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filter may “be wor se than that of a radio having a classical AB power,
anpl i fi er. amplitude-varying baseband modulating signal. Since€ the modulator may increase noise
15 at frequencies far from the carrier, a bandpass filter may be located between the output
of the class E power amplifier and a radio frequency antenna.

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

0  the eﬁergy 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

25 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.
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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 (_QPRS) cellular radiotelephone systems,
Enhanced General Packet Radio Service (EGPRSB~ éelli;la?r gédiotmelel;hone» S}’Stglﬁs; -
Personal Digital Cellular (PDC) cellular radiotelephone communication systems, Global
System for Mobile Communications (GSM) cellular radiotelephone systems, North
American Digital Cellular (NADC) cellular radiotelephone systems, Time Division

25 Multiple Access (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

30 may comprise N oscillators 100 able to produce N carrier 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



WO 03/ 056701 PCT/I1L02/00941 104, a bandpass filter 106 coupled to
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102, accor nts o t he sent 1nventio Igma-del t a
N- PSK modul gt Qrn o 1045 J88Yy CRMRR $81yafbrRERAEShagQuantization, thus producing a digital
signal representing one of a set of N symbols.
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 limited in this resbeét. -
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.
23 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 modulator 102 may be a complex baseband amplitude-varying modulation

signal (I(r),Q(r)). Modulator 102 may comprise a feedback loop so that adder 200
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The set of REgILI-€ phases BRangl hidRRir cells, marked (1), (II), (II) and (IV), each cell
having a symbol located therein. The cell boundaries, at [aO; £°,v°, 50], are non-
symmetric, therefore the cells are not all of equal size. Quantizer 204 may output a
digital signal y,.(I (r),Q(r)) representing a symbol according to the cell to which
20 u(I(r),0(r)) belongs. In QPSK, the set of symbols may be, for example, the set {(1,0);
(0,1); (-1,0); (0,-1)}, although other sets of four symbols (one per cell) may be used
instead. Since a later value of signal u(I(r),O(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

3 orin any combination of hardware and software. For example, if a -90° phase transition
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(77-45)]. 26nsitiensThay b@hmdtlnzicadof non syrmet r | c cel | boundar i es may affect
the st 1ast Istics (a)fncg g%%gse transition has occurred, the cells may be redefined so that the cell
boundaries rotate with the present state of the quantizer. For example, if a -45° phase
transition occurs from symbol (1,0) to symbol (1,-1), then the cell boundaries may be
redefined as
[ — 45 (B—-45);(y —45)°;(5 — 450, (e - 45 (¢ — 45)%:(0 ~ 45 (n - 45)].
20~ - - - - The selection of non-symmetric cell boundaries-may affect the statistics of phase-- - -
transitions. In particular, certain non-symmetric cell boundaries may reduce the
occurrence of larger phase transitions 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

30 phase transition values, which may further increase the collector efficiency of a
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skill i t e afinotinAthibhe itgBeRfescertain non-symetrical cell boundaries
may reduce the noise af | ow frequenci es while 10 increasing it at higher

frequenci es. Si fceeHiigharirdquentientiaedemayplise teifilipl tentlowes fre@ientiBaisingner

frequencies, using .kno t echni ques, t.her r L.SSiQN
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conpri si ng qasifde Nl Mgl @dltaguanilhae tomprisiag cofisiangiéomi pblae qwodizeent s of
t he present invention. These applications rmay include is nobile |, )
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now occur to 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. It is, 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.



those of ordinary skill in the art. It is, therefore, to be understood that
the appended <clains are intended to cover all such nodifications and
changes awd@losemit hin the true 20 spirit of the inventi ®@UT/ILoXM90B/ 056701
PCT/1L02/ 00941 What is claimed is: 1. A portable comunication device
conprising: a sigma-delta N-phase shift keying nodul ator having a

non- uni for\gbgol aLa. géjanti zer. 5 2. The portabl e conmuni cati on devi ce of
claim1 whefEiACEAPE N i s selected froma group including: 2, 4, 8, 16 and
32. 3. A portﬁl%e coglwuni cati.on. dﬁvi.ce conprising: a sigma-delta N-phase
shift keyilhg BPOHEYF ORI GIOB A7 EFE CATBA%band i nput signal into a
quanti zed out put si gpgkmal i8taMRAM@kRI BQMRY s Higior haviag a AAEINiIfBIh Golad
subtract said quantized output signal fromsaid baseband input signal to
produce a diffequnteersi gnal; an integrator able to integrate said
difference signal to produce an integrated signal; and a non-uniform pol ar
quanti zer @bl e Tiee porodblec eorsmiudicefivand dviedofoldiput whereithsaid Ntis s¢lscted oesent s a
synbol selected from et of symhql.s according to which of a set of N
non-uni form ceI$I§UPH@?IEﬁ%%eQ=§f g!sléiagfgﬂ%t egrated signal bel ongs, said N non-
uniformcells conpletely covering the conplex plane in a non-overl appi ng
manner. 4.3.The poerablesosvmisiioBtpyRe eWPEESf claim 3, wherein said Nis
sel ected froma 30,8600 N6l YNGR Aceythe RodtlidUbiSRy cdnyeht hraRsERd Ler
conprising: a di po?é antenna; a signa- &/e]ita phase s |19t keyi ng nodul at or
coupl ed to sai dingipagel irgotacquaatizes autbutrsigudlathe maodigioi @impgising:

10 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
15 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 completely covering the complex plane in a non-overlapping

manner.

4. The portable communication device of claim 3, wherein said N is selected from a
20 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 :

25 a non-uniform polar quantizer.

6. The transmitter of claim 5 further comprising:
a switching amplifier coupled to said modulator and to said dipole

antenna.

7. The transmitter of claim 6, wherein said switching amplifier comprises a class-E

[¥33

power amplifier.



25 a non-uni form polar quantizer. 6. The transmtter of claim35 further-
conprising: a switching anplifier coupled to said nodulator and to said

di pol e awtcewswas707. The transmitter of claim6, wherein sad/moe/bmhi ng
anplifier conprises a class-E so power anplifier. 8 WD 03/056701
PCT/1L02/ 00941 8. The transmtter of claim®6 further conprising: a
bandpass f8. t er Thoupisedtteroof slaipft fuothesedneprsia chi ng anplifier and coupl ed

to said dipole antenng. 9. Th tl_r anusprlrit er %I cgfa'éar-’ra : lrge'ltﬁ SakdNis
sel ected froma group THEPHDI MG 2 Wl Jo ogtouf Of el SIOEIE AR obY T &
t el ephone conpr gsuphd to s@iddiifat entendienna; and a signae-delta N-phase shift

!<eyi ng nodul ator Coupled to said dipole antenna, said nodul ator conpri sing

a non- ungf or mrpol-aks auantd 38 5 WherdinQaiiiid &1dceddephanesotp dichiding @,
further conprising: a switching anplifier coupled to said nodulator and to
said dspole angehia.and22. The nobile tel ephone of claim 11, wherein said
swtching anplifier conprises a 15 class-E power anplifier. 13. The nobile
tel ephone of. cl aimoebilk telephbrercongniingsi ng: a bandpass filter coupled to
out put of said switching anmplifier and coupled to said dipole antenna. 14.
The mobi | e t el ephoned@8fPols #eAR02 herein said Nis sel ected froma group

20 including: 2, 4, 8 d6, 386 3Rphdse- ik MRYBRAmeenRId digled to said dipole
antenna, said modulator comprising :

10 a non-uniform polar quantizer.

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
15 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

20 including: 2, 4, 8, 16 and 32.

15. 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
25 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 completely covering the

complex plane in a non-overlapping manner.

16.  The method of claim 15, wherein said baseband input signal is analog and further

30 comprising:



subtracting a quanti zed output signal froma baseband input signal to
produce a difference signal; integrating said difference signal to produce
an i nt egrwatcew/ssmnal ; and 25 produci ng said quantized out mdr/ing2/e®kecti ng a
synbol froma set of N synbols according to which of a set of N

non-uni formcells the phase of said integrated signal belongs, said N
non-uni formcells co ] rd . i RO

non- over | appi ng rranng%n%%rgll.ngT%gyrﬁr%%nﬁg%& g)gtp(l:ll %@%ﬁé?%ﬁ%ﬁg{ ﬂ) gréﬁl%g tgnal(s)letg%nd

i nput signal is shahgggaad quantieroutput cigmpl emngid HsA@n0 305 6ig0Al.

PCT/1L02/ 00941 converting said quantized output signal fromdigital to
anal og pri of7.t o Buhneihot iofiglagaild, whasin saeliNastgdedted frgmal glonpin@adifs: paseband
i nput signal . 178 he et hod of claim 15, wherein said Nis selected froma
group incl uding: ’21, aﬁ‘,i"& 16 and 32. s 18. The nmethod of claim 15, further
conprising: using said quantized output signal to select one of N carrier

si gnal s> eacl§-  halhierigetiod peejaiandy. tBilerLogprF@gent one of N phases, thus

duci i I said f ' var.i abl
phase: and ampi 1yi g P ERFeE- AR R Lol & SRt DR AR SR 2R

signal . 19. Theaniighotteqiench ainthalfffemnenas of Sbplbses afuepRMuting & cddiadt

frequency. 10 X . . .
envelope signal at said frequency having variable phase; and

amplifying, filtering and transmitting said constant envelope signal.

10 19. The method of claim 18, wherein said frequency is a radio frequency.

10



