Phase shift keying transmtter circuit Technical Field 10011Vari ous

enbodi nents relate to a phase shift keying transmtter circuit. Background
[ 00211 ndusbrbali4sesenti fic nmedical (1SM frequency bandecase20msdoion

bi onedi cal 10applications. [00310ne particular band of interest, which
provi des a good conprom se between in-body |oss and antenna efficiency,
falls in the 902-928VHz frequency range and has quite limted bandw dth.
For high quality imging application with typical resolution of 640x480

pi xel s and franme rate of ﬂlﬁ@%ifﬁ%ﬂ REhittel ket f 1 ci ent nodul ation
ress

schenme and high ratio of inmage co Ion are needed. 1004] Datasheet
ZL70250 from Zarlink Corporation and AA. C. W Wng, G Kathiresan, C. K - T.
Chan, 0. Eljamaly, 0. .Oneni, D. Mdonagh, A J. Burdett and C. Toumazou, "A
1V wirel ess Fﬁ%’dé’éé“i“?}@r for an ultra-1ow power SoC for biotel enetry
applications,” IEEE J. Solid-State Grcuits, vol. 43, No. 7, pp.1511- 20
1521, July 2008 disclose wireless transm tters enmployed i.n bi onedi cal

i magi hg appl08ht i oMarieusembadispsnts relaigorihasnibift kgvyg K@SFF@Q"“HB’GUI ation
schenes. However, the data rate of these two transnmitters is limted to a
few Mops, due to their bandw dth nodul ati on schenmes. 10051Y.-H. Liu, C -L.
Li and T. - HBatkgrpuid 200-pJ/ b MJX-based RF 25 transmtter for inplantable
mul ti channel neural recording,” IEEE 7°. on M crowave Theory and

Techni ques, vol. 57, pp.2533-2541, Cct. 2009 discloses a transnmtter used
for neural [eprdi Biduaaal scizaiifiometizal (1SMP freysenay baids hfgsed in bioaddiaalur e
phase shift keying (0-QPSK) nodul ati on schene that can achieve data rate up
to 1% SI\/bpS?PﬂllGWERPér, the systemconplexity limts the achi evabl e power

30consunpt | (P(ﬂBI] evebpe ﬁm&%lﬁéﬁgéﬁ%ﬁ%t,s@ﬂéﬂ/ 288d&1la good compromise

between in-body loss and anteima efficiency, falls in the 902-928MHz ﬁequency
range and has quite limited Eandwidth. For high quality imaging application with
typical resolution of 640x480 pixels aﬂd frame rate of 10fps, both bandwidth

15  efficient modulation scheme and high ratio of image compression are needed.
[004] Datasheet Z1.70250 from Zarlink Corporation and A. C. W. Wong, G.
Kathiresaﬁ, C. K. T. Chan, O. Eljamaly, O. 'Omeni-, D. Mcdonagh, A. J. Burdett and -
C. Toumazou, “A 1V wireless transceiver for an ultra-low-power SoC for
biotelemetry applications,” IEEE J. Solid-State Circuits, vol. 43, No. 7, pp.1511-

20 1521, July 2008 disclose wireless transmitters employed in biomedical imaging
applications that adopt frequency shift keying (FSK) modulation schemes. However,
the data rate of these twoA transmitters is limited to a few Mbps, due to their
bandwidth modulation schemes.
- [005] Y.-H. Liuy, C-L. Li and T.-H. Lin, “A 200-pJ/b MUX-based RF

.25 . transmitter for implantable multichannel neural recording,” IEEE T. on Microwave
Theory and Techniques, vol. 57, pp.2533-2541, Oct. 2009 discloses a transmitter
used for neural recording application that employs an orthogonal quadrature phase
shift keying (O-QPSK) modulation scheme that can achieve data rate up to
17.5Mbps. Howéver; the system complexity limits the achievable power

30 consumption level.



[6] There is thus a need to have a transmtter with sinple architecture,
whi ch enabl es high data rate transm ssion and consunes | ow power. Sunmary
[ 7] I n vawOocos/@m2edi nents, there is provided a phase sircisGeeniongrol
transmitter circuit including: a variable frequency conversion stage
adapted to receive a first data signal, wherein the variable frequency
conversion stage conprises a plurality of frequency nodul ating el enents,
wherein the first data signal controls the nunber of 10 the plurality of
frequency A | PR CHROD ol Rl hadl 8 RRSHACE dihidple anHitBtifed whith
operating frequency of the variable Trequency conversSion stage; and an

out put st agenabteshighudatadratetransmissiontaed vesomes vopowero possi bl e out puts, the
signal s provi ded by one of the two possible outputs having an opposite
polarity to the other, wherein the output stage is configured to receive a
second dat aggintifiay t0 control the switching 15 between the two possible
out puts, wherein the output stage is coupled to the variable frequency
convefsi on stage and wherein the swtching between the two possible outputs
changes the se fAfy.aaSl . . j LEOUER &Yy ik @ St age
by 180.. [8fmr’iul th%%%ﬁ?ﬁe%g%%\%%?’:%ﬁg lig{bogg}iurirgrﬁhs, theﬁt er mﬂ'é'&?sﬁgtste shift
keyi ng 20t r einguiti in¢ledingi a variable freqyencyicenversion stageiadapteditd sgceive a ﬁgﬁrﬁ*@@y dat a

by changi ng,. or, dul ati ng, . the.phase of a r.eferenc i.gna calrier

wave). Anal 5§%r g‘&eﬁﬂ itfe gﬁfbﬂ%reaﬁlg%%n%foﬁvemdg%5¥ag?h°§m§’|nrg%u+ tp i‘Inrglgi/‘tyl (gr?cl ude a

modul at or ugkfi@néy fodhlating) elehnents Okheteintthe Gist dagrsignal tentrolypthe samberdifyi t al

data. A finite nunber of phases, each_assigned a unique pattern qf bi nary

di gi 28, inayﬂlié’lﬁéléﬁ.Ofééﬁﬂﬁe‘fﬂXég%d%?gmﬂ’és_ t e PR SOrA3 1B &P 35 ts.

Each patter B%é}iﬁr@ ﬁhéaTu f@f_&@%ﬁéﬂi@ﬁ\é@eﬁe& corvefsRit @sRNhRHadYutbliestRar ti cul ar
phase shi

phase. The pl t Keying transmtter circuit may further include neans
for the’ nodedrdigutedctarswitsh betvesn (omarof ywa possible amtrade dhaigigngls provised by :
transmtted, . he. Xt 1 0f . [ . ' SvHeflitheCi rCui t "
may be Unde?’% %@%eéﬁoéﬁs}%ﬁ?ﬁﬁﬁ@% hg%%ﬁgsmﬁgnn%ﬁﬁghiﬁtthﬁ]y 'ﬁn ce may . be
speci al pur patpet S8 isconfigyredito secpive eesesond datesignahty ewitrolvtheesvatcbimgd i n a

menory, fir re, .or _an nmbi natiop thereof. Thus,. in enbodi t, a

ci I’Cl!l¥ t nayg%\g'e%fl Wg,f‘aQ\}‘%fsg@e PREPE WB rF‘&ff’? OBtPUtasq?ﬁedﬁf%“r?%raat)tPgﬁf %aéllrggﬁci rcuit
such as a preglica bﬁ@rﬁé@@@%s%d whegein ah&so/it0Ring Rsecn the tgo possiblep! ex

I nstruction Set nmput er (Cl SC) processor_or a Reguced I nstruction Set
Conput er ( RPSEY!s shargss sy phasaob 2 siggal; fromthe, variablfsfrequspey: eRIVSTSIANGIRSS | ng
sof t war e, epd18@NY ki nd of -conmputer program e.g. a conputer program using
a virtual macfln ne code such as e.g. Java. Any other kind of inplenmentation
of the respéSlve uthst camextvi vanons | dmbsdiments thoetgrm ri'Phaseeshitkaying bel ow
may 50 be HNdehs! 8RdkiPomfy Hef t Lirkilluf SRR GRS e By TbAfiRE! &V

modulating, the phase of a reference signal (the carrier wave). Analog or digital

modulation may be used. The circuit may include a modulator using a finite number
of distinct signals to represenf digital data. A ﬁnite number of phases, each assigned
'a unique pattern of binary digité, may be used. Each phase may encode an equal
25  npumber of bits. Each pattern of bits forms the symbol that is represented by the
particular phase. The phase shift keying transmitter circuit may further include
méans for the modulated carrier wave (carrying the encoded data) to be transmitted.
[009] In the context of various embbdiments, the term “circuit” may be
understood as any kind of a logic implementing entity, which may be special purpose
30 circuitry or a processor executing software stored in a memory, firmware, or any

combination thereof. Thus, in an embodiment, a circuit may be a hard-wired logic



[0010] I n the context of various enbodi ments, the term"variable frequency
10 conversion stage" nay nean a stage having an operating frequency that is
vari abl e wodoretsensi ned by external neans, such as by dataschetiobé®1 phase
transmitter circuit transmts. Changing the operating frequency of the

vari abl e frequency conversion stage has the effect of changing the phase of
the output signal of the phase shift keying transmtter circuit. Thus, in
vari ous enbodi ments, the variable frequency 15conversi on stage provides a
means to co Sith R j ' idter
circuit. [08%‘% (r)llt ?ﬁ)é cont ekit%hlggﬁvﬁciug{}gc%%% irﬁgﬂr?ﬁg%g@ggrs?néﬁélnrést dat a
si gnal " maymicropronesser €.gli @yiCoaiplexi Ipstiictioh $ep dFampusere((JSC) 'pregessog'or 4 n t he

context of yario enbodi nent's; - the fj dat a _si gnal.. ac S Lrst means
of controll }iﬁﬁ"‘c ﬁm?}?nﬁéséd. g5 é%lsﬁillpme%sstof ed rcgﬁ%l{ Eneg’pﬁg%fggs%i ft

keyi ng trangfickdser exdching boftw46, 124 .| dhyt kifd 00 BbBphted progam,0ng. € bdmpliterent s,
the term"freqguency, nodul ating el enments" nmay nean_devi ces %tgat c anftge t he
phaseSof a BIogrRE usingt ajdrtygpmaching cadesuch By &8 Jayes oPrfe RS, %% he
"frequency hndithish 6F Bttt flndfGs WRBR Gl YeSdeEribddHURSIRS detail
25[0013] In the context of various enbodinents, the phrase "the nunber of

t he pl ural i bglowf may eqjsrebeyundsiudat ang eirerit in saceordancgr withpa gltemativeay nean
t he nunber of f&i%gutency nodul ating el ements that are electrically connected
at any instS‘HB% nOpe_ration, so that ‘the remaining frequency nodul ati ng

el ements ar@onglt CcHNERCtetext[ OO ldgdus éribodimaits X theoferniafviatialsle eframenayent s,
the term "output stage’ may nean 30t Be fmal stage Srf t he %Pase shi It keyi ng
t randfi t t er CRAVEESIAN S, MHLMmean &;stigs hayipp a0 ORETFHRS SPGWRCY RAIHEFAIOm t he
out put st aggnd\@tbrthiR@lV By BReRaPHEARSSRH ABbylda that the Eﬁase&iaﬁ&ﬂﬁte_i’ Birkdie phase
shift keying transmtter circuit. in this manner, the output signal would
be a 'si gnal trazsplitsg Ganging be weeraiys fisauapay ¢f dheprarinblefiequepsy 6P0VERhase
shift- keyi ng, 1t 1 AR t ' o
crbodi ront o Foph 85 el iy F Efislng S phald B OtuiR S ST MEBRBESRR |
that the oukgyitg stagaittes citauif. | Fhusdntvarions embodiments, the variable frequency

15 conversion stage provides a means to control the output phase of the phase shift

keying transmitter circuit.

[0011] In the context of various embodiments, the term “first data signal” may
mean a digital signal of logic levels “1” or “0”. In the context of various
embodiments, the first data signal acts as a first means of controlling an output phase

20 of signal emitted from the phase shift kéying transmitter circuit.

[0012] In the context of \j'arious embodiments, the term “frequency modulating
elements” may mean devices that change fhe phase of a signal that is applied thereto.
In various embodiments, the “frequency moduiating elements” includes capacitors or
“inductors. | .

-25 - [0013] In the context of various embodiments, the phrase “the number of the
plurality of frequency modulating elements that are operated” may mean the number
of frequency modulating elements that are electrically connected at any instance of
operation, so that the remaining frequency mbdulating elements are not connected.
[0014] In the coﬁtex‘t of various embodiments, the term “output stage” may mean

30 the final stage of the phase shiﬁ keying transmitter circuit, so that a signal (the output
signal) tapped from the output stage would have ‘been processed by the various



[0016] I n the context of various enbodinments, the term "opposite polarity"”
may nmean between two signals, there is a reversal in the phase of one

si gnal cownpavedgi4des the other, so that there is a phasepdirfsbeiano@oof 180
between the two signals. In various enbodi nents, the output stage nay be
used together with the variable 10frequency conversion stage to control the
out put phase of the phase shift keying transmtter circuit. [0017]In the
context of various enbodi nents, the term"second data signal” may nean a.

digital siggahesah th@phae SIGRKefing transthitteP circult SnIBie dEneg i sutgnaignaly be
discrete fromthe first control signal. In .the context of varjous_ .

enmbodi nent s wonldeberarsignad havingbeensnende bytheuniquephase pattermetihe phasesbifk r ol | i ng
an out put ppas: |.gnal i'tted fromthe phase shift keying transmtter
circuit. [Og‘%ﬁ%{r%%sﬁhe&%gckrtcgﬂ of -various enbodi ments, the term "coupl ed"
may mean an[08LSict r Ictle @arxe of ivatiouse¢mbmiiments.etheiteral “switch”finay tmeanrponent

and a termnal of ane-qr nore qt her conponents. The gl ect.yi cal connection
my b a dif WIOBBﬁH%%&I%ﬁ?@?B%?b&FWHFPr&F%%lércf’r?%%\r%‘{at(?fe%{'I the conponents
are connect pg14]0 AILHEEBAteROHMWariolS eMBodiffthisSie teM NEPosi®Npolaktyt’ hady t he

termnal of the first conponent is connected to the term nal of the one or

mor e ot her EBEADbFWIGED tWhsigralh thase jsa wverseldn thephasg plcensrsignal cempPaFbioas pect
of the invepLi ' ' \ : hof ' = alaker padapt ed
Lo recel ve. e fitr, MOBE hcke B £ phisktufbhas b 30 beon kR nb RGNS I
accordi ng t oaricausi emisodintms)i the ndwsput| stagehmay ot esad toigether maths thenbastbleent s,

the term "phase shift keying receiver",means, a,denodul ator I¢h.is _
desi dhed spOERFRERFPIVIITS SHES 55 ROl B e P Metsihdte MRS ng
transm tter wreashfitééricibitvar i ous enbodi nents, to determ ne the phase of the
received signal and map it back .to the synbol it rggres ts,.thys

recover i ng AL lor i By thg coptgntef varipysgmbedupents, the,termpy ‘sepppd fta fjepgls may

' , mean a digital signal of _logic levels “1” or “0”. The second data signal may be
| discrete from tﬁe first control signal. In the context of various embodiments, the
15 * second data signal acts as a second means of controll_ing an output phase of signal
emitted from the phase shift keying transmjttep circuit.

[0018] In the context of various embodiments, the term “coupled” may mean an
electrical coﬂnection between a terminal of a first component and a terminal of one
or more other components. The electrical connection may be a direct connection, so
20 that the terminals of all the _componenfs are connected to a common point; or an
indirect connection, so that the terminal of the ﬁrst component is connected to the

terminal of the one or more ofher components through an interface.
[0019] According to one asi)ect of the invéntion, there is provided a phase shift
- ‘keying receiver adapted to receive and extract data from a phase shift keying
.25 transmitter according to various embodiments. In the context of various
| elﬁbodiments, the term “phase shift keying receiver” means a demodulator, which is
désigned specifically for the symbol-set used by the phase shift keying transmitter
circuit of various embodiments, to determine the phase of the received signal and

map it back to the symbol it represents, thus recovering the original data.



[0020] In the drawi ngs, like reference characters generally refer to the
sane parts throughout the different views. The drawi ngs are not necessarily
to scal e,worpHagpP£5i nst ead general |y bei ng pl aced upon PCIIESRIALDNGLt he
principles of the invention. In the follow ng description, various

enbodi nents of the invention are described with reference to the follow ng
drawi ngs, in which: [0021]Figure 1A is a schematic representation of a
phase shift keying transmitter 10circuit according to an enbodi nent.

[0022] Figure 1B is a schematic representati on of a phase shift keying
transmtter _circuit_ according to. an enbodi nent. [0023]Fi gures 2A and 2B
show schenaBrief Pessription:Qf Th:Rrawinghe out put stage of a phase shift keying
transmitter,.according to an enbodi nent. 15[ 0024] Figure 3 shows the
circuitry of. a phase shift keying transmitter circuit, according to an
enbodi nent . [0020125] H the deawings biks refergnegsiharactess, ganeradly aefepiotbe sain¢ patsence,

agai nst co -, co the: di.f ference hetyween free running.fre n

targeted canf?‘%gg'b'l’tr%aﬁh KESP VFObe |%vrwsl\lg§ AR as'?%‘tl){' Ee0 %ngf S%Bﬁ]n%gsri ses
the output pReae gefiriily béing ptaeed upsn ANSirghgl thelpeinciplesjof theihventian. rBspect i ve
conbination of jinput fromcontrol signals. [00t§7 Fi gure 6dshoxi\)/s a.tchapacitor
bank -accor dfisgolewing desetiPReYArious embodiments of the invention are described wi

reference to the following drawings, in which:

[0021]  Figure 1A is a schematic representation of a phase shift keying transmitter
10 | circuit according to an embodiment. _
| [0022] Figure 1B is a schematic representation of a phase shift keying transmitter
. circeit accofdieg to an embodirﬁent. S . )
[0023]  Figures 2A and 2B show schematic representations of the output sfege ofa’
phase shift keying h'ansmitfer; according to an embodiment. |
15 - [0024]  Figure 3 shows the circuitry of a phase shift keying transmitter circuit,
according to an embodiment. |
[0025]  Figure 4 shows a graph of e, created phase difference, against @ - oo, the -
difference befween free running frequency and targeted carrier frequency.
[0026]  Figure 5 shows a table that summarises the output phase shift of a carrier
20 signal when subjected to a respective combination of input from control signals.
(0027] Figure 6 shows a capacitor bank according to an embodiment.
[0028] Figure 7 is a schematic representation of a direct QPSK / O-QPSK
modulation architecture, according to one embodiment.
10029]  Figure 8 shows graphs illustrating the effect of phase modulation through
25 " modifying the self resonant frequency of a LC (inductor-capacitor) tank, according
to an embodiment. N '
[0030] Figure 9 shows the circuitry of a phase shift keying transmitter circuit,
according to an. embodiment. '
[0031] Figure 10 is a graph showing phaee relationship with ‘respect to the

30 frequency difference between the harmonic of an injected signal and the self-



[0028] Figure 7 is a schematic representation of a direct QPSK / O QPSK
nodul ation architecture, according to one enbodi nent. [0029] Figure 8 shows
graphs i IWO20r1at4p42§ t he ef fect of phase nodul ati on t hr oRGH/SEBMdNeYi ng t he
sel f resonant frequency of a LC (inductor-capacitor) tank, according to an
enbodi ment. [0030] Figure .9 shows the circuitry of a phase shift keying
transmtter circuit, according to an enbodi nent. [0031]Figure 10 is a graph
Ehovvi ng pEase relationship with respect to the 30frequency difference

et ween the § o MIR=Y S - t
Frequency of bl Toiuey? Bt bREL SUiE 1Ry BRRRIE ARl a0 an
enbodi nent . embodifieRi.gure 11 shows a capacitor bank, according to an

enbodi nment . | 3] Ei qur 2 shows | e, phot ogr aph_of ;a .di rect SK/ O QPSK
t r ansni tterlobg%g, E{gg{ﬁ@] th(??cﬁﬁacgt% wﬁ?r%%fgégﬁ]eﬂbﬁﬂlr%en '3A St?ows aqa
table that [essRri Biard I®shievs DdiRghemetiphaftar difgQPSEVOMQRSK tragsmittei ng t o
an enbodi ment, under 1.4V and_1.2V voltage supplies. [0035] Figure 13B
shows3a t abFkip; asserdingfaapieabedimedt,conpar i son of the performance of a chip,
accordi ng t po3fy emhadiah Mok LU BB shmibhisdd AR Pelofhcel B3] Fi gur e
14A shows graphs of tine-domaln nmeasurenent results of ‘a phase shift keying
transmitt er trensnutter chipg ecwrding ¢p, aroerabrdimensdundent .4V and 1.2V voltage supplies.

[0035] Figure 13B shows a table that summarises the comparison of the

_ performance of ‘a chip, according to an embodiment, with other shift key
10 5_ transmitters. o
- [0036] Figure 14A shows gréphs of time-domain measurement results of a phése
shift keying transmitter cifcuit, according to an embodiment. :
[0037] Figufe 14B shows. the power spectrum of a QPSK signal, according to an .
émbodiment, at a symbol rafe of 25Mbaud. - '
15 ' [0038] ' Figure 14C shows measured phase noise. ‘
' [0039] Figure 15 shows overlapped 4-phase transient waveforms and a locked
spectrum. | A '
[0040] Figure 16 shows a QPSK transient signal in a time-domain axis and its
. accompanying spectrum plot.
20 [0041]  Figure 17 shows a constellation diagram for the four phase output of a
phase shift keying transmitter circuit, according to an embodiment.
[0042]  Figure 18 shows a schematic representation of an in-body capéule that
incorporates a phase shift keying transmitter circuit, according to an embodiment.
[0043]  Figure 19A shows a block representaﬁon of frequency bands that fall
25 under a wireless body area network. '
[0044]  Figure 19B shows a system having a transmitter block that incorporates a
phase shift keying transmitter circuit, accoiding to one embodiment.



[ 0037] Figure 14B shows the power spectrum of a QPSK signal, according to
an enbodi nent, at a synbol rate of 25Mcaud. [0038]Fi gure 14C shows neasured
phase noiwe.20{10Q8RFFi gure 15 shows overl apped 4-phase t pamsicenti/ov@vef or s
and a | ocked spectrum [0040]Figure 16 shows a QPSK transient signal in a
time-domain axis and its acconpanying spectrum plot. [0041] Figure 17 shows
a constellation diagramfor the four phase output of a phase shift keying
trﬁnsm' tter circuit, according to an enbodi nent. [0042] Figure 18 shows a,
schematic r | ti.op of an in-body capsul e that incorporates a phase
shift keyi n?%h’elgﬁrsﬁrﬁ%'f?étrm}:i rcuit, according to an enbodi rrgnt. [0043}0Fi gure
19A shows a block representation of frequency bands that fall under a

wi rel ess body area.network. [0044]Figure 1 ho t havi

transmi tter[‘%f‘ﬂpk VAgeus; : IL{ngge |§‘Pfa%§§§ﬁ1 (ﬂ{/‘\gdi%?%y a%ﬂgﬁ@ﬁ,gg@?

circuit, acggighsky (Bﬂh@%ﬁalga%ﬁﬂitﬁi%nbhase%ﬁi k&fnde sahsniiter) NofleRiihB] Mar i ous
a

enbodi ments provide for a QP (quadrature [%hase shift keying) J _eg’SK
(or t hbgonal 9¢RMHechasedopinigstionfrckingiteshniaye. Tiha frapsmifter may,adieyeidggr

900MHz, based Pl ihQn- locki ' itL hi
desirod phaifintiioh tBBiAARL thriof BP i EaonbE bk Boaiob She Mt oV
f L eque ng y ?thg ija ?ﬂﬁgbiaﬁilyew;p .eiraiit. adlio Elimintates slémeed iof BUL {(phastlosk ddapi nat es
the need o se | oc 0 ,.a, m . ' | ti '
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size. - consumption and smaller die size.

10 [6046] QPSK modulation is bandwidth efficient, but requires complex circuitry
- cc:)rjnpared to other modulatijdn:tedhniques like ASK (amplitude shift keying) and
BP_SK (binary phase shlft : i(éying). Having complex circuitry reduces power |
efficiency. Adz\}antageously,j various embodiments provide a simple Circuit to realise
the QPSK modulation, and are compatible with conventional transmitters, without
15 " the need for an interface. = Various embodiments thus fulfill in-body device
| requirements of low-power, low-complexity and high-bandwidth efficiency. Various
embodiméhts use injection-lock to realise QPSK modulation with simple circuit
implementation.

[0047]  Figure 1A is a schematic representation of a phase shift keying transmitter

20 circuit 100 according to an enibodiment.
[0048] The phase shift kéying transmitter circuit 100 may include: a variable
frequency conversion stage 106 adapted to receive a first data signal 108, wherein
the variable frequency conversion stage 106 may include a plurality of frequency
‘modulating elements 136. The first data signal 108 controls the number of the
25 plurality of frequency modulating elements 136 that are operated so as to control an
operating frequency of the variable frequency conversion stage 106. The phase shift
keying transmitter circuit 100 also includes an output stage 102 configured to switch
between one of two possible outputs (190, 192), the signals (194, 196) provided by
one of the two possible outpilts' (190, 192) having an opposite polarity to the other.
30 The output stage 102 is configured to receive a second data signal 114 to control the
switching between the two possible outputé (190, 192), wherein the output stage 102



10100461QPSK nodul ation is bandwi dth efficient, but requires conplex
circuitry conpared to other nodul ation techniques |ike ASK (anplitude shift
keyi ng) aWmo 2BABKI{LBI nary phase shift keying). Having coRprSG2eileunt ry
reduces power efficiency. Advantageously, various enbodi mnents provide a
simple circuit to realise the QPSK nodul ati on, and are conpatible with
conventional transmtters, without 15 the need for an interface. Various
enbodi ments thus fulfill in-body device requirenents of | ow power

| ow: conpl exid Yol 41 @8 -BARAINIsFtgllerRly donb BN staf8! 1081 grl0 tHeittchiniss ©
Injection-lock to realise SK. nodulation with sinple circuit

i mpl ement at betweed 8B4WpHiogtible outpuiss(190,5192 phanges ﬁhegﬁwaftaa@gr@hl%ﬁ frgmphase
shift keying transm.tter [ rcult ording to an enbodi nent.

[ 0048] The p e_sveangl?:i?a teEl eenﬁ %‘gﬂ‘{e?sgénqssr‘n}%%&ﬂ%gi'r cuit 100 may i nclude: a

vari abl e fr pgeencyFigarevEB & scheiaticrepfeSernaimptofc phoser shifekeyngtrinsnstterdat a
signal 108, wherejn th(é, vari abl g (&r eqquency conversion stage 106 may i ncl ude
a pl ufalityCBRuf POAGEHENe 10 a0 FRPPHIR) enent s 136. The first data signal 108

control s t hgospmbern RiohdEmB&IiRehts Ahé piase Ehiftkegiug RaMsmag diriuitNGokzMeNt S
136 that are operated so as to.control an operating frequency of the

vari abl e fr égludacyn eutputstageh03tangescilpgon Fiage JR4seurlpd f@ theeitpyf H288nsmitt er

circuit 100 SO | . | ]t ' bet ween
one of two. fGkei bl 5 UafE ULt BUl AR fad Fod MMl b3t Sk DT ePY
?Ee OI ht: he. gi‘g%lpmiwbietmim;mmﬁeﬁg@ggﬁsqum?)oﬂwﬁxvij\mtgabin foqpesiyt eoqyotsméli é yt to
e ot her. T utput s e 102.is,confiqured to receive g se ata
si gnd? 114 Ftﬁgecg(rlé)fso et.‘?ﬂ’é“@\?\ﬂ éﬁlsz@t TM%Lﬁtoﬁeanfiv&? aﬁﬁggtforﬂ]l Sgag?uf@]uttos (190,
192) ,- wher epénhttd8pQiiciléf the 8g811a{da stdgs 104UR¢ divitor &isge/BIN @hpRdfis @guency

conversion stage 106, wherein the sw tching between the t'w?. possi bl e
out puts ( 190utpubstyge: hhgdde iomepusisiage 192 mavsingde elestncal gonnligg cpgpittyy) o

freauency comyahed@iich 30GIRE AlrylIA048IJi N 6cctR d RobnddtelBidl 14,
presentation of a phase shrft keying transnmitter circuit 150 according to
an enbodi netie. el jcowplingr ¢iugre ibb dicoefigusable i resherse teithe scoead idaly
ts,[ :Sigﬂ 1Bze£ 8%%{12@4% t81(f5 %ae i uet (iF))uu Cllltgs[ %eﬂﬁ t%uéﬁpatte ?r; %gﬁer]aoﬁrst ?)Bmﬁﬁﬁ iok' Iaat ion
: second position, wherein the polarity of signals-116 from the output stage 102 in the
first posiﬁon is opposite to the polarity of signals 116 from the output stage 102 in
the second position.
[0051]  Further detail on the output stage 102 producing one of two possible
20 outputs (190, 192; see Figure 1A) or operating in the first position and the second
position (see‘ Figure 1B) is described with reference to Figures 2A and 2B. - '
[0052]  Figures 2A and 2B show schematic representations of the output stage 102
of the phase shift keying transmitter circuit of Figures 1A (100) and 1B (150).
‘Figure 2A shows the output stage 102 operating 206 to produce a first possible
25 output 190 (see Figure 1A) of the two possible outputs (190, 192; see Figure 1A).
Figure 2B shows the output stage 102 operating 208 (see Figufe 1A) to produce a
second poséible output of the two possiblé outputs (190, 192; see Figure 1A). In the
embodiment shown in Figures 2A and 2B, the output stage 102 has two output ports
202 and 204. Altﬁough nojt: shown, other embodimenfs have output stages having
.30 more than a pair of output ports. It will be appreciated that in Figures 2A and 2B,

only a portion 212 of the output stage 102 that causes switching between the two



102, a vari abl e frequency conversion stage 106 adapted to receive a first
data signal 108, wherein an operating frequency of the variable frequency
conver si onok0stages106 is determined by the first data scgmsaloi®Boi@and an
activation stage 110 to control operation of the oscillation stage 104,
the activation stage 110 coupled to the output stage 102. The out put stage
102 may include electrical coupling circuitry 112, the electrical coupling
circuitry 112 adapted.to receive a second data signal 114, the electrical
coupling ci I Qyr 15

si gnal 114 gééﬁ:ﬁé%é%&@%éi%?% taggt 1 gp‘?gﬁ%per%n%gllé\hg tﬁ;ﬁ(i')gtgg‘fl|Pdr2;1
posi ti on or isssheemond position, mhereln the polarity of signals 116 fromthe

out put stag e f 0S| |on LS i t ol ar

si gnal s 116@%&%1 Eﬂe{: "‘p%{ é‘? 3’8" éﬁtal Wﬁgﬁgz’@é E“iloﬁ'é‘?rb&hgﬂ“tp[‘%ﬁéﬁe] Furt her
detail on the @lbperateSIGIR Pddude £ fist i dugpu@ N0 0T Int FiguROZS | tht Sectiadafilt S
(190, 192; see Flggre 1A) or égeratlng in the flrst€?05|t|on and the second
posi tFon ( ssiengiyd éaqeanﬁgyreé pRtpelgstaget 12 tefaperinc 208 9 mpdisedsseoondand 2B.

[ 0052] Fi gur tieyt st age
102 of -t he Eﬁ‘géﬁ i f‘éﬁék ?g%g:%in}st?toe Ef‘?gu?%o‘“%%ﬁ‘g'ﬁi@\“ B0) " and
1B-(150). Filgw & Qéhmlgemphm qult8pi’Jin theampput Genah e The nnge@B6™tld’ pamsduce a

first. possible 25 ou ee. FLgure 1A e two.possi bl outputs
(100, 505° " EhBn el il AR bAS 2 adhin B sdeb8o BERBAHG 21 0
208 (see Fi giffegent Ahlut.O produce a second possible output of the two possible

out put's-:(190, '192; see Figure IA). In the enhodipent shown in F ures 2A
and 28, the["@ﬁ‘!}put Cemagrng biguies 2A2R8 %Pm}%cab?ﬁ ?%thEGeanﬁé]atZGK;na {hough ‘not

shown, ot hean@ﬁfpagsik&%fg@tﬂeacv)ﬁn&%ml@me%uﬁﬁvb&% SR L204)38) e BRI 1 Of

out put ports: ~be appreciated that in Figures 2A and 2B, onl% '
porti.on 212pdanmsmabmtﬂ@mgwtmetlﬂ&un Eiuse2A dnoprosita tp e paksty ofhe two

possi.bl e out 90, .1 0 hect ﬁgl d he _
out-put stage 3 %}ﬁa{éh s u&p/\n?]%éaﬁgggéﬁ R 1 %]%e ld?%ﬁeé 3 con?kg{}@l&sﬂgghﬂal 1141
has confi gusigfaltfiem okt patiabkt fagimency conversion stage 106, see Figure 1A): in Figure

15 ~ 2A, the signal 198 is sent to the output port 204, while in Figure 2B, the signal 198 is

sent to the other output port 202. In this manner, the output stage 102 is configurable
between two operating polarities, where one operating polarity is the reverse of the
other operating polarity.
[0055] In various embodiments, reversing the connection 212 at the output ports
20 (202, 204) creates, from the perspectiveA of external circuitry (not shown) connected
| to the output ports (202, 204), a phase difference of 180° in the output signal. In
various embodiments, the switching that oécurs at the output stage 102 may be used
together with the variable frequency conversioﬁ stage 106 (see Figure 1A) to control
‘the output phase of the phase shift keying transmitter circuit 100.
25 . [0056]  Figure 3 shows the circuitry of a phase shift keying transmitter circuit 300
accordmg to an embodiment. -
[0057]  The phase shift keying transmitter circuit 300 is similar to the phase shift
keying transmitter circuit of Figures 1A (100) and 1B (150) in that the phase shift
keying transmitter éircuit 300 has a variable frequency conversion stage 106 and an
30 output stage 102. The variable frequency conversion stage 106 is adapted to receive

a first data signal 108, wherein the variable frequency conversion stage 106 may



102 to operate 206 to produce a first output 190. In Figure 2B, the second
data signal 1142 has configured the output stage 102 to operate 208 to
produce aveecomdogat put 192. When conparing the first ortpsiG2iQ0o@gai nst

t he second output 192, there is a change in phase of 1800 in the out put
signal. The nunerals "1142" and "1142" are used to illustrate that in

Fi gures 2A and 2B, the second data signal has a different val ue.

[ 0054] Conparing Figures 2A and 2B, application of the second data signal .

(114i and 1142),revers 0)yl8 ' tput L and
204, so thatmcg dee ap@felﬁaril?}tﬁ?/} %?q‘%ﬁ%%ﬁéﬁlg%% %%8 B%tgéuzl't%’eg?%g%eﬂ}g%ﬁ%f F?g%r e 2A

i s opposit e firdh dabesipadl A08teonadls the Ramberadf thheluralityudf fséqmencyl dddualatikg gur e
2B. Considerjng signal_ 198 (which s the signal fromthe variable.frequency
conversion § 5&8‘81@33’ iée 34 ga&FleJ]“fi\)ﬂ?atiaﬁe ePated s9 s toyfontrpl,an, OPergUng o “sent
to the out pyleqhicl o2 ¥b vatibleSfrdduehdydidnPerdidn stdpe 1969Me clifhtistagsqoL i O the

ot her output port” 202 In this manner, the output stage 102 is configurable

bet weén t }/\D cﬁl}flﬂ“&‘td tegspitshahreitweaasonevpfeive Raseiblspaitpits, the pignals prqvided he
oversing t RS ob o RBSAk bRGuRHeIE o oppOsiit ol sy B hRY e IR BIRRE °,

t he per spectiage 102 isscconfigmet te receivietar sgcqmidodats kignal )1 14 so nemttad dhe switdhingout put
ports. (202, 204), hase difference,of.180 in the outpnut signal. ln

Dar | ous.enbbeiviskhis Ry asihic oRpRg. e e e Saef el B SR 02y
be used t ogghiisdle \ﬂeaﬁenkgebowérgiab lseagh @Y QMedeirt BievVevitdhaly bétagen Ibtwsee
Figure 1A) to-control the output phase of the S{%hase shift, keying o

t r andfi t t er pessitlejoutppochanges Brerphyse of 2 sigpals Pnow; theuyariahlepiredieptinse
shift keyin ARSI 4 d ipp cui t 300 according to an enbodi nent. [0057] The
phase shi ftg‘ﬁ%‘&l rllg -tt%é;ﬁ{gmfgtot'er circuit 300 is simlar to the phase shift
keyi ng tranf958} er Compaung thefphisegihife keying fragd)ittemarcuid 300 %6 Figure Bveth t he

phase shift keying transmtter circuit. a i..abl I o3V
conver sion &ea%t@s‘%@%%%e%% aina cértcgléég%’gﬁﬁlﬁ%\ﬁ\%rt%a% aeSL Pﬁ‘%ﬁ%

conver si on ghageitdO8rduit 0aficckhstad dseitlatione stagd 104 toupdddatosthe patpul &8ge wher ei n
the variabl e freguency conver si on stgge %%6 ‘r_g‘x 1 (‘2I ude a plurality of
freqdéncy mdBtiand angetbiatingsipse | Hxpurisddo the oy ga%%% - The first data
signal 108 gmsbyéol Thé &idwd Eb@bohts STehdbutpdlstalz 103 afera8 Go1RWay nodul ating

el ements (336, 338, 340 and 342) that are operated so as_to control an

operating f [9§0kncFheputphistager [021as affirstdermivg) 308 i whichgnfisst tegainabdl0 The

out put sta i i - SW 0 1
Ut put s, ¢ not ERSaiIE I S kRIS 08T WRET Mot BORR IS, | an
opposi t e pohas a sgcohd tdrinénab 804 ta whith acetqndt tesniagie3 1204 the varmble fjequedcyt o

recei ve a second.data sjgnal 114 tgo cantrol .the i i ween.the two
possi®Bl e ouf’%‘fe&w’}/ﬂggeei(%n‘ts e ﬁ‘f‘p@{le gfsilbeémf?;g ﬁiwcgo(f}gloggo&%gh?ﬁaen%}’geri abl e
frequency cmq@én'éwen&trﬁg@s&g@ 106Vagd eHeoithiet stagetlODiang thebovond térhgndlno
10possi bl e out puts_changes the phase of a signal, 198 frométgge vari abl e
frequency c&hiZeins 3 of i the vepable frranenco#opxsTing sfase 19208 Ee PPk ey ng
transmtter (Gi i ' i Earfeh oFhhd Hhiseshito
transmtter S%?é gg% :are’;g)gatg;l agngu%gm%gg%dﬁlep%tﬁ%gﬁsﬁfﬁeyi ngbt ransmtter
circuit 300 keying trhegnitter arcnitBP&t i on st age 104 coupl ed to the output stage

{00587 he vERSEEs B8 5BH 4feRe st BBLEH Lfed 192 BiBblea 3o Wnredtee
[ 0060] The ouwdrpiiial SéB@achl @2 thasostilfativnt sthge r10dahnd3@ie taotivdrioah stagd | 119t

termnal 31Q ° : : .
, Specifically, first terminal 306 of the oscillation stage 104 is coupled to the first

terminal 302 of the output Stage 102 and first terminal 314 of the activation stage
110. IR s
30 [0062] The second terminal 304 of the output stage 102 is coupled to a respective

terminal of each of the oscillation stage 104 and the activation stage 110.
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of the variable frequency conversion stage 106 is coupled. The output stage
102 al so has a second termnal 304 to which a second termnal 312 of the
vari abl e woequeneys20 conversion stage 106 is coupl ed. Pag/sGogtooder m nal s
(310, 302) of both the variable frequency conversion stage 106 and the

out put stage 102 and the second termnals (312 and 304) of both the

vari abl e frequency conversion stage .106 and the output stage 102 are

| ocat ed al ong separate signal paths (384 and 386) of the phase shift keying
transmtter cireuit 300. .25[ 0061 e.first .termnal . of ut stage
102 is coupﬁgﬁ?lﬁ%?hlg’ P%Cs"Bch‘u[“\‘/‘%gt ie(-grgr]no%a,e 8%°d23318 e ﬁe &5 S?Mi%% ?%trt\pest age
104 and t hes@ohd tafmiasl S040af thd Gutfhpestidel t6d layd detorl tdrmimal r&dl6 3Déheof t he
oscillation stage 104 is coupled to the first termnal 302 of the output
stage 102 aA¢vehpyetagetf nal 314 of the activation stage 110. 30[ 0062] The
second ter Moggsy 30%@8@3&%@1@9?&&&&%1&&2&%@% 6t 202 2anldBSRE6Hd Ve
termnal of each of the oscillation stage 104 and the activation stage 110.
Speci $i cal | gutpsepwha04.eThe autpu3estsdR02 aed 230 ibaveran elgcisicaligenngionvitoupl ed

to the second termnal 3P4 of si-age 8CQ i nal 316
of the-acti \E/haettig%{\ansdtsaeﬁ%mgfﬂgméf SRS%%%} e”c?ﬁ%u?'}lg%asg%ql@' ﬁgtr%tn hg’?[ﬁ}éﬁncl udes
a first out pus ppsitie 3dputsgicvidedsSBE thetbuhit ptage P02, tthe Gidst terhinad 30 wif theor t S
(20 o 2 e S £ TG o ot ko SRS, 1
erm nal's P ) ot ; : _ possi bl e
out put s -pr oy #gbulpit tHge P08 R%u?lﬁ@ﬁ?théqgaonﬂhﬁtﬁu't p&ft 208! T Rl otk 2f e t he
the

out put stage. 102 is coupled to first output port 202.and the second:
t er mifal. 30vepossitkde oupplstPreidedebyl the quiput siags £02.tthe fird terminph 303 of thet  port

204. In the gt f1d- ' ' . QHLRYE St age
102, the fi ?‘gfi’nfget?% 19; g%ﬁ&ﬁ?@%&%&%{mﬁ%@{ %Azg'?gﬂ%osﬁ% 9 @it
second out pB64 pfitht oYt stagk ¥0Ras smpimddo tlerfirstaltp@ @drt@02t he out put stage 102

is coupl ed he first optput port 202. [0Q64]1n Figure t he reference
nurr ol 510064 < oln Figbiseh b rerRERde SR TR e bael B S i i B Bl

bet ween t heekedipaticopféckiond B @ lic 30thit porth (RO aride20M) aad she( 3Rainals (3(204) ,
both of the out But stage 102. In a first *conpection (degg%g{jegbéthe

ref edénce naMbPif) 2o8) of i OHIPUS soes d0PedlmASt FRNISERh & Pl 114
configures tdgeRid Rithesl 28i),1 QhidnO i PHUES WRG @e 's¥nROESH DdignapUi UL s (for
exanple, a high control bit; "1"), the first termnal 302 is connected to
the first oocenfigurgsdhe opR staps 10R ¢o produsechnead e apssidg ontpuis dforszatarles o t he
second out pyt. port «h B . A ence
numer al 2083‘,511 clogﬁg&ét’e;lﬂég}eﬁ&\%ﬂgﬁﬁ ?Egggsteécogﬁ%ft a gﬁglﬁgﬁé‘l‘&)ﬁf rg%(%i gures
t he out put siidthe sédddditanfinad 304 és t¢dmpeaéedierthesecond oppaspdit 2040 ulinpusesor(d or

exanmple, a low control bit, "O" the first m pal 302..is .connected to
t he 2Bcond sﬁﬂnﬁaﬁwﬂp&f@%i’ya% %%eée%"&c‘&%er?le#ﬁ)h&'&%oﬁ %@ecie(ﬁin E?R to the
first outputecdfd datdQZenaPl 14 S6kTBufssi (R o@phtEstader 2 tb frodice thovthpr 6Bwde used

to realise the two possible electrical connections. Wien the transm ssion
gate circui possible wpipatfetfor exapples arlowyeapgrk bitnkER, thea fisit Seamigal $¢%eisecond
data si gnal ! | ol e isSdoml Serflibdl 308 i@Cddn¥ate t o
achi eve thecéén%ﬁt??%{hggﬁ%dggﬁ%@n. Bf%%g%%ﬁr(ﬁe g_ut putest age 1(1)2_ I ncl udes

el ectrical dsufpist ogfputi parti202.y Al tr2gsmisséoncgate circwt(not shewn)igay be gged toy 112

control |l abl e he second data signal .114. _The el ectrical couplin
circdPtry 11‘?%%%?&‘3??0?\%1?Eﬁflﬁ'ﬁglo‘%n?%’go%ﬁ‘ec FIY 15, (rapsTRisSiop eate ‘%rfbltgset ween

t he out put pAplementd® By Aot exdidple, NMOSaraabikiory, thetsagendldita sighehl tt ecomtiols nal s
(302 and 304) .of the out PUt stage 102. The electrical coupling circuitry
112 i s recoMhichniils wussiarewbbsestivated frachisys e rgapisedsogReption14 to cause
the output fogsP 198 lQuARCLALL 100 RULAR! eledificdll E&.{plﬁgn&ﬁﬁﬁt?mllfz,d% cted by
the circled portions 206) or tThe second connection édeplqte by the circled
portions 208lectrishleciphing lcgcwitry alrli2t gontrbllabie by ither a¢coBa Glatar sigmal d 4ouTrut st age

102 i he f] i .206 .1 i . f..th i I
%5 Fom ¢ nelGRECRBRELEREY 12 SoBREERKA Gt BE ASSh imihylimig 0!
toggling theewieastid 6apucARneQDR and 209) ¥f thei sutpultape AR rdndahe catpidng
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circuitry 112, a sinple nmechanismto effect changing the phase of an out put
signal 320 of the output stage 102 is provided, so as to facilitate the
creati on wd 2a11diasi25nct signal that represents the digitacrdateiencoded

wi thin the output signal 320. [0067]1n the enbodi mrent shown in Figure 3,
the electrical coupling circuitry 112 is a swap circuit. [0068] The out put
stage 102 further includes a buffer 318 connected between the electrical
coupling circuitry 112 and both the first output port 202 and the second.
out put port 204, 9].T. il [ s ' keyi ng
transmtter (%)Igl‘%nl,(lil ?6@0 {ﬁg 081 uplsclg,\% tgﬁt hgﬁ%‘;e%%&f&af;%% e E(F)g%%ﬁﬁla'(s)?{% an t he
cont ext of webhfigisaldatiodésponseo thérsecord dutacsgial 134 itwnaust aliedutpetystagean a -

stage. that by.itself, or together with o or re of e vari e
frequency cA% B Reic & ¢ rg’i‘fﬁﬁfé’”ﬁ%‘ﬁﬂ?‘%’t‘ﬁ@‘ﬂ%&‘?ﬂ@%@ H"Héonﬁﬁgbe"rof t he
out put  si gNile REodd@nREESE (Epictdd teihe Retclel POFIVNS OS), Whereii the fiﬂ&ﬂty/ﬁf i ous
components of the oscillation stage 104 are as follows. [0071] The

osci | § at i onthstsigpel 32fromdhaeluput stage 1P in thy fisst coprastien 296 sPPRosiEIafhe each
coupled to S 1St t- } ] ) he out put
crage 102 Bty diithe Sl s Aol Sliph{lagd 025yl ShBhl Bonnéddood NP O DY

first- term j8866)302Bgrtogdlingsthe eledtrical nommetticd021® fvithive theudlgniticad tcagplin02. | n

t he enbodi ment _sh in Figure 3, therg are only, t i nductors (322, 324)
and t,\Ao,¢cap%’&‘{‘%}‘gw&%‘@&@?&%@rt&?jr%f’h‘éhaélﬁﬁ’&ctp?\ﬁﬁ € ?8,0“5‘2’5%%3%% of the
variabl e typgo of\hehdh $t48e 30D PproVideB, 5836 tbfacifQet the cfdatien bf 8 distincy t une

t he operating frequency of the variable freg};fncy conversion stage 106,

t hr odigh "t hesigos thas sensesents dhsedi gital data egogled yrithyn theeutpupsignal 32Pequency t uni ng
conpl enent s;yhpq di ] BEAt d i 0§ Yihe BREGIES Bhpliddirait e
frequency c%’%’;\k)@r siglﬁ&lg%glag 18@%?%39 t “about %y t he nun%er .of -(%ygaci tors Cl
and C2 t hat issrswapctncyiit ed and t he m ni mum capaci tance of the activated

capacitors i and ‘. ln ot her di.nent s (0 \ be any
number of iﬁgﬁ@t orge.’g‘h “tcsg"&sglpg Soer nég‘l‘}&eeseaﬁuheeﬁgér%{ga&eﬁégsg ﬁgg?ﬁlﬁduct ors
and capaci t elestricflyconphifg airduitcg d 12 fand dbthathl efirstadutpng. poBp202 hndcthel secorglever al
i nductors connected in series or-in parallel may.be used in place of each
of thE pl ur SHPHPEE2Qduct ors (322, 324) or several capacitors connected
In series 0{005% paiRd b&ildieY shge 16£df tHe ﬂHa@&Q)iﬁﬁ(eﬁagfﬂraﬁimﬁtBﬁciﬁhﬁkfﬁiU ty of
capacitors (326, 328). [0072]Afirst termnal 306 of a first inductor 322
of the pl ur&ldoupledto thagupubstage(lP22 324) is coupled to the first term nal

302 of the @giel! i 88%elf&: 8 theibud SARAGIRI I orrd 3Bschfiatfo Sedeled Shay, nuCE OF

322 is couple o0 a reference potentia rst term nal

first capacitean a3Bigeahatthyeitselfliomtogetherniith apacr mmrs of 8R6var@bl)fréiguemeyupl ed t o
the first term nal 302 of the output stage 102, A first termnal 308 of a
secofil capaffSFIosBAEs a“fiﬁ’he B\‘tHPtaﬁQﬁey c%?“%%l%’ﬁ(ﬁ%?ﬁ‘?%%%‘?“ %‘}“?Pg ﬁ%:eoupl ed
to the secopgast&hift RéyingUdnhittbh eirii PThe S/afges ddidpousits dfsie ovelllitiuni nal

332 of the second capacitor 328 is coupled to a second term nal 332 of the
first capachtess 10bme apfollowst terminal 308 of a second inductor 324 of the

plurality ofggifyduc i 4104 fchidbPh pRirdIfy bPRIda&6RTSS, 80M), Radh 304 of
t he out put (s“t‘"ég’g 1ggé§%g%gggt§§nd tercrri nal B334&(’)f t he segono’l iﬁ)duct or 324

i s coupl ed tenplésketorthé Erst tarminadBehor tie sem@bd tewond 304106 ithe omputistaged@2:0r nore

conpgpents (not shqun) -between e rm nal it h b of it | OUS

ot 200 ( 1022 SRR oL FPIGY G285 208 BTty L3 R Glhafbl 302 of e,

i nduct or s asstofid paminab864 ofthe outpat stage]02. hiarthe embodimefitshbwalin Wigura B,

i nductor or an additional capacjtor |ocated between fLyst, term nal 306

of the osci F‘}eéi PTGrPDiX %‘é“‘fﬁ%"@rﬁé&%h@“géﬁ e f@?aﬁit?f.élégéézg)’ whezetp, |l ation
stage 104. Sigxi@s(¥26, BDS e BPihc REriABIO type N AWM dnaRué SIGHANAYL,, _ﬁfa%%B ugéldi ti onal
capacitor located between the first termnal 310 of the variable frequency

conver si on & figefre@enay thnetke epesasing frequancyef the yarsble frequeaey senversigequency

vari dbre fr SABRARS Browpl s b shiaBle"FRRCNAE i AR, SBei b Wielidoch P o 102

The vari ous naoig ebmplenedis tive diseretelvperafing dfencyc oharges i afnthet aaréabld6 ar e
as follows. ' :

12



WO 2011/ 149425PCT/ SG2011/ 000191 100751The vari abl e frequency conversi on
stage 106 includes a plurality of frequency nodul ating el enents (336, 338,
340 and 3#d)onemedrsof the frequency nodul ati ng el enent s pC386.201388019840 and
342) coupled.to the first termnal 302 or the second term nal 304 of the
out put stage 102. The variabl e frequency conversion stage 106 further
includes a plurality of swtches (344, 346), each coupled to a frequency
nodul ating element fromthe plurality of the frequency nodul ating el enents
(336, 338, é%!f ' | 4 | ( and
346) is con?rfégﬁ%gg cgy t lgﬁ?ﬁégﬁbgg{%&gﬁ%ﬁg : 3'#18% %‘%ﬂbggfgfgggkﬁﬁg?‘lr%ency
modul ati ng &h,ethanare(dd86atedB3nd tid4finamum34picitanee OMDS activated sapocitqgradl shown)
may be used for .1Q each of the plurality . of sw tches (344 346). the

oper ati on oi‘m‘gﬁ : etrreg}?gfi’é?"ﬂgs @Bfaﬂ’@‘%‘br{g‘?rSIq‘%ﬁb%@“yt(%%nAW Pff‘)défs‘%s si gnal
108. 1n a fiah@tapabiesaiwiie SRS or PR He ihdiRtdrs Balicapaditor®ahdl dbvegfisddement s
(336, 338,340 and 342) is activated. In a second operation node, either the

frequéncy modurzatlngptaee fpreificiibzgever) indgiors pornegtetl in qeriss S ‘parilsk i ng
elements (S4yAllucdh bigcAGH k%/cgggfdmg I hardlidy e aBBeEABbONIG T dverdl | L he

frequency noddl ating elenents 0 and 342) are activated. [0076]
A first terchpaaitorS tOnndctal in sesies for auperatlyl mayl beatsed dn plaserwitecadsef die t he

plurality of . the frequenc d ting elenents (336, 338, 340 and 342) is
coupled:to PHEQWPE?&’F%IF#%’%‘ of the output stage 102. A first term.nal
348 of a swdogl] 344 fifst idimiml B08loftayfist indaelos 822 ofdse pRdditpoflimibiprs s
coupled-to a. second term nal 348 of the 20 fid£5t' frequenlrcﬂ:)é rradul ating -

el emeft 336 G2 P24)sis cpanled fpathedirst tepminal 302 f 1% PUBHTREF odt é‘tﬁeﬁﬂ‘del enent
338 of the pliidh 38Y oplihd Akt iHRGMPASY i OiBleA! toNOredrEiR PotertiBBPUDIB3R, 340 -

and 342) is coupl ed to the second termnal 304 of the output stage 102, and
a second t effimitrermiss (306 fof aHistseapaciter 326 of headupliypicapacitoBsc@A® 328) # nal 350

of the second freguen D tq fedég g’%;’% 51 Sin F}] Vofa first
term nal 3760‘3?13({:1%%?%4? ’Ig[é{ﬁ%lngcd;gorm uﬁg?llhng_ Ileoéén‘igqi\gl% 0 Jtﬂﬁsredquftfr ality
?L tfh_e f :etquém_ﬁgt cjlapgh(i)ﬂoaBaag)fedherl?mh?ty(&B&paiiggs (3!25?3@8%1 iSMQ-)pld:dsth:qugl e]g to
e first -termna e output s e : ir.s r i na of a
S t df 346 SreomnipREa 30t ol g eutmbsiaes 1B s Sinid spepTol e 1o o
second ter meaakiteko280k chiysled R 4 Sechh® traniay 33 ELHhalfiritgapacor B26. SAGrstA fi r st
termnal 372 of 30a fourth frequency nodul ating. el ement 342_of the.

plurality oferminal 808 pfenespond drdustor 334 o dhe plugality pf nduptors £33, 334) $12) i s

coupl ed 10 LhgsPRAREd:BicptnaPlh ofdhe blifuRlipl b S P8RcAPIeriRgl asecond

termnal 35 e swtc 6 I's coupled to a second termnal 354 of the

fourth frequétheyseromdihdiciond24iisssespled Sxthe r¢focns] pitentiadhVDAbl e frequency

conversi on 1 further includes a |l ogj i i 0
receive theﬁ”ﬁ?ﬁt 3@‘?& n%z?yg fAe B ARET 0en%gies %‘%cf hégb%beglé'ger@ﬂg%%&%snd a

pl ur ?I ijt y ofvﬁﬂﬁﬂ tehdd Wﬁévﬁﬁ&ff@eh (002, tiiog, godi,tahaljlemgr sE)(a:’jiﬁa&ls,ofBﬂnB_ge) is
coupled to the output t) ogic circuit and adapied to receive an
el enent of &°BP H”rﬁ-\ﬁ‘? ‘Pg%‘i‘,% aé’@o““}’?"%’i%rgés% 1B3ance ithele Jpaya b \{pPeh (344,
346) of the splyi)aln ]%%%%&oéfr% aditloaeapAciof locae8 betwieeh OiY fidt teAfinBl306ne

out put (3621, ..., 36 a respective nultiplexer (3581, 358,,) of the
plurality ofof thel ascitlatiom stages BBt andithe preendripmminal 3@hobthe jossillationstageil@dd t o

T onds 105 S Yherk Ay U R Sl e AT Gl oo B s,

the term " elbetviseh the first themiphir Hoeof tied arieble fefluenchicomveysiompage' 106eapd thef er t o

any bit of a binary.in . For ‘i.nstance, the el enent be the nost
si gni fi cant quqngéqu%gﬁ gf@ﬁivw%iﬁg%ie?cx ?Pné(e‘a’loﬁis?%lzq%r d input.
[0074] In the embodiment shown in Figure 3, the variable frequency conversion

stage 106 is coupled to the dutput stage 102. The various components of the variable

~ 30 frequency conversion stage 106 are as follows.
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[ 0080] I n one enbodi ment, the logic circuit 356 perforns an XOR operation.
In one enbodi nent, the plurality of frequency nodul ati ng el enents (336,
338, 340 woaoB4@y42and the plurality of switches (344, 326)/Serel1ansianged in
an array. For exanple, in the enbodi mnent shown in Figure 3, the array has
two rows of frequency nodul ating el enents, where each row has two frequency
nodul ating el ements (336 and 338; 340 and 342) with a switch (344, 346)
connecting the two respective frequency nodul ati ng el enents (336 and 338;

d ol h nbodi Ltdes: Lb
nas any nuni987SEr 156avanPotp St Ehe) TRV ey oo PRy 2 Bl BT 77

Fi gure 6 sh@egucaBy ahédifatigeslemedte (836313385340 rands342), eschaefl ther gquerddye nunber
of the plurality of the freguency nodulating el en&ntsts (336, 3332 z&g and
342) that areds &P’éﬂ‘eﬁfé&_%’g% 348,240,304 382)1905Rl5d 1 fheditgrigmung) e by the
vari‘abl e frequea Gy V5ol SdfORe Suffi® stadd 102 OCRkL] er?iabi%eﬁé‘dﬁé(ﬁ%isg@w%s?lpm In

Figure 3, the plurality of frequency nodul ating el ements 340 and
342) $ncl udetege dpaditthersinglades, a @hurplity/oft $witelias §34e 346X cack copplegde s bl e,

the capacitgr (C1', . . has, a value in t Ean f :

exarrplg ar o%ﬁﬂl‘g?ﬁﬁm uu}%q‘lnlgr Slement” fro etﬂ ee%%ﬁ‘f&e%fﬂg C@J\gﬁ@n&?é&)@lgﬁ@ uses
cagagiﬂfé;)r S -éﬁﬁients@}ﬁ, 338) 340&nd ?]mue}pkyatmdﬂltbé plngal'?f eﬁmi(;@hels $3<Bl;harﬁi88, 340
an ), other conponents, such,as jnductors, may _be. used. In.the

enbodi nent  3HOMK CPgB‘PiP“G Yethg, “fth@rt%s‘&”j ]&%IV oé’\ﬁﬁ‘t%g‘ﬁaf&‘?qt“ﬁ@ ppdulating, ) oo
row, “but- i neRE! (385LAY SRNAR 1429t ARV, tradBtoR (KH 8howh) BAPBEhdealtsr MYy 'be
used.. 100821The activation stage 110 of the phase shift keying transmtter
ci rcuft 300eich efcthp phuality of seitehespi3f4.s149ycthe @peration pfthec Q&?rawst‘afar i ous

enbodi ment s,__: " ' i . : igqused to
ot Loh the B SoRFhib Hyabe KRk dald FAdaPFos. "BYa BRE Bphafiin ioah WRpe bE ERC
vari ous confreqemtyg nafdulatieg atdmentst (336, 3318340 bbd 3dRpisaactivated.ols a fe0@8U] The

activation stage 110 .i ncl.ude luralit f transist 36 ~each
coupl ed to Pﬂeé'gt?‘?“r Wdf’e?‘meﬁéﬁe. gﬁg"e&?y trﬂ%‘i{‘éag? n%eIP%[ftﬁi(T%qs aé(g%%)f °t %:" out put
stage 102, yhgiety rhdildting Sdlerh&itéi(3ud amD 34D ist etivared.pUb & tidakopdatiand t he

second term nal 304 of the output stage 102 are cong&gt e?S to a re‘gerence
curréht | i nmode,palkthe frequsaey modulatnglpments (36,738, 340 340 pes ativ@ed ur r ent

Ithj is an jogir6Ct ed fisONRhilaR73ra HSSHEQRNEF nlbALARAE Cldiat 336 of ARSEN tO
be the sane as the targeted carrier frequenciﬁ;of t he phase shift keying
t ransni t t er phiralityof the @@queticy spodutating elearentsdd #e A8 8 HOandi3d2Hs gavrledto t he

et o o Bie Arielh 0B B BT Soe@ 102 "R el Bling SRR AAEHLR AL Ge

ref erence curren i's contr fa a’s he connecti on of the
second t er ntheglludlY offthd $vetohes (344 and 4¢6) id Odupial tbhsecafdatermod H8rofdhet 1) is

controlled via _a switch 376. 100851_A c rol t.erm.al. 3641 a first
trang? st or &ﬁ%ﬂ“‘?‘%‘f@“ﬁdﬂ;ﬂ‘g? mept %ﬁe gr S %‘iﬂ?@ég ,seﬁ%ﬁ&?‘g’e’é‘%pl ed to
the second LRylalA cRRAENCI38 sFahe plupdlity 5f B@Grehdéncyanddulfingtedéthén® (386,
termnal 3642 of the first transistor 364 is cg(ﬁ)l ed to the first term nal

302 of the 338340 and 34 is oounierditoghe seconditesmingl 304 efthe eptpphstreesdigand ¢ he
first transi 84l | i Qs terihiSA rm nal
366i of a s%%%%é‘dﬁrans?sﬁg;&é%égs‘g%h?%%%Ischglgfﬂt{/sg ?lﬁetetran?irsg?grﬂ'ss@(%&
366) i s couptoedd frequdney fiodskatibgelement 33802 of the output stage 102, a first

controll ed ] nal,. 3662 0 he se ransi.stor 366 Jis coupled t he
second ternf“ﬁgﬁ 305“’6’?”’3%%%55\3{%”%?@8%%al@?aﬁau%{lcgé%ogﬁf URB SITS fgezg)

term nal 3668 tief pluhfity 6f @dfrequrnsy GlodiilaBB® eiemeABUPBBE,0338) 34D anti3A) g
current L. In the enbodi nent. shown in Figure 3, bothﬁtqr;\e reference. current

and the bi aspyried terthe dirst| temmingl 302 of the evtEnt $tagcgtund fipttemmgalin? fipyodi nent
(not shown) o, Roj Bag fag t{iee(;f,f&;ﬂefe Of GhH LRiiheb (B4 AR346)8isNodple Yo QU 10

may each be connecte rent reference potentials or a same non-zero
ref erence peiraial 352 of thOtRigd requesdpabdilabEdentnFd00 A ficogeminad372 bt dat a

signal 108 and the.second data . .signal 11 r | enen ofc data t
transfitted? g%nghge%‘f?ﬁ%i% atglﬁo%ﬁmﬂjﬁt é‘l%uo&e&’g, i té’?’é Qtfh@wf %?%ut%n%gt a
signal 108 aduldfifgeRaRnt (936,338] SARAndlIR) ¥ couphdho ahdsesoiidtepmitian®d4e bi t of
data, the phase of an output signal 320 of the output stage 102 becones
nodul ated by only two bits of data, so that the circuit 100 becones a
guadrature phase shift keying (QPSK) RF transmitter. At any instance, the
out put signal 320 will then have encoded therein, digital data belonging to
any one of the follow ng conbinations: 00, 01, 10 or 11. [0087] At the

recei ver end, a phase shift keying receiver 368 is adapted to receive




and extract data froma signal transmtter, such as the phase shift keying
transmtter circuit 300: Wth reference to receiving the output signal 320
fromthe wbase/mhizft keying transmitter circuit 300, thecplsalel1mbedt keyi ng
receiver 368 is configured to recover the original data transmtted,
through the use of, for exanple, nmapping circuitry. 100881For the sake of
sinplicity, several sanme reference nunerals (such as 306, 308, 332, 350,
352, 354, 370 and 372) have been. used above to denote term nals bel ongi ng

to different,.go nent s peci al L NG {2 Qlu‘gpzrals

i ndi cate te?ﬂﬁﬁa@g’u&tgﬁé (?zza?‘i%%%@%ﬁ%’?]ﬁ%tggg%&&%tggﬁg?.IEE%&I exanpl e: the
same ref er ependtefinl 3 806f the foustdrejoenty maddaldting efentent 342%er mi nal s of al | of
the first inductor_322, the first capacitor 326 and. the oscillatjon stage
104; the sal78lef eTnarishiprdfegronsyscomyeiigysiage dﬁﬁgfl"@ﬂetrh’é‘cﬁ’fi?%ta_ il"g’rcrri nal of
the 'second LRAHCISY adpted foNRedild fle firSf BAtRlgnal 166 8nd BieREbHIPHAS sighhl 328 and
the second termnal of the oscillation stage 104; the sane reference

numer &l 332114 and egluralityef orudtipléeners 3o féach of Hermilgpleaas (33%d -33338xds bot h
the first capagit.qr, 32 n e i - Lhe s rence
nuner-al. 350°(|pu etﬁlstgéh § 838%%1&(%@&%20 cgg;ggnag%@gg%ﬁ%ééﬁe t %z}sn\?\natggﬁﬁ@;ﬁ and the
second t er nbinaty tiput I(3605£C.aN8I60,), esberaiayopepationadf agswaican@ad, 38®; of ke sane
ref erence. nuner al 2-is used . to note the first ternjnal of e Swtch
346 and'-thep@é’é’%a? ﬁl@rsw'ﬁﬁ?s (gﬁaét%ﬁ‘g‘ff%?anOH?%élﬁébﬁ?c%)‘% 4’ti‘n36é‘5e‘#€ntk 340;
the sane reflpQAce mkiRERr (3581, 1.5 3589 itRe ?Eﬂﬂ of hRlgReeRd3s%er i Ml of -the
switch 346 and the second termnal of the ourth frequency nodul ating

el emdht 342manngsearsepHony is PErvadrdetorgnEelppentioniof thesewtches (o EO)tuslss i r st
termnals of, . I L i | ement 336 and the third
frequ‘ency.rr{ﬁolu?%{%g&&%%%tlbgw&%ﬁogggtwﬁggéggﬁleﬁf ef erence nuneral 372 is
used to den@®]t helnf varvus embodinents, dfe toot Helement du ¢shvlplirasegiederagnt mbaul at i ng

el ement 338, and the,third.freque dul atin | ement  340. ,100891However,
it.is not tRBAYFORUL may r8fﬁ’§°?@?ﬁﬁ?§£g§’%&pé’g g?rtlﬁsqf"ﬁcee’ é‘gr%enrlee &ence
nuner al ar ebd ihemeost Sighifioi b Masichigrafenbbit in & digitabeesty liput. terminal 306
is coupled toget her with termnals_ 310,. 302, 314.and 370 _and also with 10
the A2fer enl®88Qyr r Brfine| smbodigpent.dhe legie cirguit3 36r Pegiopms, pn XK aPsraliqh- iy s 306,

310, 302, 3l ansbddhlat! fhelphfalit§o? HRAESCS Hddatink keldnis (B 96/3381 340 mdl t ch
374, termnal 308 is coupl'ed together with termnals 312, 304, 316 and 372
and al so wi 342)tand theeplaradificef syitches3445346) arereangedwranctayodiopexample.of t hese

termnals 3Q8,; 3 : t e f tedipni . is

t hrough t he%svtaet %ﬁbgd}%’;%n%l%%%tqgrﬁ%ﬁrgl g %‘%0 a%r%}éq%g}g@r g&%%gglﬁeééh?%cglet her

wi th the remedelatiss gementsj whery/Bixh foR0B43] twbhieequharyemedulitingkademergs (33@nsmi t t er
circuit 300 i I oywer. .l ow compl exi t smtter sed on .

Ui o8 ot e 33 RN R Sy S R e, 10 S g, T B FPmgetive
transmitter fedueaty modfitibp Claniias @36 L4ad\43Q, G40due 3an)y tapdel.t i avathérage

controlled oscillator, inplenmented by the oscillation_stage _104), a
capaci t or bemRodimgnt, it is possible that the array has any number of rows of frequency

modulating elements (for instance, Figure 6 shows an array where there are six rows

'of capacitors). The number of the plurality of the frequency modulating elements

25 - (336, 338, 340 and 342) that are operated causes a 45° phase change of signals
processed by the variable frequency conversion stagé 106.

[00A81] In the embodiment shown in Figure 3, the plurality of frequency

modulating elements (336, 338, 340 and 342) includes capacitors (C/, C2).

Although other valués are possible, the capacitor (Cit, C) has a valuein the range of

30 1pF to 5pF, for example around 3pF. Further, while the embodiment shown in

Figure 3 uses capacitors_(Cl’, C,) for the ﬁequency modulating elements (336, 338,
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20 (inside the variable frequency conversion stage 106), a pair of
differential injection signals (coo and coo bar), a swap circuit

(i npl emenvedotiyisddze el ectrical coupling circuitry 112) aod/sa2oufob@w1 318. |In
various -enbodi nents, the term"injection-lock” nmay nean that an oscillation
stage (the LC tank) of the voltage controlled oscillator (VCO of a phase
shift- keying.transmtter circuit |locks to the frequency coo of an 25
injected signal. A created phase shift depends on the frequency difference

bet th f d th
D508 1n ¢ oG e, B IR oA e PAE 3 FRREORY ., o

a frequencyshrCth Figudy OUthdredart nlie tvsl c@;aautmer(dlceggwyowpm inTdtkerVCO i s
designed to cover a certain range sufficient enou%h to generate the

required pha@bOCBWP!“? (notshoveny;, ?ﬂ%‘&f?@éﬁ“@ﬁ%@é}’ I's (coo and coo_bar)

have freq ue@g%] CUWDES%I e 150 tﬁi“:\iﬁﬂseﬂéﬁm Réying W& smitter circuit 300 is
2011/ 149425 SG2011/ 000191 0921Qperati on of the phase shift keying

t r anssri t t er cauipleduiot th8 ®@tpus stage {162 b\/\%le cpoEEBH Piripus embodihdntsh thhtswm a gr aph

400 bei ng a.pl.ot.. of e ,created ph se differe ajns t he
di fference HETMBIOR YREIARY PEan A kige tgat ¥ élaﬁggocflmg%dh} aéhg‘g?e‘%iﬁ %ﬁe
frequency. Aasafitatdirogitbher 6ffnbols shown in Figure 4 with the phase shift
keying transnitter_circuit 300 -of Fi g}ure 3:.c0o is free running

e LC
frequency, W88 s Theevatons FRPPRISALS 06 et*‘ﬁ%"‘?@?}‘é@ﬁ@ﬁ&?’@ﬁélfo %ffown as cooand
coo_bar in fbg4yr © Ble ackvhiford eqqgllhélﬂdefsﬂﬁ)tl&ﬁh fofhlaﬁsdt&s\(m 386), edchn] | s

the |nJected current |located at coo; lose is t CO 104 bias current;
and @01 s t heoupleddpdke fitstteomitial BOF enthe sef{ogégerwealﬁpﬂaﬁtheeﬂl&unswgﬁl%re 4,

hangea 1 ohebBF TR R 305 Y B Syl 8 e Dbl RBS AP, OO

phase wi || teaugyet kbige (noz dire abmﬂbctegl tb herefeaéree @nnenmlajre tImItheﬁlélﬁbodnpaﬁ% 1For a

QPSK transm tter ffer ence, shoul d

enbodi ment , l}oPﬁne‘BrF?%ﬁglgo ® E"Hﬁ%F‘BW E’ahs 2H’e“‘ﬂ? sf%‘%ﬁ%"\’/‘?%%d‘?l%*efii ci ent
range to aCHérﬁl‘()ﬁlcttHﬁ i9 BhdrbR 8Lbélihk fs@me BE theh@ipwea Bardicd Feqlvas e obthie fphase
(indicated by reference nuneral 404) and a -45 phase shift |nd|c ed by

ref el®ence neplkgying Gepsmiftgnoseniy 109- ﬁ@e@éﬁéémpedlme@hf@‘@ Hgye 3 ( e first
data signal . Jn?l&tloﬁocﬁ{tﬁé’gfst Qi BOS Iof Be &gﬂh stit8 100 Go Y fefdibive clfent

free-runnin requency tween col and cO ere _
I,j is controlled via a switch 374. The connection of the second terminal 304 of the

-

output stage 102 to the reference current I, is controlled via a switch 376.
[0085] A control terminal 364; of a first transistor 364 of the plurality of the
20 transistors (364, 366) is coupled to the second terminal 304 of the output stage 102, a
first controlled terminal 364, of the first transistor 364 is coupled to the first terminal
302 of the output stage 102 and a second controlled terminal 364; of the first
transistor 364 is coupled to a biasing current I,,.. A control terminal 366, of a
‘second transistor 366 of the plurality of the transistors (364, 366) is coupled to the
25 - first terminal 302 of the output stage 102, a first controlled terminal 366, of the
second transistor 366 is couﬁled to the second terminal 304 of the output stage 102
and a secoﬁd_ controlled terminal 3663 of fhe second transistor 366 is coupled to the
biasing current Iosc._ In the embodiment showh in Figure 3, both the refei'ence current
Iipj and the biasing current Lo, are connected to ground. In another embodiment (not
30 shown), both the reference current Ii; and the biasing current L. may each be

connected to different reference potentials or a same non-zero reference potential.
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11co- -r-- vl,Cl VL(C. +C) 11. co2 - L(C +O I n the enbodi ment
shown in Figure 3, when the first data signal 108 has a digital value of
"1", the woi2ocim48%4 Wi ll be closed, while the switch 34@crscrinmoapen, so
that the capacitors 336 and 338 (each having capacitance of Cl1') are
connected to-the 25 output stage 102 to provide the free-running frequency
of cot, while the capacitors 340 and 342 are di sconnected fromthe output
stage 102. On the other hand, when the first data signal 108 has a digital

val ue of "0 e ' 46 .wi kI be ¢l.osed ile.t 1t C mai ns
open, so th!ﬁﬂsﬁle iﬁ%ﬁﬁqtdgtrasm% lggﬁnéﬁlﬁe feég%%@%%\%}%gﬁ %I;%tgie?eéﬁééé C2 )
are connect gdgkatte behitanomited! I tikgemBsiment $hoomi idFigdre 3{ mdrerer tha firstglata

frequency of c02, while the capacitors 336 and 338 are di sconngect ed frorﬁ
the out put 8eayel0Bomnd the Sffcgnfiaéta sigmak ] 4 arereq atdrférebf‘pélflg‘?ﬁ’ ks ta, the

sw tches ( 3§ﬁas@r1ﬁ‘ AR SEhEYR S€fhe obfhult Rake }Mlo@ Beddies| hédillatélb ohiygnal 108

has a digit value of" "1™, the swtch 344 w open and the swtch 346

cl oses and twebits lof data; so thttbe sirgniti100 becdrass & quiddgaturg| phase skiftolfeyin®' | t he

swi tch 344 m%%l(glr[l{g-sﬁgt%ndﬁérheA§w tcirﬁstgéc% Qﬁ)erc])u ng%g%lgwwfth&ﬂﬁaéé rst

dat a. si-gnal enante ar One ot its asd val ues, has the

vari abl e f r efgoded sheesin)\dgitil data btlogging @barsapie ofthefollo@ingroombimgofis: 8quency
(two.free-runni ng frequencies, -col and co, are described, although nore:
free-runni n§lf¥0fddnci es are possible when there are nore rows of

capaci t ors WOﬁﬂ' n Iﬁlﬂﬁie%mr EQ@ é]ﬂ?]ag@éﬂfﬂ Rsihg rdceiveses isfaﬂgﬂé(ﬂ@%ééims (1)
and (2), the capacitance values of the capacitors (326, 328, 336, 338, 340
and 342)- anend pxirachdata frence sigaaltenswitterrraich At thetrbpss fhufd keying trapsmittefave an
PRk, o Bl 80, WOB R PR d SO i o
: ~ keying transmitter circuit 300, the phase shift keying receiver 368 is configured to
recover the original data transmitted, through the use of, for example, mapping
circuitry.
15 ' [0088]  For the sake of simplicity, several same reference numerals (such as 306,
- 308, 332, 350, 352, 354, 370 and 372) have been used above to denote terminals

belonging. to different components, especiaﬂy since these same reference numerals -

indicate terminals that are respecﬁvely coupled together. For example:

the same reference numeral 306 is used to denote the first terminals of all of the first
20 inductor 322, the first capacitor 326 and the oscillation stage 104;

the same reference numeral 308 is used to denote the first terminal of the second

inductor 324, the first terminal of the second capacitor 328 and the second terminal

of the oscillation stage 104;

‘the same reference numeral 332 is used to denote the second terminals (332 and 332)
25 - of both the first capacitor 326 and the second capacitor 328;

| the same reference numeral 350 is used to denote fhe second terminal of the switch

344 and the second terminal of the second-frequency modulating element 338;

the same reference _numeral.352 is used to dénot_e the first terminal of the switch 346

and the second terminal of the third frequency modulating element 340;

~ 30 the same reference numeral 354 is used to denote the second terminal of the switch

346 and the second terminal of the fourth ﬁequency modulating element 342;
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Figure 3) as a reference, though the absolute phase difference will not be
45, the 15rel ative phase shift wll be 90 (indicated by the span of the

r ef er encewownerabes404 and 406 al ong the e axis) betweercrhe20m@esmwunni ng
frequency col and (02. Through injection |ock technol ogy, a phase shift of
450 and -45 are achieved on the injected signal linj. [0098] After

under goi ng phase shift of 45 and -45, the injected signal |j is sent 20to
the swap circuit (within the electrical coupling circuitry 112), which is

control |l ed datal. (the s ' 4 SR L v ult 3.
[0099] I n thg%éﬁ%%d?f erEW@%%P?ﬁpgﬁgﬁf%gggbﬁﬁ%%h?ﬁ% secondﬂgg{ggg?gnal 114
has a di gi t gkqueaty modiilatidg eletnent 336rundahé tirdvirdgnencythedudatag ebimentiB40;i s as
per the connection shown as unbroken lines in the electrical coupling
circuitry 1¥dle|n npre 25 detail, the first terminal 302 of the output

stage 102 Wl s fefitlR0mintera ™ RUisPitkd RO denctS Ghe Firdt ernfthAls tof ibe@ theoupl i ng
circuitry 112, while the second termnal 304 of the output stage 102 w ||

be cosipl ed sesond fraquensy produlafie elsmenh 38| angk thec Biirdc fogMeanay; modwatingry 112,

[ 00100] V\heglﬁ}ngg 3§‘c@,(:ond data signal 114 has a digital value of "0", the
connect.i.on” 30w i n"the swap circuit is as per connection shown as dashed

| i nes in th@osdlect Howaverg itlis| rion ghe case ithatr gnlg ¥@&mihals denagedi stithi the safve f i r st
term nal- 302 jof the output _ stage 102 'Ilgfghe caupl ed to the output port
382 of the BfRERGERumeralainhpsefiaarecauplad s ,erwﬁ?‘lpeé‘a{nﬂ ¥ second termnal 304

of the out pymap96s EQupted togblet Rithkdthirials 3102 3021t314tan@ 70 aBBMsefvithhe

el ectrical coupling cirrcuitry 112. 1001011 It js also possible that the
oper &8 i on- othetrpfsrenge gurment dui Where copestien af appehthesecternipaly d08at ) sPynal 114
has a digitaj, he rLf Lk S ' %h8F4t he out put Sstage 102
wi Il be cou%ke%‘?dt%%ttﬁféheo%{%%{?gg%%&g%égﬁdntgﬁg{eesl%gct rical coupling circuitry
112, ‘whil e teeimb3@thid coepled tugeth8Owith fertmiimlodit2p 304,%16ged 302 apd plso péthcoupl ed

to the outpyt port 380 of .the.electrical gcoupl} Clrcuidtr . en the
second dat até %ﬁﬁﬁnci FUrTE dimiy WHETS; ORGSR § £ a%foﬁ @’gs,e tefpiiie l% P0B ’l%le%r’ ?n@ial 302
of the out pyi6 &idaR 18 AR rbferstick curbent &g igthashigh thesswirhBf6andor t 380 of the
el ectrical couplij n% circuitry 1&2 while t a{ese ond term'arl] 04 of the
out pdf st aglsrmmals,g30jand 34 arsioeR o4 fpegther i rB’%Fetm’%E%’e‘Eﬂ t'he-el ectri cal
coupling cifoavé)t r YTHel phase shift keying transmitter circuit 300 is a low-power low-

complexily transmitter based on inj ection-lock technology. From Figure 3, the phase
shift keying transmitter circuit 300 includes an LC VCO (inductor-capacitor voltage
controlled oscillator, implemented by the oscillation stage 104), a capacitor bank 378
20 (inside the variable frequency conversion stage 106), a pair of differential injection
signals (®g and mo_bar), a swap circuit (implemented by the electrical coupling
circuitry 112) and a buffer 318. In various embodiments, the term “injection-lock™
may mean that an oscillation stage (the LC tank) of the voltage controlled oscillator
(VCO) of a phase shift keying transmitter circuit locks to the frequency wp of an
25 - injected signal. A created phase shift depends on the frequency difference between
the LC VCO free-running frequency and the inj ected frequency.
[0091] In the embodiment shown in ngure 3, the VCO is designed to generate a
frequency which is around a targeted carrier 'frequency, wo. The VCO is designed to
cover a certain raﬁge sufficient enough to generate the required phase shift. The
- 30 injected differential signals (wo and wo_bar) have frequency ®¢/N, where N is an

even number.
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[ 00102] Thus, the effect of the swap circuit of the electrical coupling
circuitry 112 would be to reverse the phase of the carrier signal, so that
for the iwpeotiedgsgnal 1inj 15 already with 450 and - 4BFcphalel1mbibi
(compared -with the original phase of the injected signal linj), an overal
phase shift of -135 and 135 (conpared with the original phase of the
injected signal I) would be achieved. The table 500 in Figure 5 summari ses
t he out put phase shift 502 of a carrier signal when subjected to a
respective j natjon.of jnput fr the first.data sigpal 1 nd the
second dat aﬁ%g‘ gn 3?2290{'382&1“5{31&9 trqny f"lécnm%a%jcbt}?a g)%@ *phase
shift by usjosg3j nj e, Wdidh LIRS LEh 40@IbeingSa GIdI06H G biested phase bi nary
wei ght ed capacitor bank for the variable frequency conversion_stage 106
(see-Figured@??ﬂPPgﬁﬁéwBmsﬁ@méh%ﬁﬁ%ﬁﬁﬁﬁPﬁ%%?né@bvg*) B¢ FRIngieaueRt bank.
25[00104] T j Lot ' 'Hﬂ%ﬁh | ; WitRse (602,
604, 606, 63‘3‘? baged %‘%‘? 618 A d%%g%‘., eacﬁsg'?y‘%lﬁéhi‘ﬁ%g{:? ors *(Vggfl?% 604,
606, 608, 6plaseBhift keyir teandmBRD rircwtiPpOkef Figurelde of is thet LE MGE deg rgming conpar e

Figure 3) of. the outpu age 102 through a . first, termnal f e
capaci t.or  bZRAIEES W_S_?‘hezf"s g’&%ﬂ“f 8?%\6 cctad Jiep %o Sﬁ%%w&ﬁ'?dég %af)*[pt he

out put st ageighee 35;h) ayide Guasieg avtbr! & ik 110 VXD 104; IHés Blciapeeidtatrehank. 600.
Each-of a plurality of. swtches %622 624, 626 and 628%‘is coapled to a
respective &spgdiatapo sofs theel Gl YER 104 biss @uisabkiardr 1 His2creaisd Phatss, 608,
614, 616, 6hfralle620). 1001051 Al the rows of the capacitor bank 600 have
an identical electrical arrangenent. Taking the first row as an exanple, a
firstiot er m HEP4630Asfillustrhteddn Figwpadi wish comstant énjecierh fregneney, wpHié thie freg

termnal - 610 of the-capacitor. 600 Firstyt j @32 nof switch
622 is couppg&l%gohgq%eég)gﬁ%dd{’% anjﬁjéhi gg’ﬁfzgﬁ t(h”lé/i’ﬁ?rg({ E@(D:ap )ci B’rﬂ?‘%)()%&eA first
termnal 63eelativephasowilicthamgeal 80P (indi6itéd by theaeferende tomertab4@9cond -t er mi nal

s couplod (058 sc BprOP Sk e GO TOIvBb I gty

[00106] A | efibsdifieht WhibctRAotlS teBRaN6BFcdntbd @ity providt: 4 kuffitieHibdaagsiognal 108
and the second data signal 114. Each (6580 , - 6585) of a plurality of

mul t itpl exer ecliee the 99D phase dlifferengecbebesma 461 Phase shififiadieated by refemsace;ng
adapted to ' e f j ' .6605) .

Oper ati on OP S%@%%%n?%é@%%g%sh%&z d&?\%é.[%%%%?&t@%g&glmd# gI6)| ty of swtches
(622, 624, MBB6RNndVERBiefirenceantkiglrt Sd datalt(the first gata siggal2H)8) contrals tg625) of

i Ltipl 658 85 | ' f | 1ipl
o5, Fooso7parue B s S uchesi oy Rt udhl A 8] oy O €07

one of its iwhgttt, an output of the logic circuit 656, the operation of each
switch (622, 624, 626 and 628) is controlled by the first data signal 108
and t,pe second data signal 1%4: lh 20 _adHition, gjnce each of the

mul tipl exers (6580, ..., 6585) @ repgrvey) as another of its input, a
respective one of the binary inputs (6600, 660), operation of each switch
(622, 624, 626 and 628) is al so dgpendent jon the respective one of the

bi nary i npuend 6600, ..., 6608) Ffﬁ%ﬁﬁpad@or bank 600 value is

bi nary-oriented. In the enbodi ek Csh (Gxt€lgure 6, the logic circuit 656
perfornms an_XOR operation, 25 . Al.thoygh,other _val.ues.are: si bl,e.. each of
t he capaci té?g;(%gl?,da‘%ﬁ%,ShBUB,m O%Fegiyhﬁﬂgh%%?dﬁtﬁsﬂ%mggygéaﬁ ‘ﬁd{% range
of | pF to S5REucfoP™1exBIBNRABLHFA 8O Clostd) WHIR]thd bRitelh 346 reuliiAs opeysd1g
transmtter circuit 300 (see Fi gure..B) provi des a SK (Quadrat ure Phase

Shift Keyi nghat e qapapitors 136aand 338 depch hayving eanackance ok €19 aterfioanesid ot QPSK
tr an'szgi tter ’ouﬁ)%? Qtragé & Eoop%@fde%é ﬁ%Mlﬁ? ﬁ%&uen@f@ﬂﬁ} i€ the éapacitors

340 and 342 are discon_nected from the output stage 102. On the other hand, when

the first data signal 108 has a digital value of “0”, the switch 346 will be closed,

while the switch 344 remains open, so that the capacitors 340 and 342 (each having

capacitance of C,) are connected to the output stage 102 to provide the free-running
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30f eatures such as | ow power, |ow conplexity and hi gher bandw dth

ef ficiency conparing to other known nodul ati on techni ques. Vari ous

enbodi menwve 20nmi49@ppl i cation in wrel ess comuni cati on egsisensionker GSM
(G obal System for Mbile Communications) and is also suitable for

bi onedi cal applications. [00109] In designing various enbodi nents, a

bal ance i s sought between the power consunption and the |ocking range, the
settling tinme and the power consunption, the |ocking range and the phase

accuracy controlled_ by t mal | est aci unit. Since.th hase, shift
keyi ng t r andtsAtensy of f‘}lz/cﬂgie Gal(aé’ggrs‘li‘ﬁ%g&ng%g% afe's‘!hﬁ‘f?ﬁflfcg ?Smgtﬂgloﬁgs)ﬂtody pi |
(see Figureghgd 1020 RUisceptasiBietnd the bpemitiBR OE the ShitdheP{Isanands34chard i r st
priority. As various enbodi ments use QPSK, phase accuracy is nore easily

satisfied covvsmedosotthatgpism the first dptajgignab] @fohasy digial viahye il orihe sitch

t echnol ogy, | i | .m \Y r ; i phase
noi se. Vari 882%‘2%13 g%l%es%ttge g%{(t)épyt X%@gﬁgé{%ﬁ%vﬁtg rfggn%f}]f'glrgg?gls@q%i@fde good
phasesnoi sedighal vilusbifiethetsivitck 344 evilk clwan and thetsatitch $46 bpert oFhus, inpat can
achi eve - 150¢Bc/ phase. nqi se.. Vari.ous enbodi nent. se.such a.cryst al
oscillator & d&ﬁﬁéﬁ ‘i}t‘i f‘ﬁn‘gr@gr APHBITREES .joé‘?,to?dﬁ #%creﬁ%élglfﬁe%’ ras phase
noi-se i s ar Quisble frequehdP Ebifvetsion M%'(eqmsi Kepbatf 4 freé-Amhidgdfr@@bhcsf Ywoldebgn
requirenent. As there.is no LO | eakage problem becayse ‘the_injected signal
i's quite farumingmfFagEencigial OoEPu2c AFF | dForitedsiAAORY AP fEC-TWINE| axed
for various H?&geg\%t@ssigfg%]th&b GH fork tbWs %fé@z%ﬁs ithirPiRE @8Sfad | on of

a direct- QP nodul at 1 on architecture 700, according to one

embodd ment , bawkpB3@§). ndFusther? Grosu lejuationsi (@) iand &), the -dapaditanceosalies af dhe The
architecture 700 i d i QLect ) on- (1] - qool arity
swap . ci rcui Papfﬁg?rsgéégﬁ’f ?%gr’ai}_gﬁ?’hgf %@6{“&1%%2?%%%/% éldd%%ivcﬁgst ?gns or ns

i nput- I and ixﬁ_u&ioﬁi‘(alzls aﬁ&3pt)ﬂaa%mh]ﬁﬂiaag>mé ﬁteé—lnnhm&' X enyXﬂ:hxﬁabh 2 l710kand
an antenna 712. By elimnating the need of nulti-phase PL phase 1 oc

| ook) and hHPPAL t Retwimtes tobisgiseh %%%?P&i‘s&é’fﬂ?éﬁﬁﬁ? a&gn%lr%aﬁ%‘wn the
25ar chi t ect g grd 8 af 8 e fbRinke, WhédkhBE Y¥bidhiYe PANEY diEoRBLETRAIL @6t bd @67 1l The
phase nodul ation principle of the architecture 700 is illustrated in Figure

8. Filgure 8relatinesphgseagils vall de QA% (indioated pyishe span f theyefesgnce apmgraly, ik e
modul at i on i Jyi f S Yan@ .2 Fife

(i nductor.. taﬂ((i:ggggllogg%{ éﬁg‘?’) g%%ﬁ%hﬁgﬁ%gﬁgﬁﬂgrﬁ?gg%n%.ma%ph 8(1)u IS a

pl ot of out pujectddogk fethrdogygaphase shifeali4icapd -6 aph agidéved onghe fgectest  out put
phase shift %gali nst frequency. [00113] Although the output frequency of
the IL-vco $8%llse Figure 7) is locked to the harnmonic 802 of the injected
signal, itsjoeeBput AFRAGRdergoisehikesHahIASe hi-48P, ftheinfored sighal\kg s sche

sel f-resonant frequency of the LC tank (not shown) w.thin the VCQ 702 (see
Fi gurB 7) afiritherievan ginrbin (withip sheglegtygal iCﬁ]l}glg{géarcg}ﬂ@'nl\QﬂZS, W%Psec"&gfgé?qoed

di scussi on_§9 dald? (@ie'sBibhd BA 3mREH 109adiGoR T ey, he difference bet ween
t he self-resdonant frequency of an LC tank and the harnonic of an injected

si gnal can H999bunih the @ubddimentishown, intFighye 3f whem &t sesond datrisiggabhbf pul | i ng

3212.5(1:'4,'2'4?'[ r%s;ia djlglggg\_/a‘lue §P I“il’q_éé %tognegngﬁ %ﬁ;lﬁn & lsWaf;’ QrchiPis Us peP the

‘connection shown as unbroken lines in the electrical coupling circuitry 112. In more

25 - detail, the first terminal 302 of the output stage 102 will be coupled to an output port
380 of the electrical coupling éircuitry 112, while the second_terrhinal 304 of the
output stagé 102 will be coupled to an 6utput port 382 of the electrical -coupling
circuitry 112. o , '

[00100] When thé second data signal 114 has a digital valué of “0”, the connection
30 within the swap circuit is as per connection shown as dashed lines in the electrical

coupling circuitry 112. In more detail, the first terminal 302 of the output stage 102
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[00114] As illustrated by the solid line curves (808 and 810) in Figure 8,
by 10 controlling the self-resonant frequency (denoted by the reference
nurmer al 89dnonfi4bdze LC tank to be | ower than the har noniecTfSGegu®nery: 802 of
the injected signal in such a way that the LC tank signal 808 coinciding
wi th the harnonic frequency 802 of the injected signal |ags (denoted using
the reference nuneral 812) behind the harnonic 802 of the injected signal
by 45, an output signal cones to exhibit -45 phase shift. 15 On the other
hand, as ill rate he dotte | ng.curves {806..and. 814 ing the
self-res ona?’l‘%ﬁ#’? 8&'&83‘%’ %‘8 é’H&*PfeBO‘%%g# ﬂﬁ@@i%ﬁ&ﬁé%"“ﬁ’ linee gfmﬁé?y’h‘@geer t han
the harnoni gheSdetdrtl tefithab 904 Bﬂthetdiﬁ:dt&agaﬂbz Wil el cobpled ao ithicowtputcposd t h t he
har moni ¢ frequency 802 can be ahead (denoted using the reference nuneral
822) of the3ddehbpeleckicalooupbige duitil 13ut put si gnal phase shift becones

+45." Ther ef b i , Q4 816) of
er e;!,“ﬁ"b yIt?iQ81?{3‘?B&iﬂi&tﬁa@@e%@&faﬁ&?épﬂi&@@% gﬁ&l_ﬁ?i&% 894 wng 816) o

the LC tank, hase erence o can be created in an output signal.
The sgl f - r estenmoend dagsimnely 1 6f hasm digitalavdtuecei” Be thealiist jermingl 802 ¢f the ough
capacitor bank sw tching.ftas ear)ier described w4 h-r.ef arence to Ejgures 3
and 4) .. [ 00248 %%%M%@‘ﬁ Z’ﬁccé’??ISdE‘? & Qutput ROt ggeing? étfeeglgqf'&chfﬁrp lbdr%gses ~
required f otirctfi DK, rikdRSKe BEUdHE ddriniiial 304161 theloatput ytage\dgR wiill belbduplddd i s .
enpl oyed to introduce 180 phase shift to the output sjignal. B | oyi ng
both a capatd theeupahrort af ehibe sleciical GouplingHrausy He- + When/te S?é)?;irgﬁ’d t he

pol arity SV"%i%haﬁi 113Uias a/@fital YaRee o407, the k3R 1&REInal B3O JHRS Budli §ihgo 1020qui 1 ed
for QPSK/ O QPSK nodul ation, are realised. [00116] In addition to having
| owerlo power wilbhe somnledte any eutpet poriehitoef the slestrigaleouplingrprayiey | phaskilenoi se

erformance,, as t ha FSe 1St | - f ol | ows
Ito he char act g’rei Sg‘folnclz:i se'gﬁfméﬁgﬂ i%lnfjﬁlgc%%g@ i gtgéeﬁngs‘%ﬂﬁ?ﬁ &fuﬁfeﬁﬁg %?‘éﬁ%&rot azn t hat
of the on- cbf the¥leCiricAl compHEngleiraitietll2di scussi on on phase noise follow ng the
characteristics of _an:-injected.signal can he faund in J...Lee and H., Wang,
Satudy of - SDBHIBH oBhi et b Sheh ettt SEtRpbetin BBty ¢
Circuits, V@loulddh toeverfo thephdse3TthdErierighal A8 Ihat |foPihe isjdctpd sighalgj Se

performance. | eads to better error vector magnitude (EVM performance of the

QPSKN®- QPSKalreaghiswith 1457 .and r4yaphasa shiffienanierd withithe osigmal Rh8ssahfiS on can
be as | ow a -écttﬁaggfgéathhgy 4y ovtRl! phaltitif dif A85Thid 199 ﬁbm;%mmme

simplicity o chitecture /00 also results in smaller die area.
[00117] Fi gurigingl phesaofsthh énjedted:sigmab ligk wonld the @nhioveda Tiedsglle $SAP fin Figate ng

transmtter .10circuit ,900 accarding .t ne enbodi_nment i nc

archi t ect ur 8 BB, g Uy ﬁfas?(é%ﬁngoz??%ﬁscﬁn%?g? il @Sﬁtﬁ%gt%gfmﬁ gure 9
is simlar t@pédi®eRbMmbinatibn bf idpRy ifiogh thedirstnddtd signali Y08udrid (BEGBeahdMagur e 3
(whi ch has been described in detail above), only selected features of the
phas@%shi ftsqgéi‘}ilﬂé-transmtter circuit 900 are described. [00118] The phase

shift keyi r[ofdsfnsm'to}@ér ol E&ULA 20Rate €00 PivAsE Gshafd Bynusiak | @jectior Kockl5
voltage controlled oscillator (IL-VCO 902, includes a symetrical NMOS
cross- coupl &aghralpgy, (vaviRus [mbpdineants_gse ainary cweipledtaperiter hepk dpr thepped-

differential_i a pagLL Qlheb i ff t§ ahoR@l 4n

transi stors»bwcqﬁ%s&cpog&ggﬁsﬁogﬁ @fjh{, 28?i§§é<§ﬁ%‘ﬁfa|[ clﬁﬁ%nts loJosc and Fi ni
and Fins', ambodinfehte6@ndfisath a cgpacite@dask.gnal s. Conparing the phase shift
keying tra jtter_circuit 900 -of Fiqure 9 .wft. 0 th e i keyi ng
tr ansz_%i tt eﬂa@ior"iui fl'ﬁ%ﬁi‘?a(i’ft‘_’r%?aé‘}irggoé?g?‘f?é_W‘é‘?bgs?fﬁa?a?@?ﬂt’gﬁt ?%56&1%1 ter
circuit 9006085140614, 918Nnt20R e bf BB Tasdcabss (60RH6040N609, 68, 614,t616eS
(conpare switches 374 and 376 in Figure 3) to introduce the differential

i njected si §hBped 639)spupleditorthe fisst tarming! 2We(compare Here 8) REYE QYDUF #AST tter
circuit ‘900'102» through a first terminal 610 of the capacitor bank 600 or the second terminal

304 (compare Figure 3) of the output stage 102 through a second terminal 612 of the
30 capacitor bank 600. Each of a plurality of switches (622, 624, 626 and 628) is
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[ 00119] The free-running LC VCO 902 has self-resonant frequency coo centered
25 around the target carrier frequency oh. The designated harnonic of the

i nj ect ed wogoal14wi2si is chosen to be the sanme as co. W phT/seheneneeito the
above description associated with Figure 8, the self-resonant frequency Coo
can be changed by swi tching the capacitor bank 978 to generate the desired
phase shift of +45, -45, -135 and +135, as explained earlier. 30[00120]
Figure 10 shows the phase relationship with respect to frequency difference

bet ween the har i c_of the inj.ected sigpal,.and self-r n ency
(0)ini - (OS?PPIEN‘EE’r"efﬁFPo"a ee%?P?+‘§’ﬁ1Lﬁ§Fl %Sgg“\‘/"‘u‘l}ty"g"‘??ﬁ&fsg‘?mi ﬁ‘?{eg{’ﬁ% ocki ng
and pul l'i ng 61 615c619 #id®2e)." | EEE J. Solid-State Circuits, vol. 39, No. 9,
pp. 1415-1424, Sept. 2004. [00121] Figure 10 is graph ,1008 o a,ogjr ot of
e, created AN gk s of dhs rrepacitsr hank Qf@o,a‘f%énflfi%‘&{?éhélfcm erence
bet vieen t hegg%&re q*‘akﬁg it BF 2 WkadPd, & B frhRICHRNbf brpguency of
a LC VCO. [ n the context of the phase shift keying transmtter

ci rcust 900 cagackor62eis @puplid toethe st tejminaleid 0 9if ¢heatapecitanjbailk 664. x Adfirst he

curve 1002 in: Fi 0,shows, the variati.qn of ph i f ' respect to
t he sel'.f{ereémf‘?%?eoéﬂtgﬁcsﬁggoagflst‘i%lsl[fe:qﬁ’/ ‘Qefumggéﬁ%s! (’ts'?’%\c,)\év\f:w&fan i gure
10, vvheﬂ‘_ t heapaeltbr ﬁ@ﬁo,maﬁiist'ftémﬁ?ﬁrm GD@(s&fondrba]!aﬁifo&W\,iarcbqﬂed tothecool to
co02, the output phase changes from -45 ee referencge nunpe 1004) to +45
(see refer _e_ﬁ?i‘é.’nﬂg}?@f‘%*}l, _@@Gﬁ?t.le“efﬁl_éﬂcgf’b]’%ﬁk g%ae Av¥Feq ?@B’F‘Lg?‘ 82%5’) .
reference i @wﬂ@ﬁBﬁ‘fsquﬁl&l?tocaas‘éé‘&d(ft@fmiﬁﬁrﬂg4%?ﬁxets%cchﬂ\&ﬁibitﬁﬂé(ﬁ4.Ci ently wde

range and high resolution to obtain self-resonant tank frequency of ex,'
and 3602- 16PLIF] 23 A Rgiciairehit§56 ds Fdaptadetogecdive b diretrdstrsignahtl 08 mhd the - | cvoO
902 is | ocked. t e. 9t r ' f a- Jibhis &k | Ok @€k kON

si gnal - source” td%%:mgﬁnaglP%c.k@?gﬁ%%o’cbt,ég’g% ex%&ésse‘gﬂglgk%fgﬁ%&sg: cO
=i nj , 9t hCViconpléBio th&QolipGb&f7the logieciecui) 656 andedsptek tooueadive 3n Elamentrof d i nj , t h

and Ithi,ist.are, the l'itude of the 9th 20. nj t undanent al
of ‘the inj e,f”é‘HY@BP'r@ﬁngrh &Hé)es{}g?f?‘i‘%? S‘ﬁ“ﬁg‘a{ﬁg?u @g‘o?}%%‘r&rét"?t FLis
chosen such phf¥aity tof @whibleds (620 FR4C616 hrfd 678)lid Esntiollad bl ke butpata(EeRY, 2.,

I njection frequency to avoid false | ocking, but |arge enou huﬁﬁj achi eve the
desi 18d pha$629fqt respestive muliplexeg 6380 ech 6?%1:9%&%%‘18#%8 Hugethe | ock
range col, %gg. be found in R Harjani; N LanKa; S. Patnaik, "Fast hopping
I njection |ocked frequency : . A

[00107] Since each of the multiplexers (658, ..., 658s) receives, as one of its

input, an output of the Iogic circuit 656, the operation of each switch (622, 624, 626

and 628) is controlled by the first data signal 108 and the second data signal 114. In

20 addition, since each of the multiplexers (658q, ..., 658s) also receives, as another of

its input, a fespective one of the binary inputs (660, ..., 660s), operation of each

switch (622, 624, 626 and 628) is also dependent on the respective one of the binary

input (660y, ..., 660s), in that the capacitor bank 600 value is binary-oriented. In the

“embodiment shown in Figure 6, the logic circuit 656 performs an' XOR operation.

25 Although other values are possible, each of the capacitors (602, 604, 606, 608, 614
and 616) has a value in the range of 1pF to 5pF, for.example around 3pF.

[00108] The phase shift keyilig transmitter circuit 300 (see Figure 3) provides a

QPSK (Quadrature Phase Shift Keying) RF transmitter based on injection-lock

» technology. The QPSK transmitter, according to various embodiments, demonstrates

.30 features such as low-power, low-complexity and. higher bandwidth efficiency

comparing to other known modulation t‘echni_qués. Various embodiments find
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25generation for UWB," | EEE International Conf. on U tra-Wdeband,

pp. 502-50"7, Sept. 2007. [00124] Figure 11 shows an enbodi nent of the
capaci t orwbank/Q98s50f the phase shift keying transm ttePCTiSGeiloo®00.

[ 00125] Since the architecture of the capacitor bank 978 of Figure 11 is
simlar to 30the capacitor bank 678 of Figure 6 (which has been descri bed
in detail above), only sel ected features of the capacitor bank 978 are
descri bed. Conparing the capacitor bank 978 of Figure 11 with the capacitor

bank 678 of Fj.gure.6, .the capaci.tor bank 978 a tch 41 f.or each
of the pl ura&’P,‘g‘i’“’Bf‘n Wepeﬁi)‘l‘%‘g‘@?’é‘c%?g SP'%e’lEF éﬁ? g@f@“ﬁ@%#ﬁ%@% Ui t or
bank 978 i scémfukichtidis)@dis a6 sitabRy fobBidknedival Hpledtieds.t 0 provi de sufficient
resol.ution and coverage in self-resonant frequency tuning characteristics.

Desi gn of 10930%apdeidegenipg yariapgmbedimesnis, Adalapcoissoushh befwesn the power g
follows. [Q ; {€an qp@%d I an be
tuned to mﬂc%%%%%:m??%{lg?ﬂ%%%ngggrﬁgr%%:&éﬁ lﬁﬁEFaPS 1 (ﬁlé}ggd 1 (Sigz’?trllleFi gure
10) by set tlbcking hangeomtdr die fidsevacdsad3ai@iicled]byathd BadlleSt] apdtitqreenit-ect i vel y

i ndi cated by the reference nuneral . 1160) .respectivel Vo - The mni mum phase
step d epend%nﬁnt?‘BBg‘?fetsﬁ@ﬁfﬁyfﬂgﬁﬁW 581%"8{ 5 @gt(igﬁeehé}ﬁeyn” sepnl ]%hé ?(r %gf?' range
col, [see espdgipilP(set Figure Q(}g:eartdme ey R Hdve pawteconaakiptichngehefirdiout
false locking is determ ned, the m ninum capacitor value Cqgin ¢ be
cal cul at ed RrioTiiy Hhsexasiops embedimenty ush QEEK, Ba%E apqusicy IAHO%E?@HY éi‘tﬁgéd 15

val ues are 53@@3}4@% gﬁgpgilgpg’@m capacitor value Cnk has a value in the
range of 10tF'to 1 8?F or exanpl e around 50fF.. [0()12;] Consi dering Figure
9 i nioconj uf9di@In \lor hnjeétipur lock 1echnologyhphnee ohis tis kairnln determinedibyt &g ci rcui t
900 includes.a polarity ,swap_ Gircuit .912 : fi 918 ng. r ol
signal s »'Datrﬁfe)(e'%aeﬁ%? dPRESY P e eylé%%ug ﬁ%@g‘rh%fegéoggpén% %%%&? ‘?%gfrl\ot ed

20using r ef&hﬁiﬁ@@téﬂkﬁﬁﬁ’gb ggoo&ﬁﬁasgnbisé. EmdSK/uk taice, there qndnhmﬁvnsl driyétal dsei}iatuﬁ
transmtter_ circuit. 900 t odyce QF SK signal. [00129] Bo Dat a
(908) ard [HftHan@ghigye C‘éﬂ&a%ztﬂi‘é“c‘%%&l ?S?%D‘Baeﬁa"’g‘f%e%‘%ié&g‘i ]ﬂe?{-"s t
swi t ched i rdsilifo® ahdwhen 126t Rarfiogits djectfIR igatdd, (Heghede dodseHk gibuad11) to

produce the desired resonant frequency cool or.0)02, as described in the
descHi pt i onr146dBcdliz\whigh i syffigientetocsatisly dusignrrequitemen e Agtthers iy motifQ

capaci t or qg%lﬁg?é%b?e&n,%%ﬁus@fhe(iﬁg&eé 63858 bifd thr B6RARAKAR ouftmy Baihe 45 phase

modul at i on. arrty swap crrcuit en Introduces a 180 phase shift
to the out plesignipgraaietatearemelaxa fonvdrivas embodiolentsi gnal Data! (914). Operation

of the pol gri s circui't 912 gives rise. to two..addi{i I s +135
and 135, RAMLLD 2R, Bhn Pt SRR iR dioh: ol SHRCE I S0T ARERET,
achi eves G raydd&tbn) GréHitebtage Moy atcdeding ase. ondl tdinbodinent,n cengloyihg gare 7,

bot h SK and. O QPSK nodul atj on are i nplenentabl e t he, mapnpi ng.
ZOQD subhaxmgr::ic mjection-locked oscillator.rmThe arc ttecture incqudes agpmjrc]:gtlon-

locked VCO ‘(IL-VCO) 702, a polarity swap circuit 704, a buffer 706, a mapping
circuitry 708 which transforms input I and Q signals to corresponding output phases,
an XOR Gate 710 and an antenna 712. By eliminating the need of multi-phase PLL
| (phase lock look) and having the VCO 702 operate at twice the output frequency, the
25 - architecture 700 can work With véry low power consumption.
[00112] The phase modulation. principle of the architecture 700 is illustrated in
Figure 8. Figure 8 shows graphs 818 é.nd 820 illustrating the effect of phase
modulation through modifying the self reéonant frequency of a LC (inductor-
capécitor) tank, according to an embodiment. Graph 818 is a plot of output
.30 amplitude against frequency. Graph 820 is a plot of output phase shift against
frequency. - | - '
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circuitry 708 that perforns the desired mappi ng between input I and Q data
to the control signals DataO (908) and Data! (914). [00130] In one

enbodi mnenvo 2anviq4paesr t er -t ype out put buffer (not shown) mey/Soeoadopved for
the buffer 918. Wth further detail found in Y.-H Liu, C-L. Li and T.- H
Lin, "A 200-pJ/ b MJX-based RF transmtter for inplantable multichannel
neural recording,”" IEEE 7'. on M crowave Theory and Techni ques, vol. 57,
pp. 2533- 2541, Cct. 2009, such an inverter-type output buffer is conpatible

ith th ' t - | e of | at | ' :
S mul at e ABALATor BRI PRt aRet ot R Ve Sha OB DB BT,
shows a di et Ramenl 802 6f therifjette@BA RNt IphasdTist dérniiddobyl 240,

accordi ng to _an enbodi ment, fabricated usi n? 0. 18gni CMOS process., The
active cor ediffegence beiwsen thesalfzpsonansfreguensy of the k faphshawe) withip ther oo was

mount.ed on ey 179 qled Fightd :7% DRk %%)chf 862 bEFid HectedGiBndll 2RSHbEL | NG at
50Mops data rate, the:-transmtter achieved EVM (error veclor nmagnitude) of
6. 6% and | odetaBed diswssion onshmpitpwrphgsenbdingldetgrmiindd by thealiffereg@nhatwent 3nV at

1.4V and 1.2V sypplies respectivel The table in.Figure.13A sunyari ses-the
per f or mnce%ﬁfse#%gm@ﬁ?tpéeﬂﬂgﬁylﬂﬁ 38 Pﬁ‘."&@%‘i@%‘?ﬁ?ﬁ%ﬁ%ﬁﬂ e ecge@o%gfggi The
tﬁb:c ;a' Ik n F|t Bl feuntdSi Bu[{étgdv'ﬁ';ls‘esgsgﬂg dfciﬁpatfiérﬂmkm@ dnidepulling) irl 38Mllatbrs)T ot her
shift- key transmtters disclosed I.n the follow ng publi ions: 201304: A

& W Vieng, TREE el et oL 75, N Po0i4 11 eyt 2604 aren | D, -
Mcdonagh, %01]14§BUAQQHES@AM by tHOYSRE Be cufved (808 R Qﬁ%) tih aRsEeiyey for an
ul tral owpower SoC for biotelenetry applications,” |EEE J. Solid-State
Circudts, vobntrolidyg o selfrespuant fequensy(dengtad by feosferarge sumaral foR ofdep.

Pacoon. A S0l IELHEREE HearBbat BRhmeLaot orIRFNEAAI ARl ARE LT,

receiver, feayikdileal Citagkl sigial 808novincidaig| witts the Hafthénid fre@adricyl-862 af ¢he
OO O et BB e con e RO PR B
'Tglé'hﬁlnaﬁglsesg%lbﬂhg?ﬁegga Ei%%f 1342’1”?%‘?1?‘“%%3‘_ é%FnEgs% exBiBit MiS phasy éhiffhewy and
15 On the other hand, as illustrated by the dotted line curves (806 and 814) by making
the self-resonant frequency (denoted by the reference numeral 816) higher than the
harmonic 4signal 802 so that the LC tank signal 806 coinciding with the harmonic
frequency 802 can be ahead (denoted using the reference numeral 822) of the
harmonic signal by 45°, an output signal phase shift becomes +45°. Therefore, by
20 changing the self-resonant frequency (804 and 816) of the LC tank, a phase
difference of 90° can be ci‘eated in an output signal. The self-resonant frequency of
an LC tank can be easily modified through .capacitor bank switching (as earlier
described with reference to Figures 3 and 4).
1001 15] With reference to Figure 7, to generate all four phases required for
25 QPSK/O-QPSK modulation, the polarity swap éirc_uit'704 is employed to introduce
180° phase shift to the output signal. By employing both a capacitor bank (which is
incorporated ‘inside the VCO 702) and the polarity swap circuit 704, +45°, -45°, -
135° and +135° phase shifts; required for QPSK/O-QPSK modulation, are realised.
[00116] In addition to haviné lower power consumption, varioué embodiments

" 30 have improved phase noise performance, as the phase noise characteristics of the IL-

VCO 702 follows the characteristics of the injected signal (Fp;, Finj), rather than that
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WO 2011/ 149425PCT/ SG2011/ 000191 In addition, the chip 1200 provi des a
circuit that is less conplex than the transmtters disclosed in the

publ i cat iWO20M3BM260 1310. In Figure 13B, the term FOM PETS&2¢11108018H usi ng
t he equation: FOM = DataRate(Mps) Freq(Giz) Ptx(mWN (4) Pconsum my

[ 00133] Figures 14A to 14C show neasurenment results of the chip 1200 at
1.4V supply voltage. [00134] Figure 14A shows graphs of tinme-donain
measurenent results. The nmeasured phase noise is -121dBc/Hz at 1MHz of f set,

35 eononn tnoE WL AACYREN 1A HdE hehilieh lEGLIANoR pRG nBRARIE Bhe TOT

t hese nmeasufenen roma ‘ern generator Wlt ase noi se
was enpl oyedhasctérh;acs of ﬁCiﬂ_]G]:lthSSlgm‘hban Neﬁmnﬂhnl]elsm andhid. Wang) “Stmi}eqﬁ at ed

rms jitter onl .8,. wWhic f t SK sm ssi on.
Figure 14B SHORENHER dﬁ@Fﬁ%"p@&iﬁduﬁt"fo %@9 ’ds‘g:‘?f g? ?ibg'/laalgg‘te of

25Maud. p.143901533] MEH 2009 binghrbeddpN Wp@@mﬁcmﬁﬁ thletfeﬁStUd)ﬁ s of a
phase shift ’keyl ng l5transmtter circuit, according to an enbodi nent, using

i nj ection | edtor reagnitnde GV M penfermanee oftbx QPSKAQIRR fragapiHef- ilAjvaBEeYson | ock
Paramet er - SyfBokintRAdk IS)We/r%%ﬁﬁﬁiiﬁ]oiiy&hC@é 280 Gs WRdswCaN 149 fppRuenc f

-while txansmittmg at SOMbps The s1mphc1ty of the architecture 700 also results in
smaller die area
‘ [00117) Figure 9is a schematlc representatlon of a phase shift keying transmitter
10 " circuit 900 according to an embodiment. Since the architecture of the phase shift
o keying transmifter circuit 900 of Figure 9 is similar to the phase shift keying
_ transmltter circuit 300 of Flgure 3 (which has been described in detail above), only
B selected features of the phase shift keying transmitter circuit 900 are described. '
[00118] The phase shift keymg transmitter circuit 900, employing an injection lock
15 | voltage controlled oscillator (IL-VCO) 902, includes a symmetrical NMOS cross-
coupled pair (NM2, NM3), an LC tank incorporating a center-tapped - differential
inductor L and a capacitor bank 978, differential pair transistors (NM4 NMS5) for
signal injection and tail currents (Losc and Ii;). Finj and Fiyp, are differential injected
signals. Comparing the phase shift keying transmitter circuit 900 of Figure 9 with
20 the phase shift keying transmitter circuit 300 of Figure 3, the phase shift keying
transmitter circuit 900 uses differential pair transistors (NM4, NM5) as switches
(compare switches 374 and 376 in Figure 3) to introduce the differential injected
signals, Fipj and Fipp, into the phase shift keying transmitter circuit 900.
[00119] The free-running LC VCO 902 has self-resonant frequency wop centered
25 ~ around the target carrier frequency @.. The designated harmonic of the injected
signal oy, is chosen to be the same as ®,. With reference to the above description
associated with Figure 8, the self-resonant-frequency o can be changed by switching
the capacitor bank 978 to generate the desired phase shift of +45°, -45°, -135° and
+135°, as explained earlier. . |
. 30 [00120] Figure 10 shows the phase relationship with respect to frequency

difference between the hamionic of the injected sighal and self-resonant frequency
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900 900 GHz Supply Voltage VDD 1.8 1.6 -2.0 V Current Consunption Idd
Measured at 1.8V supply 7 3.61-11 mA Settling Timng Tset
WO 2011/149425 PCT/SG2011/000191

(@inj — @o), as reproduced from B. Razavi; “A study of injection locking and pulling
in oscillators,” IEEE J. Solid-State Ciréuits, vol. 39, No. 9, pp. 1415-1424, Sept.
2004. o '
[00121] Figu;é 10 is a graph 1008 of a plot of e, created phase difference, against
5 : mmj - @, the frequency difference betWeen the harmonic of arr injec}ted»sig'nal and a
self-resonant ﬁéﬁuency ofaLC VCO. .
[00122] In the context of tﬁe phase shift keying transmitter circuit 900 of Figure 9,
where the injected signal oji,,j is ﬁxed, the curve 1002 in Figﬁre 10 shows the
_ . vaﬁation of phasé shift with respect to the self-resonant frequency g of the LC VCO
10 o 902 As showh in Figure 10, when the self-resonant-frequency ®p of an LC tank
véﬁ_es from wmnto ag, the output phase changes from -45° (see reference,numéral
1004) to +45° (éee referencé humeral 1006). Therefore, the curve 1002 serves as a
réféi'ence in 'deéigning the cépacitor bank 978 to have a sufficiently wide range and
~ high resolution to obtain self-resonant tank fr‘e_queﬁcy of ®g; and wq;.
15 [00123] AReturning to Figure 9, in one embodiment, tﬁe IL-LCVCO 902 is locked
to the 9th harmonic of a 100MHz differential-injection signal source Iﬁ;njr The lock

range op may be expressed as follows:

where Q is _the tank qual_ity factor, Iisjom and Ii )« are the amplitude of the 9th
20 harmonic and the fundamental of the injected current I, respectively. The ratio of
' Iinj1st t0 Losc is chosen such that the lock range wL is smaller than the fundamental
.injection frequency to avoid false locking, but large enough to achieve the desired
phase resolution. A more detailed discussion on obtaining the lock'range‘ @y can be
‘ found in R. Harjani; N. LanKa; S. Patnaik, “Fast hopping injection locked frequency
.25 generation for UWB,” IEEE International Conf. on Ultra-Wideband, pp.502-507,
Sept. 2007. - _ ' '
[00124] Figure 11 shows an embodiment of the capacitor bank 978 of the phase
shift keying transmitter circuit 900. 4'
_ [00125]  Since the..architectur'¢ of the capacitor bank 978 of Figure 11 is similar to
30 the capacitor bank 678 of Figure 6 (which has been described in detail above), only
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6.7 5-11 ns Tenperature T SS:80 TT: 27 FF:-40 27 Room tenperature C Qutput
Power Po 1.43 -11-5.5 dBm Core Current lcore
WO 2011/149425 PCT/SG2011/000191

selecte& features of the capacitor bank 978 are described. Comparing the capacitor
bank 978 of Figure 11 with the capacitdr bank 678 of Figure 6, the capacitor bank
978 uses a switch 1158 for eé¢h; of the plurality of multiplexers 658 in Figure 6.
[00126] The capacitor bank 978 is a 6-bit binary capacitor- bank implemented to
, 5 K provide sufficient resoluti()ﬁ and cbverage in self-resonant frequency tuning
characteristics. Design of tﬁe capacitor bank 978, according to oné erﬁbodiment, is
as follows. ' o ' '

[00127] The resonant ﬁ'eqﬁency of the capacitor bank 978 can Be tuned to wp; to

: . moé E(refer to reférence numerals 1004 and 1006 in Figure 10) by setting the control

10 words Bm01[5:Q] and Bwg[5:0] (collectively indicated by the reference numeral
- 1160) respectively. The minimum phase step depends on both the mxmmum

czipécitor vai_ueJECmin and fhé,ﬁldck range oy [see equation (3)]. Once the maximum

A éilbw:)vable loék? range withoﬁt false locking is determined, the minimum capacitor
value Cpi, can be calculated to achieve the desired phase resolution. Although other

15 ~ values are possible, the minimum capacitor value Cumin has a value in the range of
10fF to 100fF, for example around 50fF.

[00128] “Considering Figure 9 in conjunctibn with Figure 11, the phasé shift keying
transmitter circuit 900 includes a polarity swap circuit 912 and a buffer 918. Two
control signals Data0 (denoted using reference numeral 908) and Datal (denoted

20 using reference numeral 914) will modulate the phase shift keying transmitter circuit
900 to prodube QPSK/O-QPSK signal. _

[00129] Both Data0 (908) and Datal (914) control the capacitor bank 978 values

that get switched into the LC tank 904 through an XOR gate (refer to Figure 11) to

A ‘produce the desired resonant frequency oy Or g, as described in the description

25 - above with reference to Figure 11. Operation of the capacitor bank 978 at wo; or we2

| respectively generates -45° and +45° phase moduiation. The polarity swap circuit
912 then iﬁtroduces a 180° phase shift to fhe output signal depending on the control

signal Datal (914). Operation of the polaﬁty.swap circuit 912 gives rise to two

. additional phases +135° and -135°. The capacitor bank 978, controlled through the

: 30 XO‘R output, achieves Gra;}r coding of the modulated phase. With reference to
Figure 7, both QPSK and O—QPSK modulation. a're. implementable by the mapping
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2.8 2-3.89 mMA Input / Qutput Characteristic Data Voltage Level D1,-DO 1.6
1- 1.8V Data Rate fh, 50%duty cycle 20 1 - 50 WHz CQutput voltage swi ng V
WO 2011/149425 PCT/SG2011/000191

circuitry 708 that performs the desired mapping between input I and Q data to the
control signals Data0 (908) and Datal (914). |
[00130] In oﬁe embodinseh't an inverter-type output buffer (not shown) may be
adopted for the buﬂ'er 918. W1th further detail found in Y.-H. Liu, C.-L. L1 and T.-
‘ 5 ' H. Lin, “A 200-pJ/b MUX—based RF transmitter for implantable multlchannel neural
: recordmg,” IEEE T. on Microwave Theory and Techniques, vol. 57, pp.2533-2541,
Oct. 2009, such an inve'rter—type output buffer is compatible with the quasi constant-
envelope nature of O-QPSK modulation signals. The simulated'power efficiency

.. . may then be around 20%. _ | |

10 ' [00131] Flgure 12 shows a die photograph of a direct QPSK/O-QPSK transmitter

. ch1p 1200, accordmg to an embodlment fabrlcated using 0.18um CMOS process

. The active core 1202 occuples an area of around 0.4mmx0.7mm. The chip 1200 was
mounted ona prmted circuit board (PCB) for testing. When transmitting at SOMbps |
data rate, the transmitter ach1eved EVM (error vector magnitude) of 6.6% and low

15 ' power consumption (including buffer) of 5.88mW and 3mW at 1.4V and 1.2V

' supplies respectively. The table in Figure 13A summarises the performance of the
chip 1200 under 1.4V and 1.2V supplies.
[00132] The table in Figure 13B summarises the comparison of the chip 1200 with
other shift key transmitters disclosed in the following publications:

20 1304: A. C. W. Wong, G. Kathiresan, C. K. T. Chan, O. Eljamaly, O. Omeni, D.
Mcdonagh, A. J. Burdett and C. Toumazou, “A 1V wireless transceiver for an ultra-
low-power SoC for biotelemetry applications,” IEEE J. Solid-State Circuits, vol. 43,
No. 7, pp-1511-1521, July 2008;

" '1306:  Zarlink Corp.: Datasheet ZL70250;

25 - 1308: J. L. Bohorquez, A. P. Chandrakasan, and J. L. Daeson, “A 350uW CMOS
MSK transmitter and 400uW OOK super-regeneraﬁve receiver for medical implant
communications,” IEEE J. Solid-State Circuits, vol. 44, No. 4, pp-1248-1259, Apr.
2009; and , o | |
131.('): Y.-H. Liu, C-'L.-_E Li and T.-H. Lin, “A 200-pJ/b MUX-based RF

' 30  transmitter for implantable multichannel neural recording,” IEEE T. on Microwave

Theory and Techniques, vol. 57, pp.2533-2541, Oct. 2009.
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Differential output @000 2.1 0.5 - 3.35 V Qutput Phase Variation V 2 2 -
3 . Amlitude Variation Avar 0.2 0.01-0.2 V Mdul ator Paraneters
Modul at i ombQPEK49425 PCT/SG2011/000191

In addition, the chip 1200 provides a circuit that is less complex than the transmitters
dlsclosed in the publlcat1ons 1304 to 1310. In Figure 13B, the term FOM is

calculated usmg the equation:.
F 0 A = DataRate(Mbps) e Freq(GHz) e Ptx(mW) @)
) , Pconsum(mW)
255 ~ - [00133] Flgures 14A to 14C show measurement results of the ch1p 1200 at 1.4V
‘ supply voltage.

[00134] Figure 14A shows graphs of time-domain measurement results. The
_ measured phase_ noise is -121dBc/Hz at 1MHz offset, as shown in Figure 14C and
linlited by injeetion slgnal phase noise. For these measurements, a signal from a
10 Apattern generator with phase noise was employed as the mjectlon signal.
L Nevenheless, the total mtegrated rms jitter was only 1.8°, which is sufficient for
' Q_PSK/O-QPSK transm1ss1onf Figure 14B shows the power spectrum of the QPSK
signal at symbol rate of 25Mbaud. |
- [00135] The table below summarises simulation results of a phase shift keying

15 transmitter circuit, according to an embodiment, using injection lock.

Simulated Results of QPSK transmitter using injection lock

Parameter Symbol | Conditions/Remarks Typical | Range units
Centre Frequency f 900 900 GHz
Supply Voltage _ Voo 1.8 1.6~2.0 v
Current Consumption | Iy Measured at 1.8V supply 7 3.61~11 mA
Settling Timing Tset 6.7 5~11 ns
Temperature T SS:80 TT:27 FF:-40 27 Room temperature °C
Output Power Po . 143 | = -11~55 dBm
Core Current Icore 2.8 2~3.89 mA
Input / Qutput Characteristic A
Data Voltage Level D1;D0 : 1.6 ' 1~1.8 \Y%
Data Rate o I 50% duty cycle 20 1~50 MHz -
Output voltage swing v, Differential output @ 400Q | 2.1 0.5~3.35 \
Output Phase Variation ¥ : +2 +2 ~ 43 °
Amplitude Variation Avar : 0.2 0.01~0.2 \
Modulator Parameters :

Modulation | , OPSK

[00136] Flgures 15 to 16 show simulation results of a phase shift keying

transmitter circuit, accordmg to one embodiment.
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[00136] Figures 15 to 16 show sinulation results of a phase shift keying
transmtter circuit, according to one enbodinent. [00137] In Figures 15
and 16, mvohoimkygse position markers used to show perf ecomoeeiembowhe phase
shift keying transmitter circuit at various intervals during the sinulation
run. [00138] Figure 15 shows overl apped 4-phase transient waveforns (i.e.
for an output signal with encoded data "00", "01", "10" and "11") and the

| ocked. spectrum Figure 15 shows that the output of a fabricated phase
shift keyi nsp tter ciecuiit.is indi skingui shabl 0, t of an
i deal phasggg#ﬁt Egeﬁtl/:itl%est lrlétnas'illfin @t’e‘?i Q?r‘ilﬁi?{, pto%grggbtﬁa%s[?ar%%ﬁgﬁi ér%ltg?gltjhat
there is |i peifernaapd bf thdphasedshift ks ¢ing tiafymictentisduitray vatieus mturvatatedhgohase
shi ft: keyi n%}.’e;t_r, ansmtter circuit against the ideal phase shift keying -
transmtter ® %_“BH'F‘E“.’“{“@OlBQ] Figure 16 shows a QPSK transient signal in a
time-domai Nogi9gy aPifubd 353h6RIRRRYASHEd! 4-pRRE! fratfichl Havefibl(@é.1 R desul t's
under: di fferent operating conditions TlI', FF and SS (to neasure process
vari ati on) anputsigml withtencdoded datai “90%,i “QLt,&'107 ash'4a]) Fidghe locksd speeifma
constel |l ati gn di agr,am t hat sged . (er. ¥ols

magni t ude) gﬁ“f ‘e F%ﬁ”fs% aﬂsléerg%_,{?g%#a %ﬁ néaq%‘ﬁ@sagyglﬁ??(te%gﬁaﬁ%&]?{eéﬁ%ﬁft er
circuit. Fi glindistinguidhable fevxptheioteput af an eall fhaseodhifakeying eramdmifter doeyitng
transmitter circuit, according to. one enbodient, neasured under 50Mops
QPSR o1 gnal terite’ SrAbPiSDEs e s 908 RN AP T SRR, B

si gnal - t 0- ngipsRatedphiye hiff k&R trags3tlfer diRQitQLAS tHE fddanphdsb ehiftkeaiged BER
of 104. -[00141] Figure 18 shows a schematic representation of an in-body
capsd¢ efflSO@_ﬁ@%ﬁeIiWBﬁporap es.;a phase shift keying transmtter civ rcuit
1802, acconfhgy t Opaly e OWPR ' oPSK GafidihR Wifhall ROP i dsOtGRA T nto &
living organisnmto pravide a-nmeans to nonitof health signals fromthe

| i vi ng Or gantcompapyiig 48jectfina pips ul Simulaiond eesuith eupdea s diffenint t oparytingy
transmtter circui 802; jmage sensor 1804 a battery. 1806 that powers
the phase sﬁ?’?‘{’tl%éb{llnggtapgﬁgr{h?gﬁs“{ﬁpf%‘iﬁsi Vﬁaﬁn)a%ﬁ%f%gsﬁéng%‘ss%%%r 1804;
and a nm crqbepfopr ERUR 17TREoWR arcohsallfion ldaFambdiatomay becused t6lealkeglatet he tilt

angl e of the inmage sensor 1804 to widen the optical angle range of capture.
[00143] Fi g&VeM (omors Kerfr magnpidg) Péﬁbeegé‘ﬁt@ﬁeoﬂ“%‘r‘t ?femghlﬁalﬁa@& hat

fal | under g \inifkeSifeuOd¥igfelf7 BRIWOL e iMBAN res8R¢ of WSpHASe sIERFkA: 15. 6

comuni cation standards. The frequency bands include ultra.wi de band (UWB)
1906, a Mediremgmitterpéizauit, @enerding daone smbedimiens qeaswsy updergSaMbes QFSKr a | ow

power (ULF) <Bhiehal Andf0feyRIR %%%ivglgaﬁsle%ﬁgtalexpﬁ { GgISOSsisbang 1914

Wit hin whi ciiea phase keyin ransmitter circult, ng to one
enbodi nent , of aratsdi2BdBf thktefore nteting the tangARd BEBAS 1D00144] Fi gure 19B shows a

system 191 ving_a transmtter block 1918 fhat i.ncarporates e shift
keyi A% traﬁgﬂm erF’c,_gf“fecﬂ#ltgf,;g‘%ﬁcﬁa?mctr@rS??@%agﬂBSgi%ﬂ%Od{'Gﬁliszt%] P@Z system
1916 i ncl udest tiﬂ&r%(fr@t@§r§i phaAle SAIMD KeyihD lfinsmitoni dikehit 1802, abavirdigp tb chies
between allowi ng the system 1916 to receive or. transmt signals tQ a

coupl ed ant Emhadimgne: The qapgue $200 Ppy, bk infroduced jpto liyipg orgpnigmde PERYIAS)| ock

1924. 10[ 00 T . Wit I : i ncl udes an anplifier
1918a and_a;rmgggnfu gﬁ%é’{’%?g%{hf%é aﬁg&nﬁ%%%%%%hs. [00147] The

recei ver bl{08142]92Th¢ napsubtcimcladésothe miaseeshiftieyingetransmtee cirguit 4802 4 equency
front-end 1920b; a de ulator 1 c.for 1 a Si a

anpl ??i er 199%F Sef%‘[rO@QS]aqmﬁﬂye?@%b%aﬁ hTe Ot Sfaf"sl%%ﬁ%lvle(%%%a%?ﬁpgge shown
and descri begcuit 1802 gidethe iggd @ns@EkS0d] sndearhficiohentdrsi8081 Theanictbhbater

under st ood by those skilled in the art that _ various changes in. form and
detai | may BE0SEWY benised it chingsdhe tilfeingle: ofnge Amass $9980% B0 o widan fope of
the inventi %@ti&? g;}ﬁggopyapmg_ appended cl ai ns. The scope of the invention
is thus indicated by the appended clains and all changes which

' [00143] Figure 19A shows a block representation of frequency bands that fall

30 under a wireless body area network (WBAN) 1904, using IEEE 802.15.6

communication standards. The frequency bands include ultra wide band (UWB)
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20conme within the neaning and range of equival ency of the clains are
therefore intended to be enbraced. CLAIMS A phase shift keying transmtter
circuit ocwoRLIISI4NQS a variabl e frequency conver sipam/ssteg@o@dapt ed to
receive a first data signal, wherein the variable frequency conversion
stage conprises a plurality of frequency nodul ating el enent's, wherein the
first data signal controls the nunber of the plurality of frequency

modul ating el enents that are operated so as to control an operating

frequency he .1ahl e, f uency conversio ’ n _out st age
confi gur ed ?%Oivﬂ M%;??thﬂi?gﬂ{ g%’én%ﬁ?a&kgnp eglf%{zlgﬁgg? g’ﬁ?@flg?ﬁeulgﬁa@g;

provi ded bypewer @LR)Blicwotldbsad DY1® aid Bigbse Nay2.nThenfrafupasi bandpt9lar ity to
the other, wherein thé output stage is configured tgo receive a second data
signal to cWithiowhiche phasg shifikeyng sansmifier sigruit,prepping 19 Qnesmbodiment yher ei n
the out put g§tag&:daEn | 8d WwBAN'®oMar i abl e frequency conversion stage and
wherein the swtching: between the two possi bl e outputs changes the phase of

a sigpal fri00kddhe Fimurcab9B showes acvystgme bhidehasiing) a Srangmitisy biwksgtP18 that The

phase shift.keying trgnsmtter .circuit. of .claiml.. rein. t put stage
furt her conﬁ’f?é’é’ﬁes 4 phiasé smﬁieigngﬁ?%sfm’geerrcm Hal acf%rd{ﬂ\%?(gﬁg%&fl%r St g erninal of
t he vari abl{@of45pquUThHE Yyt @16 ineluded thgaradbmitter dlneR|10d8; amwelitch 1922 that second
termnal. to which a secoir:ﬁj t_errH']naI of tflﬁ variable fre uencé?aionversi on
stage is coﬁ‘ﬁ!’?‘éﬁ?_hﬁﬁ‘@??é‘i Qvriae the system IRIAOSTEGFIVE G ity 3 %It‘éa_
frequency CcoaMEESInthna 1896 238l BloRK 1 P2Y arkk AAigitAMsdblRd BIBEIOISR4. er mi nal s of
both the variable frequency conversion stage and the output stage are

| ocatied ‘al d0@f46kpailhe drapsmittat blpek kD181 further piskudes agsmmlifick dPil ¥y and @nsnitter
circuit. 3, Fh ' i ey] ansmtter circuit of claim?2, wherein
t he output gi‘;’é‘gl]%m?ﬂ??ﬁoeﬁpgéﬁrgpéi.}ggg&agﬂsfi rst output port; and -

‘ ' [00147] The receiver block 1920 includes a low noise amplifier 1920a; a.radio

frequency front-end 1920b; a demodulator 1920c for I and Q signal paths and an
amplifier 1920d. '

15 [00148] While embodiments of the invention will bé shown and described with
reference to specific embodiments, it should be understood by those skilled in the art
that varioﬁs changes in form and detail may be made therein without départing from
the spirit and scope of the invention as defined by the appended claims. The scope
of the invention is thus indicated by the appended claims and all changes which

20 come within the meaning and range of equivalency of the claims are therefore

intended to Be embraced.
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30a second out put port, the output ports having an electrical connection
with the first and second term nals of the output stage, wherein in one of
the two pwedhlmepst puts, the first terninal of the out pai/sskeg®oss: coupl ed
to the first output port and the second termi nal of the output stage is
coupled to the second output port; and wherein in the other of the two
possi bl e outputs, the first termnal of the output stage is coupled to the
second. out put port and the second term nal of the output stage is coupled
to the fka%g@@ tput port. 4.The phase shift keying transmitter circuit of
claim 3, 'n the output stage conprises electrical coupling circuitry
controll able by the second data signal, the electrical coupling circuitry

control ling smntchlng gf t he electrlca] connection between the output ports
of the odt put Asthagishalh §eYing rRRYHIFLASUE FOPRRSBRt put stage. 115.1 The phase

shift keying §rapspet ﬁ&{ueﬁéy %ﬁwe&én sﬂ@@réﬁhﬂe& he et4ed il Gt datlBighalg
circuitry is a swap circuit he ‘phase shift keying transmtter of

cl ai ms5, whiemsireithe Whteab(b@tfpguewaqmvmmheagelsommﬂ@ﬁ ias plrahity gff Eequeadihect ed

bet ween th .ect |ca rCL port

and the %?3% { és’p%g%@ ti}gﬁ%dg& S%%l@q Fqké;?{luﬂge{drtgﬁés ﬁﬁlg’?t’fn rcuit

of -clai rm‘reaudney &;odhwuhgerenmmhatsaragpamwsmak tatdntiol st aperatingifit@entyo t he

out put st . The phase.shift keying transmtter of claim7, wherein
?gae. abé? gf@@

t he osci QNﬂﬁWQQRQPnswgean plurality of inductors, each

coupl ed to thgy Gipat stagé Bburdd td BRitaGLEaIed Sﬁéfbflﬁ’vo? sdible cutiupytthét age;
and 25a . plurality of capacitors, each coupled to the first ternlnal or the

secong t signilp @koMedtlpﬁeompf)me tg&{oagz;mble outputs having an opposite polarity to

5 other wherem the output stage 1s _configured to receive a second data signal to control the

‘ 'sw1tchmg between the two poss1ble outputs, wherein the output stage is coupled to the
- variable ﬁ'equency conversion stage and wherein the switching between the two possible

outputs changes the phase of a signal from the variable frequency conversion stage by

15 180°
2. The pltase_ shift keying transmitter circuit of claim 1, wherein the output stage
further comprises:

a first terminal to which a first terminal of the variable frequency conversion stage

20 iscoupled; and
a second terminal to which a second terminal of the variable frequency conversion
stage is coupled, wherein the first terminals of both the variable frequency conversion
stage and the output stage and the second terminals of both the variable frequency
conversion stage and the output stage are located along separate signal paths of the phase

25  shift keying transmitter circuit.

3. The phése shift keying transmitter circuit of claim 2, wherein the output stage
further comprises: ' '
~ afirst outputport; and - ‘
30 a second output port, the output ports having an electrical connection with the first

and second terminals of the output stage, wherein in one of the two possible outputs, the
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The phase shift keying transmtter of claima8, wherein a first
termnal of a first inductor of the plurality of inductors is coupled to
the 30 fiwethotiemizeal of the output stage and a second tremsicnadi/ooé19i he

first inductor is coupled to a reference potential, a first term nal
of a first capacitor of the plurality of capacitors is coupled to the first
termnal of the output stage, a first termnal of a second capacitor

of the plurality of capacitors is coupled to the second terninal of the .
out put s and.a.second term nal the.s n [ ' dto a
second tii?%?mn%f)fﬁ‘ﬁé’ uf §?gecl§58‘éql?‘{otr°,,tﬂ%ﬁﬁ?S'S)tpgt p;()??ilﬁl?stﬁg%eglr)%l %g[dﬂ%jfe a
second i gfutQutpRfstdghas phupledl totthle sdcohd Guiphopat;iahd onhepdie th the dtlie ofelsond
termnal of the output stage and cond term nal qf .the second j nductor
i s coupl &¥o P@SSM%WI“EW&@F@@“W&?? pEthe output stageys coppled,pthe seaapd putpal; g

transm t b8t a% el sBL TRl 't&nitgal%f HNRERK SaBERo@fled RAE HRY u@ﬁsﬁvﬁ,dmd ul ati ng

el ement s e variable frequency conversion stage is coupled to the first
termmal of the output stage or the second term nal of the output stage;

and the variahle freque conversi.on f e r 4 ses: rality
of switches, 3&8}?&1 5u%1§3¥pgg;&w%tﬁ%ﬁ§§ﬁﬁg§gﬁ é[%l ihﬁgw%?éemnedrl\%g‘??g%@éé 15
plurali t)toxﬂ?riié@eelfadstﬂaﬂe&ﬁgpliﬁgwﬂcahiyngoﬁhﬂhbl&t by thbeseeomi dptar sighadn thf t he
plurality. of.

switches .is._control]ed by the _first data signal, to operate the
f r equenclerBigal couplhing ‘é‘?%‘ﬁF@h‘EQn@lhng S‘I’f?c/-h‘?ﬁ of hgelee ?@E%W“W@Mﬁﬁ&ﬁ%ﬁ tter
of clai Mydhur YA Tk ARPutistaps bind ME WrRdalbf e bhtpai stigeequency nodul ati ng
el enent :of "the plurality of the frequency nodul ating el enents is coupled to
t he fiprst t'e-lr_m' nal of -the out put - stage, a first termnal of a switch
of thé plwural it f th i S 0 d - af, t he
first. fr"igi:weng;lgr?%asuel %ﬁft%{z@%ﬁﬁmﬁg iérlgtﬂ] %’e?vri;]ena mc%fel%&fslggégﬁgpﬁgequency
nodul at i sigcdtre ienswapl citchg. pl ural ity of the 25 frequency nodul ati-ng el enents
is coupled to the second terminal of the output stage, and a second -
termnal” of the switch is coupled to a second term nal of the second
frequency, erdtrhatfh alift 'eing transmittk? of Thiém () aderahithd oltpyt staget furthsini t t er

1,

of clainms 10 or wherein the varjable 30 frequency. converstgl%n fst age
furt Her @@ﬁgﬁﬁg@sbuﬁ'er connected between the electrical coupling circuitry and bo e first

~ output port and the second output port.

7. The phase shift keying transmitter circuit of claims 2 to 6, further comprising an

oscillation stage coupled to the output stage.

20
8. The phase shift keying transmitter of claim 7, wherein the oscillation stage
comprises , _ ‘
a plurality of inductors, each coupled to the first terminal or the second terminal
of the output stage; and
25 a plurality of capacitors, each coupled to the first terminal or the second terminal
of the output stage.
9. - The phase shift keying uahsﬁﬁner of claim 8, wherein

-a first terminal of a first 4induct0r of the plurality of inductors is coupled to the
30 first terminal of the output stage and a second terminal of the first inductor is coupled to a

reference potential,
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a logic circuit adapted to receive the first data signal and the second
data signal; a plurality of nultiplexers, each coupled to the output
of the | ogoeonimesrst and adapted to receive an el enent etTacinanyivi nput ,
wherein operation of a switch of the plurality of the switches is
controlled by the output of a respective multiplexer of the plurality of
mul ti pl exers. .13. The phase shift keying transmtter of claim 12, wherein
the logic circuit perforns an XOR operation. 14. The phase shift

keying transmj f%_%rter%{imflld% ia%stl&géa%cﬁgyf W&ﬁlﬁ' bEpRLitdréisd (EOYIR&B tb M

frequency nodu ing el ements an ty of 'the swtches are
ar r anged first teamired ofithe output stdge, The phase shift keying transmitter circuit

of any one of t.he preceding clains,. 15 erein the nunpber. of |urality
of the 'frequeﬁbﬁ“ﬁ%ﬁ’b‘?”i?t?\gec@‘gﬁ@ﬁ?’émtoﬁﬁépé'r‘rgﬁ'gpo rcglfaé’gg?é%%oeu?iegqﬂ% “ohase
change Ofecshd@Rethind) TGRS Daub¥tabd nd & seabhd tdrn@RUefale e capaitosisage.

16. The phase shift keying transmtter of any one of the preceding clains,
wher ef n eorpleros sapend;tegmipal of the firsicanesion addul ati ng el ements conpri ses
capacitors. } {1388 sSbnfilindiR¥dr ¢ tid ARSI SShdRkors idddmplkd to Wher ei n
the capaci tor;ﬁsst a va S’e 3? aroun §pF. 2@18%e phasoe shi f1 ke(),/i ng

t ransm t seond iteronimal off the lcatpus sta@e tand 1a} sedoud tterarina cofpthe sseeapdainduetor st i on

st age coupl tQ the outpu tage. 19. The phase shift keying transmitter of
claim 18?&&?%‘8%?53&8% e%‘fg’f’{?&ﬁ on stage conprises a plurality of

transi stors,. each coupled the first termnal of the output stage or 30 the
second term nal of the output stage, erein the first termnal of the
out pi® sd@ge AheiPhase siBdsine ey Fogf(]a‘l“ﬁez 9 pihereln %ﬁjb 05?@ ‘%ﬁ’fﬁ’é“é’t ed to a

referenc ﬁmaufaﬁggg glrem'e}i@ AL AARMR FRATLSGAMIAOR Sike i ouplbiPtaPhRSfirss hi T ¢

keyi ng trransm’ -of 'claim 19, wherein

‘terminal of the output stage or the second terminal of the output stage; and the variable
- frequency conversion stage further comprises:
a plurality of switches, each coupled td a frequency modulating element from the
15  plurality of the frequency modulating elements, wherein operation of the plurality of
" switches is controlled by the first ‘data signal to operate the frequency modulating

element.

11.  The phase shift keying transmitter of claim 10, wherein
20 a first terminal of a first frequency. modulating element of the plurality of the
frequency modulating elements is coupled to the first terminal of the output stage,
a first terminal of a switch of the plurality of the switches is coupled to a second
terminal of the first frequency modulating element,.
a first terminal of a second frequency modulating element of the plurality of the
25  frequency modulating elements is coupled to the second terminal of the output stage, and
a second terminal of the switch is coupled to a second terminal of the second

frequency modulating element.

12. | The phase sh1ft keyingiﬁ'ansmitter of claims 10 or 11, wherein the variable

30 frequency conversion stage further comprises

34



a control termnal of a first transistor of the plurality of the
transistors is coupled to the second term nal of the output stage, a first
control | estot2ermispe of the first transistor is coupled troTiSGofionE®d1

term nal of the output stage and a second controlled termnal of the first
transistor is coupled to a biasing current, a control termnal of a
second transistor of the plurality of tranS|stors I's coupled to the first
term nal of the output stage, a first controlled termnal of the second .
transistor is_coupled t d a
second contro?ﬁ%%g lé?ur#%da{’%’% B g{{{éomgg?ct)ﬁg{atsq) r?isgrgdtgllré S?%Hngg(%gégﬁééﬂ’ t he
bi asi ng and rent. 21 A phase Shl ft keying receiver adapted to receive and
g?égggf hgazﬁa;r fa Sgln% elx]erts léz? | n%pfeﬁaigs eto'%ltepglt o;’th n%gﬁ:ngu'cmt anr(lie

.adapted to receive an element of a bmary input, wherein operation of a switch of the

.5 plurality of the switches is controlled by the output of a respective multiplexer of the
_plurality of multiplexers. '

13.  The phase shlft keying transmltter of claim 12, wherein the loglc circuit performs
. ﬁ;anXOR operatlon
o - "14.: The phase shlft keymg transm1tter of claims 10 to 13, wherein the plurality of the

' frequency modulatmg elements and the plurality of the switches are arranged in an array.

15. The phase shift keying transmitter circuit of any one of the preceding claims,
15 wherein the number of the plurality of the frequency modulating elements that are
operated causes a 45° phase change of signals processed by the variable frequency

conversion stage.

16.  The phase shift keying transmitter of any one of the preceding claims, wherein the
20  plurality of the frequency modulating elements comprises capacitors.

17.  The phase shift keying transmitter of claim 16, wherein the capacitor has a value

of around 3pF.

25 18.  The phase shift keying transmitter circuit of claims.2 to 14, further comprising an

activation stage coupled to the output stage.

; 19. The phase shift keyingf ﬁdnsmiﬁer of claim 18, wherein the activation stage
coniprises a plurality of transistors, each coupled the first terminal of the output stage or
30 the second terminal of the output stage, wherein the first terminal of the output stage and

the second terminal of the output stage are connected to a reference current.
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20.  The phase shift keying transmitter of claim 19, wherein
a control terminal of a first transistor of the plurality of the transistors is coupled

to.the second terminél of the output stage, a first controlled terminal of the first transistor
is coupled to the first terminal of the output stage and a second controlled terminal of the

A ;fnst transistor is COupled to a biasing current,

a control terminal ofa second transistor of the plurality of transistors is coupled to

the ﬁrst termmal of the output stage, a first conlrolled terminal of the second transistor is
coupled to the second terminal of the output stage and a second controlled terminal of the

second h‘ansmtor is coupled to the blasmg current.

21. A phase shift keymg receiver adapted to receive and extract data from a phase
- shift keymg transmitter of any one e of the preceding claims. |
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