A TRANSM TTER W TH MODULATI ON Technical Field [0001]Enbodinents relate to
an ultra-w deband (UWB) transmitter wi th nodul ati on. Background

[ 0002] ModwonroappBi4sat i ons, such as wirel ess body area neCcwsiGeeny/w3oel ess
sensor network, wireless personal area network may require short range

wi rel ess conmmuni cati on devices (for exanple Bluetooth, Zigbee, Wbre) which
may require | ow power and a fl exible nodul ati on nodul e. Conventi onal
anplitude shift keying (ASK) nodul ation nmethod nay neet the power .

consunption reqU|renentApykA@hﬁnppftgﬁﬁpﬁgquﬁgﬁnggrﬁgﬁ|Iy degr aded by
nonlinearity of transm ssion channel -and channel interference. Phase shift

keyi ng (PSK) nodul ation met hod na)i‘e@ﬁ%@alal? ggod i mmunity to channel

nonlinearity but nay have ot her 3] Therefore, there is a need
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Summary [0004]In varlous enbodi nents, a transmtter with nodul ati on nay be

provi ded. The transmitter may include a phase changi ng stage configured to

recei ve a phase changi ng :
Background

[0002] Moderh applicatidns, such as wireless body area networks, wireless sensor
network, wiréless personal area network may "require'short range wireléss communication
devices (for examble Bluetooth, Zigbeé, Wibre) which may require low power and a
flexible modulation module. Conventional amplitude shift keying -(ASK) modulation
| method may meet the power consumption requirement but the performénce may be easilyt »
degraded by nonlinéarity of transmission channel and channel interference. Phase shift
keying (PSK) modulation method rﬁay have Aa good immunity to channel nonlinearity but |
may have other issues. |

[0003] Tﬁerefore, there is a need for an alternative modulation circuit or method to

provide modulation which may be relatively low-power and low-cost.

Summary

'[0004] - In various embodiments, a transmitter with modulation may be provided. The

- transmitter may inciude a phase chahging stage configured to receive a phase changing
signal, the phase.changing signal including at least one first state and at lcast one second -
state different from the at least one first state. The phase changing stage may include at
least one first sv?itch; at least one second switch coupled to the at least one first switch; at
least one first transistor coupled to the at least one first switch; and at least one second

transistor coupled to the at least one second switch; wherein the at least one first switch



signal, the phase changing signal including at |east one first state and at
| east one second state different fromthe at |east one first state. The
phase chawmgiznp/ssrge may i ncl ude at | east one first sw PchSGatosloe@st one
second switch coupled to the at |east one first switch; at |east one first
transi stor coupled to the at |least one first switch; and at |east one
second transistor coupled to the at | east one second swtch; wherein the at
| east one first switch nay be configured to operate in an opposi ng nmanner

to the at pRasd cofiguiedaetpevd inCdh Sppobink HAdnnelo/thkhe 1@kt dRaREoRN Gyitd St
transi stor may be configured to be turned on in the at |east one first -

state and Qi that te 4t 23S o GrsSEHRRRDr WA ShAkulRYo DE fdnGUrfdad 0 be
turned on in the at |east one second staté upon TFecei pt of the phase
changi ng $i ' I t one first jtch.and the at Jeast. qne
second svmﬂ[agﬂ&lseo&éts Et?% %@hﬂ“@%eé‘?é AN sleﬁgl\étgn&%rﬁfsgodtm%ges & ’fguf%eto%e

nmodul ation cifycuit,when the phase changi ng si | switches fro he at
| east onet"l‘ql?(g?n iy the éte‘f?)srtPﬂ"egeﬁf’mfgggt“pgrhﬁpgg@ﬁgﬂtge Qﬁﬁﬁéﬁmﬁméf%@@x Cpti on
of the Draw ngs [?005] In the drawi ngs, |ike reference characters generally
refer to £ 333% 14 sVECh pRdoillg AblGESt ORRSKePRY eikely soasdgachicvea chang NG® ar e
not necessarily to scale, enphasis instead generally being placed upon
i |1 ustr at Pwgut phaspef theimsidalation cirenit when haipbelicrebanging signal jwit¢hsis [fom thg
description, various enbodi nents of the invention are described with
r ef er enceatleast hre first Stataito thedht keastrogs sedond whatech: FIG 1 shows a bl ock
diagramrepresentation of a transmtter with Binary Phase Shift Key (BPSK)
nodul ati on according to an enbodi nent; »

Brief Description of the Drawings

-[0005}  In the drawings, like reference characters generally refer .to. the same parts
thfoughout the-.diffqrent views. The dréwings are not neceésarily to scale, emphasis
instead generally being placed upon illustrating tﬁe principles of various embodiments.
In the ‘following description, various embodiments of the invention are described withv
reference to the following drawings, in which:
FIG. 1 shows a block diagram fepresentation of a transmitter with Binary
Phase Shift Key (BPSK) modulation according to a'n.embodimenf;
FIG. 2 shows a circuit diagram representation of a transmitter with BPSK
'modulation according to an embodiment;
FIG. 3 shows respective waveforms of a transmitter when operating in On-Off
Key (OOK) mondulation méde accordirig.té an embodiment;
" FIG. 4 shows respective waveforms of a transmitter when opérating in BPSK
modulation mode according to an embodiment;
FIG. 5 shows a chip photo of a transmitter withv BPSK modulation according

to an embodiment;



FIG 2 shows a circuit diagramrepresentation of a transmtter with BPSK

nodul ati on accordi ng to an enbodi nent; FIG 3 shows respective
wavef or mewoh2ou/t583sm tt er when operating in On-Of KeyPCOGKRoaymdasdat i on
node according to an enbodi nent; FIG 4 shows respective waveforns
of a transmtter when operating in BPSK nodul ati on node according to an
enbodi nent ; . FIG 5 shows a chip photo of a transmtter wth BPSK
nodul ati on according to an enbodi nent; ~ FIG 6 shows an out put

pul se and an i NPULIGIUS SBowS ahi SRpSOPRLD afd A IdpaPHHIst Lifr iMEABmARELALI NY i N
OOK nodul ati on node according to an enbodi nent; "FIG 7 shows a -

zoomed- i n (i &NyQf Wﬁé}le?jfa%h%t%gtin @dlﬁﬁmﬂﬁﬂﬁ&ﬂ%ﬁ@&‘d&d&@%ﬁ%ﬁlgﬁa | Ot'i n FIG 6

intinme-domain of at tter en operating In A node with
t he i nput pul se g a.logi¢c one .accordi to _an_enbodi pent ; FI G
8 shows an out pu?ﬁEi Emgls%oiwrsl U hlgyv-l%@girﬁ%e B?tp‘gt I?"ﬁ?fn%’?d ggéPpWélﬁsgo‘ﬁer ating
in OOK nodul ati.o e accordin o an enbodinent; . . FI 9A shows
an out put SpUB L E*gggt‘? é‘ﬁéeré‘{n?aé‘? Q&ﬁetﬁmé'ﬁ‘&eétwhr?@ qpSrafipgpn %I%‘%‘%"rﬁ‘oﬁode
according to an enbodi ment; FIG_ 9B shows a phase changi ng signal of a -
transmi t t 8odgath thewput Pty beipgsHoricpng ascerding toangenbgdimens; f r equency of _
about 30MHz according to an enbodi nent; FIG 10A shows a zooned-in
vi ew of the out plﬁIGp%I gwwgsars uipnt pwlse iGrequeng§-doteint ofia Sransmiter wien
operating in BPSK nodul ati on node with a phase changi ng.signal being a

| ogi ¢ zer opersting idiOWQK tnodatatieninode recvirdingtcGn éfiiddshents t he phase changi ng
signal of the transmtter when operating in BPSK nodul ati on node with a.
frequency of aboWIG30M-ghoaacat dutpgt bols@bf anpa@dinieRtwhen operatingih@BPIRA shows
a zoonmed-in view of the output pulse as shown in FIG 9A of the transmtter
when oper alod@tibm mB3BSKcdBRdin 3 b BmBbdlmeid; FIG O RAGE:s £ PAAYIASnsthdfighal Pei Ng a
| ogi ¢ one according to an enbodi nent; Fl G 11B shows a phase thangi ng

signal of of BerhbARGWHES rogmﬁﬂg PRk Iﬁgddlg%ﬁpé&ml ARLQRnEPIL Wi N 2

frequency of about 30MHz according to an enbodi ment;
30MHz according to an embodiment;

FIG. 10A shows a zoomed-in view of the oufput pulse as shown in FIG. 9A of |
- the transmitter when operating in BPSK modulation mode with a phase chang_ing signal
being a logié zero according to an embodiment; FIG. 10B shows fhe phase changing
signal of the transmitter when operating in BPSK modulation mode with a frequency of
about 3OMHZ_ according to an embodiment; |
FIG. 11A shows a zoomed-in view of the output pulse. as shown in FIG. 9A of
the transmitter wheﬁ operating in BPSK modulation mode with a phase changing signal .
' beiﬁg a logic one according to an erﬁbodiment; FIG. 11B shows a phase changing signal
of the transmitter then operatiﬁg in ABPISK modulation mvode with a frequency of ébout
30MHz #ccordipg to an embodiment;
FIG. 12 shows an output pulse in frequehéy—domain of a transmitter when

operating in BPSK modulation mode according to an embodiment;



FIG 12 shows an output pulse in frequency-domain of a transmtter when
operating in BPSK nodul ati on node according to an enbodi nent;

FI G 13A wbaesl/@&se4eut put pul se of a transmtter when op@CcatSiGag9iono3BPSK
nodul ati on node with a phase changing signal being a |logic zero and when a
narrow digital pulse is adopted according to an enbodi nent; FIG 13B shows
a phase changing signal of a transmtter when operating in BPSK nodul ati on
node with a frequency of about 40MHz according to an enbodi nment;

FIG 14A shows arprgutiBit sHiwsSh &@JJ@W&C%ME& Qherflo érgtgl}%fﬂn})héélcmn

operating in BPSK nodul ati on node with a phase changi ng Si elng a -

| ogi ¢ one ! igihtal. py i s _adqgpt.ed according to an
embodi rmonfias o e R bR L bR IRHE U5 FRE b T 28rP Ve

out put pul,ses. corresgonding tp at | eas ne first state and at | east one
second st g{gétalo?“q%\e lﬁﬁgg@e‘iﬁgﬁ?&g%%ﬁ’bﬂﬁf’o‘gﬁ?e’g’ H@rgﬁ% 510818;3 Iglaﬁi’ chaBginghoys an
i nversion of .the output pul se correspaonding to the at | east one second -
state of F‘ﬁ%al_dﬁe?sgarﬁﬁaﬁ@”l Wée%?@ﬁ%{mgdﬁcprés}%%ﬂ@ﬁ?? yodeiwith avsapensyed ont o

t he out put pul se.corresponding to the at |east one first state of the phase
changi ng 8bQyhaPMblz ascerimgite appmbodiment di ng to an enbodi ment. Description

[ 0006] The followi ng detail ed description refers to the acconpanyi ng

dr awi ngs t hat shd\iy. b4Ashgwoan iohtpuspulse imfrequepecddmain o taatrdnsmittetl when

enbodi nents in which the invention may be practiced. These enbodi nents are
descr i bedopdnatiigfifhiBESKhnodelatiod mbde @ithll phasdeiangisk sighslitheing 4 Iogicadde ahd
practice the invention. Oher enbodi nents may be utilized and structural,

| ogi cal , ahéh £haedw dipithl Fiaig 8fopled/acbediRds aieinbediinef€Rad ti ng fromthe

scope
P FIG. 15A shows measurements of the respective output pﬁlse’s corresponding
to at least one first state and at least one second state of a phase changing signal on a
single plot; FIG. 15B shows an inversion of the output pulse corresponding to the at least
one sgcond state of the phase changing sigﬁai and su‘bsequently being overlapped onto

the output pulse corresponding to the at least one first state of the phase changing signai .

on a single plot according to an embodiment..

Descriptiqn’ |
'[0006] The following detailed description refers to the accompanying drawings that
show, by way of illﬁstration, specific details and embodiments in which the invention
' may be practiced. These émbodimeﬁts are described in sufficient detail to enable those
skilled in the art fo practice ﬂlu-e invenfion. Other er_nbédiments may be utilized and
structuraL logical, and electrical changes may be ﬁlade without departing from the scope

of the invention. The various embodiments are not riecessarily mutually exclusive, as



of the invention. The various enbodi nents are not necessarily nutually
excl usive, as sone enbodi nents can be conbined with one or nore other
enbodi menwe 20a/d5624m0 new enbodi ments. [0007] The word " ePremsiGanog/006397 used
herein to nmean "serving as an exanple, instance, or illustration”. Any
enbodi ment or design described herein as "exenplary" is not necessarily to
be construed as preferred or advantageous over other enbodi nents or
designs. [0008] In various enbodinents, a | ow power ultra-w deband inpul se
radi 0 T ag&H biBbditichid dhMRIbmBlRA G bl o#ﬁﬁa/re(o%E’é@nb%mQats%f foﬁﬁ}“e\(/_oo K)
nmodul ati on met hod may be discl osed. By using the BPSK or ation -
nmet hod, Qﬁb&%ﬁ% gQitter may achieve | ow power, |ow cost, hlgh bit error

an

rate (BER) e standard- conpatlble [ 0009] An embodi ment nay provi de a
t tt d tt d h
st age conflogt} iﬂe%‘érf‘ Yl B R R e

signal in Ludln | eas ne first state an |.east one second state-

di f f er ent UG Ad’cy eEbefiment gt fesiens dggcab edl'ﬂ“é’r%aﬁse 'BHHPATG 18t8%%e may
include at |l east one first switch; at |east one second switch coupled to
the at | eBReSBRY 9 petconsiiedtps nreferredor adrentagepus overaetbersembodiments @d t o t he
at least one first switch; and at |east one second transistor coupled to
the at | edgsignene second smntch wherein the at |east one first switch may .
be configured to operate in an opposing nmanner to the at | east one second
swi t ch sufe08hht varivhy ehtbedmtentse adbwqrosver utted-widebasd mipulsen@iobeansmitfer gur ed
to be turned on in the at |east one first state and only the at |east one

second tr afithiBihay Phgge SIeft )y (BESKSdr DA-OFF Key(0&K)aRodulation@neéthod ﬁi&? beone
second state upon receipt of the phase changing signal by the at |east one

first sw gighoadBy hin gtthé 828K SMBORGREUMADY héthod PhePBarlshitfs PAVEnRvENANTE
in an output phase of the transmtter when the phase changi ng ‘'si gnal

tch t d
state 108YGDch o8 cokERih tirol [tert Al ok dubdfa ShmpBRRE. DU, DO lGe o
t Oggl e S' @tAﬁ\MntbSHl t %%W?cr r1]de a lrgx%lrrﬁttec}n“%t andd\?la erggl'%gﬁrer Y The at | east

one first's o i'cone of a LY east

one second at e i ncl ud ic .one or a 1C, zero. . ver, the at
Coast - onongihiE s phae %ﬂ%% e g iftafedlp r?%‘mw@gsfh%%tﬂ%ﬁ the PRASE S at e,
For exanple, whep t | east one first state nmay be a | ogic one, the at

| east oneheBEPA§1E0A ’cné ‘ﬁ‘?’HﬂF Heleast ppg,first stateoang, o IWS(E ang gscond stapodifierent n an
embodi.nent, the chHange in output phase of the transmitter may be about 180
degree. [Wemahe pirleass oapifiseistash(Thephase hanging stage mesyinglude atdeast prd fise a
pul se generator configured to receive an input pulse at a pulse generator

i nput andswitshpatrieastiore secondyswitch couplsdtoshe ht laash onelSiseswitahgdt lpast sre fifstt h” at a
pul se generator output. The input pul se nay be a toggle signal with a |ogic
one and atrdnsigior coepled tdhthe ptillemst gaadirstt switchpynd at deadi ghd adcopdltmdsigiener at or .
The pul se generator nmay serve to generate the desired digital pulse. The

pul se gensifpledrto iy atistdd|dny saddn@Wwwaohy! widreiafthé BEldast! e firePRtiichi sy bat e,
frequency, pulse width, delay with respect to an internal or external

trigger angfighedd gﬁerat%rlﬁ| ah Qppddhd AGner &Y MeSat Uast it RESESvitchREcPiHab e

generator nay be used to generate a narrow di gital pulse of about 1 ns The

di gi t al &Jflfﬂ.[eoog&f%&df@tr%fs dpq%aﬁ,eoegc%ﬂﬁg@%mo H@Me%t tﬂee 4B&: b

pul se w d I'n an e equency of ase C anglng
signal | sfujsp VeSS a}xci]gﬁyttﬁ eatfléaes gx?ens% on ftra;[nglgtolr pr{%ytbe conts gured to be turned on in

the at least one second state upon receipt of the phase changing signal by the at least one

. first switch and the at least one second switch so as to achieve a change in an output



[0014] In an enbodinment, the transmtter may further include a third switch
coupled to the pul se generator output so as to receive the digital pulse,

t he di gi twb 2pulsa24say be configured to control the thir@csisiceelooodsor
exanpl e the opening or closing of the third switch. [0015] In an

enbodi ment, the transmtter may further include an oscillator coupled to

t he phase changing stage and the third switch, the oscillator may be
configured to generate a UWB pul se at-an oscillator output. The oscillator

may be anphadusttiae ueapatet When Metphae AANENE sIgRE Qsitdhbd AHAI thé LCIMEIneor a
rel axation oscillator. [0016] In an enbodinent, the transmtter may further

i ncl ude alﬁr@gmétgltﬁeratq&gmlgcge&gldtslfh% oscillator so as to receive the UAB
pul se, the anplifier may be configured to anplify the UAB pul se so as to

Pn o emo R BLP 4h, Gl T PR SoEind SR A ARAITR S gl

supply. The. vol tage suppl |nclude in the range of. between -
about "1V 8 téﬁ%ﬁe’%’?ﬁn ggorgilce nRde lﬂglf\ﬁg@n g asggng g‘rséﬁtﬂ mQWan%ﬁ%avol t age
supply nma rocess- depend [[0018] In an enbodi nent, the out put pul se
at the a g|“1’ PR O t9Bift Z%W‘Eg’et #tdeashpie segonchstals mayt wakge afl 08 91€ Phaan
enbodi nent, the at |east one first switch may include a pass gate or a
transm sslogif gpEe-dloweysr,dhe pidlgast oppsecpnd stategmay bhdiffeyens from thaef ledss cae swap
circuit. QOOZO] In an enbodi nent, the at |east one second switch may

i ncl ude atipststateg Hoeexampde, twhenshe gtsleast ogaffigst sfkeemay bt edegic one theaoleastswi t ch
may al so include a swap circuit. [0021] In an enbodi nent, the pulse

gener at or omegecomidtatel magtbe ladagit zanandelcayesh.enent and at | east one | ogic
gate. The pul se generator may be inplenented in any other suitable manner.

100221 | n[osn1Em@dinbBRdimer e Shangeaséut@n phaelofyheatMEMitter FRY bk A66U1d80 2
variable gain anplifier. [0023] In an enbodinent, the at |east one l.ogic

gate may jdpetdide an AND gate. [0024] In an enbodlnent, t he predetern ned
pul se width may be configured to vary with nunber of the at |east one del ay

el ement. [Hag2pPiednt ﬁﬁﬁ@éﬁ@gmp Uh Serafsflefbr By dERE iude"G EMQP gengrg of e

del ay elenent on t time provide each stage. e, each
stage may S de Y ach s i
whi ch - may th"hf%meg%af fe 1Je‘]’qa‘t?l 15191% 1?8 %eger a{I)H e saf‘%g% g%\fl‘el”ﬁe 4 “?g‘l;?z del ay.

~ pulse with a predetermined pulse width at a pulse generator output. The input pulse may
be a toggle siénal with a logic one and a logic zero. The pulse generafor may be a digital
pulse generator. The pulse generator may serve to generate the desired digital pulse. The
pulse generator may usually allow control of _th¢ puise repetitioﬁ rafe, frequency, pulse
Width, delay with respect to an internal or external trigger and thg: high- and low-voltage
levels of the pulses. VThe pulse generator may be used to generate a narrow digital pulse
of about 1 ns. The digital pulse genefated by the pulse generator méy determine the final
UWRB pulse width. |
[0013] In an embodiment, the frequency of the phase changing signal is lower than the

frequéncy of the input pulse.



[0025] In an enbodinment, the third switch may include at |east one third
transistor. The at |l east one third transistor nmay be a

nmet al - oxiwe-20amissaduct or fiel d-effect transistor (MOSFECK/SGRaem/oecsanpl e an
n-type MOSFET (NMOS) or a p-type MOSFET (PMOS). The third switch may
include any other circuits for exanple timng control or |ocal oscillator
dependi ng on design and user requirenents. [0026] In an -enbodi nent, the
oscillator may include an inductor-capacitor (LC) tank stage and an

osci | | at oogaay en &4 dEBodiklRft, e traRkiSdrafs, Afet BRNAS Gl thirdsRitclE e&gﬂ&it R9e nay
be used to generate an expected center frequency. It may be like the

carrier i S . : e

i nduct or - (%%ng{géﬂe%i S atgée6 %ngga fﬁ%glgﬁgﬂee gl?n?g%lg%g?gﬁéeﬁg%ls?&l%n G tbgr, at

| east one ond, i nduct t .l eas ne_first, tunabl e capacitar, and .at

| east onecéngt? N {Ou%oagrpg{hgatgggistw 6|9f.” ﬁﬁ&xwlﬁé‘é@ GReraE B S‘P%é’?élfe st one
first inductqgr, at |east one second inductor, at |east one first tunable
capaci tors‘é{ﬁ%"at | east one second tunabl e capacitor nmay vary dependi ng on
user and design requirenents. {0028] In_an enbodinent, the oscillator core
st age nay W(Hélg [rien gmbadiment, e drapypittehmey Audies inghuda Ar oggillaterooupled do thef t h
transistor. Each of the at |east one fourth transistor and the at |east one
fifth trapbisschingingstage andrihe hirdoxiitgh-the piciltatetunaybe ¢indigdredftd geterdte ansi st or
(MOSFET), for exanple an n-type MOSFET (NMOS) or a p-type MOSFET (PMOS).

[ 0029] | nUa¥B gntsedit e mscillathe oappt. iThe escil@yr mag bade iaduckaraapacitoe vsltage h
transistor, at |east one seventh transistor, at |east one third inductor
and at | easitrotleé ofcillatét(LIOTMOO) 6F a rekxatiowbscilfatorat | east one sixth transistor
and the at | east one seventh transistor nmay be a netal oxi de- sem conduct or

field-eff w6l PdSntdcAimédYRRE EhhsmittOf meY AMBLLInBMdE ad msnﬁ@%%ﬁgleé MMRS) or a
p-type MOSFET (PMOS). The val ues of each of the at |east one third i.nductor

and the ap.k [ : i ' . desi gn
bschiBAGs0 A8 %o febilE bhe e, 1R F‘f)’lﬁr #5P8 _g%dgggggéasty gg@hme

requi renents. [0030] In an enbodine ase c further

i ncl ude apry cOy I fir s tch and the at

| east oneﬂgg%ﬁ%&g(\;mast@%%%%g%?ﬁ& ?%@Irlsenaggﬁ %@nggglﬁﬁ‘qu&)u%&éodg\%%anéﬁgtﬁ%é the state
of the ph angi ng:-signal. [0031] In a nbodi ment , “a.phase ch i ng
stage for ﬁ@??fg'naéﬁr?n&gfm%ﬁythﬁ 8 L‘aﬁ%t@} Bavge T ﬁ‘h‘ﬁ’i% e t?a‘f?étigﬁegs"é’?g)'g g{l‘gray

i nclude -at |east qne first switch; at |east_one second switch coupled-to
the at | oXefaesAuPly may inclnde A valke ip Digstangsgf petvsen ghoyhd Vstoaborioul 88 to the
at least one first switch; and at | east one second transistor coupled to
the at | eBAmAmRetweEAbQUEHY ta-#houh¥s Ehevoltage pmalycnekawiperys-depsgdeniay be
configured to receive a phase changi ng signal, the phase changi ng signal

i ncl udi ngl048) nzant erehpdirhentsthe ontput pulsriatahe pmpkifieromtpus ewyrhe temamistedité f er ent
fromthe at | east one first state; and wherein the at |east one first
swi t ch nmesn &germpanfi gured to operate in an opposing manner to the at | east
one second switch such that only the at | east one first transistor may be
confi gur ef®o19] Ieart embedinent, ithe ah&east oecAist s@itch fxﬂdysfhcl&tia'fa?)a@ﬂ%aﬁn&yat he at

| east one second transistor nmay be configured to be turned on in the at

| east onersRaRAbnSladd Thel ROBask BAEHRE svafchlhg AAneueda8gifdrceitgnal by the at
| east one first swtch-and the at |east one second switch so as to achieve

a change [on2@nouf Bitbodthane a1t bAARREAA bElcH'REY ifdiaPDBAS GiARL NG
signal switches fromthe at least one first state to the a ast one

d st . ) ' ' t.ation of
T anm &1 2repsil e They 1t AR Red Bl b AR LIPL RN " To03a) he
t itt i ncl h hangi_ _ 104, I t
106, & 1 nioPRTC T e inSatry PGt ity Mo Tempr b imentond

at least one logic gate. The pulse generator may be implemented in any other suitable

manner.



100341 The phase changi ng stage 104 may be configured to receive a phase
changi ng signal 114 ("B"), the phase changing signal 114 may i ncl ude at

| east onewbiwstossisat e (not shown) and at | east one secomrdTsGabtw/00EsOt Shown)
different fromthe at |east one first state. The pul se generator 106 nay be
configured to receive an input pulse 120 ("A") at a pul se generator input
122 and to generate a digital pulse 124 with a predeterni ned pul se width at
a pul se generator output 126. The third switch 108 may be coupled to the
pul se gengioabPin MY eRMbdihidt, She 26 1dadt 6&6&1%%1&&&%9* GiudRUd $8righté gaihNe
digital pulse 124 may be configured to coritrol the third switc 168" The
third_smﬁ&ﬁ@- 8 may al so be coupled to a ground.connection 128. The
oscillator 11 may be coupl ed to the phase changing stage 104 and the third

itch 10 he gscil| 110 b fi T WB pul
130 at ant0ed 1ot B abtesHiR iodf e arari e woNERE: Cner coupl e

to a volt supply (VDD). The lifier 112 may be coupled to the,

oscil | at oﬁ’%?‘i %@b‘ldbm?lgc \Pée%gﬁgn‘{ﬁépb‘é? width may b gonfaghred g vary with112 may
be configured tg anplify the UAB pulse 130 so as to generate an output -

pul se 1340ypbegef &wmtil?qsgﬁnqmlmle%n- The predetermaresiulsearidtimnay depepdionpul se
134 at the anplifier output 160 may be transmtted to an antenna 136.

[ 0035] | nthemumbboelf the delay lemed o kin tipddl 3t tiroe progtaded by epett stagey Fheexampbaigh t he
pul se generator input 122 and the input pulse 120 to the pul se generator
106 may beach stagt uiay grovidead fsRiE]aydateach Sihge phppevikeanthndelay,gvtdth had may be
set to either a logic one (high) or a logic zero (low). [0036] For BPSK
nmodul at i othen Bathe eqiifavlent®84 fgxek Waohighsd Wigh Phasdelapangi ng st age 104 i nst ead
of the pul se generator 106. The input pulse 120 to the pulse generator 106
may be a mo2SKinSdnd@bodintAL, ﬁleﬁﬁi?dj@&%H%Qﬁﬁlci\fd@qgféﬂ&}’on%-thﬂp?raﬂéi@&‘? ThEangi ng
signal 114 may be a non-return to zero (NRZ) data with a frequency about

hal f I iR ' i | G -2 sh
a7l roui t R st PAE Al ior 1y Bt Akt 8RR <khnicnalys felt Sl ? o on°
accordin emodi nent . [ 0038 Wtter 102 .pcl.u a phase
changi Ir]ggg\%lgagﬁ‘{)ogg %g"%?ﬂpg%r“é%‘ 't?/ge %@%@@%&% ac?fi’ﬁ’ﬁi lﬁg’%g i‘lEgn@quih F B"),
t he phase_.changi ng. si gnal. Hl i ncluding at lLeast ope.first state 1%@ and at
| east onel %% ds‘g'fcj't 8‘*‘11‘3"8  £BY SHter ?'S‘r‘l‘fst X cxpmpig timung conirof of lagali o 116

The phase changing stage 104 may include at |east one first swtch 138; at
| east one® SRRt JeRSHAINEPMIfSiZR 30P P TRWYITERENtRt | east one first switch 138;
at least one first transistor (NW) coupled to the at |east one first
switch 13802¢]Ha an embediment, dhe eacillaton may dncludsy an (ndustpr-eenspiterd(t® tanle at

| east one second switch 140; wherein the at |east one first swtch 138 may
be confi guagsdind an seilatgecore stagp cihatld fank atagomplothe nspilldomere stage inay b¢ | east
one second switch 140 such that only the at |east one first transistor
(NM4)  mayusbé te gafarge madtxpectéibcdnter feduattyi it thdyebalikd drsdamisidn fthe fdrresk at e 116
and only the at |east one second transistor (NVb) may be configured to be
t urned orband s{diémat | east one second state 118 upon receipt of the phase
changi ng signal 114 by the at |east one first switch 138 and the at |east
one secon@ozihGh chifddiferRSthe tda6BE-Epacitor (A \HpeinayARc 1AM RUEasPBASEsPf t he
transmtter 102 when the phase changing signal 114 switches fromthe at

| east on i . t . . phase
changtngqggggggT%%ﬁiggé%%?%ﬁgﬁm?ﬁgfaJgﬁzke?ﬁ@é@%@#n%ﬁ%ﬁg%gg%éﬁe?%gﬁ%e at

I firs i tch 138.and .t he .at .| nd. swi.tch 140. Th
| cast onceerireSbodft bl TGS R ;S BRERR el peenc 6,

(NMb) may be used to control the output phase o tqe transmtter % 2.
second inductor, at least one first tunable capacitor and at least one second tunable

capacitor may vary depending on user and design rcquiréments.



[ 0039] Each of the at |east one first state 116 and the at | east one second
state 118 nay be a logic one or a logic zero. However, the at |east one
second stwbeoliliB3may be different fromthe at | east onePCirSs2omtoatse7 116.
For exanple, when the at |east one first state 116 includes a | ogic one,
the at | east one second state 118 includes a |l ogic zero and vice versa.
[ 0040] The at |east one first switch 138 may include a pass gate or a
transni ssion gate and the at |east one second switch 140 may al so-include a
pass gat e|qpspnt hABodrhal, BRL scilfitddSore $BEE m "Eﬂmn%]tsﬁhﬁno&a% farthOr  an
anal og swtch, may be defned as an electronic el'enent that may selectively
bl ock or Lanal f 120 d.nput .t o an out put . The. pass, gate may
H%%%é& and QY l’aea§t (S)r%g Zilrf]‘tg téa%@ﬁ@gatcg 3k ol a{ flst ong gouC t{afnsllsf%b g?% emay b

i ncl ude a transi s fansi st or . e

bi ased in [ I ntary nmanner so that hoth P and transj stors may
be either a%?ﬁ%egﬁbﬁﬂﬁ or "Pﬁbj?i]a Wﬁtéﬁ??‘gﬁ?ﬁﬁctoé “Ci?fzﬁ#g'%ﬁefﬁ?ﬂ’éﬁtqrncl ude
a pul se g&&erator 106 configured to receive an input pulse 120 ("A") at a
pul se genBYIQSEET) dofaxample anytyps Menkdk hMYS) ogp péypepIQQS@Ei‘z(E h a
predeterm ned pul se width at a pul se generator output 126. The pul se '
gener at or [00239] ¢mkadiment; the apliienipay instnsatas leastpng siktla transster, ghleast 146.
Each of the three delay el enents 144 may include a variable gain anplifier
and t he | oug seveph gradsiBonrat/least ohel thardandudND agd heleast hae fuueti éhdarcrirEathdfil se
width of the digital pulse 124 may be configured to vary with nunber of the
del ay el etierit léadtione §iRB4PAnsiktoe ahd ahs a6 ledse lond Ok efithytrdnidiston @hayl Bech wekgala third
switch 108 coupled to the pul se generator output 126 so as to receive the

di gital peti@€ sdiitonduteordictd-tféct &%ﬁﬁork&ﬁomp%r(&%bﬁ%erdty?@ MOSEEP! the
third swtch 108. The third switch 108 may include a third transistor -

(NM) . TheuNbish @r tar ﬁtﬁ&i&%@&ﬂ@%ﬂ THACVARAS * JTBE %h@%@%ﬁ'@%&éuct or

field-effect transistor for exanple an n-type ) or a

p-type BQF@%' L i TR her ¢ ed.to a

gr ound (lz/gﬁ Egc-cat)tl( on Ba‘.t-liF%bEfg% @h@vﬁ%dg%g%%% er 16%%?%{?%03} 't‘sﬁ'g %Réli ncl'dde an
oscillatq& %}0 & ypled*to t he phase changi ng stage 104 and the third switch
108, the G TT4or 110 may be configured to generate a UMAB pul se 130 at an

oscillato tput 132. The oscillator 110 may include an .inductor-capacitor
tank st ag@ogﬂﬁa‘ﬂ’d e'gﬁmé}g}f‘mﬂ t PNatorngINg EABESHAY o JAEiRdo AR dRYREET t or

tank stage 148 may include at |east one first inductor (L1), at |east one
second i n¥ueledrto thegt leagt ong fisst synteh apd dhe ateashpre sesprd pviseh. (e )invas@gr at

| east one second tunable capacitor (C2). The at |east one first tunable
capaci t ormghg configureddo ghanige thetstase ef he pbasd changinig stenehpaci tor (C2) may be
coupled to a tuning voltage (Vtune) positioned between the at |east one
first tunéB3H loapzoibodimenCla)phasaicltahging stapefis f2 tngnittecmayl be diselbsed. Thpaci t.or
(C2). The oscillator core stage 150 nmay include at | east one fourth

transi st opha¢d\Ndngmpcstage ey sichalecatfledst bnd fifsnsivittigrat 184YBpnakdcand editthn a
cross-coupl ed arrangenent. Each of the at |east one fourth transistor (NW)

and at | eauple@ne tHe dt lénst 6 ist §wiich BIMBAst [BRY fikdd GlabidiRoPEbup MYES 1Y at3eZMOS
dependi ng on user and design requirenents. The oscillator 110 may be

further cqlepfigds et aﬁ&lak 398t shPRe%nd Yldistor coupled to the at least one second
~ switch; wherein the phase éhanging étage may be configured to recéive a phase changing

signal, the phase.changing signal including at least oneﬁrét state and at least one sécond |
state different from the at least one first state; and wherein the at least one first switch
may .be configured to operate in an opposing man_nef to the at least one second S\;vitch

such that only the at least one first transistor may be configured to be turned on in the at



[ 0044] Each of the at |east one first inductor (L1) and the at |east one
second i nductor (L2) may include an inductance value in the range of

bet ween avoub11®si24i |l to about 5 nH, for exanpl e about prTIsiE20Ba00890f t he
at | east one first tunable capacitor (Cl) and the at |east one second
tunabl e capacitor (C2) may include a capacitance value in the range of

bet ween about 0.1 pF to about 5 pF, for exanple about 1 -pF. Each of the at
| east one first tunable capacitor (C) and the at | east one second tunable

capaci t or 1dG2dnefr¥t ét%laﬂg%nﬂnth@%‘f GHel s%@odﬁan\égfoq%% Oé’\glixﬂ%ﬁf@yt gghi eve a

tuning range of about 1 for calibration purpose der to -
facilitat t Zin at | east
one first ﬁ'lrrrlgd?lésl} izltt(f)}% b lﬁf%ﬁ@? %eﬁbapﬁtaghg&i re@%ak%fgg‘gehoa S?rféarrll i Sogn a[% , the
at | east one four htra | east ogne fifth transistor
(NMB) rmy g 8{1%%{%%%?15* B¢ pGRE e Te] St BT aditea CHBERPGInce. my
be rather big 0.6 pF. [0046] The transmtter 102 may further include
an anpl i f P&PY] Féran%naﬁﬁwh@s ¢ Phase Ghanging signa) switehes ér@m the at lgastuns

pul se 130, the arrpllfler 112 may be configured to anplify the UWB pul se 130
S0 as. to gembrshstatesntheat lsast opasesend gateat an anplifier output 160 to be
transmtted. The output pulse 134 at the anplifier output 160 nay be
transni tt 932bFKh hebheyma blovit disgremniepredintatanpdfi 4 itrensndifter bR/ wiithcBPSKE at

| east one sixth transistor (NVb), at |east one seventh transistor (NW), at
| east onemblulatdon suduetingy to(ah2mbadieheat. | east one fourth inductor (L4). Each
of the at least one third inductor (L3) and the at |east one fourth

i nduct or o33 me/trmwlueiel(mnwm@rmﬂm\éalcuﬁlgmg ithe 1andguife Ratmeen about
0.1 nHto about 5 nH, for exanple about The anplifier 112 may form

a buffer P(%jatlﬁ?d’s»biﬁ:hwmdaﬁ&cﬂfalo\fqI@Qﬁﬁ’&n&Q}glfﬁerll@?d' ng and to stabilize the
frequency of the osci | lat or . The output pulse 134 nay be a differenti al

out put pu 53%9 b 0 y be
posi ti onegﬁg R&SE r pébct e\%%l Zbrereﬁ ﬁ%[,%ract? r&t’ﬂsﬂe 9%‘1&%% 12 may
be sw tched f nmul t,aneousl at or hr h a
gate bias® nag'z1 lgE&hwﬂ Ihe.ﬁl} “HPPERE A V\f14ntﬂay ’fnfﬁlg tk&“é’r‘?ﬁl it stqte g may be
used to s wer consu i on. From : see that if the at
| east . oneq’é’“%b qgtjﬁagf g’feosrec?'l‘r:ﬁ\p% te G4 S@?Y@‘)élff%r%‘gg{onb G@%rﬁ‘ﬁ firstshts: st or
(NM7) are_always on, the power consunption nmay be very bi Therefore, the
at | east FB]E‘FeP‘!lee)&q‘i‘e‘EaFoérlQ?é‘tadr e@%gur%@ Fepfavedn mé‘&ékulsﬁdéoge%érﬁ ApElsansi st or
(NM7) may only be turned on when there may be an UWB pul se 130. [0047] In
an enbodi gaugratortinputdgé apd fogengratg hdigitalpydsei ¥2deyitl] @ predetprpisedipulshwidth  The
operation may be based on the exanple when the phase changing signal 114
may be a atogipolsergenerator clutpuhyl 26e The tthiad switeh 408 Inems be enepléd tstthe palssi st or
(NV4) may be on and the at |east one second transistor (NVB) may be off.
[0048] Whgsmetan caitput 426 ko ane tebéivel therdigisal ptise 104Vh¢ digayl fdse0fF4 miyibe € May
be no current flowing through the at |east one first transistor (NV4), the

at | east @nfighrRdes CortfoR el thir@Ew{tdiVR08. Tho thirl swiRBI D8 @S al:QWelddupledfsa St or
(NM2) and the at least one fifth transistor (NM3). Then one nay assume that

Vds 2=VdS 3o kel bdHne &bn( 125 ['[ﬂg dinMben o MGy BE bS] tPME pilme %ﬂaﬁn%lﬁg Stagt 0" (NM

1) may be on, since the at |east one first transistor be“on and

the at |eppt ﬂflﬁe%ﬁﬁ%ﬂ ﬁﬁ@%@gggs&%)n%%@% gﬁ?ﬁwa %nga&: aSEJ W dth

of the left ranc ean 1 on of e w
branch maly Ise 1%8 at ;rnhggceﬁa? reoutplrl'{elf?.—jl )i‘hg ‘fj(l)\écelllatox]f tll(} may be further coupled to a

voltage supply (VDD). »The amplifier 112 may be coupled to .the oscillator 110 so as to

receiﬁe the UWB pulse 130 and the amplifier 112 xhay be configured to amplify the

UWB pulse 130 so as to generate an output pulse 134 at an amplifier output 160 to be

10



-24 PhCox (Vright Vth )2 2L 1 W /right = -2Phcx (Vie Vth )2 1 Wr, W
-heftht-4 fink"ox rzght -Vzh)2 2 L = L2Rsp.1 = Rsh 125,. is the parasitic
resi st ancwoabii/osszedt or) So the voltage drop difference eaTiSlseomwoosvnduct ors
is: v1W -r, 117 zv hl

transmitted. The output pulse 1‘34. at the »éimpliﬁe'r output 160 may be transmitted to an
antenna- 136.
[0035] In an 'emBodiment, for OOK modulation, data input may be through the pulse
genefator input 122 and the input pulse 120 to the pulse generator 106 may be a return to
zero (RZ) data}. The pﬁase changihg signél 114 may be set to either a légic one (high) ora
logic zero (low). |
[0036] For BPSK modulation, data input masf be through the phase éhanging stage 104
instead of the pulse generator 106. The input pulse 120. td the pulse generator 106 may be
a clock signal with a predetermined frequency F. The phase changiné signal 114 may be
a non-return to zero (NRZ) data with a frequency about half or lower than half of the
clock signal_(i.e. F/2).
[0037] FIG. 2 shows a circuit diagram repres.entation‘of a transmitter 102 with BPSK
modulation according to an embodiment.
[0038] The t?ansmitter 102 may include a phase changing stage 104 cénﬁgured to receive
a phase changing signal 114 (“B”), the phase changing sigﬁal 114 including at least one
first state 116 and at least one second state 118 différent fro@ tﬁe at‘least one first state
116. The phase changing stage 104 may include'at least one first switch 138; at least one
second switch 140 céuplcd to the at least one first switch 138; at least one first transistor .
 (NM4) coupled to the at ieast one ﬁrst switch 138; and at least éne second transistor
(NMS5) coupled to the at least one sec_ond switch 140; w_heréin the at least one first s§vitch |
138 may.be configured or arranged to operate in an opposing manner to the at least one
secoﬁd switch 140 such that bnly the at least one first transistor (NM4) may be

configured to be turned on in the at least one first state 116 and only the at least one

11



VLI r L2 - -Rsrl1 4r h-r 2 Lg " VL, + VDs2 =TIL2 VDs3 1Wr, ." VDS2 VDS3 =4
fink"ox(r right -vth )2 2L W assune the | oop gain may be: -
(gnk4z1) (woReny0s3246gnR4) (gnB85z2) (here gnR4 = gnB5 and @CTBG009R)39F real (I
Al LO Therefore, the final output (assune buffer gain may be 241) may be:
-V = Re al ((Vds2 - Vds3)44 )

second transistor (NMS) may Be configured to be turned on in the at least one second

state 118 upon. r_eceipt of the phase changing signal 114 by the at least one first switch

138 and the at leést one second switch 140 so as to achieve a change in an output phase

of the transmitter 102 when the phase changmg signal 114 switches from the at least one

first state 116 to the at least one second state 118. The phase changing stage 104 may

further include an inverter 142 coupled to the at least one first switch 138 and the at least

one second switch 140. The at least one first transistor (NM4) and the ét least one second

 transistor (NMS) may be used to control the output phase. of the transmitter 102.

[0039] Each of the at least one first state 116 and the at least one secohd state 118 may be

a logic oﬂe or a logic zero. However, the at least one second state 118 may be different

from the at least oné first state 116. For example, when the at least one first staté 116

includes a logic dne, the at least one second state 118 includes a 1ogic zero and vice

versa.

[0040] The at least one first switch 138 may include a pass gate or a transmission gate

and the at least one second switch 140 may also include é pass gate or a transmission

gate. A pass gate, a transmission gate, or an ahaiog switch,.may be defined as an

electronic element that may selectively block or pass a signal level from an input to an

output. The pass géte may include a PMOS transistor and an NMOS transistor. The .

~ control gates may be biaséd in a corﬂplementary manner so that bofh PMOS and NMOS
transistors may be either turned on or off. | |
[0041] fhe transmitter 102 may further include. a pulse generator 106 configured to

receive an input pulse 120 (“A”) at a-pulse generator ihput'122 and to generate a digital

pulse 124 with a predetermined pulse width at a pulse generator output 126. The pulse

12



1 W=-R 2srl LpC(Vngt h-Vi102 1 Al Areal (LO Wen the phase

changi ng signal 114 may be a logic 0, which my nean that Vds4 may be off
and Vds5 wayohessa3 One may have: - V = - -1 Rsr, -VI, urCosGeMo@he397 |1th)2
| Al Aireal(L O) 2L 1 DWv =-Pn -'r, vox r rzghtl2 | Al Areal (ZO 2L -
Equation (11) Since WI=Ws, the respective final output may be 180 degree
phase di fference between both cases when the phase changi ng signal 114 may
be a logic 1 and a logic 0. The inbalance may | ead to the BPSK nodul ation.

generator 106 may include three delay elements 144 and a logic gate 146. Each of the
three delay elements 144 may include a variable gain amplifier and the logic gate 146
may include an AND gate. The predetermined pulse width of the digital pulse 124 may
be configured to vary with number of the delay element 144,
[0042] The transmitter 102 may further include a third switch 108 coupled to the pulse
generator output 126 SO as to receive the digital pulse 124, the digital pulse 124 may be

" configured to control the third switch 108, The third switch 108 rnay include a third
transistor (NMI). The third transistor (NMl) may include a metal-oxide-semiconductor
field-effect transistor (MOSFET), for example an n-type MOSFET (NMOS) or a p-type
MOSFEl (PMOS). The third switch 108 may be further coupled to a ground connection |
128, | |
[0043] The_ transmitter 102 may further include an oscillator 110 coupled to the phase

~ changing stage 104 and the third switch 108, the oscillator 110 may be conﬁgured to
generate a UWB pulse 130 at an oscillator output 132. The oscillator llO may include an
inductor-capacitor tank stage 148 and.an oscillator core stage 150. The inductor-capacitor
tank stage 148 may include at least one first inductor (L1), at least one second inductor
(L2), at least one first tunable capacitor (C1) and at least one second tunable capacitor
(C2). The at least one first tunable capacitor (C1) and the at least one second tunable .

~ capacitor (C2) may be coupled to ai tuning voltage (Vtune) positloned between the at
least one first tunable capacitor (C1). and the at least one second tunable capacitor '(C2). |
The oscillator core stage 150 may include at least one fourth transistor (NM2) and at least
one ﬁfth transistor (NM3) arranged in a cross- coupled arrangement. Each of the at least

one fourth transistor (NM2) and at least one fifth trans1stor (NM3) may include an

13



[0050] FIG 3 shows respective wavefornms of a transmtter 102 when
operating in On-Of Key (00K) nodul ati on node according to an enbodi nent.
[ 0051] Wwo 20h@ss4ansmitter 102 may operate in OOK nodulPatriserooymde97 t he
rising edge of the input pulse 120 ("A") may trigger the pul se generator
106 to generate a nanosecond wi de digital pulse 124. The digital pulse 124
train may control the tail current source of the oscillator 110 and
consequently an UVWB pul se 130 train nmay be generated. After anplification

by the amgivids er a Phios diferfitidPst ulihis di%gé} %Exicr)%]ﬁexﬁse. e toQciftatBPy %@q%ﬁga enna

136. [0052] FIG 4 shows respective wav a transmtter vh

ti ' ' atj di t nmbodi t. [0053
?Egr?r'gﬂglr% ﬁr@rgsigélg}%ﬁgégglﬁg%gg&%%g@@p( Imr;gul gt ?gnem)gel, n?ﬂe ri[si ng] edg:nof
[ I Q ("A') i . 106
nano- secollidf fesdtighe AT feath B Hisy i 3T sHE e Bulpe stoepndiniay

include a clock signal wifh a frequency F, that may nean that there may be
a digit al Gpdmaay ladsan é%fﬁ'ﬁtaevf‘o@é‘.le toths dange i | betwesn gbawy G nkktojabguihdy be
generated. After anplification, the phase of the output pulse 134 may be
nodul at ednByfor geame abmi d ekt Hiash ioh ghegit dpastl one fiyst(tumble c4pacign (Choandgheanypl e,
when the at | east one first transistor (NW) may be on and the at |east one
second t ratrledstomsr se¢diiBhinabde/capacitor {C2)amay inblnteana capanianch ealug i thdwagd of 0 t he -
oscillator 110 and the oscillation may start from one side. Wen the at

| east onebdteat abonem$ pB tt@abduNSHF, foryxdigplehboudn@Ft Baclabf the asleas®bge fREONd
transistor (NMb) nay be on, the oscillation nmay start fromthe other side.

As shown fufiaité Eapaditort(02) endTky abRagtltbsechB nelfBleapabitf (CBHNESR inblulidign Out put
phase of the transmtter 102 between the phase changing 'signal 114 with a

logi ¢ 1 (idopmhiahbSMOSRArdchE Whiek §n Qalgévega'%.hﬂrg% ' | Gy O

(i nput | ow). [8055] FI Gr5 shows a ﬁi p photo 1 lraél%é;bfr\érbtgﬂts%dt}?grt&loz wth
BPSK nmodul at.i ing to an enbodi nent. [0056] The chip photo 158 shows
t he trans‘lﬁ%?l%{agrgnﬁgl%glgﬁcl udi ng a phase changing stage 104, a pul se generator
106, a thy iteh 108... ancamplifier 112, an inductor-capaciior .tank stage
148 and allr?bgsslts:[lmoir‘g FEe g‘(‘fglrt%eg SQ%%“TBG@ %’ﬁé@?ﬁ’uﬁ?ﬁ% pgwgﬁﬁﬁérpgﬁ?t PR pul se
134 and an input puls in tinme-domain of a transmtter 102 e

oper at i ng”1° 1.’%@%"%&8&&&%8ﬁf’%E‘éasb%‘lfchﬁq"H@raPSStﬁﬁ(@{l&&?%llﬁa.“ ‘[‘Ggg When
the transmtter 102 §rrlg‘}/ be operating in OOK nodul ation npde, -an input data
may be t HEATsisiG(NM2) apd the @t leagtope fiffl trapgiston@NM3 - may be relptivelyrhig. Inview " B")
(not shown in FIG 6) may be set to a fixed value |ogic one or zero. The

i nput pul efehisthe parasitic eapacitangy may be ratees bigarperl €6pFe and a | ogi ¢ zero.

[0046] The transmitter 102 may furthgr include an ampliﬁef 112 coupled to the oscillator
110 so as to receive the UWB pulse 130, the a_mpliﬁér 112 may Be cohﬁgured to amplify
rthe UWRB pulse 130 so as to generate an output pulse 134 at an amplifier output 160 to be
transmitted. The ou'%put pulse 134 at the amplifier output 160 may be transmitted to an -
~ antenna (not shown). The émpliﬁer 112 may include at least one sikth transistor (NM6),
at least one seventh transistor (NM7), ét least one third inductor‘ (L3) and at leasf one |
fourth inductor (L4). Each of the at least one third inductor (L3) and the at least one
fourth iﬁductor (L4) may include an inductance value-ih the range of between abouf 0.1

nH to about 5 nH, for example about 1.5 nH. The amplifier 112 may form a buffer and

14



[ 0059] For O0OOK nodul ati on node, when the input pulse 120 may be a logic
one, there may be a UWB pul se 130 and when the input pulse 120 may be a

| ogi ¢ zerwQ 20h@se243ay not be any UWB pul se 130. [0060] PCESGZomhosss7 a
zooned-in view of the output pulse 134 and the input pulse 120 as shown in
FIG 6 in tinme-domain of a transmtter 102 when operating in OOK nodul ation
node with the i nput pulse 120 being a | ogic one according to an enbodi nent.
[0061] FIG 8 shows an output pulse 134 in frequency-domain of a -

transmtt i i l.af,#: i n
enbodi mnﬁayﬁogélgz &)Ir:lzllr%xl%e%g\ws ov\% rl]%an ua{t?i:gglt:jl S%Eihggt%gaﬁgoc{fﬁfé@ngsrélﬁogr 102

wh i [ | at | ] di . nbaodi .. FIG 9B
Shove 5 phisc el plnsE R ol 2, BREFREE Gl M 100 SRR [Robiteing 1

BPSK nodul ati on de w frequency of ~about 30MHz accorgding to an

enbodi nenf*SfA86%9 a@m‘grﬁ)p h‘g "quaﬂ%ﬁ‘i’st‘%/‘ﬁ‘re‘i hsovech ‘béesB?:fé‘P’Sudi‘fﬁﬂe‘i%rP“@P@k

nodul ati on, node, _an_ | nput data nmay be the phase changi ng signal 114 ("B")
and the iiﬁb‘a@mﬁhﬁ%rellﬁzelay"bﬁ"%Wl(Chail o RadefT srnpltarpeusly orithatheoseillgtor . 110 0064]
FIG 10A shows a zooned-in view of the output pulse 134 as shown in FIG 9A
of the trtweughta gate bos (npiethowpkrlheisnitching BR 8K ofbellthe inplifimo 2 way bea phase
changi ng signal 114 being a logic zero according to an enbodinent. FIG 10B
shows t heugdas savhthegiongr Sogpualptidbd.4Frofm Flite 2, naasan téecthatlifZhevacleaapacat i ng -

i n BPSK nodul ati on node with a frequency of about 30MHz. according to an

enmbodi nengixth| waEsior EINGI6) bhd thdateash oo eevREth thandistw (NM7) e alwiapsionptibse 134
as shown in FIG 9A of the transmtter 102 when operating in BPSK :

modul at i opowEdRnWirhdliod RARAEE véxgadi'%i THerstb@D e at 1hsOlGx R thAGior Rafr6)
according to an enbodi nent. FI 1B shows a phase changi ng signal 114 of

the transgid gl k¢ MESBvAREHAsisE (Nmﬁﬁﬁ ?}ggggﬁ%@% F]H-e}éqmg%ijé equency

of about 30MHz according to an enbodi OWs an out put
pul se 134 ] -domain of a transmtter 102 when operating in BPSK
nodul at i o%d?m%s‘gg%g%i ng to an enbodi nent. '

[0047] In an embodiment, the operation of the transmitter 102 may be as shown. The
operation may be based on the ex@ple wheﬁ the phase changing s.ignal 114 may be a
~ logic one, which may mean that the at least one first transistor (NM4) may be on and the '
at least one second transistor (NM5) may be off. |
[0048] When the at least one third transistor (NM1) may be off, there may be no current
flowing through the at least one first transistor (NM4), the at leést one second transistor
(NMS5), the at least one fourth transistor (NM2) and the at least one fifth transistor (NM3).
Then one may assu@e that Vyo=Vga. - Equation (1)
* [0049) When the at least ohe third transistor (NM1) may be on, sincé the at least one first
transistor (NM4) may be on and the at léast one second tra;nsistor (NMS5) may be off, the |

transistor width of the left branch may be an addition of W,;+W, and the width of right

branch may be W;. Therefore, one may have:
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[0067] FIG 13A shows an output pulse 134 of a transmtter 102 when
operating in BPSK nodul ati on node with a phase changing signal 114 being a
| ogi ¢ zerwoand/osb=d a narrow digital pulse 124 is adopt edTacGeeao®NNBY7t 0 an
enbodi ment; FIG 13B shows a phase changing signal 114 of a transmtter 102
when operating in BPSK nodul ati on node with a frequency of about 40MHz
according to an enbodinent. [0068] FIG 14A shows an output pulse 134 in
frequency-donmain of a transmtter 102 when operating in BPSK nodul ation
mode with a phgge whangi ng signal 114 being a | ogi c one and when a narrow
digital pdlses HsuAddBt.ed Vadcording to an enbodi ment. Equ@@iSb) FI Gs. 13A,
13B, 14A and ?[fll% y help to show a clear reverse phase with the phase
changi ng gi gnal ”114~bgt ngya2l ogi ¢ one or a logic zero. [0070Q0] Further

FI Gs. 13A, if B,2 ][A%‘Ca"ﬁgﬁefi4g’?)rray be similar to FIGs.10A -1Ematan@)and 118
except that a narrovwer digjtal pulse 124 may be adopted in FIGs.13A, 13B,
14A and 1%.=-Wfsh7€rleff'é»fge?"rireua%ﬁ(g’@eri”ub pul se width in FiEgualidA(@nd 14A may

2 ’ ,
be narrower than,tha shown in. Fl Gs. 10A and 11A. [0071] FI G _15A shows
measur ene EED? fine ?{egg%c’f%%Fé’afars}tgctre%ﬂ?‘k?ﬁt"?ﬁgf‘%@r)l52 ankduasen iy out put -
pul se 154Sc trenedpgndiop diffeper&t oh destivodmducfars 8t st ate 116 and at | east one
second state 118;0f @ phase changing signal 114 on a single plot. [0072]
The at IeHﬁt-VQpe—fRs,r,e]f/ﬁﬁgﬂéigh,l-lﬁh)éf t he phase changi ng sjgnal i 4 may be a
| ogi ¢ zero and tRe at’]east one second state 118 of thefb&"é@@n angi ng
si gnal 114 Ve dee= Kialtdgisc one. [0073] FIG 15B shows an- Eqw@bsidn of the
second output pul se 154 porresponding,to the at |east one second state 118
of the phéé/eszc‘ﬂfangfﬁ i'@‘iaﬂncol 4sramith)subsequent |y bei ng -@®ganticggd onto the
first output pulse 152 corresponding to the at |east one first state 116 of

t he phas nal ignal 114 on a. single plot according to an enbodi nent.
[ 0074] Tﬁ%@g?su?‘ggg??ogﬁggﬁ?a%es‘tate 116 of the phase changi ng signal 114
may be a |

ogi c 0 the _at | east one second state 118 of the phase
changi ng éli@ Zﬁhngﬂg&ﬁﬁﬂ%@iﬁone. [ 0075] Tabl e 1 Haedtow (8hows t he

respecti v@eregsueed. resd L= @of)the transmtter 102 in respective OXK

nodul ation a P dul ation. According to the table 1, the centre
frequencyghﬁegaé@AEgt%en a range of about 3.9 GHz to about 4.1 GHz. The
supply voltage may be between a range of about 1.6 V to about 2 V. The

t ot al dr.aTh?r%Wr@ﬁtﬁnﬁlacgmm (revie bufter saiygey bg 4Qmantbe126 | LA to about 200 A
The tenperature may be about roomtenperature, between about 25 Cto 35 C
The dat a Kot agBeuk(a), 1ay)4Hd)bet ween a range of about 1V to about 1.8 V.
The data rate may be petween a range of about 0.1 MHz to about 30 MHz. The
out put voItag%sﬂ&g—@ycpefngﬁm)émwymgeepf about 4. 3Eqfation @lyut 5 V.
The out put bandwiZdt h lr.ray be between a range of about 0.5 GHz to about 3.5
GHz. The nodul ati on node may be OOK or BPSK.. Table I. The Measured Result
of 't he OOKh&PHK phbB-chihgingsignaltltiéimay be a logic 0, which may mean that Vg may be

'off and V455 may be on. One may have:

1. W

I/1- - V— = —ERsrl —L_ﬂncox (Vright - I/th-)z I A I Alreal(ég)
. . I/Vs , 2 _
= ER’” Tﬂncax (Vg =Va) | A| Areal(£0) ‘ - Equation (11)

Since W4=W5, the respective final output may be 180 degree phase difference between
~ both cases when the phase changing signal 114 may be a logic 1 and a logic 0. The

imbalance may lead to the BPSK modulation.
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Par anet er Synbol Conditions/ Remar ks Typical Range units Centre Frequency f

4
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[0050] FIG. 3 shows respective waveforms of a transmitter 102 when operating in On-
Off Key (OOK) modﬁlation mode according to an embodiment.
[0051] When the fransmitter 102 may operate in OOK modulation mode, the rising edge
of thé_ input pulse 120 (“A;’) may trigger the pulse genérator 106 to generate a nano-
second wide digital pﬁlse 124. The dig-ifal pulse 124 train may control the tail current
source of the osciliator 110 and consequently an UWB pulse 130 train may Be generated.
After amplification by the amplifier 11.2, the ;)utput pulse 134 may be'bsent to a matched
 antenna 136. | |
[0052] FIG. 4 shows respective waveforms of a transmitter 102 when.operating in BPSK
modulatién mode according to an embodiment. |
[0053] When the ’traﬁsmitter 102 may bperate in BPSK modulation mode, the risiné edge
of input pulse 120 (“A”) may trigger the pulsé generatér 106 to genérate a nano-second
~ wide digital pulse 124. As the inéut pulse 120 (“A”) may include a clock sighal witha
frequency F, that may mean that there may be a digital pulse 1-24 at each clock.
Consequently, a UBM pulse 130 may be generated. After ainpliﬁcation, the phase of the
output pulse 134 may be modulated by the NRZ phasé changing signal 114 (“B”).
[0054] For example, when the at least one ﬁrst_transistor (NM4) may be on and the at
least one second trapsistor (NMS5) may be off, an imbalance may be introduced to the .
“oscillator 110 and the oscillation méy start from one side. When fhe at least one first
transistor (NM4) may be off and the at léast one second trénsistor (NMS5) may be oﬁ, the |
oscillation may start from the other side. As shoWn in FIG. 4, there may be about 180

degree difference in the output phase of the 'transmjttef 102 between the phase changing
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3.9 - 4.1 GHz Supply Voltage VDD 1.8 1.6 - 2.0 V Total Drain Current Id

WO 2011/053243 PCT/SG2009/000397

signal 114 with a logic 1 (input high) and the phése changing signal 114 with a logic 0
(input low). | |
[0055] FIG. 5 shnws a chip photo 158 of a transmitter 102 with BPSK modulation
according to an embodiment. |
[0056] The chip photn 158 shows the tfnnsmitter 102 including a phase changing stage
104, a pulse genefator 106, é third switch 108, an amplifier 112, an inductor-capacitor
tank stage 148 and an oscillator core stége 156. |
| [0057] FIG. 6 shows an output pulse 134 and an inp.ut.pulse 120 in time-domain of a
transmitter 102 when operating in OOK modulation mode according tn an embodiment.
[0058] When the transmitter 102 may be operating in OOK modulation mode, an input
data may be the inpnt pulse 120 (“A”) and the phase changing signal 114 (“B’;) (not
shown in FIG. 6) rnay be setto a ﬁ);ed value logic one nr zero. The input pulse 120 (“A”)
may toggle between a logic one and a logic zero. |
[0059] For OOK modulation mode, when the input‘ pulse 120 may bn a logic one, there
may be a UWB pulse 130 and when the input pulse 120 may be a logic zero, there may
not be any UWB pulse 130. | |
[0060] FIG. 7 shows a zoomed-in view of the output pulse 134 and the input pulse 120 as
shown in FIG. 6 in tnne-domam of a transmitter 102 when operating in OOK modulation .
. mode with the input pulse i20 being 5 logic one according to an emBodiment.
[0061] FIG. 8 shows an ontput pulse. 134 in frequency-dornain of a transmitter 102 nvhen |
operating in OOK modulation mode according to an embodiment.
[0062] FIG. 9A sh‘ows an outpuf pulse 134 of a transmitter 102 when operating in BPSK

modulation mode according to an embodiment. FIG. 9B shows a phase changing signal
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114 of a transmitter 102 when operating in BPSK modulation mode with a frequency of
about 30MHz a.c_cord.ing to an embodiment.

[0063] When the fransmitter 102 may be operating in BPSK modulation mode, an input
data i_nay be the phase changing signal 114 (“B”) and fhe input pulse 120 (“A”) (not
shown) may function aé aclock. .-

[0064] FIG. 10A éhows a zoomed-in view of the output pulse 134 as shown in FIG. 9A

of the transmitter 102 when operating in BPSK modulation mode with a phase changing

A signal 114 being a logic zero according to an embodiment. FIG. 10B shows the phase

changing signal 114 of the transmitter 102 when operating in BPSK modulation mode

with a frequency of about 30MHz according to an embodiment.

[0065] FIG. 11A shéws a zoomed-in view of the output pulse 134 as shown in FIG. 9A
of the transmitter 102 when operatiﬁg in BPSK modulation mode wifh a phase changing
signal 114 being a logic one according to an embodiment. FIG. 11B shost a phase
changing signal 114 of the transmitter 102 when qperating in BPSK modulation mode
with a frequency of about 30MHz accprding to an e_mbodimént.

[0066] FIG. 12 shows an output pulse 134 in fréqﬁency-domain of a transmitter 102
‘when operating in BPSK modulation mode accor_ding to an embbdiment. |

[0067] FIG. 13A shows an output pulse 134 of a transmitter 102 when' operating in

" BPSK modulation mode with a phase changing signal 114 being a logic zero and when a

narrow digital pulse 124 is adopted according to an embodiment; FIG. 13B shows a |
phase changing signal 114 of a transmitter 102 when operating in BPSK modulation

mode with a frequéncy of about 40MHz according to an embodiment.
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[0068] FIG. 14A shows an oufputl pulse  1 34 in frequency-'domain of a transmitter 102
when operating m BPSK modulation mode with a phase changing signal 114 being a
logic one and when a narrow digital pulse 124 is adopted according to an embodiment.
[0069] FIGs. 13A, 13B, 14A and 14B may help to show a clear reverse phase with the
- phase changing signal 1 14 being a logic nne or a logic zero. |

[0070] Further FIGS.13A; 13B, 14A and 14B may be similar to FIGs.10A, 10B, 11A and
11B except tnat a narrower digital pulsé 124 rnay be adopted in FIGs. i3A, 13B, 14A and

14B. Therefore, the respective pulse width in F IGs.13.Avand 14A may be narrower than
that as shown in FIGs.10A and 11A. |
[0071] FIG. 15A shows measurements of the respective first output pulée 152 and second .
output pulse 154 con'esponding to at Iéast one first state 116 and at least one second state
118 of a phase changing signal 114 .on a single .plot.

~ [0072] The at least one first state 116 of the phase changing_signal 114 may be a logic |
zero and the at least one second state 118 of the phase changing signal'l 14 may be a logic
one.
[0073] FIG. 15B shows an inversion of the second ontput pulse 154 cnrresponding to the
at least one second state 118 of the phase changing signal 114 and subsequently being
overlapped onto the first output pulse 152 corresponding to the at least one first state.116

~ of the phase changing signél 114 on 5 single plot according to an emBodiment.
[0074] The at least one first state 116 nf the phase changing signal 114 may be a-logic |
zero and the at least one second state 118 of the phnse changing signal 114 may be a logic

one.
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[0075] Table 1 below shows the fespect_ive measured results of the transmitter 102 in
respective 00K lmodulation and BPSK modulation. According to the table 1, the centre
frequency may bé between a range of about 3.9 GHz to about 4.1 GHz. The supply
voltage may be between a range of about 1.6 V to about 2 V. The total drain current may
~ be between a range of about 126 UA tdnabout 200 pA. The t’empera?ure may be about
room temperature,.between about 25 °C to 35 °C. The data voltage level may be between
a range of abbut 1V to about 1.8 V. The data rate may be between a fange of about 0.1
MHz to about 30 MHz. The output voltage swing may be between a range of about 4.3 V
to about 5 V. The output bandwidth may be between a range of abouf 0.5 GHz to about

3.5 GHz. The modulation mode may be OOK or BPSK.

Table 1. The Measured Result of the OOK/BPSK UWB-IR Transmittér

Parameter Symbol | Conditions/Remar | Typical | Range _ units
ks
Centre Frequency f 4 3.9~4.1 GHz
Supply Voltage Vop . 1.8 1.6~2.0 A\
Total Drain Current Iy 150 126 ~ 200 PA
Temperature T _ : 27 Room °C
‘ ‘ temperature
Input / Qutput Characteristic. : .
Data Voltage Level A; B 1.6 1~1.8 \'%
Data Rate I 50% duty cycle 1 - 0.1~30 MHz
Output voltage Differential output
swing | Vs @ 1000 4.5 43~5 v
- Output Band Width BW 2 - 0.5~3.5 GHz
Modulator Parameters _ ' '
Modulation | ' OOK/BPSK

[0076] While the invention has been particularly shown and described with reference to
specific embodiments, it should be understood by those skilled in the art that various

changes in form and detail may be made therein without departing from the'spirit énd
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0.5 - 3.5 GHz Modul ator Parameters Mdul ati on 00K/ BPSK [0076] Wiile the

i nvention has been particularly shown and described with reference to
speci fi c wohodioseaBs, it shoul d be understood by those e®kirisiGeahoronowhe art
t hat various changes in formand detail may be made therein w thout
departing fromthe spirit and scope of the invention as defined by the
appended cl ains. The scope of the invention is thus indicated by the
appended clains and all changes which- cone within the neaning and range of

equi val engyRiof tEnGdiolBis Abfindd WY ME Qf)ﬁenﬁgﬁ gafiad "f’l{% slagpeemhg‘mmion is

thus indicated by the appended claims and all changes which come within the meaning

and range of equivalency of the claims are therefore intended to be embraced.
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Clains What is claimed is: 1. Atransmtter with nodul ation, conprising: a
phase changi ng stage configured to receive a phase changing signal, the
phase chawmgizog/ssynaal i ncluding at | east one first statecarsd2em/0beast one
second state different fromthe at |east one first state; the phase
changi ng stage conprising at |east one first switch; at |east one second
switch coupled to the at |least one first switch; at |east one first
transi stor coupled to the at |least one first switch; and at |east one
second trgisgjst or coupled to the at |east one second swi tch; wherein the at
| east one~Tirst switch is configured to operate in an opposing manner to
the at le d switch such that only the at |east one first
tran5|sto?ﬁ%sggbnﬁﬁg§$ed to be turned on in the at |east one first state
and only the at |east one second transistor is configured to be turned on
in the at | dasf trymemitse with nydatagionpomprieingi pt of t he phase changi ng si gnal
by the at |east one first swtch and the at |east one second switch so as
to achi eve a change in an output phase of the transmitter when the phase
changi ng s&plasakchapiigcdiar configartd® @teiteaphase beankingSignslk, ehiase dHafgial | east
one second s at?.. . . .

signal including at least one first state and at least one second state different from the at

least one first state;
the phase changing stage comprising

at least one first switch;

at least one second switch coupled to the at least one first switch;

at least one first transistor coupled to the at least one first switch; and

~ at least one second transistor coupled to the at least one second switch;
wherein the at least one first switch is configured to operate in an opposing manner to the
at least one second switch such that only the at least one first transistor is configured to
be turned on in the at least one first state and only the at least one second transistor is
‘configured to be turned on in the at least one second state upon receipt of the phase
changing signal by the at least one first switch and the at least one second switch so as to -
" achieve a change in an output phase of the transmitter when the phase changing signal

switches from the at least one first state to the at least one second state.

2. The transmitter of claim 1, further comprising

a pulse generator configured to receive an input pulse at a pulse generator input and to

generate a digital pulse with a predetermined pulse width at a pulse generator output.
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2. The transmtter of claim1, further conprising a pul se generator
configured to receive an input pulse at a pul se generator input and to
gener at e wodngiasad43pul se with a predeterm ned pul se w dPOT#G2609p0é392
gener at or out put. 3. The transmitter of claim2, further conprising a
third swtch coupled to the pul se generator output so as to receive the
digital pulse, the digital pulse is configured to control the third switch.
4. The transmtter of claim3, further conprising an oscillator coupled to
t he phase changi ng stage and the third switch, the oscillator configured to
generate a UMB pul se at an oscillator output. 5. The transmitter of claim
4, further onjphe sammpitier eficpimf2, Buthencompedintgo t he oscillator so as to -
receive the UMB pulse, the anplifier is configured to anplify the UWB pul se
so as to generate an output pulse at an anplifier output to be transmtted.

6. The tr amsrd dwitth cotipled w e pulté géneratbruiuid sé hbetoeaséwel tRé @igithlpuisdr thber

coupled tq. a voltage sup dy
digital pulse is conﬁgure to control the third switch.

4. The transmitter of claim 3, further coinprising

an oscillator coupled to the phase changing stage and the third switch, the osc1llator

- configured to generate a UWB pulse at an oscillator output.
5. The transmitter of clbai.m 4, further comprising
an amplifier coupled'to the oscillator so as to receive the UWB pulse, the amplifier is
conﬁgufed to amplify the UWB pulse so as to generate an output pulse at an amplifier |
output to be transmitted.
6. The transmitter of claim 4 or5,
wherein the oscillator is further coupleu to a voltage supply.
7. 'fhe transmitter of claim 5 or 6,
wherein the output pulse at the amplifier output is transmitted to an antenna. -
8. The transmitter of any one of elaims 1to7,

wherein the at least one first switch comprises a pass gate.

9. The transmitter of any one of claims 1 to 8,
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7. The transmtter of claim5 or 6, wherein the output pulse at the
anplifier output is transmtted to an antenna. 8. The transmtter of any
one of clwpree11l058137, wherein the at |east one first swpPCTisGeanpnives a
pass gate. 9. The transmtter of any one of clains 1 to 8  wherein the
at | east one second switch conprises a pass gate. 10. The transmtter

of any one of claims 2 to 9, wherein the pul se generator conprises at |east
one delay elenent and at |east one logic gate. 11. The transmtter of claim

10, wherei 3 g‘g‘,?yh iR ' .ses a variable gain
anplifier %f;zetﬁ?t'll'%tgt %erggﬁ)??ng{kt%g? of . cfgal m ggoa gérgggﬁth

10. The tr_anSmitter of any one of claims 2 to 9,

wherciﬂ the pulse generator comprises at least one delay element and at least one logic

gate.
11. The transmitter of claim 10,
- wherein the at least one delay element comprises a variable gain amplifier.
12. The transmitter of ciafm 10 or 11,
wherein. the at least one logic gate comprises an AND gate.
13. The transmitter of any one of claims 10 to 12,

wherein the pfedetermined pulse width is configured to vary with number of the at least

one delay element.
14. The transmitter of any one of claims 3 t_q 13,
wherein the third switch comprises at least one third transistor.
" 15. The transmitter of ény one of -claims 4 to 14,

wherein the oscillator comprises an inductor-capacitor tank stage and an oscillator core

stage.

16. The transmitter of claim 15,
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wherein the at | east one |logic gate conprises an AND gate. 13. The
transmtter of any one of clains 10 to 12, wherein the predeterm ned pul se
wi dth is wonhigssad to vary with nunber of the at | east pamscdeloagoset enment .
14. The transmitter of any one of clainms 3 to 13, wherein the third switch
conprises at |east one third transistor. 15. Thetransm tter of any one
of clainms 4 to 14, wherein the oscillator conprises an inductor-capacitor
tank stage and an oscillator core stage. 16. The transmtter of claim 15,

wher ei Nt fferelifine iRfucoRRATACHE takiditieSdoRPRisEOMMNabotR it inRRRY, £ S%FI]; I rst

i nductor, at |east one second i nductor, at |east one first tun

capaci t or or;hscend indugser, ahleast envhinst unahle Fapacitqranil mbleast vife seThrd tunableni tt er  of
claim15 Qpador wherein the oscillator core stage conprises at |east one
fourth trarP&s?br and at |east one fifth transistor.

17. The transmitter of claim 15 or 16,

wherein the oscillator core stage comprises at least one fourth transistor and at least one

fifth transistor.
18. The transmitter of any one of claims 5 to 17,

wherein the amplifier compﬁses at least one sixth transistor, at least one seventh

transistor, at least one third inductor and at least one fourth inductor.
19. The transmitter of any one of claims 1 to 18,

~ wherein the phase changing stage further comprises an inverter coupled to the at least one

first switch and the at least one second switch.
20. A phase changing stage for a transmitter comprising :
at least one ﬁrstiswitch;
at least one second switch coupled to the at least one ﬁrst switch;
at_least one first tfansigtor coupled to the at least one first switch; and

at least one second transistor coupled to the at least one second switch;

26



18. The transmtter of any one of clains 5 to 17, wherein the amplifier
conprises at | east one sixth transistor, at |east one seventh transistor,
at | east woeotiissd3i nduct or and at | east one fourth i ndectr®G2odHo3sdhe
transmtter of any one of clains 1 to 18, wherein the phase changi ng stage
further conprises an inverter coupled to the at |east one first switch and
the at | east one second switch. 20. A phase changing stage for a
transmitter conprising : at |least one first switch; at |east one second
switch co i ' | ; . i st

transi st o?‘mlggegl fhg g h%% c?hr(;éﬁ%"%gﬁé?? o%ﬁngrg%i t?ﬁée?\%vi atp?:l-tﬁs;e| %ﬁ@é“é? Eigrgfalt’stlti1§ one
second t r ahase shangingougnad incluslingwas least dneigst statearsioat deast awiseaond stawher ei n t he
phase chagg%ep&tﬁoggt% _ia§leg$rah'ég%§tgtetgm{ ecei ve a phase changi ng signal, the
phase changing Si gnaF Including at least one first state and at | east one
second st athereiti the at leadt ohe finst sWitctads chefifiiredtd@ptiateSih afi bpp@inganghneh®rtké N t he
at least one first switch.is 1?l:]tngi%rﬁured Eo operate in an opposi ng manner to

the at | e8SFHARS WERYMIV LN TE y theat legpfi ape i trapsisteris confrmrd tos
transi st ope tutnddUH G RbedsPoREN LN AE ndPsht} theldd fadtlonk Saohd Bafsitbl st state
and only the at |east one second transistor is configured to be turned on
in the atconfigyreddnbe swnerthen tthe at legsbone seeeidyttate fiparirecqiptenf shephasgyi ng si gnal
by the at i SW, e at t e _second switch so as -
o achi ove BEERE 0368 Bt SATEh IR e Aok SRR R A8 s
changi ng sdhipvela changecihes ohitpanplidse ofithe kremsitittanehdn the phast aiadging sighal at | east

one second state. '
; swmghes from the at least one first state to the at least one second state.
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