TRANSM TTER Cross- Reference To Rel ated Application 5[0001] This
application clains the benefit of priority of Singapore patent
application No. 201206656-9, filed 7 Septenber 2012, the content of
it being hereby incorporated by reference in its entirety for all

pur poses. Technical Field 10 [0002] Various enbodinents relate to a
transmtter. Background 15[ 0003] Nan-owband physical |ayer (PHY)
specification for 802.15.6 requi T&ANSH Fkequency and phase

nodul ations. In this regard, a frequency shift keying (FSK) and phase
shift keying (PSK) conpatible transmtter (TX) is required in the
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(MCS/ISM band. [0004] Current conventional m xer based
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nodul ation, 25 bandw dth enhance nL e j.ques |ike 2-point
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techni que has no restriction on daéBakeedund t he systemis conpl ex and

15  [0003] Narrowband physical layer (PHY) specification for 802.15.6 requires both
frequency and phase modulations. In this regard, a frequency shift keying (FSK) and
phase shift keying (PSK) compatible transmitter (TX) is required in the Medical Implant
Communication Service / Industrial Scientific Medical (MICS/ISM) band.

[0004] Current conventional mixer based architectures can support multiple modulations,

20 but at the expense of high circuit complexity, high power consumption and large area, in
other words they are often complex, power hungry and large. Phase-locked loop (PLL)

. based solutions (e.g. closed loop PLL-based solutions) have emerged as suitable
candidates but have limited bandwidth (BW), thus limiting achievable data rate. Despite
their limited bandwidth and their ability to only provide frequency modulation,

25  bandwidth enhancement techniques like 2-point modulation (e.g. 2 point modulation
open loop type) and baseband pulse shaping techniques to generate phase modulation
equivalent spectrums have helped to overcome these shortfalls. The downside to these
techniques is the added complexity to the system (e.g. hardware) and baseband, and
emergence of new issues like modulation gain mismatches that need to be tackled. While

30 2 point modulation technique has no restriction on data rate, the system is complex and



careful design is required to take care of nodul ation gain m smatch.
Furthernore, it is difficult to achieve | ow power using the 2-point
nodul ation techni que. 100051 One of the existing transmtters is the
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hybrid edge combiner/power amplifier (EC/PA) architecture, with an open loop injection
locking. The transmitter uses crystal frequency pulling for frequency modulation and
30  employs injection locking twice, serially to 2 ring oscillators (ROs). The signal is then

multiplied up 9 times to its desired frequency via an edge combiner (EC) before
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Accordin i gﬁg‘[g ] 1.S.«Provi ded. The

transm t%@?e%“nig r?cﬂ%%ﬂée IP\r,e %é%@@ig@sﬁtﬁ‘% OI{I}EL)I}E ng (FSK) circuit, and a

phase shi[0P00¥Y ey yerdutRSKpneintioual traosuipleesd a twos;mirit_(-::nodudz}te;dwﬁ*?dﬁSKzal-N P]}L
i,n.a.fi.rst node of.

oper ot or BT o GowaKenB AP T Raer i SFakoR: PPy
in a secafigulation technique can be employed to enable open loop modulation. The PLL
frequency can be modulated directly with an additional digital-to-analogue
converter (DAC) control which has to be balanced with the appropriate fractional
division ratio. In this case, frequency switching is no longer limited by the PLL
25  bandwidth. This two-point control system proved to be a potential replacement for the
mixer based architecture and is widely adopted. Although it consumes less power than a
mixer based architecture, it retains the complexity with issues that need to be tackled. The
system is complicated due to the delicate control required to balance the modulation gain
to minimize data errors. High data rate of typically > 2 Mbps can be achieved.
30 [0010] While open loop systems have little restriction on data rate, they cannot support

phase and frequency modulation schemes concurrently.



10 node of operation, to provide a fixed frequency signal to the PSK
circuit, and wherein the PSK circuit is configured, in the first node
of operation, to transmt the FSK nodul ated signal, and, in the
second node of operation, to provide a PSK nodul ated signal based on
the fixed frequency signal received fromthe FSK circuit. 15Bri ef
Description of the Drawings [0013] In the drawi ngs, |like reference
char act er[90tdriBread lis/ theedfore taxdl fokea paw trweh rsoigiph exchitédnere dhitf mne ndlow
views. The draw ngs.,are n necezt{slaril fo S aLe, enghasis I nst ead
general | %F%ﬂaﬁgﬁgﬁlﬁ UORS UL FEEPHE % 4089 BRESTPEFes of the
invention. In the follow ng 20description, various enbodi nents of the
I nvention are described with reference to the follow ng drawi ngs, in
which: [0014] FIG | shows a schemslUmBmAry,ck di agram of a
transngtter, according to various enbodinments. [0015] FIG 2
shows a schematic view of a transmtter, according to various 25
enbodi meni0812][ARd8ling-kGan Iniwkonentaa Schenbter ¢s prevdedf The ftraaguitec ynay

shift key. F circuit . and ock generator, accordin _—
Tar i ous. SRR RaraeSich Gt R TSRS RR Sl REE BEERa R L cigguit,
f r equencycouplee ipsHridk tooMe FER Gitichit, velefedh e FE K Grcvafid 34Sigerboidiamaitifode
30[0018] FIG 4A shows a schematic view of a phase shift keyi ng (PSK)

circuit, Hcsradiongtor iovideiaobRK anesidatedbpigral to the PSK circuit, and, 'in a second

10  mode of operation, to provide a fixed frequency signal to the PSK circuit, and wherein
the PSK circuit is configured, in the first mode of operation, to transmit the FSK
modulated signal, and, in the second mode of operation, to provide a PSK modulated

signal based on the fixed frequency signal received from the FSK circuit.

15 Brief Description of the Drawings

[0013] In the drawings, like reference characters generally refer to like parts throughout
the different views. The drawings are not necessarily to scale, emphasis instead generally
being placed uwpon illustrating the principles of the invention. In the following
20 description, various embodiments of the invention are described with reference to the
following drawings, in which:
[0014] FIG. 1 shows a schematic block diagram of a transmitter, according to various
embodiments.
[0015] FIG. 2 shows a schematic view of a transmitter, according to various
25  embodiments.
[0016] FIG. 3A shows a schematic view of a frequency shift keying (FSK) circuit and a
clock generator, according to various embodiments.
[0017] FIGS. 3B and 3C show the operations of a frequency interpolation circuit,
according to various embodiments.
30  [0018] FIG. 4A shows a schematic view of a phase shift keying (PSK) circuit, according

to various embodiments.



[0019] FIG 4B shows plots illustrating the effects of phase

nodul ati on t hrough nodifying the self resonant frequency of a LC

(i nduct or-capacitor) tank, according to various enbodi nents.

[0020] FIG 4C shows a plot illustrating the phase of an out put
signal of a phase shift 5keying (PSK) circuit, according to various
enbodi nents. [0021] FIG 5 shows a die photo of a transmtter,
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20 may be MCII ced. These enbodi nents are described in sufficient
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Q herqe |, logical, and

el ect I’OI ggthlsrﬁmr%} gg%ypﬁn%dlﬁkﬁg%h W%ﬁﬁtslﬁ%g fromthe scope of
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excl usi Vﬁ nE %ﬂa t%e conbined with one or nore other
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corregpondi ngly be applicable to the other enbodinents, even if not

explicitly described in these other enbodi nents.
Detailed Description

[0026] The following detailed description refers to the accompanying drawings that
show, by way of illustration, specific details and embodiments in which the invention
20  may be practiced. These embodiments are described in sufficient detail to enable those
skilled in the art to practice 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 can be combined with one or more other embodiments to form new
25  embodiments.
[0027] Features that are described in the context of an embodiment may correspondingly
be applicable to the same or similar features in the other embodiments. Features that are
described in the context of an embodiment may correspondingly be applicable to the
other embodiments, even if not explicitly described in these other embodiments.

30  Furthermore, additions and/or combinations and/or alternatives as described for a feature



30Furt hernore, additions and/ or conbinations and/or alternatives as
described for a feature in the context of an enbodi nent may
correspondingly be applicable to the sane or simlar feature in the
ot her enbodi nent s. [0028] In the context of various enbodi nents,
the articles "a", "an" and "the" as used with regard to a feature or
el ement includes a reference to one or nore of the features or

5el enent sn thO@28kxt of thenbodirext nofy aarespundingiybbeliapplidable tohthe plamase

"at |east sybstantially" may. include "exactly" and a reasonabl e
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t he exact value and a reasonabl e variance. 10[ 0031] As used herein,

t he ter mWigheesid tojafesiwges clomenaingludey a cderBnasae ioan or Boreefehe feapweseorof
t he a§soqﬁ§%fmgji sted itens. [0032] As used herein, the phrase of the

formof "at least one of A or B'" may include A or B or both A and B.
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transnmi t t3gpled togmugieafpplue prroNgYsses heaxyt value 4ad BErasonabley aNetoRor k
(VBAN, aRBA3I§otd Q8 nold | R4 forfi R of® HeRudBPnyP b b BoABinh Bb B AR or
more of the associated listed items. .
[0032] As used herein, the phrase of the form of “at least one of A or B” may include A
or B or both A and B. Correspondingly, the phrase of the form of “at least one of A or B
or C”, or including further listed items, may include any and all combinations of one or

15 more of the associated listed items.

[0033] Various embodiments may relate to circuit implementation of low-power,
multichannel, FSK/PSK (Frequency/Phase Shift Keying) transmitters, for example for
802.15.6 Wireless Body Area Network (WBAN) applications. Various embodiments may
provide an injection lock multi-channel WBAN transmitter.

20  [0034] Various embodiments may provide a dual injection-locking multi-channel
reconfigurable frequency shift keying (FSK) / quadrature phase shift keying (QPSK)
transmitter, for example a low power reconfigurable FSK/QPSK architecture based on
dual injection-locking that may address some of the issues encountered by the existing
transmitters.

25 [0035] Various embodiments of the transmitter may offer a low-power solution,
narrowband with frequency selection, and phase and frequency modulation schemes
featured in a single architecture. In addition, the transmitter may be easily reconfigured.
[0036] Various embodiments may provide a multi-channel injection locking based
Wireless Body Area Network transmitter (WBAN TX). The transmitter may be a

30 frequency shift keying/quadrature phase shift keying (FSK/QPSK) transmitter adapted to
transmit one of a frequency shift keying (FSK) modulated signal or a phase shift
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the osci lhabQ LSRN fEGAHERSYudty JF 4t 883} 0RO LOLSoRrAHAETE e
As the quality of the I1LO output may followits injection reference

or i nj ectdushitysifghaill.Opurmmpmaysiofowets inigcdet rederenasckddjestédraxiamal.on low-
oscil]atqr w.th I Sinite | oyl se.r FIR) filterin y
b 1 i et oD SORRATE L BT ol Sl SRARERFmbdc Ryl HPRARTR IR
phase noifieriby naydetimblei@neB t@perkrdthedfijbatimn. sighdD 38roVagithusutput phase

enbodi nment s y. of fe ‘h%w- | exity and cost effectiveness, |ow
power a_rnd‘ollﬁeg’_gl-a_g?‘?ti%{% it f&ﬁ% %ﬁgseﬁ-i n-1" architecture (FSK/ QPSK
re-confi qyosdivdriohs -embodiments may offer low-complexity and cost effectiveness, low
power and high-efficiency, and a “2-in-1" architecture (FSK/QPSK re-configurability).
30 [0039] Various embodiments may provide one or more of the following: (1) injection

locking based solution, which may save power; (2) open loop modulation, which may



30[ 0039] Various enbodi nents may provide one or nore of the

follow ng: (1) injection |ocking based solution, which my save
power; (2) open |oop nodul ation, which may achi eve a hi gher data
rate; (3) multi-channel capability with phase nodul ati on schenme and
frequency nodul ati on scheme support; (4) additional injection lock to
provi de phase control to support nore nodul ati on schenes; or (5) nore
power sawichigvanchigied ddtafriatet éfr)i mgltihénmfeﬂ tcafabdity iwijhepghase modolakom gcheas:

conpar ed t onvent i o 004 rratl bl ock
i 2 am PP mePRioR stherbtaghatk ) Fipail BTG B iy G P

transm t t@htrdlOB hlilﬁ)bl:tdﬁ&eamfoﬂﬂahlﬁﬂ@(}heﬁﬁbf br kDYmBE HER) savideChild add¥d,
and a phase shift keying (PSK) circuit 104 coupled in series to the

FSK ci rcmﬁie@é?emﬁﬁﬁgf’@i lﬁlet:%@l grng;as compargd e qoaversignaldilRed, in a
first smodgoj) querlagﬂo% a tsala%a@i\e'ﬁec@dfgém%' asﬁ%lﬁérgr@i atce didﬁag Sk

circuit 104, "and, in a second node oper at i on,
fixed f requeuﬂ:ymbo@mhtﬂ dhe HeanRgktec i 108 uintlud €4 a fhemdemrd}'esleft nketyhg &SK)

circuit 104 Jt ag%onf Eél?se qShéi? gtﬁg}felg f(g%lg? CJirltgucllf I%QJ g%@)ﬁ%{? EI}IT%%%S &¢ the FSK

transmt FHe

oper at i orirchio 1p2, thanahPSKKrmduitaneds sorfipatedD as & dir@médieotf dpeRfion, to
frequency signal _received fromthe FSK circuit 102. The |ine

r epr esentREeVids 2108 jmaodulgters sieatlely s SHowirews 1081 &td dpshissopd mpsisref
the RIK cipbfatibh, ﬂ;%\aﬂga fixed HRGUERY sfrhF Y the ke cMéHIFfm”%Md ettt the

el ectri cal coup g [ or mechani cal coupling. [0041] In other
wor ds, tHSK rcemlgtnl t cip cyoﬁgum@; innidE Uiakst mOﬁSIchopemmpn, mozramsmat thesFSK

confi gured duI ated..si
corcurt oot Rle@ SAEINAE s He BRIl S AERURN A8 TroiBEY B Hiautared
FSK ci r cuignall Bidediod thd €ixEBKeqieheybiknadl Géceivyl fhen cloupsiedirtuit $ez B 1otk

cascade to each .ot PSK ¢ rc it 104 y. be ar d 20
downst r edfRTGEEN{H&s E@&lsc‘q}l%’ii’f 19 620w Pgdelhions ml{ef‘@?e“ig?)ap%gwfﬁét 102 and

conf i gur ede POK QREWIAT®, MWhich rhdy ﬁéluﬂ@électﬁéal Q&?ﬂlﬁ%laﬁ&/oﬁﬂécﬂaﬂlcﬁl &%S&ﬁ{gj
node of oger ation. [0042] Ina first node of operation,

circuit 1684Mdy Cﬂbelc‘dﬁﬂsgdreeéfa@&ﬂllb¢f0\'/@%éllaaf Flsl(ldﬁ'oﬁjlﬂséﬁ étICth dﬁ&lthﬂtols
h
the PSK oﬁﬁ b }oqﬂgeﬁgi"&ffll { slt QFE%%‘% ed £1§1§h§ M eHg@Ig C%l %Plr:rogl%’%qo

si gnal . or e oper
25 oper atfoogeneﬂﬂmen tof arPSiK tnbémlatw&grrﬂyTbeF Sﬁrtﬁncgm rlefd addb tha FSBKcircuit 104

Lr e oty MRl ol P ol cnstabon L 00T L0 el os e
si gnaly prdo¥stéint &2dRs msmlﬁnn 102. rTmmhﬁtemd@ fivy b c@nﬁé&%ﬂﬁﬁra&f in
the FSK nodul ated signal, e.g. upscaling the frequency of FSK
modul at ed @pfgﬁ ade of operation and in a second mode of operation.
[0042] In a first mode of operation, the FSK circuit 102 may be configured to provide a
FSK modulated signal to the PSK circuit 104, which in turn may transmit the FSK
modulated signal. Therefore, the first mode of operation may be a FSK mode of
25  operation. The transmitter 100 may be configured as a FSK transmitter in the first mode
of operation.
[0043] In various embodiments, the PSK circuit 104 may also process the FSK
modulated signal prior to transmission, for example modifying a frequency of the FSK
modulated signal, e.g. upscaling the frequency of FSK modulated signal.
30 [0044] In a second mode of operation, the FSK circuit 102 may be configured to provide

a fixed frequency signal (i.e. a signal having a fixed frequency) to the PSK circuit 104,



30[0044] In a second node of operation, the FSK circuit 102 nay be
configured to provide a fixed frequency signal (i.e. a signal having
a fixed frequency) to the PSK circuit 104, which in turn nmay provide
or generate a PSK nodul ated signal based on the fixed frequency
signal. Therefore, the second node of operation may be a PSK node of
operation. The transmtter 100 may be configured as a PSK transm tter
in the seghnk innde mby qm@naet o izendrhtd G4 BEKI mollileted Gifinak basell onathieofisted

enbodi ments, the ter qguency shift keying (FSK)" y a
rodul at | Qi o fER e, Bty s B Yated ods, b oRE I Py ecﬁgﬁgﬁénq# of
nodul at i afpeptiod. ThE GhEAGHerOf Ooaméﬁfb%rc%ﬂﬁguréd goal psx tﬁné%ﬁ’{rtéﬂ ff thé&¢€ond
[0046] In the context of various enbodi hents, the term "phase shift

keyi ng (F@NGO pRgrafiean a nodul ati on net hod t hat conveys data or

| nf or At | @031 GLANGES P Lo ABAUL AL el e RORREC LR L GLEROEP

signal” or a carrier wave &’ cont ext
enbodi menhsy nidae PSHodulationi methOd thﬁyccbﬂe‘jﬁs qaladdsrainfmmmbas\&'a shhhiiges or

keyi ng (QPSK) circuit. The SK _nodul at e na be a quadrature
phase shiFPekEP 3 afAf %FF’é‘ifségn@ﬁ ‘%f‘@@%a]"gln vari ous

enbodi menpe4e}iin tﬁ&&nftéxt st vzmzﬂ@ eRbo@RRAA! e Rernt ﬁﬁafeﬂﬁlf@ kéﬁ% tpskO4 my

15 be further configured to upscale a frequenc of the nodul at ed
si gnal . TRES hrinpdwiaben matiod dat pgys éatlamgnfomwne@mphanggs @i gedulatipay

have g f&ﬁqtﬁig%yof{aqgferénge QF&Q?{;%EM% %% frequency of the FSK

modul at e when rece K circuit 104. [0049] In
vari ous e[ﬂ%llllrrehﬁ sqnte:xtnef F8ious |embud11nei1t32th&fd381<1 vicduitdd4anayolsca kjbatrarore

| d K 104, t | lato
conf 1 gur o Rr g (ARt Bk Do pied dene ot bs Rbadighire phese

nodul at eqh&tmg@pm%gduméﬁﬁ%ﬁquency signal to a frequency of an
i njection s"énal .g. 41lu inputted into the oscill ator.

[0050] | rl0P48 Taomtien en@J?Od%qut%&%ﬂ'@rﬁfétdﬁﬂ@n?fsopet%ﬂat the FSK circuit 104 may
o0 P G S TP, AOB5E 4 0 R ORI, o
mean that after upscalmg, the resulting signal may have a frequency that is higher than
the frequency of the FSK modulated signal when received by the PSK circuit 104,
[0049] In various embodiments, the FSK circuit 102 may include an oscillator coupled to
the PSK circuit 104, wherein the oscillator may be configured for injection-locking of a
20  frequency of the FSK modulated signal or the fixed frequency signal to a frequency of an
injection signal (e.g. $inj) to be inputted into the oscillator.
[0050] In the context of various embodiments, the term “injection-locked” may mean that
an oscillation stage of the oscillator locks to the frequency of an injected signal, such that
the oscillator becomes an injection-locked oscillator (ILO). This may mean that the
25  frequency of the output signal of an injection-locked oscillator may be at least
substantially the same as the frequency of the signal injected as input to the injection-
locked oscillator.

[0051] In various embodiments, the oscillator may be a relaxation oscillator, for example

an injection locked relaxation oscillator (ILXO).



the oscillator becones an injection-|locked oscillator (ILO. This may
mean that the 25 frequency of the output signal of an

i njection-locked oscillator nay be at |east substantially the sane as
the frequency of the signal injected as input to the injection-|ocked
oscillator. [0051] In various enbodi nents, the oscillator nmay be a
rel axation oscillator, for exanple an injection | ocked rel axation
osci | | at df052] Ilb(Gr}iriouslﬁ@Eﬁliméms vihe osuikatentoayl bedret ©f ahp éendystoird. IIatveriom;ay

be free of tor I n vari ous enbodj illator

ot b orHRGIRRS He. Ssas 08 o of G EET P67 1gs Rplgrapiciton”
[ 0053] | npsyifladopus enbodi nents, the PSK circuit 104 may incl ude
another oscillator, 5 coupled in series to the oscillator to receive

the FSK n8R31dnetpriepy gmpbodimentse thg R8K siragubifcnagigplafe agpther gscillator
produge %u@%& HHtseﬁésQ{BaPT e@ﬁra%‘dr%tﬁa&lfé F F§8 Ghddutdod sfgﬁalc&n %%eﬁd
a to the

for injection-lockin requency of the output sig
f requencyfretqherESKSIgmiu lapd ed pibgml arp routpe sfgnxbdwlﬁerequ'éacqthai gsmllator is
[ 0054] In o r|o$ t he

ot hor - os GPFRRIGH Toriep e pgkiEp of Pl L e Bupa el 19 e Eigiegror

the FSK rasiuinatsiates sighalortie Prcadigeerdcheigasll put signal, and wherein,
in the second node of operation, the other oscillator may bhe

confi gur d8034 Iy aawteglbpé@zfﬁ&ntn the et E196S of eperatiopohs athenowillagpmpay be
Si gnajg t Q. REQHEE & &55%3119%@0%% fg;gaf the MY ﬁb&ﬂ%ﬂagls %1 tp réa&@%ﬁegﬁ% 2

phase deternined based on th qgquency of requency
and the rsgohamd Wh@qmennych@fsectdmd woie of apetatibmt te, othéreopiitate mBpdieng

sel ect ed fr ases s aced a art b

var o SRBOEIROR B9 s deSpRhr R R rhE e SREl byt ontol sehdl 08 Brod:Be s,

osci | | at asutrfuk kighal, WR&EIR]thd Sutpdrsigadbhas aipheicrRRiBinct besedlofake B&pichdyadfor
[ 0057] In the _context of variou

may be an L illator
embodi merdpg o ?X?Cﬁgrewﬁ@f sigazl; 4od 4pe Fesprant fisapangy of s otber Q?ﬁé‘é@irst the PBasTK
ar r angemants, WRLEH £V pessible <ﬁa 93 04 o@hases that are 90

apart. A respective capacitor ran of the two capacitor
bank arr dAGESEnt sarivay @EbcalmheMat dtd: othesvus‘cld:lhbd ey preown dimjdchien ootkedt
with the re U|r§ﬁ gutput phase. I n various enbodi nents, the two
capaci t orBRART HFPdngenent's nay be arranged in parallel to each

ot her, WYe0%] Tn @aGdusGapagintedts, B ithed bEANIATROL bdMILE BEdilugs. a
pl ur aI | ty[Oog’J’] Chzil Qﬁg cogtggt of various embodiments, the other oscillator may include two
20  capacitor bank arrangements which may give rise to two output phases that are 90° apart.
A respective capacitor bank arrangement of the two capacitor bank arrangements may be
activated or switched to provide the output with the required output phase, In various
embodiments, the two capacitor bank arrangements may be arranged in parallel to each
other, wherein each capacitor bank arrangement may include a plurality of capacitors
25 (e.g. two capacitors) arranged in series with each other. In addition, each capacitor bank
arrangement may further include a switch.
[0058] In various embodiments, the two capacitor bank arrangements may be controlled
by one or more control signals, e.g. DO and D1, which may be based on QPSK “I” and
“QQ” data.

30 [0059] In various embodiments, in the first mode of operation, the other oscillator may be

configured to produce the output signal based on a third harmonic of the frequency of the

10



25 (e.g. two capacitors) arranged in series with each other. In

addi tion, each capacitor bank arrangenent may further include a
switch. [0058] In various enbodi nents, the two capacitor bank
arrangenents may be controlled by one or nore control signals, e.g.
DO and DI, which may be based on QPSK "1" and "Q' data. 30[0059] In
various enbodi ments, in the first node of operation, the other

osci | | at &Slﬁwdweted@igllhlgﬁomamlqommcbe Fekg Immltnmd sgrghbis bspengnofa

exampl o WAl o CRORE S SFRE byl ) magbol s uflicry BT pa e

133. 33 M'IDOG(I] g vageus émgimerttQuk thd gmﬁhnﬂayldoaﬁey thcfude qwe el stbrsahgut
400 MHz. [0060] In vari %#s enbodi nents, as the transmtfer 1Q0 na¥h
e

i ncl ude tHY o¥ci IyestieR-focketh draly IBECW%T]@E@P%nmaMC 08 d mglegented  in

i nj ectsi onedn@GkicPgogrey be inplemented in the Stransmtter 100. [0061]
In various enbodinents, the FSK circuit 102 may further include a
finite inpldddn Welsmmgfémimdn)s fhicl RS& cm@mtfluoéumsdfurtbergededeaa énltehenpulse
injection_gi |net|o Vi. N

depends Jﬁsi’f’n%eutpmﬁ gﬁtae s°l° iy ‘itlg%"f"‘“f*t ¥ mJ?ﬁb’é‘zi‘gl? hSr C?"“ signal
enbodi rrerliasmgtaffﬁeqaaﬁ:lylthzatdepsenﬂfﬁyn b@upﬂgﬁalﬂb i EIRAIIRf i | ter. 10[ 0063]
In vari oum nbodl ments, the FIR fi l&ﬁtf’ may. be an_ enbedded FIR filter,

for exanmp 2} In ppopys;embadimentse g oscl hmﬁ:ﬁaewgr@fctb?ﬁlﬂﬁt%z or the

transy t t[@063}QQ vah@Q@%}nbe‘in}éﬁ{s' s FRTTRLL TR Be dhNENbIIRABS FIRt Blker1 @R
may further include a clock generator configured to generate a

pl ur al i t yexamplsenifdRifdtenemedddedryitt eaifde cirquiint 02z thedranemitisy 1€0.
pr edet er ﬁb&ﬁlﬁl ﬂl Qaﬁ(gu\é%hibogﬂﬁm%s{hettgﬁsmllﬂ% id()l 1{‘1 rt%ercl(rjlaf {1&% cloc generator

sel ect one or ‘nore perio orns from<the plura
peri odi ¢ configifred s gérmragea@mﬁletytdf@ennqheciavefmnﬁs galaled fr&ﬁﬁdﬁth bther by a

vari ous. Stbodlient AT sk SoLLalk Shanat ey Have o focavency L1k
sel ecised pREFRME roneHhe bREARY of periodic waveforms to generate the injection signal.
[0065] In various embodiments, the injection signal may have a frequency that is at least
substantially equal to an average frequency of the selected periodic waveforms.
[0066] In various embodiments, the predetermined interval may be at least substantially
equal to a period of a sampling clock signal provided in the transmitter 100.
20  [0067] In various embodiments, the predetermined interval between two successive
periodic waveforms may be 1/12th of the period of the periodic waveforms.
[0068] In various embodiments, the clock generator may be coupled to the FIR filter,
[0069] In various embodiments, the FIR filter may select one periodic waveform during
one sampling cycle. In order for a plurality of periodic waveforms to be selected, a
25  plurality of sampling cycles are needed. For example, a periodic waveform may be
selected during a sampling cycle, and another periodic waveform may be selected during
another sampling cycle. Each sampling cycle may correspond to a period of the sampling
clock signal.
[0070] In various embodiments, the sampling clock signal may include equally spaced
30  apart clock edges. The duration between adjacent clock edges may represen the period of

the sampling clock signal.
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[ 0066] In various enbodi nents, the predeterm ned interval may be at

| east substantially equal to a period of a sanpling clock signal
provided in the transmtter 100. 20[0067] In various enbodi nents, the
predeterm ned interval between two successive periodic waveforns may
be 1/12th of the period of the periodic waveforns. [0068] In various
enbodi nents, the clock generator may be coupled to the FIRfilter.

[ 0069] | n00aEilovsriembadbodmests, thhe?SK Rirfuit 162 mmmyfuskdreatludne fomuemgi c

wavef or m.duri ng. one s i ng ,cycle.,In order for a.plurality o

o + o ¢ Rt ioReTp O Benrebfiday Besvide e e peire SigBar i g Tise s
ar e needeadlecid the $AOHH BorePeROdit AV EfoNRYREMKD fTRMIR peHedt Sdvetuidlg a
sanpling cycle, and another periodic waveform may be sel ected during

anot her  JAWRAlilpgvasipus emipogdipenss nibe i Higaveyey dntgrpglation redspibngay gnglude a
peri od of y C L I . var i { S,
Phe sanpl hafyRATHEL MnfenRs A SURBRe losicTdthTh of il o AP CleRil:
edges. Theayhe anployedder preeidingd) mepentiveciceksigtdies may represen the
eriod of sanmplin | ack sigpal . 0071].1n var.i qus enbodi nents,
Phe. o dob R “Wnhokroiirds S plagh Sehrpist BhEy A HT S ey, S
circuit confihgtd &dgbrerité o Flaradife oP perdliE wagdiBails ds@dahS feferéite JddR

filter for selecti n% the one or nore periodic wavefornms fromthe
pl uralityigeel geei ddilc Bagly arspdis. wpodan may hard suSequepenithatnissat ldagt

frequgncy, i LAt ' ' [ e ality of logic

el erreﬁ)t S_suk&%rﬁ%gggﬂaillgonﬁhggeﬁﬁ@g% %grrg%lte réc}%]etfﬁeec%kﬁs?%ﬂglit y of logic

el enent s [(034] e verigisoynatsbdirenty iy ddan giranitr msp achideen Hetabiot ofsddnalogic
[0073] In, various di ments,. the cl.ock generator i ncl ude a
ol 2y, ci 1SRt AP B A GoiE e Shr a1 g et i momber
wavef or moprhesede Favaon@f 8heRefrst®ck signal (e.g. Sref). Each
periodi ¢ wavef orm may have a frequenca that is at | east

10subst an®VAl 1y weigas ambodimeents; dhe eeneraier ey efusthere indlustek 2 serywiall |

15 oscillator configured to provide the reference clock signal.
[0076] In various embodiments, the FSK circuit 102 may further include a sampling
circuit configured to provide an input signal to the frequency interpolation circuit, the
sampling circuit adapted to receive a data signal (or control word), wherein the frequency
interpolation circuit may be configured to provide the one or more select signals to the

20 FIR filter based on the input signal, wherein, in the first mode of operation, the data
signal is varied, and wherein the sampling circuit may be configured to be controlled by
the varied data signal to control the frequency interpolation circuit to provide the one or
more select signals to the FIR filter to select the one or more periodic waveforms during
respective sampling cycles, for the FSK circuit 102 to produce the FSK modulated signal,

25  and wherein, in the second mode of operation, the data signal is fixed, and wherein the
sampling circuit is configured to be controlled by the fixed data signal to control the
frequency interpolation circuit to provide the one or more select signals to the FIR filter
to select the one or more periodic waveforms during respective sampling cycles, for the

FSK circuit to produce the fixed frequency signal.
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100741 In various enbodi nents, the delay circuit may include a
plurality of delay logic elenments or cells. The nunber of delay |ogic
el ements or cells may depend on the nunber of periodic waveforns to
be gener at ed. 100751 In various enbodi nents, the clock generator
may further include a crystal 15 oscillator configured to provide
the reference clock signal. [0076] In various enbodi nents, the FSK
circuit 10@77ey vhrioush@nbddivabnislen ahes firspiodg of iopasiidn aahthe gacond thade of

provi de an |n ut _ si |l tq the freque i,nt rpolat circuit

Dl | g erlh. g asfaing et e Gctaagies 6 Bemarc s huht AR Sesrl,
wher ei N tHaQe fHeGARSMRY sdlsth BLPPrRIdicORavetdriidl t may be configured to
provide the one or nore select signals to the 20 FIRfilter based on
the i nput{087&j rialval‘lwﬁem@b@dlmﬁntﬂ the sampling wdet ofayopelude iaohs (d¢le-dema
S|gnal IS he sanpllng circuit may be configured

ﬁﬁ ; g Y in.t

to becort? ﬁ@&bﬁya ﬁ%a MoguiaRha signal to control the frequency

i nt er pol ghom) 181 ¥idhé enboRinRhksdahé f’quomelomamhaua@Iae 1s$ér9£}%n‘geﬁ1@nt
the FIR filter to select the one or nore periodic waveforns during
respect i venBapd i ty w@geivesthef gmet o8 FSKRe cpeleti signds, t@dpraodel@r@hbheof
FSK nodul i n

oper at | onﬂfillti ? ﬁl e§éggmb 2 %§ Iﬁ?@ t}@hgféeg Igﬁlsi?pmﬁulpﬁlgéﬁg@hgwg%}gﬁl i néesgie$tévgi t
i s confi goulepleker dfehecp)lnrahm bEulvplexbe if cmé'rguwdttalez:legmal 1e£pmcnm11ﬁamﬂ1c

t he frequenc i nt qla C|r uit t rovi t he, one.or nore select
o1 gnalls O eI AU P bR cteviReRh A Seiitt b B panserient
wavef or Mol ffired td REREGE bterafI TRE biBok)fll8plexdr®bf the @lursitty 6F ialtiplextR
produce the Tixed frequency signal. [0077] |n various enbodi nments,
in the fumﬁspwaéo Be opp er Beroifies hﬂgqaﬂ%%@lé@mbewwe apfiedie Wayrionmse
sanpl i ng t

si gnal tofgtgg%&%t F lI%ﬁjfel eglgM1 glé% $%%I%g}i %%ilnhl%\%gggr?%{]ﬁ%g%ﬁged in

[ 0078] IquQEIMUsdemb9dlnents the sanpling circuit nay include a AE

Vari oo dARASAPE sttty e Brstid ineral Wt Skt b, and

ar r angenmahdy iaelafi¢ gprhesdity of lbgiéealeneanme gOFbg,lstHi's)ﬂWh@e 8 e¢spedtive ilgiatlemend
a plurality of nultlplexers NUXL coupled to the register

ar r angemBPY, PIPEdnoz TeERgSEET PV ln%ﬁfﬁf .T&Eé&whwfoftlﬁ@c sleieats; qryregipters
mul € i Pl ©xfiyShd rB0] HOUREHA PSS h Vrichsl ERRARIE 2 RADEALk foetDclement
waveform of” the plurality of periodic waveforns, erein the

regi ster Iarnrmgmmspfmvc@ﬂcqt gmnelchnﬂ@els@tltmon(espondm rgspeetj vegneltiplexer
nor e {6[” tm €S§X68%§ fe rtecbe fe%! méﬁlal ?f rr'[l(j) sefth or lealilgl’n{tnl'l [ ee%% Q;S\n?avte OlItllhe
one Or nore Si gna Y558 1e *Gife BrnTe e odice

wavef or needcivedgbn ahatcorrgspohding Njegrtiia niil gplener. Eheraﬁdnwr ambddimeiits, the
mul ti pl exers nmay be arranged in araIIeI to e th 15[ 0080] .In
vari ous T GhrIPES BSOS BF carldRghom st o e texprag s patious
chain, a%%ﬂifnén’ﬂsc'tﬁ% fapl by @h'ﬁlﬁlt@fex&‘é’g'f&' RIcBITRAL $2 (;fengdlc waveforms
reglsters) where a respective logic elenment may be coupled to a
respectlveﬁﬁmﬂwimlexer The plurality of logic elenments or registers
may ar i ous |

Feapedt | VORI Rlip G Rl 36 PER: il $9 PHERRIEPHLARE bat syng
sel ect t hercaio(srasoigisnap bﬁ@ﬁsebnﬁ/@rémiotmcﬂxwﬁe ou&ﬂt bigndl @s@iwoskby che

t he received sebect SI nal, s gs to(%elect ar 1£ m t thgwperlodlc
wavef or mYRE & ef%y”]% Wncigrhe PIrBSEEER Ve PRERCLTIP SXar may be

various eBhRGirER R &anshiiethl WHRRE sf%flall oell Gh&kRMBNMLS s@&ﬁﬁdl?ﬁo&%fad elafoh,ne
nunber of nultiplexers. In various embodi ments, there may f

mul ti pl extb¢ Bhase ewapr eitwitugghebon fmwedddipeoduay esooupntisienplkat pfx@?cyposmble
25[ 00 1] %Y%fgnglgswﬁé@%dén%ﬁ s1énm?o B t@orp%lﬂélgle]o% urlrgygnglg rhtap &" phase

i ncl ude a
that is the same as a phase of the output signal produced by the other oscillator, and
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circuit (or polarity swap circuit) configured to receive the output
signal produced by the other oscillator, wherein, in the first node
of operation, the phase swap circuit nay be configured to transmt

t he output signal, and wherein, in the second node of operation, the
phase swap circuit may beconfigured to produce one out put signal out
of two possi bl e 30out put signals, wherein an output signal of the two
possi bl e whHrgintansthgnabpuhagna @hths awbhadssibk dlputsdgmisabasaa phassethaf is

t he output signal produced by the other oscillator, and wherein
anot her dav%ﬁt%fiaﬁ of fheraniph §4gn7) pLasiy byo‘;l}FB r&egRlis has a phase
that is ipyga)tRdatiSusteniRaffend tHeMaRUhRipicihigRRY bR EaHNEed bP¥nd Bemore

ot her oscillator. [0082& I n_various enbodi nents, the phase swap
circuit reeptrplsignes e.6l PRandblloriclhmapbe basedwnBISKsTIjaed $Q” datg. DO and
Dl, i C . n I n B n 1 : H us
Cron o0 REEPEE BB i iR 0B, i SRR I e
conf i gur esbpfigured,he thd fist mode ef oferatper &t amaplifyttie B InhddylatddesigrBKprior to

nodul ated signal prior to trangm ssion by the transmtter 100, and,
'n the sEBRINBRGYSRS Gimits JRD. 0. BipF Feegnd madpe mwpa&o@&l@f%ﬂﬂa
prior to FSI@ﬁm%Hﬁlﬁﬁzﬁ(éfgnb%pﬁd?% rhRRSEEd 19 thd @@nsndiRer AUPTh ARPlITR YD
power anplifier (PA). 10[0084] In various enbodi nents, the

t ransni t tapowepemphlicr@Adher incl ude an antenna for transnission of

t he FSK .S i: i - 0den A0, ! . K
nmodul I?t egﬁ g?”d%ﬁgflﬁﬁs?ﬂgﬁosdé%%&%% %%hé%lﬂ%p@roa%?}g ﬁﬁ{h?’(t)gg@]de I%ﬂqitn F?gﬁ a Bo?
cont ext ofangmission of e 68K memdudatedasizaalriouhe firsmayodb eof wpekatisn, and thes PEKY

kind of a_lopgic,i.nplengnting,entit ich may be special purpose
circuitr yn%cflgaée(b?lg;gaég’sn@l? Secfgd 83?388??9?\3&?81‘ tware stored in a menory,
fi rmar e, [0085] 3A YhCodmbixnat vaeidud Bab&Rinentd irchil’ @iy BOBRRIsi®Alas ady kind

"circuit" ma?/ be a hard-wired logic circuit aor a programmable | ogic
circuit schlogl plementugalive WHECBAY G SPeciy DUEPGse CHEWHY 8 SspPeqseorg.

a Conpl e ' 4 yelg ;
gy ?%xl:aﬁﬁl?%%%tbv% sﬁﬁjecz 99H%&g{r%g%}?%r%wr%ﬁﬁ%ﬁfﬁ%ln‘g{lgr?th%%f!cﬁﬁs in

I nstruction Se mputer (RIS circul may al so be a
pr ocessoranespelmdimery, s &¢iranat!’ enayebega hamdywikéchibgitOcizhitaw rapprogrampradlyr lagic e

g a conputer. programusing a g' rtual machi ne code such e. g, Java.
Any ot her“RiSGUSF i RAEAPTEPPEF-PHe ¢ 8opdBETPIFtNE (Fene GATRIY
W || be dasaictibedet IComyueerd@I8C) phelesior roRya &Rledacel elnsthdlEios t Sed Caspler

‘circuit' in accordance with an alternative enbodinent, [ 0086]
In the cdRE¥kPTBFESTRLy-i%b ULTEHDBYY MRS 2 RIAGSSIR SEcutipg spffveace. £y any kind

;gagﬁoﬁgnofr&)&mug@g’ préghide oeh eoldphfelpr&R iR dstg ARGHLAl niFEGRaRb&A uch as
e.g. Java. Any other kind of implementation of the respective functions which will be
described in more detail below may also be understood as a ‘circuit’ in accordance with
an alternative embodiment.

[0086] In the context of various embodiments, the terms “couple” and “coupled” may
25  include electrical coupling and/or mechanical coupling.

[0087] In the context of various embodiments, the terms “couple” and “coupled” with

regard to two or more components may include direct coupling and/or indirect coupling.

For example, two components being coupled to each other may mean that there is a direct

coupling path between the two components and/or there is an indirect coupling path

30  between the two components, e.g. via one or more intervening components connected

therebetween.

14



[0087] In the context of various enbodiments, the terns "couple" and
"coupled" with regard to two or nore conponents may include direct
coupling and/or indirect coupling. For exanple, two conponents being
coupl ed to each other may nmean that there is a direct coupling path
bet ween the two conponents and/or there is an indirect coupling path
30 between the two conponents, e.g. via one or nore intervening
conponent[§088)riti6c e dhdwie b edvbemedn view 0088 rakdntitter? 26H) oxeonlitge e vatiows
view of a transmtter. 200, accor.di t o varj qgus enbadi ts, which is
Hual | nj dEroge Q! BavebiiHen Ike Rt ThS semaier T e Ma1Ge o
fr equencyfreilheﬁcty dﬁ@ﬁ/ Ikeﬁng Eﬁtﬁb eiraﬁunto %Qhw‘ﬂhyc Be BRI TPV RHH F a
generation of | at ed signal, hase shift keying (PSK)
O curt 56 umadhetsdagienel, SnGrbbiRecsHibrkeybaoPS) cireatt 230puNoRoTal dioed

I
Sranals  TAIFR 6 ROMRHR 0 00 WBRRS SLE il KH0CRY J0 AAPISH
propagat ecifoeit B8 mdyhiee &riitiged iic siries 2dith eactl dtfive sR3Kthai aic mtémﬁaﬁte fignial,

exanple fromthe FSK cjrcuit 2 the PSK circuit 230. FSK
circuit Mo rﬂ%}ypfpa?sﬁfepéweﬁ? thgjlﬁé ghowt 2ihangk the 8K ?l&fﬂétn%f’toe gcrr Fgyple

whi | e t hegfppkhCidic birduit239 (IR P Fﬂraﬁtr i3OOﬁ"h@F§I€%9@LQt b SR arttndg‘ée

transmtter 200. The transmtter 200 may be operable in a first
of oper atfirginstags ¢fribel iromsmaitidr 20twdite tthanSfISI(lrnmtlaﬂamd feing pait of am&C(ind a

s.econll% m a%gg(;f HP ?ragémi?t 580 pfh tj fSmiL iOrOans t a Pﬁﬁ gﬁd%rs? mode of

si gha ore, ependln e nD e of
transm t toperafion tdsr@yodaee @mtlftnagumed FSK ap®lubitel ﬁgnaﬂ, ﬁﬁKmt 4§ 36l tth&le of

(first node of cﬁ tion) and a %{ mtter ﬁ_ nd pode  of
oper at i orfPerafipn ¢ profpgecyrdteansgg Eﬁgf" sdgpgnat rer RRediRgon the
signal, Shéde/ ofrﬁgé’ra{?@n ahdehhsHRe b %lysﬂeQ:Bﬁ‘ﬁgurW'ﬂol efa'l?b gsrheFS?@ﬁ“Qﬁﬂuﬁade

of operation, e internedi ate signa +i nt fixed frequency
si gnal . 1608 0wdTies opartien)randia P dransmittenGeasdd I@quﬂfS’@e@h@@I- frythe first
t 212

Cnt eror At ol AR R, bty Bed sk mhRHHET Rbnaeypiaip
(the del tiRe sé0A@ MRRBUASREatoAENE iAdkfmadiste tsigaf, rdﬁ,ﬁliﬁd}ﬁb{e hrﬁp&ﬂp@éq‘g&?@n

circuit 216 are collectively shown as a S|ngle ock | abell ed
whi ch neaiakrequency interpolator), a shift register chain 217, a

mul t I pl e?%S‘{; W)FSE}{ r@¥%uif 24 030 ”g)F %l@c?ecé lpluf’s%: ﬂéﬁ%éﬂ%&? 2%9' Ltde[tg gfg?r} er

chain 21 recelve one or e signal's ta-’si

nmodul at Orm(ﬂdNElWr @EMpEaid/ ofretixach mﬁqnperaﬁyn tindudy Jia@l \amlizlomaylbm:unﬁrol&ﬂ&y
The 25 shjft %I ster chain 217 he MUX array 222 and the oscillator
220 iy ftbe &Ea/ﬁ afrgodsdtatiigsmg GloﬂP\aEOér(A§M)e¥Meﬁ1ﬂle@effFWF@Y nfpapdeion

response chF Wil )215 Arrtéﬁ:g))l(lg%fvgh;ros gﬂfﬁé l lﬁﬁ%i L%Q( ﬂ?&lelae“lﬂ"ﬂlT” which means

i nj ection-locke at or ree of any inductors.
100901 THeeqaiMyadtérputayor),ar shifp sagistarichain2a fpd mulglmelc(mwX) Tihey 2PN lh

b, T sbes 120N PEEarg bR R M ASF ST PRe o] Mok SERTS SERbAe
si gnal ) Rithkigmadoddlhior PTG 9G4 RAfr RS BEqueRB iferfldlaos cBAA 208, The
25  shift register chain 217, the MUX array 222 and the oscillator 220 may form an
embedded hybrid filter or embedded finite impulse response (FIR) filter 221. The
oscillator 220 may be an injection-locked relaxation oscillator (ILXO), free of any

inductors.
[0090] The AZM 214 may form part of a sampling circuit. The AXM 214 may include a
30 quantizer to receive, for example, a sequence of bits. The AZM 214 may receive an input

waveform (e.g. an injection signal), ¢ij, as will be described later, and a data signal or
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control word, K (not shown). The AIM 214 may al so receive FSK data
211, which may be shaped by the pul se shaping circuit 212 prior to
the AIM 214. The frequency interpolation circuit 216 nay receive the
out put of the AIM 214 as an input signal and may, for exanple, output
a select signal, for exanple one of SELO to SELII, for selecting 5 a
cl ock phase out of a plurality of clock phases (or periodic

wavef or mechntrsl wids Kwayt shiblve). AT AZM 2@ ynagQitdorreteitESK deg e cyhich may
interpolation circuit 216, for exanple, for outagttin a sel ect

si gnal fdi gpeddyniepwicosherprasieudr 2 e prigtile L dShbiH The feanensy
signals, . I oy e ifit, .regi.ster. chai
29 (e n kit 21 RN ORE D5 B1 i S S ST i e
[3888 ias i lfcbmramglet outperl mleclﬁsigrhdbﬁér phiagte one dEBRIGO SHLG, M‘«!ﬁﬁ@]{r@

1] As a non-limting, exanple e register arrangenent or shift
regi ster HARPIRITOHRf 2Rty of EECMB?S@S B el Waye OF’g§i %ﬂttglrsgfyawhech
may be acishpyat A 'gﬂﬁg V; :

i nt erpol a&t%%%lgﬁlra?lf io%&gllt%fehsl'ﬁ}emf%gl C Oel%}ieogrledﬁlggﬁg?y’r%g‘?‘g t %gﬂﬁn%g%umng
provi de a sghect sighedl dyr selypotuhg 4 clotihphasé ocperjpdid wakefdrnbiThe selés sinals, SEL

non-1imti exanpl t he, shi f regi st er. chai 17 may.i nclude a
forst' Tog bt iRy Bo piyiocy ouhe s BERIE khtinad By 85 v s EpabSin
| ogi ¢ el anRiPolatibB Coirchit € IWLEaR falsdYbe2 gon NBYfubEEdnitehe tol feletd |t EIBLIEYBASS, or
for exanple, a first nmultiplexer (MJX) 223a, a second MJX 223b, up to

a 12tR MBRIigdiswavgieEPe a respective MUX may be coupled to a

respecti i RN i : i | N, :

exanpl e, ORI e BOETERIS e X0t aifOhEeT R o pislt Altg 17
el enent @ainclude Alogiacleinesats éo togistelse whichsinaybé adivawid gydhg seBiet Signdlor
selecting a.first..clock phase or .period] eform, [ 0092] Th

osc 11 at oyt ey BRle B Rl PE crrh I eI Bk aR e v
for injegirb@fe h agikde1gy 06iald e clock BHERTF ;N ey Pedakiedingicdfiple Othe bHI&
injection signal ' Sq..; generated via_ clock period averaging. The
generldt | apgigier ¢haén 2 hi mey iieshudg yhet logy elpmenyid1Ba yesecom logircelerend 218b,
later. T Cj o ' I ' ; e
as an out Bub 14h Ml Rt B thONR kP02 HES! H06ae | Ofhipiiers, for
may be preaempleda ficst irivdtigdrict {MBQI22B&ra sebaidMPK7223b, i @O8] 2tH MUX 223c,

Lo s 00 Tl SRATELINE 2,558 PERSLAP1,E00, Tl LB s
utilized ragistar #Rdid 217. I3PAaKEMPR] Bk EREMURNEA ISy, beddhdblad 6% Yisd @kt logic
oscillator 254 coupled to each other. The crystal )
20 element 218a, in turn activated by the first select signal, SELy, for selecting a first clock
phase or periodic waveform.
[0092] The oscillator 220 may receive the injection signal, ¢in;, and may be used for
injection locking onto the frequency interpolated signal or the injection signal ¢y
generated via clock period averaging. The generation of the injection signal, ¢y, Will be
25  described later. The oscillator 220 may output an intermediate signal, diy, as an output, to
the PSK circuit 230. The injection signal, ¢, may be provided to the shift register
chain 217.
[0093] The transmitter 200 may also include a clock generator 250. The clock
generator 250 may include a delay-locked loop (DLL) 252, may be utilized as a multi-

30  phase reference generator, and a crystal oscillator 254 coupled to each other. The crystal
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oscillator 254 may provide a reference clock signal, .ref, for

exanpl e having a frequency of about 133.33 MHz, as an input to the
DLL 252. The DLL 252 may include a phase detector (PD) 256, a charge
punp (CP) 258 having two current sources, e.g. a first current source
260a and a second current source 260b, and a first switch 262a and a
5 second switch 262b which may be toggled, a loop filter (LF) 263
defined hscillawapse hiaghradode arverancdeldy sidnak; it fdreexgmpld haoingadeequency
controll %&égel ay line (VCDL)) 266. TheIthase detector (PD) 256 may
recei ve ounk$3a7 Mitzpat asinghale B Rie 2ok Hip lehk 207 mayeelyde p phates.
The del BYgcSlolck D) 266, mafgg%ﬁﬁ(éﬁ)f 298 hilfind MRy} QAL o 5! 91

fromthe loop filter 263 may ‘al so be inputted to the delay cifcuit
266. 10[ Cog4it uecep?bseandet sasond cuPglt spBEE 26Ab, widaa diest sunitgh 26R) 2843

and the 19001 LLLGT ek, 363 Ry peopbloe [unstignal iy, Lasf grmea 1

f eedback “contr o o0p suc ual ™ oop™ f er-voltage of®

the | oop dapaditer 24 dnd 28dayraiycudigllel @ voltagkt cdhirblleledebaydinday OTHSHR66.1The
the total delay of the delay circuit 266 to be at |east substantially

equal t o Rbpsecdeseor(BDH LS pRY sechicy: iyl yhentpyisigaabel the delay cerat 266 as
f . | 150sci || 5
ol oy or Aubif s el SlroyiChod By SUSE R JRRA B Blipipitenad B 103

cel I s to fiene6hinay alspbe irpluitéd/toahe ddloctirquit2s6s (or periodi c wavef or ns)
of the reference clock, $"f, r he pluralit f ¢l ock phases_pay
be di ¥f erlgﬁ%?rﬁﬁa@% Sgsiien &?]ﬁg?s%yﬁ‘? rbpiee BRI, 35 Rad e Toopy filter
exanpl e, (ngz@ Wa3l tdnibiRé RR%LRAIC tvaye] ar rRdvRY RaurselRyedichr am 4
each other by a predeterm ned interval. As a non-limting exanple,

t here mayevbeivaldoee fiigr valtags of dire lpendHeer (b AG8 pey isede or wabdise rng mayor
exanpl e St Vi o i fJ 4. 0di
vaveror mgtt B GERBAdE or 68 e JiosV AN bt Rl SRREING 0 o
peri odi ¢ chaeeabd @i npprbpching!fo bie alodR bbriste bfitheCetdrend® &tock 0§00t fHdtdrifng a
12t h ]%)eri odic waveform 4i. The periodic waveforns, .0-11, nmay be
provi ded SBEREZMUX array 222. 25 [0096] As a non-limiting exanple,

the firstoheyiteede BBt lBe Hﬁ[y,, Be AGHp¥ALRIudY 2 Pkt 't et 84k to

signal SELO, to enable the first MJUX 223a for selécting or passing
t hr ough tdeserhiersplupdini oftileckwehaedsdpnp$indid wevefevohdf thegeeraake nlenk, {2:18b

may be act, vated t he second.sel ect §i SEL1, .to enabl.e the . .
Catond moesS i ealtel ot BORE Typses oty s Bibensh okt s6n Rip dp; Biire
wavef or mr&émec ARGhEEes or exdRPI9,the pRrMAY bOpRIDEOMIRRRE aylbRRIeBHE from

t
circuit 230 may include a logic element 232, for exanple an

" ExclWsi veeckopther byaryredgteraninedintervaelys 4 eqnelimuingprunpg there payed 20elays o
as 1o ProyiideoanakaLt ShHana i gpl i Qrackap
osci |l | at or gzjs%f %uﬁteg tobt e1%é%vg%@§,0§g§§?lﬁ@§a§§gs? %n EEIEEQ%J;%
swap ci r cukfuti2dte Ssupdredid watdiem §Oa 28:bnd Thlay belb 2684 foabophuiag arsayorkie
an injection-]locked oscillator il LO eﬁ%. an LC (inductor-capacijtor)
osci | | at deriodifevdisioranpe ¥a i 19h 32!?@( L 268 {reprtpghing gni Hh nemedic
oscillati e .1 i1l ator h44 er
200 may. AR IR pBlodidfe Wi P 7S wBBREE dEERIXARIRAL ST
the FESK ri000d] 2t sedl nei-limitingosxatnple, BisKfisnIbglcadl@tlerss 29 8@ nap b ictivated by the
LTS e Ol o ShEn bR 280 MO K ISE o DGLSS, A0 AL NS, 522
first periodic waveform ¢, the second logic element 218b may be activated by the second
select signal SEL|, to enable the second MUX 223b for selecting or passing through the

second periodic waveform ¢y, and so on.
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FSK nodul ated signal or the PSK nodul ated signal. 100991 Wil e not
shown in FIG 2, one or nore buffers (e.g. nenory) may be provided in
the transmtter 200. For exanple, respective buffers nmay be arranged
at at |east one of the output of the ILX0 220, the output of the ILO
234, the output of the phase swap 15circuit 236 or the output of the
PA 290. [0100] In various enbodi nents, the internmedi ate signal, ch.;
nt, may Hamlanfvammenﬂmdmﬁenmethmm ahitt230 3ty 3dclhddza lapid cbdnaumt 234 $ord 5

MHz. [int may, be j ctl dintg.the 1LO 234 via. it hi
oy rroni . PRblecBy ERGSR R HOCITCE . oY Feras RRS Hestid D es
the frequgng r&zﬁd&nrumplﬂ@rg%%lan@nwe% citblamr a@&ﬁ&lﬂsmﬁhﬁpm Bapidag
frequencies 20 rangi ng from about to about 436

Sub- har mdﬁ itlee Yagiable qapgcéter P%méémhﬁg: ofaptaieuis¢éé ag}@lqﬁmogh@ IIfQ 8aticthey
of dil | , h r n | f ot 1]
The t Pansm Itlpé)r?szc%ftd' \S/lg&l %ﬂlséﬁe E:c‘):ggn ﬁ&&@r{r}g@ﬁ&?g H“d@’i iy el %ﬁé% i d[ugt%p
sol uti ons:ap:imlbr)acrsell]atolrrpﬂm warthbleovapaditop ABR mayas: cedfar edirigothe OSCﬂlatlon
convent i on aI r-bas 2 tions 25 which are conplex and power
consunin ﬂe‘f F‘E’ﬁ ‘tter of various enbodi ments may include

open |00F{0O9ﬁ¢lﬂ1@nﬁ’ﬁn§ﬁﬂﬂéﬂ @TOOOihaySblaQ Mluﬂ@d&”@v&& Ehﬂﬁﬁfﬁierf {EAIH €10 for
interpolator _or interpolation circuit, as conpared to conventi onal

cl osed | coplificatiana o€ dhe §iSk inensalaigs sisntlavie the Kewnogulatedi sigral (1Biay, to
wht €S e Ehisioh e i@k 306 furtl BHLS darfas 998 fm%%%ah%gtﬁs
ock may al ow p may be

injection ase ation, suc an appr oac
conbi ned KoK tmoéﬂana:ddighaitomrtheb%ﬁémoﬁulanrdergnyl interpolation to allow

di t ff h .
Comvont ot 58T e awR L FIG, 7 ot OP e RGeS e, ey oy e ivided
t he noduliatigoradinptsr 208YFd? @x sthp1by %%ch%ffeﬁﬁh@fr B Brrdtipled Stiattiadt end &1

use as QPSK reference, .the trasmtter of various enbodi nents nay use

i nj ect i orfh¢ geRPhEF the ILECG 22 cthe apipHerf tg LR 23k the @‘éf%tn‘éfyth@é’ﬁéﬁea%"?a@n
Stages  circuit 236 or the output of the PA 290.

[0100] In various embodiments, the intermediate signal, ¢iy, may have a frequency of
between about 133.33 MHz and about 145.45 MHz. ¢, may be injection locked into the
ILO 234 via its third harmonic, thereby causing the free running ILO 234 to lock to 3
times the frequency of ¢in, generating an oscillator output signal having frequencies
20 ranging from about 400 MHz to about 436.36 MHz. Sub-harmonic (3rd) injection-
locking of the average output frequency of ¢i, triples the frequency at the output of the
ILO 234,
[0101] The transmitter of various embodiments may provide injection locking solutions
that are simple and low in power, as compared to conventional mixer-based solutions
25  which are complex and power consuming.
[0102] The transmitter of various embodiments may include open loop frequency
modulation using AX modulator based frequency interpolator or interpolation circuit, as
compared to conventional closed loop PLL based solutions which have limited
bandwidth (BW), which severely limits data rate.
30  [0103] In various embodiments, as injection lock may allow phase modulation, such an

approach may be combined with AX modulator based frequency interpolation to allow
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[ 0105] The use of dual injection |ocking requires 2 pairs of external
i nductors, which are costly. However, in various enbodi nents of the
transmtter, the first injection-locked oscillator (I1LO my be
replaced with a relaxation oscillator with enbedded FIR filter for
effective filtering. 10[ 0106] The operation of the FSK circuit 210

wi |l now be described by way of the following non-limting exanple,

w t h ref edisnt motldaftdrCT his3éfere a3ddinplel 4ppradéh sk cosipared ch eomtentional @vpaidt a

frequency shift ing.((FSK) circuit 210 and a cl ock generator 250,
accor di ngmeg! il%%“gﬂ%bﬁieﬁ%‘ﬂ?@f' whi ch may be enployed in the

transmi t t[@ro40% ok fddalated olipht ShyBL ldgthér¥d, ad GERford Yot URELIBNESBse as
detector (PD) 256, the charge punp (CP) 258 15 and the loop filter

(LF) 263 Q@PIK aeleranee. the |psmrisiuef ariaushirpbadimags maydusehiajeipn dacking 22

IS repre -hy. 8 Si j n addition, sonme el enents

descr ﬁbeggfm%%t t@%@ﬁ?é@%ﬁ%fﬁ@%ﬁ%ﬁ% 00 may not be shown in FIG
3A but nel0203]idicass ofrdnal bgeqiivadenking eQUifEE[ airs bfiextemal indhctart, awhiclp aef
(0 o PR e B v h e By bl 5 U o SekdoncB
lock to exaglhloy (ILO) @) beGrfleded RATH LBt ch ostitRiod JvifMdabe@ded MR filter for

reference clock_signal, cliref, of the crystal oscillator 254. Once
| ocked, tqf@CULq_ﬁlmgnay produce or generate 12 evenly or simlarly

spaceg, cl S P&t Qi I art 3. hayi a
e L e
f r equencyfoléwing)nopflimiling ex@npleowith phzsese ((HFIGA 1A 1@ 3CrEYGbaA phows ded

to th . 222 01081 The .delta-signa n | at

(AEM < cortPERTEiT 8tacRayiens i dsvie ESkE PRl o Solgrasnener g0
peri odi ¢ aveutengr o Wiibid gmbeditheevhich dny B¢ @mbybd @Y ilietrahspetdr B0 of
related to the output of the AIM214. After a certain nunber of

sanpl i ng e PeRor sippliclly e plerly: Brabesedeiestor (g9 D8qthesbusypir KRBy
the AM 214 @BYoHY %@P?LWZ@J%@JEOIY@H@lPrS%WI?Oa@ﬁ%i]adrc]:g zgg%gn%h@mﬁﬁge

clock period that" is a fraction between 11/12Te ere
Tcl k= 1/ 1@Ry33Rkgrepireentdd bif § single ranlaplayge; Int ddditiding $vend ¢lgmertiadescribed in

ver age. P SRERTEE bt D00 520y 34 bR IGTS K S tiegie
K, of ther&eM.214. 101091 As the AIM 214 nmay produce an average
mat ches . | each different contr wor d,

ﬂfﬂ ﬁ;ty ﬁ 2@%@7& th i iioh %@%{hp ik é&?)gk éériﬁﬂtar@% thedeibinkay ‘Eltbec%li‘)‘é‘i’lf‘iﬁﬂ

20 (e.g. a voltage controlled delay line (VCDL)) 266 of the DLL 252 may lock to exactly 1
(one) clock period (e.g. 133.33 MHz) of the reference clock signal, ¢rr, of the crystal
oscillator 254. Once locked, the DLL 252 may produce or generate 12 evenly or similarly
spaced clock phases or periodic waveforms, ¢g-¢11, each having a reference frequency,
Jrer, of about 133.33 MHz, similar to the frequency of ¢rr. The 12 clock phases (do-11)

25  may be provided to the MUX array 222.

[0108] The delta-sigma modulator (AZM)-controlled frequency interpolation circuit 216
may select one periodic waveform during each sampling cycle to provide a period related
to the output of the AZM 214. After a certain number of sampling cycles, the dithering
phase selection sequence generated by the AZM 214 may produce an output waveform,
30 g, with an average clock period that is a fraction between 11/127.4 and T4, where

Ten = 1/133.33MHz (Ten=1/frsp). On average, the dithering phase selection sequence may
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5 or frequency. For exanple, may have a frequency of between about
133. 33 MHz and about 145.45 MHz. Si.; may then be injection |locked to
the 1LX0 220. The ILX0 220 may then generate an out put signal, kn.
The signal ckint nay be injection-locked to the ILO 234 and pass
through the PSK circuit 230, anplified by the PA 290 which then
drives the antenna 292 to achieve FSK nodul ati on. 10101101 In vari ous
enbodi menirsducSianiouipat waedortg iy, KjithGhiaoerap©ckstingerfod thdt hereldtodQo 2ROingst
wel | as being a clock signal to drive the AIM 214. |In other words,

the same @icgpiat! ingutiK,jof thieseM2df- t he AIM 214 and the ILX0 220. RIM

In vario 10 d er o tiaqn
circuit g?%%‘%d%gﬁl%éal% Hﬁyﬁ@\i po f“gérlb%t \Aé‘[éu‘r?]gl!l[h\?\g’ & hggtts B‘g‘n e | gach
Thr ough alifferag dogtrolf werd i€ wak e fesdlbin the gutpat Kk aalnife fadGordBclvtiz périvd
about 145.45 MHz may be gener ated with very fine resolution. The

fr equénc;ﬁrrf’é?ﬁu%)’t Emeaalﬂy Schiai RAYTVE Héreﬂ}l@l%/é?lf betyisen ehouhd3Hi33 MHzrnds,
nar  0sbag LN (R B AEDURNSE i d0AAPhELS, ABRRELPO N ORELA AN

of a frequency |nter clrcul accordimng

to vari ouﬁa}eﬂda@@umatte&n omnﬁ RiganR bl,e The Wattikl ?,L&ﬁé}l Bindctibhgock® to the
frequency control. At every saggl ing cycle o

t he Al 214
] ol TR T Seshpats Aot Bt S30 Samaliiah biheren oBeRbinh s
(o per | e MBYRLARIE), BSBRERIAL bgbhfoflel 2y cireuit (e.o. 266,

FI G 3A). Depending on t e next ase the frequency
i nt erpol 0110 Inivadoust erdidalinrenyts,Sggl; @ﬂ:tlseldrfot frgednex tiodkyred for thd)&LXOr1200asof
the overall waveform has a certain clock period. 25101131 I n vari ous

enbodi mertdl ast e flpek waral it vibR A 2 p gfher BoEtEkths ase sighel dinis
pr evi ous L%E@%Etl{éh&%@ Z@Xn&iﬁﬁ% the current clock period. As shown
SI gn

in FIG 3 e sanpling c may include equally spaced

apart cl goki lf}dgQﬁnoli%Senlilf:ﬂ[rﬂaﬁS)ttEéjABM—échﬁroﬁ&i ﬁe@hehi:)ﬂﬁﬁerﬁﬁa@on dgdit 216
ilustrated for one clock, edge), such that the clock phase or_periodic
wavef or miPdy, Be uspdto intgipolates Betivern, B¥9 glogky peredst oyl avesnsiag. Aredpengits |

30r especthyghy FoffBboleys. 3 VEBALNG&IES 45 Vi aRd, G F%%L;}a éggwrt%ﬁgey(ﬁae

that correspond to a cl ock edge 330. As shown I'n
sanpl i ng le$0dmionsil"lg¢1§’ﬁqumyy mvéaeltzn@hbbablh@gslaahedlgaplacrcmtrol wokd, &dJgthss,
330. As th%‘c’)‘@b G 3 JELe may be 12 evenly spaced cl ock phases
cor r esportdiiag OFs i gy b Vel 2% B 334, C D E F G HI )
K and L 38612) WageBar giovs &o dfoefmbnicbﬂ b Sfirdcaie sy in‘nerEdﬂaimBB)rcuiMé.gh 208y
correspond to the cl ock phases

P FIG. 3A), accord?ng top various embodiments, which enables quantification of the

20 frequency control. At every sampling cycle of the AZM (e.g. 214), a clock phase (or
periodic waveform) is selected from the clock phases (or periodic waveforms) generated
by the delay circuit (e.g. 266, FIG. 3A). Depending on the next clock phase the frequency
interpolation circuit 216 may select in the next cycle, the period of the overall waveform
has a certain clock period.

25 [0113] In various embodiments, the difference between the current clock phase and the
previous clock phase may determine the current clock period. As shown in FIG. 3B, the
sampling clock signal may include equally spaced apart clock edges, as represented by
the dotted lines (e.g. 330 ilustrated for one clock edge), such that the clock phase or
periodic waveform (e.g. 332, 334, 336 illustrated for the waveforms 4, B and L

30  respectively) may have a leading edge ([ ) and a falling edge ( 1) that correspond to a
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5S0411. [0114] Each cl ock phase 4,44 (e.g. periodic waveform B 334)

| eads a cl ock phase 4, (e.g. periodic waveform A 332) by Teni 12. The
out put of the AIM 214 nmay determ ne the desired current clock period.
By adding the current clock period to the previous clock phase or
period, the current clock period could be deduced. As an exanpl e,
assum ng the 10 previous clock phase or periodic waveformis A 332
and t he oldgitdgeB3€.hss AhdwRIMFIG 38erties sankpding lcbek spmral odyilavd Taleatly

The out pUP*A PHRTRFEA TS Athofnas EIGAE: fisrs BaY P 1 Supivrainehe
2{1& t2 22 r qfh@ieﬁ cbﬂ&p@ﬂdlﬁ%fﬁ the MavkfoRha8 832 SB B34, Fﬂbf‘genhil ?\).Afhﬁ'%ﬁd L8
correspo P@’é"‘? g%/%e@ e Faof 11%“3“’@?‘3) BkIg Iﬁeng Jediigly ma![SOI’?@HD 1t9 tbe clack phases
Tellll2, ¢1 Ta/ 12 and 13Tak/12. In this inplenentation, the AIM 214
may have hver age output of between -1 and O. [0115] As a

non- | i m t[onp BRIk mfss BoWe.£.Npdrioic WBreforin BhE34)Sikadzhd SRk Ghesko,
phase is A 332, the next phase nay be the clock phase L 336 and every

s ubs equer{? gAnariedis] welqsmas 33 Ay ch:k{éz} B ovtveef g AZM g14 magdeterning g,
cfé'm{ei? CLErenFFloat mpg‘lod?’ a"ﬁ ngﬁ,aﬁllé ctu?reﬁro%lphlgég o%nt% 39 8? Vi(ﬁl_.lls féolcgk

Therefore e wave over al perio

FI G 3B glhas @iperisd, ahmmdcmpérmdmoﬁm&ecﬂedtd%ﬁ Anwe Exanipe, /hss’i&ﬂngﬂﬂ L
336, where the waveform 338 has a cI ock period of 11/1211m |In

vari ofs SWBaeHsfeerksphass, ar periqdicc wastorm 1so{ 132 #a4 the A of the AEM %H’oeen

cl ock ph r

per od of ol b5 FRHCEORE kG473 iy el Rl BoGEbFE RN
given i npUB32:O.mherrelthe/\mItpiut df.thé AEMAR 14130 W) @k @lock @Btibd ks @0,k EGriencand
interpolation circuit 216 may select any of the 10th, 11th, 12th or

13th sucdb%reﬁorﬁethsﬁa@eg C%O&Ii@bﬁaeys £ géhefflarg/&)a?rﬁﬁa%? ASM 24wy hasieiach.
Each conty; p%getc%og Ko, TBY Lfe Y twhfahacogjg%p%ﬂgl Eéeggﬁooahc@éﬁo%q &

frequency. re uenc nes use transnt SSi on

may hisnce g/ tpenéfal e 1|§J,kmgz mdol i/t Brignhis dmpteﬁehtaw diic AZM21K@agnd
KI, 30to represent the ‘0. and |’ data. [0117] FIG 3C shows the
oper at | orhal‘i? a‘ha‘fefaeg&lﬁ’@]?(%oﬁ}?‘?@‘@?eﬁdlléf“il Bn circuit (e.g. 216, FIG 3A),

accordi ngoim) Va4 &Hﬁluﬁ[’f&%@xﬁ% feSas dowd llfl lF[Ghﬁi ineR- 1lsf éﬂokéd“&oﬁé(ﬁﬁpé &
FIG 3C shows an output Sig or waveform Q’hj, based on the

sequence P33, ke gewteﬁltaeedmey cbe kheplasle shase [paid evena velfsoquest AltB3dockl
336, A3 I 0

oor | od (aPiraindin sy SR & M8 1208 BYA MG I T e hand b gge
Tcl k-20( Tcd 332364 S1b ohl?fﬂ@&'ﬁke B2waveldmliAdy kava G4 oveﬁhm/cmlﬂﬂalen&ﬁaf H/12T .
11/ 12Tdk 8 +1 7Tdk 370 0118 vari ous e nt.s

AEM (e. g. 12? ys @S&W@%C(%{ Todirain iR ol Wy Oy E oy g&@éwﬁa

whi ch mayhbevAeshaned has Ri a&l@}éaﬁdﬁ aphsﬂqmntxn%bsuﬁ errﬂaaamq&l{socekergao
phases, such that the input control word for the AEM 214 may

resul t i reuecessivehHitldl 1éfs Jdenesel dihghosereglaple Bhdsﬁ gy cauesrayeé thmaloek signal
sel ecti on, Hﬁ%fa Sc'gr;re%n&lﬁg SERS GtioPR oL YRS R, Pe o1 15A2 80 edhBliely.

successli ve pha
25 [0116] For a given input control word, K, the AY modulator-controlled frequency

interpolation circuit 216 may select any of the 10th, 11th, 12th or 13th successive phases
randomly to generate an average clock period. Each control word, K, may result in a
unique average clock period or frequency. The two frequency tones used in binary FSK
transmission may hence be generated using two different control words, e.g. KO and X1,

30  to represent the ‘0" and ‘1’ data,
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[0119] The operation of the PSK circuit 230 will now be described by
way of the following non-limting exanple, with reference to FIGS. 4A
to 4C. FIG 4A shows a 15 schematic view of a phase shift keying
(PSK) circuit 230 according to various enbodi ments, which may be
enployed in the transmtter 200 of FIG 2. For sinmplicity and
clarity, one or nore elenents described in the context of transmtter
200 may no11'Y&IehGEh shaws-IHE. opgkfatiomt o eviedueete sigcrpalatitie cprasdak. 216,

0120] T P i it 230. i n¢l ude a ing circuit 40 i C
. o eilIG P eeSEnE SSRGS, ARl bRtk bxfiasts, fibk o
desired rmppiRg olﬂgiu\f\@%ﬂali SPWEvetorf ¢, QbiicdNd fhetRqldise 6P e Rlecfl HIRKS
Data0 (DO 404 and Datal (Dl1) 406. The PSK circuit 230 may further

i ncl ude @hessgios petiediemavefamhé 38arkm i, A2 BA36uE: §336RT FIKGR, lpaing
232 i I It
o pt i dRelsEE RloCR pEtad St ROMeRY) BRE, S YRR b EP AN G oBEr oA ©

provi ded Ep=t(liig, Jp0askl/s3&ap 361 +ABIILT 4364 2b61/127 .5 866/€ 18482 8,,GORtHIBI127,,

si gnal . A%gﬁo illustrated in FIG 4A are out of phase injection
si gnal s, OK%hnd Fhb, that may be inputted to the ILO 234. One or

both of t i . j i i : i
orA, HDRIANER SR Do B I gk SOl

f r equencyhameddHat putgute wdrdbmuay, bef dasigarditmppiek every lvebstgrant dfth dapididaks,

the rBoormltess TERERAPS dieut FEMT oad. fdnd SEM7 hany potonaan e
resonant cHIRANEDRY radGls I hveaanaye flledibe thaliesh %ﬂer%@l%ﬁ&ﬂ@&%&rﬁthe

signal, int, may be changed, resulting in changes to the phase of the
out put sild#Hean fugeessivbphasae | LO 234, thereby al l owi ng phase

nmodul at i 2 . i i - : oR-l L tin | e,
the 1 L0 TR Thel Aok e, B AT eaeh bty o OBl Ly B
resul t i rfolewingutopdimiphgsranplhawithrefeBicapaFiGS.54 LacHCotF G héAtshows a

capacj_tor bank. arr angenents be arr i.n a and . coupl ed.in
ey s PN af ® i ShbeErens WIRY Gl oo P it
t wo capacnibetineis; FGe0mh bs @fnpSreiid thePGRmAN 200 AFIGNMRYFGR sifiplicity

include a switch arranged in between the two series capacitors, where
the swi t R4 FlyithOne 6§ glosucleyents despabed rthe gpnted of frapsmeittere2(9aney gas be

capaci t orgpank, RKT ARIRARRer@RcATndPodi0dhle an output with the

requi red out put
[0120] The PSK. circuit 230 may include a mapping circuit 402 which may receive input

20 1 and Q signals or data, and may perform the desired mapping between input I and Q
signals to the control signals Data0 (D0) 404 and Datal (D1) 406. The PSK circuit 230
may further include a logic element in the form of an “Exclusive OR” (XOR) gate 232
that may receive DO 404 and D1 406 so as to generate an output to be provided to the
ILO 234 as a control signal. D1 406 may also be provided to the phase swap circuit 236

25  to serve as a control signal. Also illustrated in FIG. 4A are out of phase injection signals,
Fin and Fiy, that may be inputted to the ILO 234. One or both of the signals, Fy, and Fip,
may be equivalent to the signal, ¢in, shown in FIG. 2,
[0121] The ILO 234 may include a plurality of frequency modulating elements, for
example in the form of capacitors, for changing the resonant frequency of the ILO 234,

30 By changing the resonant frequency of the ILO 234, the relationship between the

resonant frequency and the frequency of the injected intermediate signal, ¢in, may be
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10 phase, for exanple 45 or -45. The output signal fromthe XOR gate
232 may act as a control signal to control switching of the
respective capacitor bank arrangenent. 101231 The phase swap circuit
236 may be enpl oyed to produce two possi bl e output signals whose
respective phases nay be inverted (e.g. 180 apart) with respect to
each other. The phase swap circuit 236 may have two input ports, for
exanpl e ahfingest rersrmlpug Irﬁsfhapgﬂstto AliOzhawhoitthe metputetgrabggcerted y the ILO B4,

out put po t 4081? Q %)éf and a second i nput port 410b which
may be co f)rFlé}G 1R RS MPIBAIAYt port 408b of the ILO 234. The phase
swap Ci rcjgi22]28&ai&ys cmbedinhdied, u@lenbmnmu{gr&ampw ﬂ'r%,IL(f)%4Qﬁ%3¢fmélﬁdeatwo
first output port 412a and a second output port 412b 012 406

may act a@pepﬂ@bh@lrlmrr@iggmmts,t‘@hlébmawars%fommr@tmrémmeﬁ thaherer HSuapar0
ports A1 n 412 r.odu

di ffer ent0§H 35:%8]%% gag%a%r o@pgﬁ%@%&eﬁts %Pb(]ﬁ ngﬁd Ena ‘Qafl&%oupladom
or "1") ofardllkl waachr e&pecﬁachecapwwhhagk paﬁjﬂ@myn{hg mslhabltws hagacitors
bet ween the fi i, nput $ gt 410a and the first output d;l 412a vi a
the coupl ¥¥ige ﬁela%s‘r %8 Sfitedf s odad R 1YY arersedindepisendin
the secongol el cRfcliod] MRedntle tshgich SRANE: %%Mh topmt&aélf?rbsw& s ehe

coupling path as represented by the 25 das line 416, so as to
produce aremerats‘re %mq@m baykpmpngqmeniso abio nre\géem @Wto*adptlhp mgrugad petpwiay

ot ool D Al SorDSORERNNg e She ol B8 ot 1R BOR dalC 2080 et 05 5

| i ne 418,coandl di@iall\@eﬂnﬁhlesvﬁ&ﬁmgd)f tH&FtHsteﬂWetcaﬁa];Qbr eangt ah’ﬁﬂg&ﬁelhﬁt out put
port 412a via the coupling path_as represent ed by the dotted _|ine

420, so a913y Tﬂredaﬁ&f‘es‘aae éﬁ?}ﬁﬂz%ﬁrﬂ’}i‘dt esIgpaYed torfrodugentivo ppssiblg, gutput
ot | out 2 nghafaykose r%@ gjﬁﬂkésfrﬁﬁ %Tvgf‘te&l'fé)% ISQQéEQ'Q Wit f’es ect to eacih

non-limtinhg exanple, ono val ue o n 1 nput signa
(615 r eceitherdTh¢ phdse sfwrap sircuinBi6 nporiiavd 19a imfut tphets, rfoas:eans;yla[a fostr iprott

220 O A A Bl SO0 R EG SHUBLER

havi ng t hepa ek 4085@idsmdy B coupledaliatecdm@¥bubfit f6vd ROEHof 1Be 1X® 234. The
second out put port 412b, via coupling part 418, to produce +(m

havi ng a 0¥ %sewtmarrcurfsﬁw@yta@@ ipelgdofve Guirt Ppader exanply 2 st Ry,
based O”np%?t%la%nd@!sé&m% 1280 input signal, 011,2, received at

t he seco nput port 410 e phase swap circuit 236 fromthe
second ou0pidl Iplor6 408h aof as raecdnLtDl Xdghal maycoonlccmmﬂmgi lepw¢eneths einpuatd

Cant Poderad i@ . Bp ARG RELhoE DB b C5 TR bup il ¥

port 412aexampa baxed bh lge pad (42 G0~ bf)“p*)@«ﬂmenos rdsediay ogling PARS tnay
that is inver ed (,(180) to the phase of 42. Therefore, the sw.tching

t hat occmeses lished bohess GGdpstapprgart 44l wythﬁé‘lrﬂs@aw FgEther w fhfr

the 1LO t e eflde
[ 0126] Tﬁ%ﬂ%}?}%sgaﬁogsoﬂegﬁe?% rﬁ&*;%?;{%? g%%g e, 4132 EPeSULfithl £l

be descr i foeict 1ib tand 18 sashrd en'tpet pot EIZh Vlche Fd)l@lmg@aéh@/\sppb@lt@i H}Bthe

440 i r.ati.n eeffect nodul ation through nodi fyin

the o8 1 SRR Prsdn Blrture 2 PRESReHEReD o rrar e appine pihs
accor dl ngni b/ @sdblibtFedeEBAstn RNt inphit %d‘h 0B 2he tmbém@tfpe& 4108 viaL O
234. Plot 430 shows the relationship t ween the out put anplitude and

f r equencythe apnnliag pagy avupresensok by ﬁ‘éﬁ fetiedtlingrisi8i pndhbetieemn therscengt lpgl@t
h hi
Pho 1 Lo 25t 4106 Bd RGN s Sk OBt koD B Bl S RE Yo

+i nt, thdireulpudo phapeodute ‘arsecohﬂ@uaﬁﬂslgw (bgo)el.grand ved nh?ayliaheaphase
di ffer ence _between the sel f-resonant frequency of the LC tank (not

shown}® wi 4iffeangerd 180 234 and the hannonic 432 of the injected
signal, Sint-
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[0128] As illustrated by the solid |ine curves (434 and 442) in FIG
4B, by controlling the 25 self-resonant frequency (denoted by the
reference nuneral 435) of the LC tank to be | ower than the harnonic
frequency 432 of +int in such a way that the LC tank signal 434
coinciding with the harnonic frequency 432 of Sint |ags behind
(denoted using the reference nuneral 444) the harnonic 432 of (km by
45, an oufop28] A¢ @mhah-liryngxlnipld, baddd grhasevabid 1t D1 @06t Aieinpithegnal)anng,
as illustrated by the dotted |ine curves (436 and, 446), by 30 nmaking
the sel f -Teeriviaaitthe {5 e Poit dd Ao PE thepshase wvanelEnima8 framniticafirstayput

hi gher 1N aédicoe TPO! S8l il datidt R Bﬁ@hgg,i A8abustil

coinciding with the harnonic frequency 432 nmay b aﬁ%ad enote
usi ng t hepartefldy enpedneentzy@havidd theofantehghab@asdini, or $i,gmal beycodfled aonthe
out put_ si gnal, phase shift becones +45. Therefore, by changing the

sel f - PesoWERitd PHRHRACY 0458 RHEIINEGA HFS. ip@radecs dmi hayng ffarbigse that is
di ffer enc‘iﬁvéﬁed?(?gq Yo l?l?e g?agé %PHJ%C.I Al%{%n%é%u%{eo Hﬁn%l?jér%ﬂ:!g'of-rﬁ? 40?1 an input

sel f -resonant ency an LC ta I fied throug
capaci t orsigmat ;s wkdcthtidng theascomdrihpud pod @36l ofe phak@ 3291 cVIif D36t enrce
to FIG 4A in order tg gen our phases required for EPS

rate all f K
modul at i SO Re| 48R pt @P%Qi%ﬂ(@ay b reni gdyto dhgsscend quipyt portd 2hmy
be enpl oy, it as i fh .t uf put s gna
rencer Aot SRR FBCHEE 18 phiths BU0S vl he'samb e hPU, B 8Py be
i nverto t heuplkdse tlof fitdeunpat ptred134, giakoupdiag tpagt 4200k phdutenp e hedng a
internmedi ate signal Tint already with, for exanple, 45 and -45 phase

shift (compes ©at WieYPreRd EF) i thaphinsed dnot Therrborenthe swilghiag giwapequnst,
o Loy B, Pl AP SOLAIR ARG 1L B
enpl oyi nghiast ¢f thaP3icirawit BHnks (which is incorporated inside the ILO
234) and [E)Tfﬁ] The phase modulation principle of the PSK circuit 230 will now be described with

15 reference to FIG. 4B. FIG. 4B shows plots 430, 440 illustrating the effects of phase
modulation through modifying the self resonant frequency of a LC (inductor-capacitor)
tank, according to various embodiments, which may be applicable for the ILO 234,
Plot 430 shows the relationship between the output amplitude and frequency, while plot
440 shows the relationship between the output phase shift with frequency.

20 [0127] While the output frequency of the ILO 234 may be locked to the harmonic 802 of
the injected signal, iy, the output phase of the ILO 234 may be determined by the
difference between the self-resonant frequency of the LC tank (not shown) within the
ILO 234 and the harmonic 432 of the injected signal, ¢jn.

[0128] As illustrated by the solid line curves (434 and 442) in FIG. 4B, by controlling the

25  self-resonant frequency (denoted by the reference numeral 435) of the LC tank to be
Jower than the harmonic frequency 432 of ¢i in such a way that the LC tank signal 434
coinciding with the harmonic frequency 432 of ¢i lags behind (denoted using the
reference numeral 444) the harmonic 432 of ¢;n by 45°, an output signal may exhibit -45°
phase shift. On the other hand, as illustrated by the dotted line curves (436 and 446), by

30  making the self-resonant frequency (denoted by the reference numeral 437) higher than
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15 phase swap circuit 236, +45, -45, -135 and +135 phase shifts, for
exanpl e, for QPSK nodul ation may be realised. 101301 As a
non-limting exanple, an operation of the PSK circuit 230 may be

i npl ement ed based on the paraneters listed in Table 1, which may
result in different output phases depending on the respective

conbi nati on of Data 404 and Datal 406. 20Table 1: Datal Data CQutput
Phase 1 1thdBarindhic 48nf) 432 so that the LC tank signal 436 coinciding with the harmonic

frequency 432 may be ahead (denoted using the reference numeral 448) of the harmonic
signal by 45°, an output signal phase shift becomes +45°. Therefore, by changing the
self-resonant frequency (435 and 437) of the LC tank, a phase difference of 90° may be
5  created in an output signal. The self-resonant frequency of an LC tank may be modified
through capacitor bank switching, as earlier described.
[0129] With reference to FIG. 4A, in order to generate all four phases required for QPSK
modulation, the phase swap circuit (or polarity swap circuit) 236 may be employed to
introduce a 180° phase shift to the output signal. Hence, the phase swap circuit 236 may
10 be employ to reverse or invert the phase of the carrier signal, so that for the injected
intermediate signal I, already with, for example, 45° and -45° phase shift (compared with
the original phase of the injected signal Iin), an overall phase shift of -135° and 135°
(compared with the original phase of the injected signal I;,} may be achieved. Therefore,
by employing both capacitor banks (which is incorporated inside the ILO 234) and the
15 phase swap circuit 236, +45°, -45°, -135° and +135° phase shifts, for example, for QPSK
modulation may be realised.
[0130] As a non-limiting example, an operation of the PSK circuit 230 may be
implemented based on the parameters listed in Table 1, which may result in different

output phases depending on the respective combination of Data0 404 and Datal 406.

20 Table 1:
Datat Data0 Qutput Phase
1 1 45°
1 0 -45°
0 0 135°
0 1 -135°

[0131] FIG. AC shows a plot 450 illustrating the phase of an output signal of a phase shift
keying (PSK) circuit, according to various embodiments. The FSK circuit may generate
at least one of an output signal 452 having a phase of 45°, an output signal 454 having a

25  phase of -45°, an output signal 456 having a phase of -135° which may be phase swapped
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135 0 1 -135 101311 FIG 4C shows a plot 450 illustrating the phase
of an output signal of a phase shift keying (PSK) circuit, according
to various enbodinents. The FSK circuit may generate at | east one of
an out put signal 452 having a phase of 45, an output signal 454
having a 25 phase of -45, an output signal 456 having a phase of -135
whi ch may be phase swapped fromthe signal 452, or an output signal
458 havi rfgpma tl’pdﬂgﬁl 652, b3 o whipahsigiy 45& hplias e phasapp ¢85 wikith idag bsiptasel
454, [0132] ari ous epbodi nents, with reference to FIG 2, the
first sté@@Pﬂ¥1¥ thesighehfit er 200 may include a AE based FSK circuit

210. The | blszgtmsmgﬁs B JdRfitdiCwRh RIRERY! (€ FRGAB; rméitﬁrat %91 ¢ of fhe
frequency reference. By applying AE nodul ation on a del ay- gked oop

(DLL) nulttansiplies 200 mhy neoheke 252 basidfHSEK einduitditOpTihe firse gtagn magsncﬂmy: dre
generated by aver i nterpolatin bet en 2 reference clgck
peri ods. ArAVigs aé’-}*g?fﬁgﬁlﬁﬁgd@%@f’%u SPTdice- é”i“@n%@ L”HPH &8 aagfﬁay'

fr equencnoéﬁﬁ%gﬁq@ml Ugh]ti ﬁa%%émnééqkz NG, FTRYt %%tp%mieau&f&és%w%ce
the effects of thering. Two |niect|on 'ocked osci'llators may

generated by averaging and interpolating between 2 reference clock periods. In order to
make the noisy dithered signal useful as a frequency reference, dual injection locking
may be employed to reduce the effects of dithering. Two injection locked oscillators may
10 be provided in the transmitter 200 for effective filtering. In order to cut down on the use
of inductors, which are costly and occupy a large area, especially in the low frequency
regime, instead of using two LC injection locked oscillators, a hybrid FIR technique with
an injection-locked relaxation oscillator (ILXQO) 220 is adopted in the first stage as a
substitute for one of the injection-locked oscillators. Unlike typical digital finite impulse
15 response (FIR) filters, FIR filtering in various embodiments is performed in both the
digital and analog domains, where phase selection is done in the digital domain while the
selected phases from the MUX array 222 are “summed” using an injection locked
relaxation oscillator (ILXO) 220 in the analog domain. This approach is different from
conventional FIR embedded techniques, which for example use a multi-bit charge pump
20 as a summer, where the injection locked oscillator 220 in the first stage may provide
additional averaging/filtering benefit. Compared with conventional phase-averaging
phase interpolators, the relaxation oscillator 220 of various embodiments may not
consume additional power for each FIR tap, thus contributing to further power savings.
[0133] The second stage of the transmitter 200 may include an LC injection-locked
25 oscillator (ILO) 234 as the other of the two injection locked oscillators described above,
which may be used for multiple functions. Besides providing additional filtering at the
output, the ILO 234 may also multiply the generated frequency from the first stage up to
the desired output frequency through sub-harmonic injection locking. As the output phase
of the resulfant signal may be determined by the free running frequency of the ILO 234

30  and the frequency of the injected signal, e.g. ¢ins, the output phase may be manipulated by

26



10 be provided in the transmtter 200 for effective filtering. In
order to cut down on the use of inductors, which are costly and
occupy a large area, especially in the |low frequency regi ne, instead
of using two LC injection |locked oscillators, a hybrid FIR techni que
with an injection-locked relaxation oscillator (ILXO 220 is adopted
inthe first stage as a substitute for one of the injection-|ocked
oscil | at moatrollingitk@rdsyma}eqdélgb/tcﬁl thé ThOt 234 Hents ehise medyletiee méafy1H)

filters, rlous enbodi ments is performed in both

the digi tlﬁ?‘fé GSIE’;tlﬁéVglge %m cé’r"E(f Y% selection is done in the

di gi tal qor] HIHMIFSIQ’QPBK selacsede @ﬁamef bOMANR MIKdRFdnBY waLRoR R
"sumred" using an injection_| ocked relaxation oscillator (ILX0) 220

in the arflgsaipedonith refergnpedo EKpY-dadh and 448i fferent from conventi onal
FI R enbe t

U 30 20Tl I G Re ARl B B HITEAE Tt for UshoBRORr 8
first stegK mogdulatedvighel, dbidiQPSEnaintal dataditsglD1 iahd 60, mgpydtenisdld tonstant.

Co th t I h - ir h i Nt | at th
e etbar e Dom 2gy o be e dhe <Bisith M enely Y. oo duy s AS
addi ti ongh, RONES 2140 Frne ae kR E@}P mdyHS dERRLINDYy AR &801%6& Bﬁ&l?eogw

savings. [0133] The second stage of "the transmtter I nc
an LC i nj recdvlaor Ib‘lclhedarZ@scmﬂ:oﬂhmnm tHel ADmBhtias rﬁdyebeoislaelto afterpblate

ion | osc IIa s descri.bed above i ch be used
f or ﬁﬁf%eel‘ldﬁgﬁi fi‘é@ n}ﬂycgwedquf?gtogu%ﬁn{:qat?ﬁg?eqpm 0Ythe
output HB@3BH@H2%ﬂdEﬁﬁuQHSQSﬁMHEVWhﬁnHﬁ%;ﬂ&%%ﬂ%hﬁﬂlFﬁﬁG&ﬁBQMd&ﬂQH%
the first stage up to the desired output Trequenc hr ough

sub- har rmth¢ gecppd gagd be ILOCId4rige lmﬁundH@nnmlpuhe phmtem@ﬂr havigen pkng|rengst
si gnal Qﬁvegﬁra@&fm?@ﬁﬁ@’mtaﬂ&t 4%%%6%9' ng frequency of the ILO 234
30and t he requency 0 ectéd signal, e.g. +int, the output

phase nmay0bds] MK aicdd, thy Azsmﬂﬁlaiolrlcn@udlheorﬁ;aslomtbef fieguensyviaé a
the ILO 234 nce, phase npdul ation may be made_ possi bl e by the
secont? sti&e feaPeRsyi TSHerangeidmmg The é&@@ﬁ%ﬁé@@%@%&e SR Galibyaged to

transm t t]ﬁ’é\u@é W@Edpﬁ)&%r ﬁﬁ@@é@hfﬁ%@ﬁssdé%ﬂlgedrhg%@@hlgﬁ%ﬁﬁ/'gﬂfeq';se% Kb output
reference to 5] I'n order toO use

transmt tpéuasezotnataise 891 aPBH whe@rigdtetlttev?mﬁ ofhet phans mivars tiogwitod3 6anF>Sla(rowde
modul at edadﬁlt%ﬂ@l haée@?ec;lgp%i(bg@%kolln%éju%%}%nbo mVerﬁré% e ¢ bn%to h%haé% r%{l vgrlous

const ant requer

word, K, a‘nﬂ:rodtdthmQHSm(ar@ﬂata,lég Dand D&qmmymsdl&mﬁr&y chygacitor bank
determned by t resol ytion of the AE nodul.ator In variou
enbodiimereLing: Rethad dor( 2 B Phasy Shap Gee! +35 rms@eﬁ& 4 pEhagynpleh

11/ 12 TakppodsKGroduttibgN may give rise to a generated frequency

bet ween about 133.33 MHz and about 145.45 MHz. When the generated
si gnal i J013ldetvdens eebadimenis sluphigjestion letkingagey bepravged3d ephaatetas

third har

200 ht (ST oSt Bifac Rt Sty IR0 GE1SERG: HERIED naREHr
control vinfectiorkpckiny mag bk iditbeled andplage eieora that malyi needt rhayedpgeddethe error

o ovi o, 1oL ARG ARkt BKBCO S Hasr GO AP LM MR ive
rise to WO pRYARHy FRases d&ta%émgroﬁta%féﬁ oB R eci@Rideocked to ", ,, d.
The phase swap circuit 236 may provi de additional phases reqU|red by

QPSK noduP438] dn bptp mpdesrafiongratipe fasuhe trenspridere the genratefl Gigpal, being either
embodi ”Eﬂhgag]iﬁ%ﬁ%d [sRndPHR th€ - #K FD AP LignTPYm&P Ve ayRELH e

capaC| tor
antenna 292 through the power amplifier (PA) 290 for transmission.

30 [0139] As described above, the transmitter of various embodments may incorporate a

dual FSK/QPSK modulation scheme architecture based on injection locking. In other
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20settings of the ILO 234, and the phase swap circuit 236, to
generate 4 orthogonal phases for QPSK nodul ation. [0137] In various
enbodi nents, dual injection |ocking may be provided to generate an
out put of reasonabl e phase noise. Wthout filtering, the reference
frequency used for injection |ocking my be dithered and phase errors
that may result may degrade the error 25 vector magni tude (EVM
measur enewtrdgf the hieartsanes ninhy esupRGo0 frequargl drer pliadd modul@ase schemes, and

probability of correct dat ei ng obt ained on the receiver side.
PO998T 1 ot RIS T Oa Re e PEr G by FE (AL by el 4 ebiedieda
signal , bERMRWihekicttR IERGPBS hakedsignal or the PSK nodul ated
si gnal , nﬁ\é‘! be relayed to the antenna 292 through the power anplifier

(PA) 290 0¥A01tAddiigrakECniecti| logkdng may be seavired éajredes dithetipg from the Ist
transmtt 0 g Woll] @m? n - E

nodul glt [ os(r?\argseb e&e%%&rgcﬁ ec gﬁr% zgsle 18}r11 rb%%jhg@{ i%éﬁbﬁlggt({%\hg ; é}%(gc%? hl%éﬁ
words, t Hechniquessusddeinstaal oSappOFIL eguede yifestive fiiasieg rffeel] atd oiving

schenes, .and. i ncorporatin n injection-l.ocki ng approach., The .
transmi t tBFUSRES ) e Rressal Biibuahd Eﬁ%f{clwf‘icmfg WY e HpREAT 4vgided:
for dual the§&e@inkicbitend Bip atddiededAd didohidatelifchichirgCt i on | ocki ng may

be required to reduce dithering fromthe 1st 5 stage. |n various
enbodi merP¥41 By wrxding drrcoSequenat Hrd Reppmaddaignshthe gisdiedere f Rarious

t echnjque,,|i | nst 0. | ' f il ling
ef f ecfto, gerllIll g g?/%%g{ﬂggcﬁglgo@é p?t?alitsﬁgétlf)c? g%:ee\ggl.rl gyérgg-tﬁ ﬁﬁgp\%&&wﬁ?gjd&g@w&

i nduct or shapgbpnd provessing and dnadul Ao gdmdhaldnking requited dorcths tfcoavenitionn] iaerea

necded | GECANIBIE HANCLBR hBihe B BIRGELR (LA, LsaRY
architecture of various embodiments to support multiple standards.
[0142] In addition, the transmitter of various embodiments may offer very high data

15  rates, which may be constrained only by the practical limits of injection lock time and AZ
averaging, unlike closed loop systems such as the conventional fractional-N PLL, whose
data rate is severely restricted by its loop bandwidth. Despite being an open loop system,
the transmitter of various embodiments enjoys relatively good phase noise due to built-in
filtering compared with some of the existing open-loop systems which suffer from

20  frequency drifting. Moreover, the transmitter of various embodiments has flexible
frequency selection, thus enabling multi-channel support, especially in the congested
spectrums, unlike the rigid system in conventional transmitters, for example having the
injection locked ring oscillator (RO) with hybrid edge combiner/power
amplifier (EC/PA} architecture.

25 [0143] Furthermore, in various embodiments, by employing injection locking, frequency
generation may be performed in a lower frequency domain. Coupled with the use of low
power relaxation oscillator in the first stage, power consumption may be kept low.

[0144] The design of the transmitter will now be described by way of the following non-
limiting example. The transmitter may be implemented in 65 nm CMOS, where the

30  simulated power consumption is slightly less than about 2 mW. The full system or

transmitter archjitecture may occupy about 0.23 mm? of active area as it does not have
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10 enbodi nents nmay avoid the pitfalls that conme with system
conplexity like additional baseband processing and nodul ati on gain
bal ancing required for the conventional m xer based architectures and
the 2-point nodul ation PLL solutions. This versatility enabl es the
architecture of various enbodi nents to support nultiple standards.
[0142] In addition, the transmtter of various enbodi ments may offer
very hi ghanygiassivelibduchdras, thevbhip IRy stevscodis phatd 160 obanirynshyttdrhecording

ractical limts of injection Lock ti and AZ aver.agi ng, unlike
EI osed | d8p &ifst e"r?%bc‘éjﬂj&?f“%ls‘gf ﬁgo‘é’BnW_eEfqo afhes FraRsmy aP’-%KI Bride thége
data rat embSuInEVEILh e §38dked iy (PYL) EfcdionR, Danginidih (vPsaRIhLE s661.ng

an open |l oop system the transmtter of various enbodi ments enjoys
rel at i vel §ltqgycappciprarenaones S88antinjegtifintlpcked relakationiosgllaton{IXREN S tan
some aof t; |8t = t which suffer f. 2
Frequancy P PREAEF SaILAaP (O FIRTNEY, Sule Shhl b b s mavrs
has f 1 exidmmiffer RA)FIGYy sel ection, thus enabling nulti-channel

R it e e
| ocked riRg, oSk fRBWHg ARDAmiting Rxdhyhied. d edge combi ner/ power anplifier
(EC/ PA) architecture. 25[0143] Furthernore, in various enbodi nents,

by enpl oylOhpli Hieepttpeinsiestianghe fnoaguamplifige fBAhtof on tmeymiber p€rvadeused
Ina JOOMJmﬁoﬁﬁﬂ%?Qﬁ% dﬁiﬂgglétr}nocfég%? '088?8{%& Be tsﬂ&w&’?neFRﬁs.'aﬁktWarfﬁoé’ErHG 6A
relaxation oscillator inthe tirst®stage, power consunption nay be
kept | ow.shp@344ploT 660 ddsdipnlact] ddyentt spactant tat elic powér mopifiee (@3 wutpred

by way of. the follJow ng non-limtin | e. e transm r may. be
ol oment UGS SRR SED G e CRE bt dBBR BoniTiot PER S s
slightly fr@mendyhstpadlionof AbSM 1 Mgz, fwhild FRY. SCERRRGHs h 2R SEYot dfedimulated

archjitecture may occugy about 0.23 mm? of active area as it does not

have anyouse SPeAEUmRiee BeWITRNEHIEICE (R 4D, ouput, depicsing WAPSK anode phenesat®no
of a {s angfidalaGhee (BRG AT Ibdtd 20 ok QU GO SabofiS1 FRY The &k G
5, the transmtter y 1 nclude AZ ul at or , a delay-1ocke

| oop ( DLUyequemaesi ¢hos@t foratheuF3K. pind x@P S Mubdes aare apo0€04.5a MEL tagd about
(xR0 et PR A o Per R e an o ot o P Mot Godydicg
swap Ci r cyhém&lfay BEdupbopedvdy; tisRhnshiitdr (FRAY oRlémbdddhdR], iBhsiatiad FOR

and neasurenent: results for the transmtter will now be described by
way of t HEd{FIKmedyangncappbiitiesng exanpl es. [0146] The out put spectra

at thg poues71amel isC SowsPAb1T628 Jif GREMRtet @EulR in¥@Fi8 She effects of dual

injection locking, according to various embodiments, highlighting the need for dual

injection locking instead of single injection locking. Plot 620 shows spectrum 622

obtained at the output of the relaxation oscillator (ILXO) with FIR embedded filtering,

after the first injection locking, and spectrum 624 obtained at the output of the injection

25  locked oscillator (ILO), after the second injection locking. The results in FIG. 6C clearly

shows the suppression of the high frequency noise and the side spurs which may be the

results of AX modulation noise shaping and use of sub-harmonics for injection locking,

thus improving short term jitter or phase noise. The arrow 626 indicates the desired
frequency.

30 [0148] FIG. 6D shows a plot 630 of measured results illustrating the effects of finite

impulse response (FIR) embedded filtering, according to various embodiments. Plot 630
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10 enbodi nents for different nodes of operation are shown in FIGS. 6A
and 6B. FIG 6A shows a plot 600 of sinulated output spectrum at the
power anplifier (PA) output, illustrating FSK operation at a data
rate (DR) of about 1 Mops (up to 5 Mops) with a frequency separation
of about 1 MHz, while FIG 6B shows a plot 610 of sinulated out put
spectrum at the power anplifier (PA) output, depicting QPSK node of
oper at i orshtls atesalt daia foat mefdiidd qfhasdb aisise?2@t Mhps oopuia oy nixo| rekafitidn
(SR) of about 1 S...The nter fr enci es chosen for the FSK and
QPSK modcEeleT 088 “siot® iReredace BHEzn 50d SrRp &é‘s%éd’i‘?a\?‘@’le Phage
nmay be obgpeVRehd Suthiht@?. thd feldAflod Bscillibd (10KO) RAUFIR! &RhdAE &ITBIEndTRY
be supported by the transmtter of various enbodinents, illustrating

FSK and PsKbepbsredi the HBpushediled Elerinpomay alsp heipGo waashewsparess de
550 of s ; . e . ey
020, 13, ML BRI BHLL o Kby SLA 1AAADE (PR FabEuEle Bl uSHL Y,

dual i nj eofectoom loddkg ayproacht ead of single injection | ocking. Plot 620

shows s m 622 oht ai ned_at ut put of .the reJ axation
osoil ] at ﬁﬁ‘ﬁf ARTOWAR TR %@ﬁ%%gﬁd%m%fmpﬁ% spegfra § O s enplis of dual
i nj ect i oNnjeosdsi I06kin@BRY SIFE6fhbetled £k RS, SVHIAL 18]y dien RNk high frdghency

injection 25 |locked oscillator (1LO, after the second injection

| ocki ng. TPHRE SPRI¥ERSIO®- in FIG 6C clearly shows the suppression of the
hi gh fre j S| ' e

nz o A7 PR SRAOR, & bl Smelbenit dh o iRl \faf ESHLIR 18

| ocki ng, powgs compared itongorsfentidnal erchtgctirese rvVanioup babedinents ef tHheamntioa

626 i ndi cat he desired. . 30[0148] FIG 6D | ot
530 of  maRu A FRERE BT M OBt P fAROLr Y gpaaiersy: Putler gL disd
response dpkh RlopafiRadrg; %'&ﬁrr'ht@%f 38 S04 TP IR0 alYBE 120 Wb RBPPRRAS.

Pl ot 630 shows result 6 for measured phase noise at the output of
t he rel axamolwionorcaboptat.824 kHe oy FRKt Kourover Roesibwtide of faboutel 9 mgl; &hd

resul . 6 r .ng| . t I, tion
oo 115 Ao EP PR ot B R T 28 el BBl ¥l -Mad (b T Bl
the FI R entpedd@dibbud #80i ng368y BIH0 MI€ISHSMWBAINAI(T) @hassupid dsguédeg 5
hi gh freque .hoise to,s extent. However, it n e as .

ot Poct | ol omS shso R Dt R R dloftoub ko TAG) PSS Rgi ot
FIGS. 6C E@Pﬁ)xﬁﬁ}telyh@O@HBé/FEWQQ\@H@@HE@ (SdtavtddNBorl @RRd1hh) Of 1051 BRcess
injection locking and FIR enbedded filtering, which clearly

denonst r dweedfingyna M oy (o pewesimmmf 823item.. 10[ 0150] The
ar chi %ectmiﬁé%n%ag érHH?diﬁ@Pngf‘fE%WaﬁsnEﬁﬁXﬂQ?y 54 198 60 B WY, A0 e,

| ess power conpared to conventional architectures. r
enbodi mentagowbartdhepplicanensi ithr renenyfigueablte Siegnedy f orxd phasei mbdwatéono(e.g.

rodal at i NBAPSSOSH 8° AT Bebimnbmiugt Bakei o Sp5n Tl s
(3) resolufiitlonmay adpout AifR2ht Kodh@fior Sithernds. TRYE fra @GR QB

about 1.9 nW _ (5) 15 power supply, Vvdd, of about 1 V; (5) energy/bit
of about “nhedinentsynagalse pejuped §6Wl$kén%réﬁ@ynlpaéwgéYﬁfma Gkamplo 10 low-

436. 3f '\/E%“M' G-t 'licz(tiaw.pﬁ?cs?ar% tdr" SHISRGY e%?&ikﬁhﬂs%ﬁr also be
supported; (8) transmtter power of about -5 m phase ol se of
appr oxi nmesughbje fol @briatibe viizlest antl/dvividarablefdegice est i mat ed from

il at | 9903 G Qholla OB HpRRR0H e CRBBERE: R A NanBSHel A L8%0.2"
embodiments may be carried out to include amplitude modulation to support additional
modulation schemes, for example quadrature amplitude modulation (QAM), etc. In

30  addition, in-band noise reduction may be incorporated.
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20[ 0151] Various enbodi ments of the transmitter may be used in | ow
power, nulti-channel, narrowband applications with reconfigurable
frequency and phase nodul ation (e.g. WBAN 802.15.6). In addition, the
transmtter nmay be used to support multiple standards which may
require different nodul ati on schenes. The transmtter of various
enbodi nents nmay al so be used for wreless conmunication system for
exanpl e i[0133Whidsthsamemntibn basestnqalticajmplyisbewn end desthibed weh sefetetes toof

vari ous enbodi nent s. ma | so sui tabl e for, portable wreless and/or
wear abi e e Subodg PR & 3R HhdsE gl iRt kit g Vst FRL aBRG0
to the trohmsdes tih €m0 bnd aéthi0 W yehdREldTeREdN Kﬁ&oﬂ&&ie‘?aﬁmgﬁﬂ)n@‘ﬁe §prit and

i ncl ude anplitude nodul ation to support additional nodul ation

schenes, SFoRe xhppIventiome dalined by thy rpgeded fRImE at ieossoppivbhe Lyegtion i
30addi.t i i A j ' j : e .
T 1 et ha Y 3 O | R SR S e S B i
r ef er enc entl gargp et equivalenthod theeidims ajet therhiond dtdndediioderestbomddby t hose
skilled in the art that various changes in formand detail my be
made therein without departing fromthe spirit and scope of the
invention as defined by the appended cl ai ns. The scope of the
invention is 5 thus indicated by the appended clains and all changes
whi ch conme within the neaning and range of equival ency of the clains
are therefore intended to be enbraced. CLAIM 1. Atransmtter
conprising: a frequency shift keying (FSK) circuit; and
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5a phase shift keying (PSK) circuit coupled in series to the FSK
circuit; wherein the FSK circuit is configured, in a first node
of operation, to provide a FSK nodul ated signal to the PSK circuit,
and, in a second node of operation, to provide a fixed frequency
signal to the PSK circuit, and wherein the PSK circuit is
configured, in the first node of operation, to transmt 10 the FSK
nodul at edCEAYM&lI , and, in the second node of operation, to provide a
PSK nodul at ed signal based on the fixed frequency signal received
fromthe FSK cjrcuit.. 2.. The transmtter as clainmed in claiml1,
wherein iln t he* FAPOPCREQEPHFNg er ation, the PSK circuit is further
configured to Jupsmals sBiff KSR ; SK nodul ated signal. 15 3.
The transmtter as é?éined in cF??ﬁ%?%ﬂﬁﬁgrein the FSK circuit
conpriSses: an addesd shift byyirgANSKe girewt edyplepdisaries ¢ifhe FSK circuit;  wherein
t he oscillator;is.: fradred far 1 RLechi.on- i reqguency . of
t he FSK nodul é}rﬂée?iengﬁ%n% oF Q%IL{(;@, cfo:nﬁ gggé’rlg%u%ﬁﬁléog‘?aﬁéﬁ&t‘%ma%fIr?rgglﬁggicy
of an i njESK inotulsied nahal20ttioe PEK icirpuit, taad] ih atsecdnden@keaiflopatation, té provive

transmtte claimed in claim 3, whergin the PSK circuit conprises:
anot her c?sf[&’fea&‘éiaﬂﬁ?mé'él%‘f‘]eta tl}#ﬁ%ﬂrggt, Fr&Ft he oscillator to receive the
FSK nodul at ed vHegdikheOPSK BRcit XQEnfifBel SN SisOMdle oPHFkritRnPloAgHSRItaN
out put S|gnal 25wherein the other oscillator is configured for

i nj eckdi oribt 58K mgdelated signaly radcjn die sasend; mogatof sapgrriibn 9 prpeide a PSK
frequenc : J I - : i :

5 the t Pt IRA e 6l % SRRl FanbriefAIRITREK AR, |
first node of operation, the other oscillator is configured to 30

upscal e the fr, ency. of the FSK npdul ated signal .t r,oduce the
ontput sinal i dnsin as clgaiesin AR 4" Wi Rt hd BUg Pt itelie o
t he ot herPIES6itdulitat RirtheScon@ighied & @sbcile a R Yercl Sf R FIRAMbdifl4eAsigmay i n
response to a control signal to produce the output signal, wherein

t he oldt put signal has a phase determ ned based on the frequency of

the fixed freeyeRcHsmi@Pal c1Afdd il @aihef WNRMn RNt RbmbA&sOt her

oscillator, the phase being
an oscillator coupled to the PSK circuit,

wherein the oscillator is configured for injection-locking of a frequency of the
FSK modulated signal or the fixed frequency signal to a frequency of an injection signal

20  to be inputted into the oscillator.

4, The transmitter as claimed in claim 3, wherein the PSK circuit comprises:
another oscillator coupled in series to the oscillator to receive the FSK modulated
signal or the fixed frequency signal, and to produce an output signal,
25 wherein the other oscillator is configured for injection-locking of a frequency of

the output signal to the frequency of FSK modulated signal or the fixed frequency signal.
5. The transmitter as claimed in claim 4,

wherein, in the first mode of operation, the other oscillator is configured to

30 upscale the frequency of the FSK modulated signal to produce the output signal, and
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5sel ected fromtwo possi bl e phases spaced apart by 900. 6. The
transmtter as claimed in claimb5, wherein, in the first node of
operation, the other oscillator is configured to produce the output
signal based on a third harnonic of the frequency of the FSK

nodul ated signal. 10 7. The transmitter as clainmed in claim3,
wherein the FSK circuit further conprises: a finite inpul se response
(FIR) filter odrkdiguinetic secopenasd ef deeation] eet dther @eiflaml is theigured to
i njection signal having a frequency that d%pendf on inpug signhals to
the FIR fY3¥ Bp resagpt f‘?‘?gu%céh%FﬁSP?@F to,8 ceptzelRighal [P RPdyah the opipt Hamal,
conpri si NGherein the oftphl A&kl IBDGFLY GARiIAQUFRES bR BERELRLSy 8f the fixed
plurality of periodic waveforns del ayed from each other by a .

pr edet er rifessgndynsigpal sind the resongpieirequanayhef Hierothen pesillater, dhenphagerbsingt o
sel ect. ong, or re periodic,wavef or fr.o he plurality of periodic
wavef or mse{GSteggfé&té“t%emisﬁgfeipﬁf'sgéf?%ﬁggﬁa&bﬁr@.%o 9. The transmitter as
claimed in claim8, wherein the FSK circuit further conprises:

a frequency interpolation circuiit configured to provide one or nore
sel ect sitynal sthedrapsraitter 8 ¢lpimed in elgim Sephereing i the 8ry modg of ppsration, the
eriodic ' ld Ok : 10
The. tr ansa Repife: (] QRIERRIR Pahie heRuoRl Hafel s WERE L AT norfnd ot
conpr i seshe Gegwheyolthe ESKmalohitédpigratl t o generate the plurality of

peri ol%i c wavefornms based on a reference clock signal. 3011. The
transmtter as clained in claim 10, wherein the clock generator
further conpri@Siansmitter as claimed in claim 3, wherein the FSK circuit further comprises:

a finite impulse response (FIR) filter configured to generate the injection signal,

the injection signal having a frequency that depends on input signals to the FIR filter.

15 8. The transmitter as claimed in claim 7, further comprising:
a clock generator configured to generate a plurality of periodic waveforms
delayed from each other by a predetermined interval,
wherein the FIR filter is configured to select one or more periodic waveforms

from the plurality of periodic waveforms to generate the injection signal.

20
9. The transmitter as claimed in claim 8, wherein the FSK circuit further comprises:
a frequency interpolation circuit configured to provide one or more select signals
to the FIR filter for selecting the one or more periodic waveforms from the plurality of
periodic waveforms.
25
10.  The transmitter as claimed in claim 8, wherein the clock generator comprises:
a delay circuit configured to generate the plurality of periodic waveforms based
on a reference clock signal.
30 11.  The transmitter as claimed in claim 10, wherein the clock generator further

comprises:;
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a crystal oscillator configured to provide the reference cl ock
signal. 12. The transmtter as clainmed in claim8, wherein the FSK
circuit further conprises: a sanpling circuit configured to provide
an input signal to the frequency 5interpolation circuit, the sanpling
circuit adapted to receive a data signal, wherein the frequency
interpolation circuit is configured to provide the one or nore sel ect

signal s to the dridalfdstitletor badiedredno pR@ideniefedérgBalock signal. Wher ein,
in the first node of operation, the data signal is varied, and
wherein the sanpling circuit is configured to be controlled by the

vari ed dapa sifRatanbAiteP dfinek BEclahDs fWIRMIE HFIKNERRGL AR eBmpHisesui t
to provide the one or nore select signals to the FIRfilter to sel ect

the one or nora syéplnrt&ncucwm\ﬁenﬁwsd derrpragide eanpénpui \ﬁ&r@hﬁﬁalthﬁgﬁw@m@s
for the §é1]%oh£tﬁ)'ﬂlcﬁrc$19 i § % ﬁg NGt %§ tnggc{ Ii'cigélgea% aatg a_nd

wher ei'n, € second no opeér a o ar na1 is fixed,
and wher ei n t heheseinmhe figquance lllmtbrpbBtthlO rirtwt isecbnifiguiee t6 padvidd thedoreyor

the fixed dat freque cy i nt erpol ation

circuit tIBOfﬁrSg‘chggne g0 B, I%P@eggvéam@#@wa s to the FIR filter
to select the \;G’r{h@elﬁrmrﬂ?é BrsP Bl di Gpedaical H{e%tadéilgﬂa[‘& Jaﬁ%@%ﬁ'vaérem the
sanmpling cycles, for the FSK circuit to produce the fixed frequency

si gnal . 18mpiihg cireuihisrgomfigured do be appmlqdrbmhamn_@iz datatségnal i, cantrot He

first,mode. q Ené}pﬁ{eg}olzﬂ acﬂgm%g} PI%VE%CEHJ' een SBIQQteSH% 198 thd PR ﬁ‘tert o

sanpllng Circeurt contigure a sig
have t he tbIsBletti tht ene seineot pdmdlcp&aweﬁﬂrm dwangf@pmVe samﬁlﬂag chlokes, for the

transmtt as claimed in im8, erein t.he injection signal has a
frequean%ﬁBQF“W§°gFﬁP@%@F%gghg?gﬂwggwgvi al to an average
frequency of tmnﬁﬁllﬁeﬁees@cmrm&wdfoééran@yeﬁﬁa@mgrﬂa@s b, dndafemdih Hﬁr
as clainmed in claim5, wherein the PSK circuit further conprlses

phase swapmeling Gireuit sneqniigried to Per emapled b éheofixgshfata isignal topﬁ*@émbé@
by thg Otf?&hexﬂﬁr‘ih{ehﬁ)ﬁfﬂfon circuit to provide the one or more select signals to the FIR filter

to select the one or more periodic waveforms during respective sampling cycles, for the

FSK circuit to produce the fixed frequency signal.

13.  The transmitter as claimed in claim 12, wherein, in the first mode of operation and
20  the second mode of operation, the sampling circuit is configured to be controlled by the

data signal to have the FIR filter select two periodic waveforms.

14.  The transmitter as claimed in claim 8, wherein the injection signal has a frequency
that is at least substantially equal to an average frequency of the selected periodic

25  waveforms.

15.  The transmitter as claimed in claim 5, wherein the PSK circuit further comprises:
a phase swap circuit configured to receive the output signal produced by the other
oscillator,
30 wherein, in the first mode of operation, the phase swap circuit is configured to

transmit the output signal, and
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30wherein, in the first node of operation, the phase swap circuit is
configured to transmt the output signal, and wherein, in the
second node of operation, the phase swap circuit is configured to
produce one output signal out of two possible output signals, wherein
an out put signal of the two possible output signals has a phase that
is the sane as a phase of the output signal produced by the other
oscil I at or, andhendigrieitie shaidwandoof gpatatishghabhat stviye cirovit ip ossiidural to

5out put signals has a phase that is inverted.to a phase of the, out put
o el e A PR LR o SP PR ovibycsitpin WhPERGH gy Sidl
clai med itRe Skpd¥sible Juttuk Bighals 94 pikdthafid i dalelak @ HheRIF kiU @St sighal

the first node of operation, to anplify the FSK nodul ated signal
prior to rredieshby dhopthanossilatareand whereintanether awigut signal |96 theeiiorrpspibige

of operatj i I i
tr ansr%n' S sc%u n ' B@H%lgg% Ar glynassén { gr%%&qgg gé Q%’ﬁ%et% rT g{r%gdr‘ﬁrpﬁlt& glgﬁagéﬁ%qugfdrr%)é th|en
clai m 1, dthertob@tatoonpri sing an antenna for transm ssion of the FSK
nodul ated signal in the first node of operation, and the

15t ransm ssion of the PSK nodul ated signal in the second node of

oper at i on.g, 13 -ThIhﬁnéxﬁi@tB§£H dldifed &S claindil ,rmﬁhérrb_oﬁipﬁisiﬁg 9 aff@ﬁﬁ;ﬁ‘i d&nﬁﬁﬁecﬁ' R
filter conprises: a register anan?enent conflqured to receive the one

or nore dBthechrssmgdmpisopertignafosmpliay theFSE; madylated signd psios Bupnsmission
thergiq;:etp ; ' Y I, BleSpEE 1R
plurality o e%ﬁ?@gﬁg&ﬁ’s}n ?}%V\%g(?\ |188€ee6 (?p%?arqitgg’etl%véglﬂéﬁ g%pect F@gu{agﬁ
peri odi c signakproorrie ohnsihgsiqel hyr the ireysnofterper i odi ¢ wavef orns, and
wherein the register arrangenent is configured to select one or nore
mul ti pl exers of the plurality of nultiplexers in response to the one

or nore s@l ectThei gaihfittdroas @l@gtd tileclgife 101 fufére cRipift Gnvanedr ey
for generating the injection si g{nal . . )
transmission of the FSK modulated signal in the first mode of operation, and the

15 transmission of the PSK modulated signal in the second mode of operation.

18.  The transmitter as claimed in claim 9, wherein the FIR filter comprises:
a register arrangement configured to receive the one or more select signals; and
a plurality of multiplexers coupled to the register arrangement,
20 wherein a respective multiplexer of the plurality of multiplexers is configured to
receive a respective periodic waveform of the plurality of periodic waveforms, and
wherein the register arrangement is configured to select one or more multiplexers
of the plurality of multiplexers in response to the one or more select signals to select the

one or more periodic waveforms for generating the injection signal.
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