set of N non-uniform cells covering a
complex plane in a non-overlapping manner, wherein said cell corresponds to a

phase of said integrated signal.

11. - The mobile telephone of claim 10 further comprising:

a switching amplifier coupled to said modulator and to said dipole antenna.

12.  The mobile telephone of claim 11, wherein said switching amplifier

comprises a class-E power amplifier.

13. . The mobile telephone of claim 11 further comprising:
a bandpass filter coupled to output of said switching amplifier and coupled

to said dipole antenna,

14. . The mobile telephone of claim 10, wherein said N is selected from a group
including: 2, 4, 8, 16 and 32.

15. A method comprising:




guanti zed out put representing a synbol selected froma set of N synbols,
the selected synbol corresponding to a cell of a set of Nzﬁéwyt%‘?%orm
cells covering a conplex plane in a non-overl appi ng manner, wherein said
cell corresponds to a phase of said integrated signal. 11. The nobile

tel ephone of claim 10 further conprising: a switching anplifier coupled to
sai d nodul atssbiragithet o @antizedi puipet aignehfimm alPaselfel mpbi [segnakltephone of
claim1]l dmher‘fe%tn said switching anplifier conprises a class-E power

anpl i fiBPIucpF di ﬁlgn%%gqaif t el ephone of claim 11 further conprising: a

bandpass fi | ihrdiagRhigddiff@emtdtisiith] Qfprédicd af\WhibghicadiganPhad i er and coupl ed
to said dipole_antenna. 14. The nobile tel ephone of claim 10, wherein said
N is sel ect eofycing said ranaptizadneutpiefi by selpcting a gymbgl et 8zet pE N A et hod

conpri sj ng. TUCY T T ST 7 Jul. 0 Cl 4 a quanti zed
out put égﬂg)r?}a a?cr%drhn%t%%%%haﬁg 4 Sr%t?tf}slﬁlgorrllaﬁ%)g% %?%Jﬁ‘gg’hé&d&f %’g(rience si gnal ;
i nt egr dhtegeatahsignalitefonpevakl Nirgaalnifoen elisivewriag d angdeaplade & gnal ; and
produci ng said quanti zed output by selecting a synbol froma set of N
synbol SORRYSFIGPRBE BBOO# ch of a set of N non-uniformcells the phase of
said integrated signal_ belongs, said N non-uniformcells covering a

conpl exi®l ankhq method péslaimdS, Jhsteiny said hasgband gputrpignates gadogend| ai m 15,

wher ei ng; 54l gﬁﬁg nd i nput signal is analog and further conprising:
converting Ign'gl qglghti zed output signal fromdigital to analog prior to

subtracti ng eavetiaganid geshtioed putpus i sigal Famndigitdl obambdaptor nput  si gnal .
17. The t hod of, claim.15, wherein sai,g Nis selected froma group
~ i ncl udisHBiractipg sgid cglgntizgdé)ﬁg)uggga from said baseband input signal.

17.  The method of claim 15, wherein said N is selected from a group including:
2,4,8, 16 and 32.

18.  The method of claim 15, further comprising:

using said quantized output signal to select one of N carrier signals each
having a frequency and a different one of N phases, thus producing a constant
envelope signal at said frequency having variable phase; and

amplifying, filtering and transmitting said constant envelope signal.
19. The method of claim 18, wherein said frequency is a radio frequency.

- 20. - The device of claim 1, wherein said non-uniform polar quantizer is able to
redefine said set of N non-uniform cells in accordance with a phase transition

corresponding to said set of N symbols.

21.  The device of claim 3, wherein said non-uniform polar quantizer is able to
redefine said set of N non-uniform cells in accordance with a phase transition

corresponding to said set of N symbols.

22.  The transmitter of claim 5, wherein said non-uniform polar quantizer is able
to redefine said set of N non-uniform cells in accordance with a phase transition

corresponding to said set of N symbols.
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18. The method of claim 15, further conprising: using said g @gti d out put
signal to select one of N carrier signals each having a f P2 H ﬁ@@gand a

di fferent one of N phases, thus producing a constant envel ope signal at
sai d frequency having variabl e phase; and anplifying, filtering and
transmtting said constant envel ope signal. 19. The nethod of claim 18,
wher ei 2Xsai %hqmqmmvph@e@fmmd% whgisaneyd naounifiem pRdariqyentéder cl ai m 1,

wher ei n_sai i for L4 zer 1S .abl r fi aid set of N
non- anitf ol SERRetfl SRETLPREAE UAOAR ceif i A Sorbiee M 0 PR 14700 To
sai d setarsftiodl copredpohding 2l said ket ofiBVdyatbold cl ai m 3, wherein said non-uniform
pol ar quantizer is able to redefine said set of N non-unifonn cells in

accordance WHdmethbl dF1dmalss érhpising eédeSiRENAdnet 1of M abfluafbmef N synbol s.

22. The transmtter of claim5, wherein said non-uniform polar quantizer is
abl e  t%llp Eurecpidanesavidh 8 phasgfiransition cermesponding ol said sehoENsymbalice with a
phase transition corresponding to said set of N synbols. 10 27 July 2006
23. The nobil e tel ephone of claim 10, wherein said non-uniform pol ar
guantizer is able to redefine said set of N non-uniformcells in accordance
with a phase transition corresponding to said set of N synmbols. 24. The
met hod of claim 15 conprising redefining said set of N non-uniform cells
in accordance with a phase transition corresponding to said set of N
synbol s.
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