Cl RCU T ARRANGEMENT AND RECEI VER | NCLUDI NG THE Cl RCU T ARRANGEMENT
Cross-Reference To Related Application 5 [0001] This application
clains the benefit of priority of Singapore patent application No.
201106089-4, filed 23 August 2011, the content of it being hereby
incorporated by reference in its entirety for all purposes.

10Techni cal Field 100021 Various enbodinents relate to a circuit
arrangenent, anqcia AT A NMEANGEIET DA RECHTVER INC@IUI@I'N?T?@ -
15Background [ 0003] Reducing power consunption is always of the
essence to ubiquitous wirel e§SREGHMARPINGEMENTDr a |ow.activity rate
system the natural nethod to take this advantage is duty-cycling
turning on and off the device to reduce average power consunption so
as 20 to increase the baCike@sReférercd ThRelaYedApSlicatioh nmagni t ude.
Following this trend, an always-on wake-up receiver (WRx) 100, as
shown?in FIG 1, becones a firmdenmand used to continuously nonitor
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receiver . 100 2 | y nmonitors the radio link or
channel fr(%%rg%ﬁ%e@é?ﬁtgﬁoq%iel%ﬁ%?és&for the main receiver 104, except
during the period when there are comuni cati on requests for
transmitting and receiving data, .as. shown by the timng diagranms 108,
110. 1°0004] This auxiliary recei m form of the wake-up
receiver (WIRx) 100, breaks the trade-off between | atency and average
power consunption with only one receiver 30 existing. Because the
WiIRx 100 [08024 ofarionsienbedimawiaireleteith g cirerit areageeent, dnds gegiverdngdeding the

circuit arrangement.

15 Background

{0003] Reducing power consumption is always of the essence to ubiquitous wireless
communication. For a low activity rate system, the natural method to take this advantage
is duty-cycling turning on and off the device to reduce average power consumption so as
20 to increase the battery life time by orders of magnitude. Following this trend, an always-
on wake-up receiver (WuRx) 100, as shown in FIG. 1, becomes a firm demand used to
continuously monitor the radio link for communication requests, e.g. between an
antenna 102 and a data receiver 104, to power on the receiver 104 which is in deep sleep
mode. As shown by the timing diagram 106, the wake-up receiver (WuRx) 100
25  continuously monitors the radio link or channel for communication requests for the main
receiver 104, except during the period when there are communication requests for
transmitting and receiving data, as shown by the timing diagrams 108, 110.
[0004] This auxiliary receiver, in the form of the wake-up receiver (WuRx) 100, breaks
the trade-off between latency and average power consumption with only one receiver
30  existing. Because the WuRx 100 is continuously monitoring the channel, its active power

consumption must be very low. For those transceiver architectures that offer high



consunption nust be very |low. For those transceiver architectures
that offer high efficiency conmunication but suffer fromlong
synchroni zation tinme, such as radi o-frequency identification (RFID),
ultra-w deband (UWB) and el ectronic toll collection (ETC), WIRx are
good candi dates for wake-up based synchroni zation. [0005] The early
days' receiver was very sinple, such as AMreceivers, and can be 5
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chal | engéiesired functionality of the WuRx. However, the rectifier has several drawbacks. The two
main loss factors are from the threshold voltage of MOS diode and input parasitic
30  capacitance of the rectifier. Hence, the communication range for the passive RFID tag is

short, usually in the range of couples of centimeters, and the sensitivity is limited, at



10 Summary [0008] According to an enbodi nent, a circuit arrangenent
is provided. The circuit arrangenent may include a first input
termnal and a second input termnal, a first 15 transistor and a
second transistor, each of the first transistor and the second
transi stor having a first controlled termnal, a second controlled
termnal and a control termnal, the first controlled term nal of the
First traneuShsr BBt £000 LB beehhLin it §t4 GH&tHaﬁ!i | £Ehdueh MO RFI®hag
t he second transistor, the control termnal of the first "transistor
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coupl ed tbmthmnsecond controlled terminal of the second transistor,
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coupl ed trepretmtsseigmflcanoohallehgeed term nal of the first transistor and
t he SEFOHd controlled termnal of the second transistor, wherein the
i nput “matching circuit includes a first inductor, a second inductor,
a third inductor, a first capacitcwsdquaﬁisecond capacitor, wherein
the first 30inductor is coupled between the first input term nal and
t he control termnal of the first transistor, wherein the second
inductor o) e rst t f
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wher ofh 1 fReplor 84 a.gsSa Birsitons §ieh) dithg JroicbinsBRE 300 ¢ SRORE et
of the filasingtarfassdontroled@finkica bédosd cERRle® tdr@thal WY Sdttrobferhiid@l, the
first transistor, and wherein_ 5 the second capacitor is coupl ed
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term pal st or andaseco transi,st ch of . the.
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first input termnal, the control term nal he second transi stor
bei ng coub¢ disttteansisier sed hel Squmpdutcon@@lindnfalmmalndf thieefirse trampiSteromt seodrided

term {gal rgélst R elemen? tcoﬁplgci] B t%}egn the congrol terminal of the second transistor and the
second controlled terminal of the second transistor, and an output terminal coupled to the

second controlled terminal of the first transistor and the second controlled terminal of the

second transistor, wherein the input matching circuit includes a first inductor, a second

inductor, a third inductor, a first capacitor and a second capacitor, wherein the first

30 inductor is coupled between the first input terminal and the control terminal of the first

transistor, wherein the second inductor is coupled between the first controlled terminal of



15 coupled to the second controlled term nal of the second
transistor, a third transistor and a fourth transistor, each of the
third transistor and the fourth transistor having a first controlled
termnal, a second controlled termnal and a control termnal, the
first controlled termnal of the third transistor being coupled to
the first controlled termnal of the fourth transistor, the contro
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the output voltage Void and the input voltage VRF for different
carrier frequencies, according to various enbodi nents. 100181
FIG 6 shows a plot of simulated S 1 1 and gain of an input matching
circuit, 1b5according to various enbodi nents. [0019] FIG 7 shows a

pl ot of sinmulated and cal cul ated detector voltage conversion gain, Kk,
according to various enbodi ments. [0020] FIG 8 shows a plot of

si nul at edhd eir@ChatsisRit A thOQb&Rd REEOMN RENIAl YAKHOMSoR/TRANiFBN A a
20[ 0021] FIG_ 9 shows a plot of detector sensitivity, according to

vari ous eWedi ersphtderind zepplpd @ thecsesonsvepnirofedoterpinatief dietthird transistor
Sl gnal -1 o;A04$ Sedofl 'c8nt(rdci;lgﬁz.)teﬁrﬁnﬁ Jf YRE O t?Jnsfs%P,%h&%%fle Er??ét {natching
different carrier trequencies, according to various enbodinents.

[ 0023] Fldicuit indindeams frss tidecrat, iacseodndainduictor)iat thad iadhgarea firdt @apaitoadi o
frequency (RF) det.ector,. accordin 0 varjous enbodi nents. 25 .

et o 1od SRS PHAFGH fObBAFMAEoF 819 GuioHg dabast Poch MESEhp ErgmnAuN e s
to the acsaoRanyfisGehia dogsled RPthe TR WipuRyerv¥], Qhd b lstdéBl ki coupled
specific details and enbodi nents in which the invention 30 may b

. . : y be.
practicedo thpesatrehboaing of sthe rfirsty ggesistereand thes gertrod  temminglehitie third
enabl e t [ Lt d | | ti o
enbod meng LRl phéidil fhel BEodf lndoP AL HE AR’ dlied & B,
changes maytrolécdntedeinal phoks fide peembistog fhieofinst bentsdlep ecrafindl e the second

s e T T I
enbodi mentihgl Othe faamh erasidloNeRhéein the third inductor includes a first terminal
coupled to the control terminal of the second transistor and the control terminal of the
fourth transistor, and a second terminal coupled to the second input terminal, wherein the
first capacitor is coupled between the control terminal of the first transistor and the first
15  controlled terminal of the first transistor, wherein the second capacitor is coupled
between the control terminal of the second transistor and the first controlled terminal of
the second transistor, wherein the third capacitor is coupled between the control terminal
of the third transistor and the first controlled terminal of the third transistor, and wherein
the fourth capacitor is coupled between the control terminal of the fourth transistor and
20  the first controlled terminal of the fourth transistor.
[0010] According to an embodiment, a receiver including the circuit arrangement as

described herein is provided.

Brief Description of the Drawings

25
[0011] In the drawings, like reference characters generally refer to the same parts
throughout the different views. The drawings are not necessarily to scale, emphasis
instead generally being placed upon illustrating the principles of the invention. In the
following description, various embodiments of the invention are described with reference

30  to the following drawings, in which:



5[ 0025] Enbodi nents described in the context of one of the devices
are anal ogously valid for the other device. [0026] Features that are
described in the context of an enbodi nent may correspondi ngly be
applicable to the same or simlar features in the other enbodi nents.
Features that are described in the context of an enbodi nent may
correspondi ngly be applicable to the 10 other embodinents, even if
not expl i @d11]yFides chéwed tiingd BiesRmOd MBIl eHRH WRRLS reEéwériIWdM) ®f the
addi tions and/or conbi nations and/or alternatives as described for a
feature iMIAE context of an enbodlnent may correspondlngly be

appl i cabl €2 8 AMBw f I EREE

[ 0027] Idﬁgﬁﬁlggﬁgéxt o?aégﬁgghgbé odi S%Pgakﬂ 1PL€£%§ at ea o
subst ant iakibys emiodihbats.ncl ude "exactly" and a varlance of +/- 5%

t her eqf e and not tlons "ALis at |lea

subst ant 1 PH) GBS et bRk 0eBHE btr Fiskils Hansb o rcoingta
t he sane asiols eibodeste A nmay be within a variance of +/- 5% for
exanpl e of a value, of B, or vice versa, [0028] In the context of

various cABBYifEntS shewe 2 sfhematie dieck diagranp it o Vititeaipy Tecglyep WuRx),

applied ggugdﬁ%qgthmﬁ@hmgdﬁﬂﬁgnpasses the exact value and a variance
of +/- 5% of e val ue 029] As used herein, the term"and/or"

i ncl udes [@6%6]dA6. 4l Showe)mtﬂChanat@:nsf afcironie agengeoreet Gf a hdicafspenat RF)
listed it ari ous nents may provi de an approach
basedﬂbn(%g%t m+mfgg&% @3%83H?§§?Fﬁ % mproved sensitivity and

sel ecti vi[0g17]HIGhS shovay a plot & deesdtin @engbr dupasillugitiBg @He feRdonship between
di sadvant ages of the prior art. [0031] Various enbodi nents may

provi de ¥ QURU a8y d e s il Flogt dirolcr B g reduencies

detectorgmg@ﬂg@t@gﬁgﬁ@ggmggﬁﬁﬁgors) Various enbodi nents al so provide
an architecture, including a circuit arrangenment, for wake-up

recei ver s[OO]ﬁﬂ@IQr éhshowstayplet of simulated S11 and gain of an input matching circuit,

15  according to various embodiments.

[0019] FIG. 7 shows a plot of simulated and calculated detector voltage conversion
gain, %, according to various embodiments.

[0020] FIG. 8 shows a plot of simulated detector output noise, according to various
embodiments.

20 [0021] FIG. 9 shows a plot of detector sensitivity, according to various embodiments.
[0022] FIG. 10 shows a plot of detector signal-to-noise ratio (SNR) as a function of input
power for different carrier frequencies, according to various embodiments.

[0023] FIG. 11 shows a schematic of a circuit arrangement for a radio frequency (RF)
detector, according to various embodiments.

25

Detailed Description

[0024] The following detailed description refers to the accompanying drawings that
show, by way of illustration, specific details and embodiments in which the invention
30  may be practiced. These embodiments are described in sufficient detail to enable those

skilled in the art to practice the invention. Other embodiments may be utilized and



30i ncl udes an RF detector. The architecture may al so i nclude a
continuous-tinme oversanpling signma-delta anal ogue-to-digital
converter (CT EA ADC). [0032] Various enbodi nents may provi de an
active radio frequency (RF) detector in an ultra-|low power wake-up
receiver (WIRx), for exanple for applications including electronic
toll collection (ETC) systens. The receiver or transceiver may be
utilized situchub@, IBEichl; &t clediflsal cRAREPMIah Be Inade Svifoat @e@aﬁmg troff BBUBENSY
and an on-off keyed (00K) 5 nodul ation in wake-up requests. Q her
anpl i t udedfndbednentionsThouvarions embpflintentsears iof netessariby Munsky axalpsive as
enpl oyed. i r i desi
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wi th a pomgrodoossunpti on within 10 W However, it should be

et octor AR R AFOGke 4B G BEpRATII RGN B Sgogotsl vaid

appl i cat i fopthe ofer defit t her exanpl e, the WIRx of various enbodi nents
may be eqﬁlo ed as a universal renmote control for _existing receivers.
I n~ addi t i [826]tIicatuggsrhatsre daspiikpddn dieronierbnf an snaljodiaers mislyepadsriondingly
W rel ess | L.ecat | | d
be. appr oo PRl Ther Theriaps e, £50xE WA bl TRaieh uBh ol
i n vari oulssajhetliinah¢ oogexthifcin embedimentlibyy chaepopdingly tecapplingkié onthel5

[ 0033] Al though, ot.her. nodul ati o t hods, such ,as frequency o hase
rodul Bt 1 Pt PRIGRENS BE d 1P| R deSHI TSt I paer RS
such as thethekdfora| ddaitons bid bragdhibiatishdTid/dr L@tnaBesQl defSibBF for a feature
denodul ation, resulting in | arge power savings conmpared to nore

conpl ex riBttHp@entexinal al smbgdigent may eprrespandingly bp appleplepigshg same or
correl at i §fihSreu29n HEYIY 8o dinRElt €r robustness of the wake-up |ink
may be achieved wth m ni mum power 20overhead. [0034] FIG 2A shows a
schemat i 0820 dh thé aoptenh wif vasions pmbodimants athggriease ‘20 Bastambsgantially” my

vari oys enhodiaent.s., The ci.rcui [ enent 200 be enpl.oyed qr
Pl o TS FERUR: 4P Sy Ehargk ol oY OREERE s PRrBit apd il P
arrangenegntt 20§ sulistdnties s@ind 49 Bt mafRudoniRkNeBddiR0ms e A 4D6xaclly the
4) and a secon%inp t termnal 204 25 (e.g. 408, FIG 4), a first
transi st cFTS@8E, Pk WgereNNDaY 99 ¥ithim Eyarigncepiyt/a Sk Eifaamplnd pselie: 20bh
(e.g. MNZ462Rerskl G 4), each of the first transistor 206a and the
second transi stor 206b having a first controlled term nal 208, a
second cdf®28|Ihake cantentwdlvadd ampdimensshtthe kermnefahputilor Fagproxitmetely™r ast
contrglled i i 8 e . d. 424a, . FLG 4). of the first.tr i st.or
206a Tei P LSl B LA SR CebopBBiR wberisy Wuf mrd AR otrsh or 6755 s 4%
FIG 4) 3f@bfe.the second transistor 206b, the control term nal 212a
(e.g. 42 FIG 4) .of the firsf t si stor 206a, bei ng, coupled to the
first in?ﬁ?z%le”rsrﬁlﬁ?&hem,tﬁ?ﬁ%mc% o) el Aay anh of copingtionsalkonepar
4) of then§eedn LiRReddlstd ikdeb being coupled to the second i nput
termnal 204, and the second controlled term nal 210a (e.g. 426a,
FIG 4) dP03HeVarions embpdinentstiory PO ehw aprenshplased o an isevedensodrector
contrql | ed. ] . wald Fl 4 ; ecqnd, transkstor
206b. 1h 2‘9%1{" ﬁc&”?@da?eg‘%ﬁgleﬁ%‘? Sez‘ﬁ%%?i‘r WH%%?“ti‘)rnc"%hd‘téeggcaef\d ’Ju‘%ﬁ%aﬁ‘% sorge'of e
mat chi ng disadeaitdgeR dfithepript&d to the first input termnal 202, the
second i BH%Rgﬁrm nal 204, the first fransistor 206a and the .second
transi st EFATIONYYBYOLRENE | MAY; ProXdE o AR ETaDERINGTEY (e ractikg | Behes

a first regusldMRFSHSERB (€45rivBlofe d&dtors). Various embodiments also provide an
architecture, including a circuit arrangement, for wake-up receivers. The architecture
30 includes an RF detector. The architecture may also include a continuous-time

oversampling sigma-delta analogue-to-digital converter (CT ZA ADC).



430, FIG 4) coupl ed between the control term nal 212a of the first
transi stor 206a and the second controlled term nal 210a of the first
transi stor 206a, a second resistive 10 elenent 218 (e.g. Rf2 432,
FIG 4) coupled between the control term nal 212b of the second
transi stor 206b and the second controlled term nal 210b of the second
transi stor 206b, and an output term nal 220 (e.g. 452, FIG 4)

coupl ed t@o3djevaRme BrbEdIRchR! th&prbeidelal atbtivel@adioQteq ube: f(RIF$ Hetector in an
transi stor 206a and the second controll ed ternlnal 8 t he second

transi st dHiradEh. POPSE OBEGTUPT RS CivaD UV e c Frnerasiple lfmt amaln:atwmt insluding
circuit t ISt 1k . 0. a1 0,
01y LSBT o BB TEKS ] B B Rl e
i nduct or tA2&RK fromg-entlg2mplalind-h G.8 @)—Lz carrfer fstjuamap aad tan rochﬁ‘B ké}&dqocr%)x I

416, FIG. nd a second capaci X2 41
whor e vRAWRE B GG =I858° iRl ittt BoauEiersach of apvlifilisnit
term nal 129heaB)hRag ®et dridloyar rmleaJeceZJe?&)erang&@ehﬁa%I b Qedifddasios taor

206a, wherein the second inductor 224 is coupled between the first
cont rol | e@nsibyifi phrb@d8d OoiBmhepdrting af daingitst op 12008 khpe, with 7 ppwer

CO.“t r O! ! Sp% % %ﬂ%}?%dﬁﬁ fa‘ggr e?CRQH?LL& %Q% r%grteggha? o{hvgpgremfncag

third i nduc 'S CO mben e: se i npu

and the czmﬂhmplenieﬁfanbmaif tRe]RE dekctbhadske WUR Xt hayisd Isds@bleZH)@iandm@ ofi €lien
the first c acltor

is cou etme n the c rol term nal 212a
of th¥ f iqu Eatigns. ﬁ'safhé‘f@?ro?xa@@%a%& \% f"i“”r“é‘@ e ﬁém’&flbéw@r?ﬁlﬁ%aﬁ
208a of tRe fihikskalleABR &In@bl ?(QGémstﬁQ%é@&%he'Iﬂ aliffi€ioR, %@Wuﬁﬁ%%ﬁ@ﬁs
230 is coupled between the control term nal 212b of ‘t he second

t ransi st cinbpganensnpay e efiptayed do ftitelsiss expserenativerks op O@isless carhmunieattond

transi st of«ZQ0by; o oh%oﬁg ]aspg{kcfé{eﬁef al’“?tﬁezzrg 1%%% CdahSﬁ's! tem%Eél RARTERY 100

i ncl udes parr of I'npu erm na

transi st ofnq)hﬁﬁ:dgn vIWMUS apipl fatibisstvoliish reqRIDE AW - aaﬁq:bweafbﬁsﬁmpﬁomat chi ng
circuit (Ziﬁé LC network/circuit) coupled to the pair of input
t er mi Hal JO% A Eh?@glbthFr @Pd'elﬁfa%mtheﬂ% such ag dreAuescy op ghaseimeduitisperys

(216, 218} ,ARdbater AHE Qﬂfcwtngr Conﬁcfg%%%lat&agpéﬁﬂ ROk ARG s B@istan % .

transistors includes a fir termnal, a second contro
t er m nal samplificabomtof dhe REr dnmﬁajulatmh,ere@ultlh@ ifi jlarge pownlt sofitgsdeomgrarddn@l s

f th t d t her.,, the. d
R T S e B o M R
ot her, t henpdeydr obettee rohuﬁtabssmff tleneal@fupt livk thaobSichictd with nbfining gow e

one of t he |ng£t termnals, and the control term nal of the other
t r ansi®st dvefhe oupled to the other input terminal. One of the

resi stivegogigmaot @A ShEWY P! hdntutit NBloEIO 'Hiéf%%mt & g a?éultaaﬂa&gaﬁleﬁ@%@d
controlled term nal of one transistor, e the other resistive

el ement iascerdingl ledvarigus hrabediments| The eirtuin Arangdmeite2 Mevion decamle xsidl @'d
term nal gélu&&leino% F'gcr ivel aﬂ?'eﬁ%rﬁﬁle Qﬁkeo g;gagycel\;feg rﬂengircuﬂtsarga%'égmg& iO%

t he second contro térm na transistors
includes a first input terminal 202 (e.g. 406, FIG. 4) and a second input terminal 204

25 (e.g.408, FIG. 4), a first transistor 206a (e.g. MN1 402a, FIG. 4) and a second
transistor 206b (e.g. MN2 402b, FIG. 4), each of the first transistor 206a and the second
transistor 206b having a first controlled terminal 208, a second controlled terminal 210
and a control terminal 212, the first controlled terminal 208a (e.g. 424a, FIG. 4) of the
first transistor 206a being coupled to the first controlled terminal 208b (e.g. 424b, FIG. 4)

30  of the second transistor 206b, the control terminal 212a (e.g. 428a, FIG. 4) of the first

transistor 206a being coupled to the first input terminal 202, the control terminal 212b



100391 The input matching circuit includes a first inductor coupled
to one input termnal and the control terminal of one transistor, a
second i nductor coupled to the first controlled 15 termnals of the
pair of transistors, a third inductor coupled to the other input
termnal and the control term nal of the other transistor, a first
capaci tor coupled to the control termnal and the first controlled

term nal (@fg. @ngb,! FiaNss)Sifothe sathdar&RBRNL06BRRGI upkaUpl @6 sefordhBput
control termnal and the first controlled term nal of the other

transi st deminglodl apd thy ggcond contrpdled jtorminad 710a dpgetloas FE@54) of the first

illustrat t st C e
t er m nal tg%gfg%r? Egé,\%ééc ?16 c%lnﬂ??gﬁg gmit éér}lﬁl‘?) %‘f&ﬁ‘g‘gl ﬁain({lf (;Elgegg%{ﬁﬁ%l
term nal ofithe sefondhtmankistagt200bafibé sirouit Zﬁtﬁgermm 200 favher mmdludte an input

el ectrj cal I|n hani_.cal u ented
567556 § anptERHE, iR iR R it Hiheh Bt abd el SRS B
cont r ol | e@rriig#lrionathe Z83 brandifier 2066 endlthe 0sdon@ bkgsstder0sbnal 210b and the
control termnal 212b of the second transistaor 206b, which may

i ncl ude P83l r?@&ﬁrcw&%#qgﬁ@e%mpém%m&aﬁr%mﬁrﬂlwﬁ@lewwe?m.(ﬁé Rel
representgq Ag;. %gzodp*fed BekwadnrRe &ﬂm&)pteﬁmg{ zgas OE&J qﬁtg%ﬁgﬁgﬁ gq@ggﬁgg%

first inductor 2 he second I nduct or
the fi rstsee‘a}da@omtmlleQZ&naml tZda seft dimxl ﬁrapaltaueusjor 280a,0f tdvend nypsistive

mat chj g glrel ncl ectrical d/ pr
rrecha{nl cal fmréeonup:l Wﬁﬁztlﬁ?ﬁ ﬁ%“pﬂ%qugg' g Gopt Qg%%in PIZ f"[rafﬂeed
to show tdeeoﬂdehl&hslﬂﬂls hJOﬁbaﬁmhghé hecdndr bnt2flied Ptekminal 108! 02QRs debshd
second input,  term nal 204, the first transistor 206a, the second

transi st dFanoigiss 20qh, gngd rﬁS‘u?“tPHit terming 230 (& 14534 F1G+ fcqupiegk tor e sepqnde
el ement %ﬁtmméae t@rﬁﬁl?ﬂleO’ae%Ysttthﬁrsﬁlt?dﬁ@fgfor Z%aa'aﬁd t{He QubRbco optrolled

term nal 220, which may include electrical coupling and/or mechanical
coupl i ng. tez[nu)gaiglOlp af thaseoond trendiseli 206ht s, the circuit arrangement 200

f Cl 420. FE 4
T ol 03 e Py b Bhihg FRREONA Y e 5Bl R0 (PR (EH
222 (e. g.indwupi22d (bet ekl q, [REGS 4 8 tsedonf tiidubei ame& g, 210;241&051@.@, § it

i nductor .222), .and a t |
i ser | edngickir BRdeSoLERAIE HIE T ar M padins Ba e eresn i saFIG g e
226 (e.g. se&ﬁidmafﬁic1t*é?93\@€é‘gt(f@2&ﬁ@01aﬁ3'ﬂPMBelfei%rtH?: hddt inditiRrnY? Héﬁ@ouﬁawdrd

i nductor 226) 0042] In various enbodinents, the first resistive
el enment Jebveea. the Rist wpw tem@al 202magd the dontpludeminal h2i2d of disifustor

(e g 219) %n&%t%??O{ah @’he%llx} giré%e@ondq}fcgl}clfbrthSQ? ﬁ(?&p?éd lgfﬁ\{gét tlﬁg%zst 0%4&)0116(1

FI G eac transi'stor an ransi'stor
havi ng a tbimisal 208atafahd st tternsiston R06aaiethe itstcanitioliéd etimirat a0gabf tia
rst controlled

control term,nal and ul k term nal erei.n the f
term nal SEEONY, rapsisier 2@?@ WESI‘% i i mvxfﬁem P24 Squpied Letwgipitepeted
the fir Stlnﬁlﬁﬁéﬂrﬁhdl%tﬂaﬁﬂ R &ntroPtefmindBol2b Jflthe sé&bn&fraﬁsl"s@orf 66! Qherem

transistor, wherein the 15 second controlled term nal é . g.
FIG 4) dhetfigt emmacior Pahgs saoupled shekwennl B¢ eentrohdtermainlr 81 2a; of rfhmﬂrst

212a Af StStEaﬁa,]g gésf; @mesﬁl% A00ifed A0t 1038 S mttgﬁ%tsg%g o8t el

the ourth transistor is cou he Second
cont roI | ewherein the sdcod Oapaoitort 23 fsiqospled batveies oy ccﬁ%memﬂhmﬁ ilzb bhehe

bul k term nal, (e.qg. 44 FI 4) of the third tra or Js, cou d

Lo the seEBitd CBARFST| St anih Hil B eResallr feridghapBitorof ey Sebond
transistor 206b.

[0037] In other words, the circuit arrangement 200 includes a pair of input

30  terminals (202, 204), a pair of transistors (¢.g. NMOS transistors) (206a, 206b), an input

matching circuit (214) (or LC network/circuit) coupled to the pair of input terminals and



20 the bulk termnal (e.g. 441b, FIG 4) of the fourth transistor is
coupled to the second controlled termnal of the fourth transistor,
and wherein the control termnal (e.g. 440a, FIG 4) of the third
transistor is coupled to the control termnal (e.g. 440b, FIG 4) of
the fourth transistor, the first controlled termnal of the third
transistor and the first controlled termnal of the fourth
transi st ahe pdf QF48hndidlorvarnl eus efMegiuvRNERmehiIie(BECONE) r a7 Shi ¥&@put
el enent 218 (e g Rf2 432, FIG 4) may include a fifth transistor
(e g. I\/PR‘S“WHQ‘&( 281G 4) and a sixth transistor (e.g. MPR4 442b, FIG
each sf flJf{ﬂi&c;ﬁaF&f‘éf %stisté‘lg%l'ﬂ&ess'[axﬁrgr Eéﬁ%ﬁbék%lﬁm‘vm@c d
flrst con termnal, a second controlled termnal, contro
t er m nal @nuOHiemmnalexnmamhtrOIWhmieilnwhhe thiq first cqnﬁntle:cbtlehamalsexf Iﬂ’lerp}ﬂir
(e.qg. 444 of the fifth tr S|stor|sc ed.t
S0cant of (TLEFERIoR ) cophieg b sidipohe B¢ 5584 oenETeR it e ot
wher ei n tikmsisRepnd apledableaach bief thalcofoldermfitfloof fcCof thr @fnstshogs is
fifth transistor is coupled to the second controlled term nal 210b

of the seC8AEd (e ansPSthsrinpedemingly and dheseqsiol tewinal of thethes ixpngisior is
(e.g. 44 E h ol
tor i nal DYBEY & IR Il R OhE BT Sk S BRI it Ry P fre R
term nal t(emllgal ag0he sedodl contrgliedt themifalf chfnorterlamslsmr,owhil@tlreomtb¢mds:‘sin)fe
t he second_contro termnal, of .t eflfthtrans

5 ter i nateriaegy oyl b Bieonie Gpmibilang e shep REIENE, R sl

t he seconehnsigfl.rXhelovthut esfinabis cohipled® the ¥édond EaBIISY BimirARMRE R &F
the control termnal (e.g. 448a, FIG 4) of the fifth transistor is
coupl ed tH¥E@ S ontrol terminal (e.g. 448b, FIG 4) of the sixth
transi st gpe3d] e 1h[5u°ttma(fc9mg' QHuﬁqnél@&ég]arfﬁjst ﬂﬁu&&ecotlglfea I Bﬁ@fﬁghftfe&limﬁnd
the first controlled temmnal of the sixth transist 10[ 0044

vari ous emddles ¢ptrokterminal afione UﬁmSISifPrr angrend mduatoOcavgiedfto thelfest dontdliade

5100 B HEMPALGE i bENLF (FRIRLER b afaBCERRRASE s itk Rl ana
210b of tthecc;ﬂembtedntﬂabﬂiﬂhsbmér (@6itor,ankst dupacior patipldded mhertaintraaenmﬁme

current mrror _.Circui include a seventh t ransi st or .

462a, FI @ndghe Qﬁaceﬂmi'ﬁgﬁmy i aﬁeil%treel%e god a/pecon gfzpacxmrcsoual)ed teéh?h
of the seygibiefldiaflshd iRl firstkPnfNkd BenifAIPRriHR Jiadnshsder having a
first controlled termnal, a second controlled term nal and a control

t er mi nal , [00H¥raiFIG: R4, fthe line cepnesensed ad 238 riniitustrated. tg. Shﬂ‘ﬁﬁée relp@nship
ft
o R o e SN LAY AR

r ef er encecopwolnternfiaalg? 12‘a/Iof tlﬁl fast @nsisedred06a,whible nta(ynhcrlmﬂe élecrtm:ai a&bulthgg.
468a, FI G ,4) of .the seven sistor is, couple the control . 20
terninal &/ m%@gﬁcalﬁc@xp tbhf/aﬂ reé’lrﬁﬁ'ﬂtﬁdtatsaﬁjtq “Strﬁm%rt&%]i‘o?"h@e
second cqefafihshfd drdny nAd ﬁ%tgcorfh@@l@d Rirfginatt) 268, t AR Seyvsat h:omroned

transistor is coupled to the second controlled termi nal 210a of the
first trdrsnaladlpesd the eputebtcominak et ef thedeewdnivangistop LOBb.ovhichenay

Seco tr; 6 3 . i ; ej.n

cocordt confifde e XRBRMk Mo ki CtlNR € lincaanlIRElMINE
t r ansi st alluitsiteddo phed theaelrtienshiprantomlg thefirst indiictof 2225 theeecomd émduator 224,
transi staq nd the contral term nal ht h, t r ansi r.. [ 0045
1 over T odhe BN DS, oSt ofitior 30p s s AeoBtroAdipr Do ok dle imp
i ncl ude angHin@ Birc BSOS ¥hich By ifdldde Elbaricd)cotisitisNBidAr frebBdnidaCEdlipiaL,
and a second termnal, wherein the first termnal of the current

source i svikuihe é&etr@rﬁweteé@ﬁt%&us tlbstgtadito gov Hhe rslatienship @menﬁsihgtfmt
th t t t t
e contr; glln%t é?ﬁrﬁ{ﬂl}é 0%00 Jé orﬁ' ﬁgﬁlthth\tr{u?lglsi@‘r Qe ﬁl@gt %‘tg?ﬁqe b bthg second

controlle e el ransi stor,
t er m nal tobsistoe 2¢6Gl, rt}mhplsonmdeng &rmlmmeﬂheﬁ‘mstaemme rimeat 2 g éhe second

10



[ 0046] In various enbodi nents, the circuit arrangenment 200 may
further include a fifth capacitor (e.g. Co 454, FIG 4) having a
first termnal and a second termnal, wherein the first term nal of
the fifth capacitor is coupled to the second controlled term nal 210a
of the first transistor 206a, the second controlled term nal 210b of
t he second transistor 206b, the output term nal 220 and the second

controll elg?lgtﬁfergl(?ﬁéfntt 2‘18 EH@tl'r%%YlﬁﬁE Rrhfral O(Sa';x{i’lgch rﬁé&dmuﬁﬂe gﬁ&@] ? é:ouphng

t erm nal t he capacitor 1s coup secon
r ef er enc eandir mteclamiqpl coplingl G, 4) [0047] In various enbodinents, the

L R R T e e B S e R

the circuapaciiof g eTE4R0, 200, 4)tddeplbd tisderi¢oivitA it fief RpEINEEniRLI 200 afRYhe
a power supply line. In the cont ext of various enbodi nents, the

second voltagllupier élentees: pompted nigfwers thegfist et elerminal 202 godohe | fiyst
the cont gxfy@dr 249, 'a(ﬂHSa Pd?&ﬂﬂ%g?:%?gn Qﬁ% QLPQ ch%e@rcro 08 T i Wit

i ncl ude, nmay be pail of or el ope ect The enve pe
det ect or ssrondFnpiet temipal HHyantiSthe thgei indudton226e(eed. meupléébgwemﬁwmmnd

receiver)., 50 nmbodi, ment y provide a receiver
i ncl udi ng ]E"’Le CI%aégls% &@gﬁagﬁﬁﬂ€§?0%6g§ descri bed above. The
recei ver [mqa]uev@;ﬁods&ynuoﬂﬁﬁm@tm fivatsesistiveleRB@INVEIG (e.g. ROOSI], Fi@rd)onts,

mbodj ment { ludi ng th t
2007 1 KngOHHIE BOBME LR (il b gte. TRG: £ BHOE Sl R e bR

recei ver fmp9Fri@ W%k@achufﬁ" fh%cﬁirﬁetrra}nsﬁﬂ)\f'd}ﬁ fh@efoﬁhﬁcﬁ"a{ntsm%rr rlﬂl@ﬂ%n?rﬁrst

200. [0052] ’FI G shows a schematic block diagramof a circuit
ar r angemeontroldl tempioals diserpnd sontzglled ug'rremﬁwdcmni termiflabarel 2 bulk tterminal,

A ¢ AN Dher A hud ke D510k Qb fe & MM A58, W oAk 58] K81 3 cquplea

exanpl e a Pecel ver. arran
first 25 tb rtbebltﬁrét &bﬂth’ﬂ]idd taﬁﬂnﬂe(c@. 4:{GIQEFIGFI4I30f flik) foanal tﬁnﬁﬁﬁ@ﬁd‘letﬂl‘l@tﬁe

termnal 244 (e.g. 1108,  F 11), afl nsj stor 246a (e.
1102al® F|Se90nf1§°ﬂ§rﬁlie teg@e’&Lgégr 3 E%Cbr E alé c{gtrawrﬂmhple%t@the

11), eachygfrolt Reminl 9124 bARY AlsPhrardfar a06h, taH@ RECQRBAd tcaﬁmleat @FmidH6P
having a first controlled term nal 248, a second controlled term nal

250 and dceohidbol Fllerfi wél thes5urth hsarfsistost isc spunler |tedthe esaspmd coptrelied
(5.9, 11380 e T A5 DRSS 0D 18, EHE 0
second t rthethislttansiRb6 s, coupled cothie rsedonﬁ eomtrcnRH tei2iea] 0 thg.thitd @asistdr] 4ad
11) 050 the bulk terminal (e.g. 441b, FIG. 4} of the fourth transistor is coupled to the second
controlled terminal of the fourth transistor, and wherein the control terminal (e.g. 440a,
FIG. 4) of the third transistor is coupled to the control terminal (e.g. 440b, FIG. 4) of the
fourth transistor, the first controlled terminal of the third transistor and the first controlled
terminal of the fourth transistor.

25  [0043] In various embodiments, the second resistive element 218 (e.g. Rf2 432, FIG. 4)
may include a fifth transistor (e.g. MPR3 442a, FIG. 4) and a sixth transistor (¢.g. MPR4
442b, FIG. 4), each of the fifth transistor and the sixth transistor having a first controlled
terminal, a second controlled terminal, a control terminal and a bulk terminal, wherein the
first controlled terminal (e.g. 444a, FIG. 4) of the fifth transistor is coupled to the first

30  controlled terminal (e.g. 444b, FIG. 4) of the sixth transistor, wherein the second

controlled terminal (e.g. 446a, FIG. 4) of the fifth transistor is coupled to the second

11



the first transistor 246a being coupled to the first input term nal
242, the control termnal 252b (e.g. 1122b, FIG 11) of the second
transi stor 246b being coupled to the second input term nal 244, and
the second controlled termnal 250a (e.g. 1120a, FIG 11) of the
first transistor 246a being coupled to the second controlled term nal
250b 5(e.g. 1120b, FIG 11) of the second transistor 246b. [0053] The

50b 5 _ |
(e o v g aa o Ly drTE S fRRyifal 20BF M OB, S Bhy Wiy

1124b, Fl@mindl)e.gedtsh, BIG.thef theisixh trassigorss ooupaﬁula thmcbmﬂnéteimmat hl2b

transi stor..254b havi controlled ter ec

cont ror | & PErmeRa BR Adeba S &F vl i B0 450n a6 PLEFRE nat
cont r ol | eghnsit@r issdotiplRalto #eGacdnd. @ntrdlledGarmifrdl Gf tHelfiftifradsitor! Md e bulk
transi stor 254a being coupled to the first controlled termnal 256b

(e.g. S117eEuing(@g. #2¥0,47Gt He of g HirbttFansisios dheoupdagpto trlﬁée@@ﬁtcparmlled
term nal t&%ﬂal(o?ﬂgr sugtl]x%gﬂmstglj Chd widrefthd Fﬁtﬂoh{ehﬂﬁltaf @2;5 !4§E§ Sﬁ]‘%f the
242, the ntr er

being coupled to the first .l nput term na ,
260b (e. difthit@6istor i Gupled)to e cohveolftermina (¢.g.oA48b sFIGK 4)26ﬂtbe Blﬂth’tgansmtor

75 Torm i SAEARRFAN Rt of S b bl nc Ry BRI REPUT LG

bei ng couspttedaisistéthe second controlled term nal 258b (e.g. 1128b
FI G 11) ﬁf the fourth transistor 254h. [0054] The circujt
ar r anfemdfP441 40 Yaionh smbediateitie $hey SipHp @trangsent 90 gy dgthep gipclude a

coupl ed t@bhemirior ShrciliUtbleli®s MeRBdond43ntdIR taﬁﬁm%wmh%hﬁsr thm%l .

244, the first transistor 246a, the second transistor 246
transi st 0625he seaord chrtrdlisd terming 21 An of theecaBUtnnsisEO 36%b, Find ths owptt

arrange I first resisti el enent 2
1932, e 2 T el bk Hepl R ol S 2o 5.0 8
f [ r st tr &L 4} and ﬁﬂ@@hmrtdarishmr $eg.oMd 1 clonb, rRIGI 4y daehi 6F ﬂﬁlseﬁ@ﬂﬁtrmism&che

first tran tor 46a,. a second resisti eelerrent 266 e.tg Rf 2 1134,
FIG 1) aead § eghidrapsisior PRwnE arftrstonirellsd igaminals s secpnd iopatrolieddermaing

transi st qind 24N ebriniifl SOEQH (RO Rt %h@aleﬁeterﬂmﬁﬁl (e%5%4spfm@h@) §?%nd
transi stor 246b, a third resistive el enent 8 (e

11) couplseeFnieimapssior Aed é}@mﬁrS@ICOﬂ@Plhdn@mmsbéﬁ g)f4 eFi(Bu 4)d of rﬂzmgrgblﬂlor
254a and t f d,.t s r
Soaa, - (ESSRE SRR o0 kG BRLD MRl 8 Rl ORI IR
bet ween tdoeetralotetminkl (eay. Miolal FIZG @D of fthd beyefithurdnkistor dnsogiialr to2thd roainel

t he 30second otro n 258b.of the fo thtransrs or

[ 0050 THERENCiee AGBPaFiferin b 3o SRty et Foic UEEh 419 Fiectd Gappaied

t erm nal t&?lﬁnére{eg 446k8R1G H) Gr tﬂelgevglﬁldI@Jaﬁﬂst&plstchﬁ%lg@ﬁpﬂﬂ e cBhiritkd

termnal 250a of the first transistor 246a and e second controll ed
t er mi nal tzlzsrméalo%l@@mﬂf the diasidransiaies 296 r the setend edtrallese womimab gt Guet the

ter m nal 224 (Exxisiot Y8 afd (GGHR [

term nal %?8}1 g%n 13?1 éﬂrg rg t racgru;t%ust or g@%&b f@ﬁgr%@g@gn (E:llgrf'(talrl%

t er mi nal t258bald.gt -ﬂ@bt 61614 dfrtlaneigbthdran@siébis Jodpkd Jto THeecontrplitierminal of

rratchrng rcu the circujt ar ne 24Q includes a first

ks By puh gaRyShantie forkib ety el AR SRR 3NEE o 278 (e 0

Ls 1111, [B043] 14 WarioBs embodiments, the circuit arrangement 200 may further include a
current source (e.g. 470, FIG. 4) having a first terminal and a second terminal, wherein
the first terminal of the current source is coupled to the control terminal of the seventh
transistor, the control terminal of the eighth transistor and the second controlled terminal

30  of the eighth transistor, and the second terminal of the current source is coupled to a

second voltage reference point (e.g. Va, FIG. 4),
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third inductor 280 (e.g. Lg2 1112, FIG 11), a first capacitor 282
(e.g. Cex 1 1113, 10 FIG 11), a second capacitor 284 (e.g. Cex2
1114, FIG 11), a third capacitor 286 (e.g. Cex3 1115, FIG 11) and a
fourth capacitor 288 (e.g. Cex4 1116, FIG 11), wherein the first

i nductor 276 includes a first termnal coupled to the first input
term nal 242, and a second termi nal coupled to the control term nal
252a of t ]! r

2023, of 08 1Sk DG GRSHAENERAAIR, bhEosa 0l 16/ gl iR,

i ncl udes @pédifosfe.g. é?mﬂiﬂaFI@dl)@laﬂdgtadirsthaTﬁmalgnd e oerond ltdrendhal .evlrereinlthe

248a of t first, tyan t Qr 246a t controlled term 438b
of the scgngnpiah et 8P S eatof froqupfeab (B BaR! el e 2hor oy
t he thirdhtr Ansi sheistad52864Nnthe hecdddr Sbneslidr edrivechl t 2106 nal (&S 6ceid
the fourth transi r 254b, wherein the third inductor 280 includes a
1T st 2t ertRAIOT S0 iecPRR (HRIEbALd 814 e SPRoRAFOBIBS GrmiTobokibe shgmi:
transi st GrandidRP, MAGnd fRorPREARA of2fe tf%@aﬁé%hto?ﬁ%u@%d e s@ﬁ)"nﬁ hroltage
transistor 254b, and a second term nal coupled to the second i nput

t er mi nal mfenencv\p@mbﬁerg VheFIG. dxt capam tor 282 is coupled between the

control t nsi st or 246a a the fir
controll e@ﬁ‘ﬂlr m ng‘ll%agfglz]a)o% TR L i rsctog 13%%0?% ind %’36%%\%8?@:[#%%3“
second cageemidivaita drénce puint.e et ween the control termna 0]
d idtvoltaZdefed @uipt.ed b h I | 252b of
t he secogg %393 st or foﬂ?b and th irst ontrol led term nal 248b_ of
the Y5 Jo& the et VAR cippedimepfs (oh b giFcu FLHEENEY 200 ge; st
coupl ed b\%‘lt‘ﬂ@@'}efeha%c@%ﬂtohayeﬁénan§bwgﬁq5%ﬁ§§ fife Ifuhll{e c&ft@ns b tafious

254a and the first controlled termnal 2 of the third transistor
254a, ancmitedinaints, theseeadriolageasteeince poinggiay be @atq@hé@brmeta\heen t he

control t jRal nsi r.. 254h eflrs
controll e@ﬁ@é?%ﬂﬁ%?@%%g%gf L{Haot %%%ouﬁeﬁ%t @gﬁir?gl éanf‘g%'ﬁgt %‘J@[‘B@éﬁ’f uldn’
ot her wormdsy, be Iiimzt «fi ar ausytbean reave) epeadetecB4 0T henaniveld ps ddteqdadi dr R deitarpittmay
terrﬁnalg}ﬁ%ﬂ 24Aé)L firait Ball‘ f transistors (e.g. NMOS

t r anslst Tt 34 AEEE ‘fﬁ%’o@ SR LESHE)pai r of transistors (e.g. PMOS
transi st qoe3o](Carkas 2abblimeats | MBYL phdRigT BY rEddivey t1n((112<ﬁ3% bRy bifeuit
network/circuit) coupled to the pair of input term nals he first
pair of taERgsaesPe0 andesonibed abeied Thairpecdyer thanky ot o1ay, inghyde a wake-up
resistive, (?g‘%rents (264, 266, 268, 270) and a pair of output
termnals (2 , 274). 5[0059] Each transistor of the first pair of

t ransi st df85I]iciriesdes emblbdinsntscmmtyr girtbede t er riangkiven selmding abat ciohtited
term and a ¢ term.n ere the first controlled termnals
of a1 i PEPeduP 2] & seiireohie. APEkEuiBr adn b eEne BERER s wake
second cqmrewﬁ@)jhgvafgrmaaﬂr@nmrrahganéﬂtan) pair of transistors are
coupled to each other, the control termnal of one of the transistors

i s coupl d032 HHe2Behqvriea schpmetia beek diagrem of seirembaramgement 248y ascordingof
the ot hery, 10t L AN edtS 160 Llﬁfjaltr%%gfegl@nt%éﬂ@%a WPk 1{@@%&1 4dd3460l

Each transi stor of the secon pair transistors i | rst
control | e‘dcm‘@mfmakamalesewakﬂdummwot e direnitiarrahgearedt 24@ ardudes a first

L1 anshot dpEiiapE R I o 0B hRer Pl o8 Fs0@el aftr o PE 108

t er mi nal sFIGf 11)he fﬁﬁqmﬁis@ﬁlz%d)(fe o MaYB i SO FIG 1) 6l Rls€sdnl @raR:Br 246b
other, the control terminal 150f one of the transistors is coupled to

one of tH&S DR &3k nBIG, LRhdeacheok dhe rigt ttepsistanI 2468 ek the Hspond
transi st ch‘anbéto? oLy ﬁgnﬁgja tﬂi’ﬁ Bhi&lfed! t@Hﬁﬁhalt £, @@éond[cggég'l}edpteﬁﬁlhg’lt 250

resistive el enent of four resistive elenénts Is coup ed
cont rol and a control termmal 252, the first controlled terminal 248a (e.g. 1118a, FIG. 11) of the
30  first transistor 246a being coupled to the first controlled terminal 248b (e.g. 1118b,

FIG. 11) of the second transistor 246b, the control terminal 252a (e.g. 1122a, FIG. 11) of
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term nal and the second controlled term nal- of one transistor of the
first pair of transistors. A second resistive elenment coupled to the
control termnal and the second 20 controlled term nal of the other
transistor of the first pair of transistors. Athird resistive
element is coupled to the control term nal and the second controlled
term nal of one transistor of the second pair of transistors. A

fourth refé StrbtvBaiRoeDicd SeiafURusHdt® hBeHEOMI®! tednfhdll 2, BOLhHS
second controlled ternm nal of the other transistor of the Second pair

of transi®8mypa 2528 (0e6bi22bnElG 1 1) ke thausepend transisiana4§b ibsingneppled te @he
th I I f

ani 1ot ners bR el 3T A8 e Qeoddooprblind il Sos (L8 A0S,

t er m nal sofothet fisst stfmsmldr Eabe whing cendeds tortbe sp@MA3tontioled rtmmnal 250b

matching circyjt includes. a first indugtor coupled to one input

term nal,© ﬁhgﬁ@hrﬁ&glﬂl%ﬁh‘? ?‘Féi?n‘i'frarﬁﬁg’r? gthm stor of the first pair of
transi st qnes'ﬁ}mdlet diRuf Utahfime30 1280 MuAlMdr iBflu@Re HiANGASIsRr Bla (88, MP1
second pair of transistors, a second inductor coupled to the first

cont r ol | éd2¢emEnamnd e fpweh wansistor 286b ol HARR bbﬁ‘hbsFKf 11}, £ach efithe thirda
third t

torm nal Bpes 228 BE the Buld FaBlGE 5Pt h il Hon b BRRGRC%. 204
t he cont rsetomkle lcmtmiledofermhlal @SBennd rarsntsdlo termfnai H¥60s ethe nfirsp adontralfed

he 1% SCoRURT oDt B AR AL b i it Rarof 75k Bing PPl b irgs

t ransi st Qogirolfedseaing Z58Pa6 k! przﬁﬁom‘.b ad) be tHehBurtd uﬁmtéxois%eﬂﬁlcﬁﬁcdml
and the first controlled term nal of the other transistor of

first paitProupal268mE5-8tldPea FG hrad thenibird itepyistendifladwingoroppled &Hterftsﬁt
termi nal aﬁ@ﬂ {ehBinhi 223, HRNLInAbI] % @dﬁ%@ﬁ' %fa 1A86b,! FRAS @t OF tl%f

second pair of transistors, and ourt cifor coup dto t
control  ttewsisten?S4mitingheupledse tlw@mmadlmmxﬂ tttlmmuil Add, aod ﬂtekaeca)ﬂkwntrolled

t t t 40100641 1 n Fl G
Lhe 1 1ne Frafbal e 38 Baa 280 il ) 0CRR R BasaRO A et chbtish St
anong t heefdndsbnesliddrtemisd 2684 m.gaahzﬂﬂ@m I ef he €anth embistod L5410

t er m nal 6 nd the control term nal 252a of the first transistor
246a, whil ‘%ﬁe. HEquifgerrangeRent 24 fk’:rglfﬁllpﬁadf’&n@ﬂ AR EEhing dircuit 262

coupl i ng,colified | oNfhe’ BRE SRFMRT REMAS] 292, inse 'sééoﬂﬁtﬁlﬁﬁle%&af how the Jirst
relati onship ano &theflrst control led term nal b, the séecon
cont r ol | gtingistor 244% rih¢ se®0d TawdlStdﬂe?%bmtheothntdetrmsrmr 25thawst thenfourth

secong ”tf’aﬂﬁst%}?§4b246b whi ch may include electrical coupling and/or

mechani cal coupling, the line represented as 292 is illustrated to

show t he [nﬁsat'ﬂlﬁra&hmpamngameﬁtmoffumm iehides ©Fikse cbstseivartloment 268 de.g IR
second co g{zﬁ ter and the contral %g}rr’? nal 260a_of the
third tradspat SoREPLGENiBRleceR o Be T HFRnSNGT A0y B

mechani cahe GodHAK| agmn&ﬁ térlﬂ'&?al rﬁ:@a E‘cﬁef%eﬁlrsﬁ%agﬁéoﬂ §46a20a Isééoﬁgtﬂ’eﬁ&tm
to show the rel ati onshi p anon first controlled teérm nal

t he secorfieneanh2ed(g. &d{ﬁze]rlﬁi’f 25}390@&@1 hatweanghe coitral érprmlwél2521605tlmf
the fgur ts@ oglrda%{qsﬁt&r %%%ébmdmﬁec hsem c&&ro"l'lceig %ggl%talr 2?§§L gto "fﬁ)l ' rlgond

and/ or an| cal cou the lI'ine represente
illust rattmtismor 24ﬁhuatthmd r@[save ehmi&np%&r@rm Rfbd 186,rHG. |1m}jcmtp!1=rd Bfbeen

tzgg SS ﬁgn eélc’cgﬁgjglzg%g%}a? &éogggft wt &dn (:Elrlzjigstigcgr %8951 angethfeI ge%gn %%gt%ﬁe?ir
terminal 258a of the third transistor 254a, a fourth resistive element 270 (e.g. Rf4 1138,
FIG. 11) coupled between the control terminal 260b of the fourth transistor 254b and the

30 second controlled terminal 258b of the fourth transistor 254b.
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25 third capacitor 286 and the fourth capacitor 288 of the input
matching circuit 262, which may include electrical coupling and/or
mechani cal coupling, while the line represented as 295 is illustrated
to show the relationship anong the first input term nal 242, the
second input termnal 244, the first transistor 246a, the second
transi stor 246b, the third transistor 254a, the fourth transistor
254b, t heppsuthemRir&lH rhgraﬁgénﬁ?éﬁ'tt24%6%uﬂﬁepemfslhﬂ%t 3@E~§Sbl?tfaﬁtv?e1 Iﬁimﬁz
264, the second resistive elenent 266, the third resistive el enent
268, thelefgolldZh Flesi bl vanpladetrethe 25@ndt eratioiled ttermingd u2SGae pfrithea | firgt7 2

Coupl i ng ‘arar e SRR nnft e BB ot 05K Bafhb £, wo

t he i nputa Ba:bﬁdhld‘l‘lg)utltemﬂmdl ZIQZ(e@yIIR:urFMErll) noLpldé ta thé fsédmna&pﬁﬁbm@lr
(e.g. Cs 1117, ng a first term nal and sec

{or i i, CRHBHIGIHE OF TR 1o Tt i i Uroot o7 ool A aaeRoRb of the
coupl ed tfgu@lgmzts%m nal of the second inductor 278 of the input
matching circuit 262, and the second term nal of the fifth capacitor
i s coupl d0%1 Thef input mat@hmag@'cwéﬁé?- efiche pituit arenggment] 240Fingludas] j first

[0066] In gl rr nt

further inc ﬁ%{?‘@ gbﬁgi capa(ifli?o S&%HQ ‘%&9@59@@ széqcou&l 1(]:1)’| n
seri es withind tihducidrr 280 (er‘gldc@Qoﬂl]Z?EFIGndl} heﬁrsl(bapmm)f ar2 t(egmdeal 1252a
of the first transi st r 246a cQ e en the_second

t er ni Hal I{:}% { Re & p3ogp Cﬁ%&?b&%% garfrlégg 1%!0?50“)1 &r thidataposites %6
the firstehl 88l 5118 FR%63) anda SR¥AHaPaGBP LS fel &%4911@%1@1?1% wﬁér@n
11) couple in series with the third |nductor 80 and the control

t er mi nal st srdugive2demshdes 2 rss tesminel coppled(te tg firsbinphtdamynal\Rdeandhe
fi t t
Irs er e@ d tgj-ml%gle éﬁl{ﬂeﬁ% {h@C\lHﬁt}@ &%‘é’?{?&l 2%9% &g}ﬁ% Eg’ﬁgtg%g%slt{)gﬁe gﬁ% j[he:c3

252b 15 e Ssecon ansi st or
1180, FI Céonttdl) tea:miqal 2002 pf sk ilesl wmsirstctrh%ﬂai wéterdim dhec seon@ Ihend 2713e

control t.erm nal he thi sj st or e.g

bet wen tﬂgnieéc'& (‘fs I}?LICOBI?IG H& @'ISt Cﬂ‘&fﬁﬂfg ?’g@alaaﬁé:ai ﬁg tﬁ%rﬁrFtol
term nal 26@i8to®b4dd)enet fivist @bnfnbﬂétste&mﬁl 28120f, the@ BéboAd RlamdidloiCABBC the Qlrst
(e.g. &4 1181 FIG 11 cougled in series with the third i nductor 280

and the contelad epipgl7aba obbE thrd wansisiosds4mandhe firshpentiolled tepmingl 256bg .
| ed + i £ ddad :
coupl ed hgty ﬁ@%&faﬂﬂﬁa@m&?ﬁi 2%@ h@l% Be #8 it Z%g;@bﬁﬁgm%sogg?sﬁgmme

control termn ourth transistor
vari ous ewbpldd rterths cobtie feiminl 282 of ithe sedoederunsized 246b gind Rhé chABd,

o1 wt 17001 afradl ROy Br e i AR Bapidhieth oo eman! sonalerq ff seloa

transi st dap@an@rrhingl smgt hhérélanﬁ'ﬂesﬁl@f ch;&wtmg 280 fis Icelipled Deiih I'é |cBftrol
termnal, a second controlled a control term nal and a bul k

term nal ,texpHesledRa Pfi@efﬁ“‘rté‘tan%ﬁﬁf %ﬁm a@é thegfingt gpafrolled grminal2Aga of the firgty )

of the fi S r st t
Ce. 0. [ s 20y [ PRl (0 SRR Cacap 04T B AR Blabth LB Toddi

contr ol | eermisalZ5aaof ths. sgCOf@lMalstOFfleﬁb arkd) the ffirgtrentrHedHerminal S48Y of thes

coupl ed tao the con nal of t r.st tra |stor 246a
ond tile oGBSl b PR e M GoPeaBF 254 ol & Berbp e it
si xt h t r ae@hisilA60h f ahe! HikdirdRiston @ 58 £ apd theCORt E@lttolidd terminal 256a of the

third transistor 254a, and wherein the fourth capacitor 288 is coupled between the control
terminal 260b of the fourth transistor 254b and the first controlled terminal 256b of the
fourth transistor 254b.

30 [0058] In other words, the circuit arrangement 240 includes a pair 'of input

terminals (242, 244), a first pair of transistors (e.g. NMOS transistors) (246a, 246b), a
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term nal 250a of the first transistor 246a, wherein the control
termnal (e.g. 1146a, FIG 11) of the fifth transistor is coupled to
the second controlled termnal of the fifth transistor, and the
control termnal (e.g. 1146b, FIG 11) of the sixth transistor is
coupled to the second controlled termnal of the sixth transistor,
and wherein the bulk termnal (e.g. 1147a, FIG 11) of the fifth
transi st i u rm 5 & b, -

of the s, PAERE etk Bo 21 PO UBARprs) 321, 2040y, Al Marchie

t ransi st onrcan 22 ¢orf L¢ sttwooktireii) edurtled Wi thalpaiobf idpet ®irminalst therfgstgiadr .

[0068] In various e di nent.s, .t second .resi stive el enrent 2 g.
k2 1130 PSR SRBE SRR air SRS R Sedin b o G T ok 255,
FIG 11) zoyamha pdigbf dutput sislsqr7f,©74). MPR4 1148b, FIG 11), each of
the seventh transistor and the eighth 10 transistor having a first

cont r &l | 493U hach frnsigorsdthn first Bait phirpnsistareingludas a figt egrtollgd tarmingd. dal
and a bul rdn it i n LI 1

1150a, FI é%&@l@ggh?dh%g@eﬁg h hﬁn gr%rs%?%’?l Phere 35%?‘%“’5 E%&%‘é Q%fn?{lsa%s of
cont r ol | ete fiest pamaif tamsigtors at& Odypldd G, eaghl pthef, thdreecendybertirolled hgmtaby of

Sevent h haAL erhr MRk 56 cbi LB tesh Sntt cBner o minal o o8 obdG,

of the seaemgidtorslis cbifled tcb of246 pubiteminaR, sRCOBdosedtiElihAdriles shaal
(e.g. 1152b,, FIG 11) of the ejghth transistor is coupled to the
contrifl tEARFRAN @ d gy the R BPBHaMRIPdInsi st or 246D, wherein the
control 119580 Eakh (Sarlistot lottthe §cbhd Thir 6f nfaﬂﬁstﬁl@/ﬁ@meé LAkt ool
coupled to the second controlled termnal of the seventh transistor,
and t he demind] aseqon antrqliedgermiing 4ind aRjo@irol teyminhl, herecthg Hir$t controlled
transistqr _l. I h econd caontrglled termnal of the eighth
20"t ransi SPels BhBe Sitoh kP BrESHRIYS BTkl & saboeh o SloreiBnf g, ¢
t he seventimihdlangihstsetond pairafplagsstbs drd eodpldditoteasimpther, teacogtrollitbinal
FIG 11) of the eighth transistor, the first controll term nal of
the sléverP?fr?an SgFoR i SpaRled forege oL i PRt teialh Ansh e copirpligrminal
ei ght h t reFisd sith@tranki®8PRlcobed & thoUdeLPRALNRAYS, the third resistive
el enent 268 ge.g. Rf3 1136," FIG 11}@1 25 includes a ninth transistor
(e.g. MPHE0GL Fgdirst ppsistive rferzand of theetoun resistive elements (ie couplddPRGthe 16810l
FIG 11), e . .ni.nkh i - an e t i r. .

havi ng a t?ll%?g{l %gdnﬁlﬁkolsggg&t?ﬁlaﬁgﬁg ,%érgﬁ%%c%né&cgtﬁﬁér]%tpﬁ é)gatpgr%gﬁgflf cgf
control ttempistosd. Aasetoad bedidtive etamanalcoupMabtethie doheolf ierginalc amd thel deeshd

term pal (e, 1160a,, FIG 11) of .the_ninth transistor is coupled.to
e TG oBiedT R oy i adE? edisiior b Bt e ohignsiiort.r dRger tive
transi st QilemeH)W @5 @IEH td theSEMAOH tekital @hd @k tR6A RahtrdIRd Gerndindi 2 one
FIG 11) of the ninth transistor is coupled to the control term nal

260a of ttFEsisier Of ther wagndspair ob BansisterpoA et esishive clemset isldospled to the
L, e g L GO D o R B SPUE

t he seco term na ao ransi s
wher ei n tpae of trabsigbrst erm nal (e.g. 1164a, FIG 11) of the ninth

12kt Shnd, R b PR BR RSO0 b B e LY
tenth first pair of transistors, while the other output terminal is coupled to the second controlled
terminals of the second pair of transistors.
[0063] The input matching circuit includes a first inductor coupled to one input terminal,
the control terminal of one transistor of the first pair of transistors and the control
30  terminal of one transistor of the second pair of transistors, a second inductor coupled to

the first controlled terminals of the first and second pairs of transistors, a third inductor
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5 transistor is coupled to the second controlled term nal of the
tenth transistor, and wherein the bulk termnal (e.g. 1166a, FIG 11)
of the ninth transistor is coupled to the bulk termnal (e.g. 1166b,
FIG 11) of the tenth transistor, the first controlled termnal of
the ninth transistor and the first controlled termnal of the tenth
transistor. [0070] In various enbodi ments, the fourth resistive

el enent

transi St%}%l@%&h@%ﬁe@@ggnﬁi&% 1°ftrapt hlgiﬁ!fﬂml{gq g ﬁtﬂ%l‘ra%nm s%lafth ﬁrSt
MPR8 1168hajr ¢l tGnsiktbys awhthe cohtrolhtermehaveiths otheamnsisstor ofithd s’echmdtpml cift h

tran5|stor havi n first.contr a Seco cantrol |

ooms nat FapSRBih Brs iitciF Shieled, 50 ik eBureh sootodl R Ghet B Sl
cont r ol | aemiigalrfoab tréesidor ¥ Rsst Pifof tdahpisfhs hhecoaheu@attbr doupRA it tHer
is coupled to the first controlled termpal (e.g. 1170b, FIG 11) of

the t el f@ﬁtrolﬂmm@lr@ﬂ dheohirst gppgolledhtepmimakeldbe aihe b ATSISH a6 thectine i of
(e.g. 112[%515{ }' 2 éi third ¢ Qc{?a‘fltb‘f‘ &hﬁﬁé? b N T BRSSISfeRhinkh S afr® ey Sl%ﬁﬁ:gmrr&]gd

second contro 258b of the fourth transi stor

t he secorternunaitod oh¢ tansi stormif rilad se(:eldgpauidﬂ@lnslsﬂéi sGandl 4 founth mpmtbmedu[ptdd

transistaqr .S cou edt trol rmnal 26 of .th rth

ot ot b thE sERRERE ST SnepBiTketinaf 87 Ine bireh Fangatés Ot e

of the elsemtﬁalrtdfaﬁﬁmgé@r i's coupl ed to the second 20 control I ed

terminal of the eleventh transistor, and the control terninal gl
P

1174010 Fll@i’ﬁﬂﬂl EI6. 2Re thenking ropreseripd s 2P is dllushatsida showtthe r%léw
control | egdneri @@At aaﬁtr&m ki‘iﬁh&lt Budr %Séeé&ﬁf %oﬁ%ﬁed"‘flﬁﬁlﬁ{a[‘ zgdﬂfamﬂe

termnal (e.gd. 1176a, 11) of the eleventh transistor is cou
to the bLﬂOKU‘DIetlen@ll 25(Ze 0@ thﬂﬁrEBUanSElt@ 24§a.,)wlmf:h m‘mez ingleded elhctnwémemﬂhxgr
the first nt.r ol term.nal ,of theeeve he
first conatnﬁ;%frIné%‘:hfl Iélrgehl‘l %Oanh oF 1%’gt]‘rl'nne f%?sf’?tﬁ teﬂsa sI| ést blf Sg’?ﬁ%%]s‘thf’w the
vari ous &H]faﬁdtshﬁnteﬁnoﬂgh&héll figui torfollad g &imiial 244Bbavhel Weddndr cofgdlisde
a current saqurce 1186, . FI G iL éhaw ng a first termnal and a

second té?rl’ﬁlﬂ%{I%OWQ‘? dhencangral ferminal 233,phthe “Sgeondnigansistor 2Ab.sWhiFl @ays

coupl ed t1ﬁclﬁ&eel§&ﬁ@£1dcoﬁﬁmg' Qﬁd/&dmte&{aﬁlcﬁfi&o%ﬁgé @k lfn'@ele;%ﬂe&?ﬁed as 292 is
transi stor 246a, the second controlled term nal of the second

30t r ansi stlmtramlab Shwd theheelationghip empmjthetféﬁmqmabll@i?@nnmnmiﬁaeﬂs@cmd

rof or enc< SRR FBAYs5E Bl G by UREE 21, S SERRTIREE I e wbich

E he ci E:g uniyllgglnae;gemm caullﬂlmgmyld/btl?nhbi&mclarmupﬂ@ ahetlﬁntlbpre@nadiah 093 i’s
e. n afrtlr ermn secon

or miHal GRS R Sl%f@l*r% WQ%HOP hPmaRe B rﬁtecwﬁ @aw&e PEb. ﬂ@ second

coupl ed t@nirbied ichiiinat 2595 ARl 1f cohl] RHHERANDEGPYE 6% ARAL!RsEiok 954,
output terminal 272, and the second term nal of the tenth capacitor

i s 5coupleich mayHeclade eectienl cagulingemd/os meashasisah coynling, the)linempymesenteyl
0073] | Iy r

Furt hor | oS gt TR She beigatif lonBih SRR TRIetcE 36 MY socond

term nal indcta Zﬁépthndntdemduqmi 2,80y\ﬂherf'métmapdaﬂorflaasthetsemmdma;bacﬁﬁr 28dethe

resistor s cou nd contralled termn 258a .0f .t he,

{hi r oSt r 4PY SaRBRL %EQ an@ﬁéefo B REPaE R 5819 e BRI “%8]8‘81“0:;62& Fraich

fourth transinsles cl3&fibal LoamthetA8/08 ﬁfé@mlc@uéc%lmg Sy HTleNRd 1u2e71%ple§éiﬁedt fe

second term nal of the resistor is coupled to a first voltage
r ef er enc2990¢ Hiuspratedto show the eelationship [agwng Jthe firsy phoigsmiaalodAdi therreeond

the cir C%}Buta{eﬁﬁﬂgle Qﬁlﬂ,t 14 BrefBYankidioh Iﬁ%a,i ! EQGn@Qransistor 246b, the third

transistor 254a, the fourth transistor 254b, the input matching circuit 262, the first

30 resistive element 264, the second resistive element 266, the third resistive element 268,
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el eventh capacitor (e.g. Cop 1192, FIG 11) having a first term nal
and a second termnal, wherein the first termnal of the eleventh
capacitor is coupled to the first termnal of the 15resistor and the
second out put term nal 274, and the second term nal of the eleventh
capacitor is coupled to the first voltage reference point (e.g. VI,
FIG 11). [0075] In the context of various enbodi nents of the circuit
arr angefmtﬁ& fottth rdsfiGvd lefefitent 944, 39€ ﬂr@tﬁ%ﬁ%ﬁqgnﬁﬁél%nnﬁ}ﬁ Be &c cﬂ;‘&lgut
termnal. In the context 01{1 various enbodi nents, the second vol tage
refer encetepnihaitZT’ﬁa\yhibb rratypmhaie eéastpiﬂaycduphleg aiRidfrafeebinital colpdingont ext

of vario odi nent s the U|t arr enent 240 i ncl ude, y
be part _oPOETIRSONTE' SpouiGiafio 6 Thie Bt B SHREN 2R g b isb frsbiels s
RF det ect@padiy (eb@ art1 7pfF1@ 1ﬂ¢ﬁ@hﬂ§ﬁﬂrﬁ t@mlﬂ&ﬂéﬂd UketdR@atianal, wherem
[0077]_ Various enbodi ments may provide a receiver including t

circuit dPf éﬁﬂéﬁ@ﬁpalzfzfothasﬁf@e%@ﬁw%ds &Perjed torﬁese?@éeﬁewalnﬁﬁzthse%@qnd
may i ncl qg@ué?orv‘@'}%eof“&ezﬁbﬁtcﬁ'aféﬁfng difQit 8o Vahd %s&@@%f@% SETRY fifth
pr ovide a transceiver includi ng he ci rCUI t arrangenent

descri bedapinitpeis cPhpled temBisevalage refsrengegiodée.g VieEET.Vdj. (e.

wake-up r r) .hav the ciycuit.arra he

context dPOH AR haOR ool A Etick GroRRESHT Pl SV gtk o % s

206a, 30 cffddor :emgl Cth'S&dﬁGdlUﬁﬂ@leﬂtlﬁrseﬁ@- @ith 2060sst AMALDbr H’%’aﬁ)&tw
ox] de sem conduct or field effect

may i ncl ude -1

tr )a/ms} Ogt don gl N%/F%St?? é’%stf‘%tfﬁ?t) transistpyg0a) (§-& rreuRlghbeRreen s thg Serands
enbodi ”erﬂn%mﬁa%h 1% fike ;nahaslr tzr’lénﬁﬁcﬁttﬂé é&mal #rdiddl 295k t&}etﬂ@tﬁr&h
transistor (e.g 4b) may be or may Include a p-type netal oxid

sem condd&ﬂtnélﬁtof Q’éﬁadl, & fdventh dapaniior éft@rCZ( él@ RRvOs! )t mnbd sn @m)cs w1th the

0081] | ach o

trans st Qrbd TR, B AL ERA] 255 Be 4R R0% mernet 24 e
net al oxiwepleé beoend thetfost téingha of fHeahird txfdaasr Ssmdnd(tﬁe gontﬂ'o’lv‘taimnal 252b

tran tor) 008 In th nt ext var.i ous enbadi nents,
t he E'E\S}erﬂfﬁh? %%“HE& %?B%Ist% a"eF‘éh‘?‘rFaP?%WE &8of3 h§0: HdGorl I}Tﬁ‘gPPIBd in

i ncl ude  a&efed Wile tHEEEr! ind¢tdd©76 6RA fh@r&gﬁt@&%nﬂlwb@oaeéfftﬁ&ﬁnﬂdrtﬁﬁﬁbt%; 944a
(e.g. PMOS transistor). 10[0083% In the context of various

enbodi merfes; cewrled detwiche the sedend rtemmnalt oft than@st indugten2A6 and the control
terminal 260a of the third transistor 254a), and a ninth capacitor (e.g. C4 1181, FIG. 11)

coupled in series with the third inductor 280 and the control terminal 260b of the fourth
20  transistor 254b (e.g. coupled between the first terminal of the third inductor 280 and the
control terminal 260b of the fourth transistor 254b).
[0067] In various embodiments, the first resistive element 264 (e.g. Rfl 1132, FIG. 11)
includes a fifth transistor (e.g. MPR1 1140a, FIG. 11) and a sixth transistor (e.g. MPR2
1140b, FIG. 11), each of the fifth transistor and the sixth transistor having a first
25  controlled terminal, a second controlled terminal, a contro! terminal and a bulk terminal,
wherein the first controlied terminal (e.g. 1142a, FIG. 11) of the fifth transistor is coupled
to the first controlled terminal (e.g. 1142b, FIG. 11) of the sixth transistor, wherein the
second controlled terminal (e.g. 1144a, FIG. 11) of the fifth transistor is coupled to the
control terminal 252a of the first transistor 246a, and the second controlled terminal
30 (e.g. 1144b, FIG. 11) of the sixth transistor is coupled to the second controlled

terminal 250a of the first transistor 246a, wherein the control terminal (e.g. 1146a,
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transi stor may be or may include a p-type netal oxide sem conductor
field effect transistor (e.g. PMOS transistor). [0084] In the
context of various enbodi nents, each of the eleventh transistor and
the twelfth transistor nay be or may include a p-type netal oxide
sem conductor field effect 15 transistor (e.g. PMOS transistor).
[0085] In the context of various enbodiments, the term"transistor”

may incl ugig 2 d)L betnd raff ﬁgftslstcrr%%b&ﬁiar tol &E&aogxﬁ%ﬁtr@?ed%ﬁnﬂfﬂ & B iHn

oxi de sem conductor field effect transistor
n- channel tlﬁVE@tOt‘,rH@ldﬁl&stcmﬁO( NM!IE)il (ea pl14dba iH| 1 1)/oSthe saatls trasgator(iPMDBfed,

a metal -in | el flect 1tdansisho SFET,

20seni con StH% géC% Pg[mqi‘eﬁ ransr sf%fh{r S d)fgﬁ%]tﬁeﬁf {khtgrmmal
Con]t e)c(it (Iiagva[‘ihuﬂ@modjfrmmﬁ/ﬁh tfahﬁstbﬁfsmoupkleﬂfttﬁ el lﬁﬂk }t]e&ﬁ‘iliﬂaﬁ«'ﬁég &Y,
include aor sour ce nter na that the term
“First® oot oF) eiht s iﬁ%ﬂsmt%fg R romrolld aering) efeﬂé/f"tfrhatrrmts&rrﬁpﬁ the
and the 1g&BonGsMEtemPRAI B REGh aiified. " My nean a “second
source/drain termnal". 25[0087] In the context of various

enbodi meni0868]tIhevarisupeembndimenss, | bd teeond mesistivorelersenir 266/ dr.ai RE2 1134,
term nal’ st y f r e n or ,a _drai
term nal FI%S f)hger[cg@%% ceg{vé"{r{ﬁ% tr:]ré SISggnrd et%eM%%gi (rftﬁtgé’r rﬁfar%aﬁllt)fand an elgh{ﬂ
t ransi st aransis®er gege MHR4y 1 {481 IFi@L et), ehchhof Hat sebbrah ardnsitot Aad Shabighth
geonetri cal I%/ metri I, these termnals may be cql|ectiv

| |y
r ef er fP%ed ¥4 Hgot | Eﬁ Ry Le, [t mgpal ’sﬁtf'F?%lfld?"é‘Frﬁﬁf%F ? 4 cpptrol

various Q@%ﬂélrﬁﬁﬂfa%ulkatel%gnﬂaﬁrhé&hﬂtﬁé ﬁﬁptﬁr&@ht@ftnﬁﬁamergatmra FIG. 11) of
source/drain termnal may be a "source" termnal or a

term nal the pasaibrigangistor iecappleddg éhe Brsheordiphed amingl ﬁiﬁtl 15@'? rﬁlﬁaﬂ 1) of
[ 0088] rthé Q‘;ghﬁlqpr{n@étor O\Lhe\faﬁ'tl?éj%cgﬂgjgoqll[trgﬁ?& Erm%nhf(etge rl?%?ﬁggfl’f‘v ﬁéhe

term nal "
cont ext ofevareln |tmu&sterrb®dnu;ﬂed 39 theheectoad mechbrolldd teemiriah&50b miythmaorﬁl

substrate term for channel transi st or wel | rm pal
For - Pl hdtaeionash o s SFER Font s st punsl (el L ERE T /bt gt
enbodi menidmsistol & ¢RPIBI"HBELHINRG] fekhfdi 2526NEHkhé Béebhd &afMistded46BE ARerdit
i rrpedance matching circuit that at |east substantially rratches t he

i npedancehdrorid tpaminalofe-ga 1dFta 1E. (4) §f the syantbeyangiston it keuplerhenighece
of anot hesrec@ﬂrctogggllédn@nﬁhﬁl%'tﬁe {Seidh tl%?él:?ﬁrg)dmggie Bn éit&%heﬁ‘&éﬁl 1%'3?1%,

power trans etween the two parts o circuit or
ref | ecti d§. 1 Hofithdeightbadnsigtheisratglbd togthe second tomtmiied twhmzlboﬁlheexghth

t ot e aopr a3 B €5 TRE0RR 11 ne NEBHE RS 17

various essbpidil tenhs bquhﬁ:nhBi’am(e@nyﬂ6BpBI(§iel@C(§ﬂ)ﬂle dEbth | tEbivEe @E TRY
mean a circuit that receives an 1 np ut si g{na and provi des an out ut

whi ch i s oRwollefgepipe of ghe %S’Veltthéfail%@itanél st cqn@r@!;lzq terminghel tb@mgbsbt
of varioug,geafedi nents, the term"current source" may include, for

exanpl e, a direct or indirect current source, or a current mnor, or
a const anl00& I aeiials enlpdiments, tlm)thlirdesesistivealenwht &@fh(dg’ &3 11QI3E. 1H

J;rgg Ci)snt ex clu&)gs avnanrlth(%ranmstor ?e g, rﬁﬁl&? ’llgﬁg Ff(? rlri]) r Ete% trerlPlsEsrté)rr(e %I l(/ﬁ’ll%t "

1158b, FIG. 11), each of the ninth transistor and the tenth transistor having a first
controlled terminal, a second controlled terminal, a control terminal and a bulk terminal,
wherein the first controlled terminal (e.g. 1160a, FIG. 11) of the ninth transistor is
coupled to the first controlled terminal (e.g. 1160b, FIG. 11) of the tenth transistor,
30  wherein the second controlled terminal (e.g. 1162a, FIG. 11) of the ninth transistor is

coupled to the control terminal 260a of the third transistor 254a, and the second
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20 nean a circuit that serves as a current regul ator, where the

current flowmng in one half or branch of the circuit is used to

control the current flowin the other half or branch of the circuit.

The current anplitude flow ng through both hal ves or branches is at

| east substantially sane. [0094] In the context of various

enbodi nents, a reference to the term"coupled" with 25 regard to two

or nore C&msm&meﬁmmwelgnqhmmrﬁf) %&f%q%n&lqrangﬁ%ﬁfstéoﬁpfeelf&hﬁdsec&{d
"indirectly coupled", e.g. including one or nore other conponents
(e.g. resiogirphe tﬁﬁmW1|Z$§&chotheaﬂldﬂoiramat§Jacl5t4@r )thmnnéhﬁt gantrol termmal

t her ebet n ant s, 0 n_th

various e O(Ij%érzr%hﬂ@ Iqﬁle%rnﬁ’ﬁtﬁg%ﬂ% 8d* °ﬁg§1 ?2& thfrecan c@PﬂPliéllt tohinal
coupl i ng afntt}./:mlnﬁremmmmalan@ohmlcomgﬂ t3191[uﬁﬂ9@3]g F11G4b,3FEROWS &f the tenth
schemati c bl ock di ag][eg %fq ke- u receiver %ly; ?1 300, according
to vari odSAnEs i Gou SRR SO Hed e rIth 560515tere Patiwergin
bandpass the Ibul tedB%al . aP1T6'6é( eFI@Q'l? of B HRRE yraﬁﬂ,%ar Qeéo%gree lto (iBe Bulk
anplitude detector or envelo detector) 304, a progranmabl e-galn

anpl i fi ertequpg)(egndlepbl bif.pk Slflﬂld terth t(anfiFtpr, thefitst contvadled terndvah obghe
t he bl oc | -todigital
convertel:"l%g% E%S@%%ﬁd t%@%ﬁﬁ%ﬁ%ﬁ gc?le%aﬁ&&%%ge@?ﬁaa%%% lle or circuit
1210_. 5 [ Qoo Hlvmmlemhmmmeﬁmethee"bmﬂmaxﬁvéﬂ&n&a)@m@@glm la?S , 6ot f)
eyin rom an

ant en a( lﬁcl%des I’gtﬁl‘%l’ t%’ﬂ%‘é‘fgéié E’{Pﬁw\?ﬁf@‘? ﬂn@plrfbp §| ﬁth RERSSES

through t@g. RERPAEIDLS Fid.e11)30Rh ¥ thebledédih r’!ﬁn&%r afcP kceihelith Rattor
The bandpass filter 302 is collaborated with the RF detector 304,

whi ch nayhagmgcoligbendiollod tqmnémla|arﬁ§mﬂdn@mtrhll¢€bteﬁémﬂbﬂl@oaﬁmldﬁmuﬂtand|an
whi ch t h rlilﬁf]%glﬂglaf I'eu? 'ﬂﬁ’: %Eté ﬁo d t%:gngﬁlt ' .Cér(ri:ﬁ?(%oﬂl % h% etl%]v%nt%OK

i nput signa reét I nto base si ghal's S|gna
anpl i fi edransistor maglpwdrtabhcaﬁ@anmtmﬂdd leeormpixeed ge. £ 1176b e]E[GMltlhof/ﬂmtarblfa

S05 115" Otpaboh oS e frsond Fonanion S Bual e k7S aRGeATRpfhsaieventy

over sanplemsisioe lmiﬁgreu@o FRGEESH dhPHaldSelntindl PSRE A5 ﬁletfbwtﬁtrgﬁ@skortzg%
noi se rati oytLSNR) The out(gut of the ADC 308 is di |ta

processedd ¢ thecasid gipatrofieds damiziah de-&i # K2by FEGo11 th ﬁenm@r i
deci mat i %ué'ehttglihea%tl‘apte?ﬂn%[ 2664 {)Pﬁl%;g gmﬁs@étéﬁ% B, WRERI VEE cohffol
ererore, e

gener at e wake-up requests or signals digrta end
processi rgmiisalc@Emp| 11qke, WE.hlYecf met lomerth | ttapsistor [i) @98pled|tG. thd sstvads

et ectior. <RnRlsieRgeb o5 4Pt TRRRTR R & ik SERL PR ThT ey oA

400 may bEG201) ﬂm{lﬁmlfﬁdtraﬁs@s’toxe?sadmbﬁd th Gthe tsét%na%htt@llddatéhﬁmal of the
frequency (RF) detector | i tude, det ector or_env

det ect or )tveHil fmsatoreand vh%rewi ‘ihé Gtk erpizaltsd ﬂt17ﬁ@§1ﬁnéﬂhag@etw6nth
parts: anagel w&%pféattsqﬁ@sum%aﬁﬁna@ ek NEI 780 nh!cﬁqqi OP&@%H@ tPJns,%@?

devices at the transition fromweak to-strong invefsion
(i nduct orthe fiph contomled hesmieal lof ther cl¢vepilit tramsiston iand) theTivet doGtrokednprikinatenf

al so function.as filter (e.g. as the bandpass 25filter 302,
FI G 137) tflf)ﬁ%%tfﬁnm& fcuit arrangenment 400 includes transistors

(e.g. NMJB0TI]dnsvasions SmbbliinehB?ahartchiNarrdfdmenP40 hmhp fdtieer include a
pseudo-di fferential pair to sense differential_ inputs

current source (e.g. 1186, FIG. 11) having a first terminal and a second terminal, wherein

the first terminal of the current source is coupled to the second controlled terminal 250a

of the first transistor 246a, the second controlled terminal 250b of the second

30  transistor 246b and the first output terminal 272, and the second terminal of the current

source is coupled to a second voltage reference point (e.g. Va, FIG. 11).
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VRE-F 404, VRF. 405, received through a "positive" input term nal 406
and a "negative" input tenninal 408, which are robust to comobn node
noi se, and which are nmatched to 30 an antenna (e.g. 312, FIG 3) (not
shown) with a matching circuit of an LC network having the inductors
(L) Lgl 410, Ls 412, Lg2 414, and the capacitors (C) Cexl 416 and
Cex2 418. The matching circuit is coupled to the input term nal 406,

the i nput[obﬁz}frh%iioﬁsoémbadﬁ}ﬁerké,%&%uﬁfa rﬂéﬁ_%%?ﬁﬁytf&%érfime% Bty
M\2 402b. [0100] The circuit arrangenent 400 i1 ncludés a capacitor

420 couplcsdadiier &g iCon MB8HFIGh L) yutg & Bushierminaltd@ aaeconditerindywherrinl g
| 410 (e. b iaput. 5 term nal 6_and .t i nduct or
Lot 10 e SRR U8 Rush 15pABE s bR Yo dRe AR 0 e SR
termi nal séOReand tiehfirst sudipia termidal) 272 kAd (e @combigiphiasl dfeboRem dap&itor is

second input termnal 204 and the third jnductor 226 the input

term _r?al @BBleé t[pf Eiés"i"ﬁ]&‘i‘.ﬁ?trﬁfgreﬂ&??%‘itzﬁ_r & Y@fdé] IPhe transi st or M1
402a i nclggrs 13 Jaiodd GBBHARNICAnd IBliDarak&nthnt 2207 A8y RIKE: NAbhde o
424a, a second controlled termnal (e.g. drain termnal) 426a and a

control Iosister (g Qe E19, FHYatld) having adiryt tarxdnal andd Semdttclaﬁszilsfvmremz
402b i ncl I . 1 nal . '
I nc tHg ﬁ?sé ‘Pf‘erInllrEa? Il))f ﬁ%&%{lg{%’)# n%%gcgflﬁ%gttg ﬁie (f@ceon% coﬁt?(liﬂe%etis%n%g@"&gggég t}g

424bh, a second con rarn term na
control tthirdritraadistGe2$fla, get @cérelr canmalldd 42@inal POIO] theHeuith Bahsistor 254b

controll ed, termnal s 424a, .424h are coupled tqQ eagh other. The second
cont rif | 4R SR s 6%?11%2824»apiﬂt?&ﬁ&nﬁaﬂ%nﬁagﬁwafw? is gpppled to a
control tmgijoldde #8Behck poihP (el wg,l BG4 9).t he input termnal 406 and the
control termnal 428b is coupled to the input term nal 408. The

control tI897A]dn| vatioen embodimsatsc heprisahit yrangempid2dd ony Ligrtharimchidd anhe
capaci tor I 1 paly 4. { |.ed he

i nduct or elleg? n%icgp zg%i P{e%@gggég%’ﬁ%g! @ hﬁgég%[fk%d%a%sl%ﬂfgﬁs%o}l g?ee n}a}i
FIG 4, twer¢indhechst tehigindl dfitbe ekvenh phpedittret wegried toathé fipsttter?fnal of the
term nal 406 and, t.he confrol ternmn 428a, ,t he induct.or 412 is
coupl Bd HETHRAG h'@ ‘T’e’lc?%c{ ORBR PHP?“@@E?‘ErBr?gn@F §399§Ha1?m2i§9ﬂb‘$_fs@1ﬁéf eventh

i nduct or dafitdl# cotpled@tenhe trsb SR RefbiRBed pudtl(e bV ITFI@! 11408 and the
control term nal 428b, the capacitor Cexl 416 I's coupl ed between the

control tI80%l dathecased pd verienst erpkadimeris Pbhectironiiramiangamens 240, Gindirsthe
Cho 111t Ronee o oe "o Ay B a BB TR IR Rl S B ot S
coupl ed tthe second volpege redérencepomt poiyrve ay@wenkipply liney be a ground
term ﬁal "[0076] In the context of various embodiments, the circuit arrangement 240 may include,
may be part of or may be an envelope detector. The envelope detector or RF detector may
be part of a receiver (e.g. wake-up receiver).
[0077] Various embodiments may provide a receiver including the circuit
arrangement 240 as described above. The receiver may be or may include a wake-up
25  receiver.
[0078] Various embodiments may provide a transceiver including the circuit
arrangement 240 as described above. The transceiver nay include a receiver (e.g. a wake-
up receiver) having the circuit arrangement 240.
[0079] In the context of various embodiments, each of the first transistor (e.g. 206a,

30  246a) and the second transistor (e.g. 206b, 246b) may be or may include an n-type metal

oxide semiconductor field effect transistor (e.g. NMOS transistor).
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[0104] The circuit arrangenent 400 further includes a resistive

el ement Rfl 430 coupl ed between the control term nal 428a and the
second controlled term nal 426a, and a resistive elenment Rfl 432
coupl ed between the control term nal 428b and the second 30controlled
term nal 426b. The resistive elenent Rfl 430 and the resistive

el ement Rf2 432 may be at |east substantially sanme. [0105] The
resistiv S

transi ot oy S ANERe it A SRR O el By BrarfhiY (g% and

i ncl udes thefforgh tawistol (g 284hy may be.q. mepuinckde ex - tmb)nﬁtasaqxuhe

second control | e ra rmnal) 438a, a control
term nal S(ae Cé’nd% teilg]?ﬁ?cﬁg%ﬁlm%%o@ gwgatr%1% erm nal 44la, and the
5 transi si0081]NPRRe 4@#4éxtiofolatio@serabddimedts, cack 6DiHeeRkH ﬁﬁﬁﬁigftarl an( @hd sixth
source termnal) 436b, a second controlled term nal (? drain

g

terni ral ) TASEIr may Bt oTomay cinplide 2 payRs Myl eoids ﬁ?IWﬁPI} 10 Hicld redfeat

bul k ter rnakiotfe. & PMAILHARisedhe first controlled term nal s 436a, 436b
are coupled to each other. The second controlled term nal 438a of the

transi st df08AHa tha4antext elovgriond embotineentsoaghodf 4@ sewenth rtah81SItQBambfthe

the trans MNL1 4 Th econd controll rmn
transt ot Sy eiBisshSer Bag ve DRGSR, £RMAn A i FoPRongUiiar it grioe
426a of ttk’eelsitsfoa(tsgsjﬂ\wsl’sﬂhlﬁsﬂ()@a The bulk termnal 44la is coupled to
t he seco ntrolled term nal The b erm nal 441b is
coupl ¥d t@ﬂﬁ%ﬁén§%W¥8£F?W&&l%@%ﬁ%?a%ﬁaﬁe midh Eeisies and dhgrieRdy s
440a, 440bngkRr GAMPHEdort Ba§aiabugd hleg AR ikl QG Qélﬁi@oﬁc&cfotl eﬁefm re%ﬁect
controlled 15term™nal s 436a, 436b 0107] The resistive el enent
432 incl G@P@Slstoréﬁﬁlf’éﬁ@ﬁﬁra(lﬁstgr) PMOS tranS| stor s) MPR3 442a and I\/PR4
442b Th i a r ed .term

%0 sod0bbATE it SondtiBr A8 LABOMARES rach!qF 1€ BBV hth ik SE T
t er m naI ) twditharanaistoo miaydle dremay ineludd Epgypeglabtel tradarsendibgndddidaficldretica
bul k term nal 450a, @g t he %0 transi stor MPR4 442b includes a first
cont r bl | HFRFIERP en%tIP]\? FaEYUce terminal) 444b, a second control | ed
term nal [0684).In @hddhtdx@ofividdus AfHRRImdhtS B feh “&ﬁ{smtd}ahna(yqnaudaéffad
termnal) 448b, and a bul k term nal 450b. 10108] The first controll ed
t er ni nal sefiequaransisiar, (BEE). cBgpl 8 0ne WagimetehexideTsrmicwsiveidr dight refeted

term nal g }%ﬁlﬁg Gitda o]

controll e%ﬁg{g}op I\rflggﬁgw zggb ofor{ the transi tsr IEIS?W@%&B %h%aglgeggﬂg)s
cont r ol | ecansistom (RMOSH6b mf:tat -twsulttoa rfsild tedfectVREMsi a2 IMISFEQUpH @dmictal-
the cgntrol .termn b t he tor M2 402b. The bul k

t er mi fal Eglﬂfé’nii‘ém%rgtl% fgectt a’ESr‘lséor %‘l ontrolled terninal 446a. The

bul k t er nopsd] 14586 dositekd W REiohd elib8diSRERNdhe @i 8ddnadlIéE iérmal” 4Rb.
The control term nals 448a, 448b are coupled to each other and al so

coupl ed tipcliqf OF May MEahEr Oqo].u@g/dram terminal”, such that the term “first controlled
terminal” may mean a “first source/drain terminal” and the term “seond controlled

terminal” may mean a “second source/drain terminal”.
25 [0087] In the context of various embodiments, the terms “controlled terminal” or
“source/drain terminal” of a transistor may refer to a source terminal or a drain terminal.
As the source terminal and the drain terminal of a transistor are generally fabricated such
that these terminals are geometrically symmetrical, these terminals may be collectively
referred to as controlled terminals or source/drain terminals. In various embodiments, a
30  particular controlled terminal or source/drain terminal may be a “source” terminal or a

“drain” terminal depending on the voltage to be applied to that terminal.
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30term nal s 444a, 444b. [0109] It should be appreciated that any one
or each of the resistive element Rfl 430 and resistive element Rf2
432 may al so be at | east substantially sane, for exanple in terns of
the arrangenents of the PMOS transistors, as any one of the resistive
elemrent Rfl 1132 (FIG 11), the resistive element Rf2 1134 (FIG 11),
the resistive elenent Rf3 1136 5(FIG 11) or the resistive el enent
Rf4 1138 W Yo I i ' it
arrange mal&?é Sjol 8 %Cro%lﬁ% ?8&" nc 6ﬁ%ées arllllngr&ttg 6%? &% r gnantlr -éP%Eg{fw# %ﬁ]n%cliec%r
an out putmsy gz a gate termmabaseband si gnal ) Vow 453 may be extracted,

coupled t second controlled term nals 426a,,.,426b. T circuit
arr angeme[ﬁ{) éﬁgﬁ tﬁ%}?(.’%ﬁ)?tt el M1ORE I 8d13168§p§'5:1 éf)‘? 88&4§5nm%e‘?1@f fiegn a
first tersubstadte Riminhlefo Bpehahhcd MO® trdbdstis 2606 Wellderifindl Her P-dkhns10A0E

controlled termnals 426a, 426b, and the output term nal 452, and a
second t FAHRIS-of the capacitor Co 454 is coupled to a voltage

ref er enceopelf]th Ve conthit & vEBRYLsRER IFERA) ¢h t‘éfnm“ﬂﬂ{chinfg chiddit %a% B lude

circuit arrangenment 400 may further incfude a current mrror circult
460 coupla@dmap mée geooprilacenmatshingdcitaitnthaght kagasubbtatidlyt mawhess ther

MN1 402a,..th n 1 ontrol led termnal, 426b of, t he .M\2, 402h
Mhd e dmPaires 8F i P aE8 BBt (5E o Rl e SR et B RGIR L p of
i ncl udes theé siRciSE Q! & 1dad) & asRMBxirhiad HeSiones radPet Webedn AW ard 62 the
The transi.stor MP2. 462a j nc¢l udes first_controlled termnal (e.g.
sour c¥ t TR A puinEsge reflections fepme ]PE‘:?-IBH pgehing gireyibmgy Taglugdenone or

t erm nal )méll*@QQduc@d}_@ B) G/éT &le $%men@aba&i%rQ(C)9"TTn|@re?o%, %@%a)cclu%&sﬁrcuﬁnd

the transistor MP1 462b includes a first controlled 20 term ma
(e.g. souneebaaxlf p@euit. 464b, a second controlled terninal (e.g. drain

1 nal I i.nal O Lnal,) 468b
[o11] et DR Bty KPR Bl e B Pt AR L i it

to a vol tageay mbar #nteripthantecdives ashinpii signal bed propiiee an suPpt Whichnie the
The caontrol 1t erg&l&ﬂals 468al 468b are coupled to each other. The
secont coVFOPF ¢ BWH Helidl-466a of the transistor MP2 462a is 25

coupl ed t[9092)9n HRCRREXEOMNKiBLE SbddhEiahe dARac R ent BRirdeh AN i8LIQe, WHL
402a, the second controlled term nal 426b of the transistor M2 402b

and t he cwepple, & dirpgtoaindgsot cureat spacsner TonTanbiiet, pied pdnstint a6Gaiabl
al so COu%ﬁgntltslgu%georfai\foﬁﬁ%etlﬁééﬁ nal of the capacitor Co 454. The
e

second contro term na 6b of the transistor MP1 462b is coupl ed
to the cdfo93)iinttee rbmektsofdGBmps 46HodinBafs) tHedjermheuatintcmirtoradivcainy emgnt

400 L Sk DS BeCH T SOMES 810 protl dhne Clrent W
control  branch of the circuit is used to control the current flow in the other half or branch of the
circuit. The current amplitude flowing through both halves or branches is at least
substantially same.
[0094] In the context of various embodiments, a reference to the term “coupled” with
25  regard to two or more components may include a reference to “directly coupled” or
“indirectly coupled”, e.g. including one or more other components (e.g. resistor and/or
inductor and/or capacitor) connected therebetween the two or more components.
[0095] In the context of various embodiments, the term “coupled” may include electrical
coupling and/or mechanical coupling.
30 [0096] FIG. 3 shows a schematic block diagram of a wake-up receiver (WuRx) 300,

according to various embodiments. The wake-up receiver (WuRx) 300 includes a

23



term nals 468a, 468b and the second controlled term nal 466b of the
transi stor MP1 462b, and a second term nal of the current source 470
is coupled to a voltage reference point V2, which may be a ground
termnal. [0115] The gates O control term nals 428a, 428b of the
transi stors MN1L 402a and 5 M\2 402b are biased via the
pseudo-resistors or resistive elenments Rfl 430 and Rf 2 432,

respect i ugh¥pasotelr b, %r%ﬁ&?%{bt fr Odetééﬁirfté g' M\El'ﬂﬁdea &EABECor
drain curren}g of the of the transis 402a an equa

t o appr oxdnvelopé yetsaliof) 334, t«'hproarmnahhfr ganta,mﬂltﬁer dPGAhend ur leemtpasofiltee
470. Th to..be |

i nt ai i G LAY PP Bt BEG e {abumondthe Rt RN galosyp-

of the 1Gigiaosnwiter CIVMA AMIAB08Ed Mdigndibibeesdifd hbfuld BEcitdudBIDSt or s
MP2 462a and VWPl 462b function to prow de the bias current mrror,

wher eby tHEVHI S Ealeramtecciver GYeRFGEY B9y F?Fé“’&ﬂ“r‘éfg? tf Jisying dOPF Rty
b h of,
et st B G g S o400, RR0RA LR 10 b 217 i

transi st or ismrr repr odu
anot her bwlnlc theafiput kiEnayrassen throaghrtbe bmdpwlfﬂteﬂm foiﬁbtamsrgahaﬂmfem

the tran 2.462 lie n5| r 1 402a

bna o duat Tedandgeos Rt de folbParnil wifohaRs dBRis 300 duthaabt te
current (de6kn HWidcdal ingut i ARIANRWOKRBCILWE i WRLKY theimio3alcnt-48or RORF
and therefore their capacitance shoul d be | arge conpared to the gate

capacl® arfietectr 3P eonvern sisPGRnmmysignobdiresHy inbaseband signadsy dbe basgba
obtain ”Bsggrmﬁ%l\é%ﬁl Hﬁeé‘%l ﬁggzérﬁﬁaﬂlss Etdn\delo%@%] J Piteled" Wil sHiable

428a, 428 he ca C|tor ts t sustal n ‘the output voltage
and may Viendwalsh, Mrthe BGAVW blwk pos sinfl idigiezed (by. tge C’IOZSQ A\DCt RO&r @doqeut

gl e- el SulpeEet pRuEf BT 2RRRCh Y Bl Re Sulrun seweptne

circuit c@@gmlsaeshﬁcyeafs@fhelssguap@mise&amsasd&a) al"lieQﬁﬁput o?ﬁlemid;%bs isdigitally
vari ous enbodi nens, using the_ transij stor M\1 402a as a non- Ilmthr;%

exanplie, Riprsssedrby By gamal Péﬂ?ﬁﬂfsm&rd@ua@ Prghichpay incBidgiafgrimetign fifey i,
t he DC beha r e S 1 r e
el enont A C100 o BectoR? bt e ZIe gomrit PRAR ) Fodills G GRbY
connect edlunise, thhdigitgl lpnak—wd;btcagslﬂgowaﬁﬁﬂmswph decimbiomefiitdre

h hol Th
s02a 1o APVRUEIB°s I el O FROLa el b or o RRS R e
vol t age) diiende, aa'dwdleg Otbevarioh§ édibodithdntar Tl GROEN tarrdfientbhit a@Odemegztbbr

including t circ | t arr enent 400, || ncI udes an_ equi val ent zero-
A d%oodémegﬁmﬂ&ﬂr wmp%m?%ﬁheﬁﬁeiwa Pdip; tERaaeRy RN delS BT (& Atpligele

| 0ss t hatgetettdR R 8MIopdGEANE RDL QPRE, HETREERES: arrangement 400 includes two
parts: an amplitude detector based on the nonlinear behavior of MOS devices at the
transition from weak to strong inversion, and an LC (inductor-capacitor) network for
input matching. The LC network may also function as an RF filter (e.g. as the bandpass

25  filter 302, FIG. 3).
[0099] The circuit arrangement 400 includes transistors (e.g. NMOS transistors) MN1
402a and MN2 402b, which form a pseudo-differential pair to sense differential inputs
Vrr+ 404, Var. 405, received through a “positive” input terminal 406 and a “negative”
input terminal 408, which are robust to common mode noise, and which are matched to
30 an antenna (e.g. 312, FIG. 3) (not shown) with a matching circuit of an LC network
having the inductors (L) Lgl 410, Ls 412, Lg2 414, and the capacitors (C) Cex1 416 and
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[0120] As the signal anmplitude increases, the detector enters a
strongly nonlinear regine. The transistor MN | 402a conducts nost
current when the gate voltage is above a threhold 5 voltage, Vg,.
Since the drain current is limted by /d, the transistor MNI 402a

di scharges the capacitor Co 454 and |owers the gate voltage until the
average drain current through the transistor MNI 402a is at | east

subst ant i @y a¢gluahe tRatlitln |Jirchfﬂ%sd£cﬁ1bIEdCW 'ﬂf‘emx fu% tb@NiHA GO8TPAE Rl
the bias current /d when t%le transi st or a i s conducting, F

transi st dermyrgl @@Qtéeé‘ﬁns}st@‘d\md&@%a pel Tbetr@%ﬂlﬁﬁorﬁ\lNQdﬁgb or dur atl ons.
The out pujy) "h%gc‘?rchﬁ e%ne 080 %ﬂfd@?ﬁc HS’“: % led e!s MR
£ ep et ec or

peak anpl provi etec

out put vohe aglalt\/tennmama% rm;l thbemdxbmordhgbrzhlbe(d gaamopldd ngtven the @putl
A2 d P'C or | itude, o asmsmd

wavef or m FHyB! ‘@P@nghe(ladﬁtor&ﬁﬁ&ﬁ )s? gpapagjior Gg Js% r’F(OuElS iny 561‘1%% the

are the tihpisteshiasl bk aRdinbedat hgRadls (blg, ERIPRAUL B@RedDBE! debohld: input
15Cox (gate oxi de capacitance per unit area) and Ttrn (transistor

t hr eshol deninalz§é pnd the thirdindseori&ddchelmput gonineletO8 and thetindustor[Lg2 A17).
The curr e@ J'"ﬂlet Rendidt@ Rs t OJ@aNI}}duﬁQf% apd %\4}1 ﬁ%?%ﬁ%albﬁ: eé'éHuE&d

and t he tor garn may be oWer . tron
resisti veteleduﬁaiﬁmzéta Iaféecdlﬁocand)lllaﬂ Zemﬁﬁale(eg dieixs eermndimal o 42 Gac hiat a\mhgtol

| arge, to pravi.de DC bjasin res ecti 0 termna

435010, B 8 G lerimal g3be, ahy B PRSP MR dotuds s GH SonRple
ter mi nal sed@8a, & SQoﬁ&et&@m{rﬁﬁpthb Ve dERdhdSs chiftrofied ORgmmaNt ©Ql | &din
termnal s 426a, 426b. For each of the resistive elements Rl 430 and

Rf2 432, tewping) 63 andmreptreldemies (56 zae teeainal) A3%hsi st ors MPRI 434a,
MPR2 434b[ M ’lthreaﬁ@f ébtn%ﬁe m%sztf%a '\@% af' ﬁg}llj%f){& gﬁ Uhfr. pﬁ'l%usqf?ond

resistors to serve as neg M5 resi Stors Wit I'ng the output,
25and pr cmntioldﬂj mnbalaslﬂﬁzg 4@6b atrecapledrtoleadheothtmdhs comet] agrmi@Ba28a is
428b, vvlth S

Hotoor" ropRRR pa rRApRY firfind B R, el SRR Wout RESRRA G B inpy,

nor e pom&émlﬁﬂﬂdme The sdﬂnfoet@nmm 4 1Rﬁls§®bﬁpladfw iht lifdicton gl 410 ah& @teOr
(e.g. envelope detector) enploying the circuit arrangenent 400 may be
advant agedbagitpr £a2Pekhg W&Gbﬁ@?lnﬂ%iﬂéﬁ gls goupled to the inductor Lg2 414 and

the capacitor C2 422.
[0103] As illustrated in FIG. 4, the inductor Lgl 410 is coupled between the input
20  terminal 406 and the control terminal 428a, the inductor Ls 412 is coupled between the
first controlled terminals 424a, 424b, the inductor Lg2 414 is coupled between the input
terminal 408 and the control terminal 428b, the capacitor Cex1 416 is coupled between
the control terminal 428a and the first controlled terminal 424a, and the capacitor
Cex2 418 is coupled between the control terminal 428b and the first controlled
25  terminal 424b. The inductor Ls 412 is also coupled to a voltage reference point V,, which
may be a ground terminal.
[0204] The circuit arrangement 400 further includes a resistive element Rf1 430 coupled
between the control terminal 428a and the second controlled terminal 426a, and a
resistive element Rf2 432 coupled between the control terminal 428b and the second
30 controlled terminal 426b. The resistive element Rfl 430 and the resistive element

Rf2 432 may be at least substantially same.
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[0123] FIG 5 shows a plot 500 of detector transfer curve
illustrating the relationship between the output voltage Vow and the
i nput voltage VRF for different carrier frequencies, according to
vari ous enbodi ments. The plot 500 shows the results for the caner
frequencies, Frf, of 0.1 GHz 502, 1 GHz 504 and 5.8 GHz 506. The pl ot
500 shows that 5 Vo"t is a function of only the arrplitude of the

i nput vol i n h

Ther ef or U et SeE e B ot anrar s abrLi T g TRAS Ehiald

i ndependeviPRd 344 endPdPR2 i43¢b.c Zhe itensiftor QBRI y34ar hmlucbs uaJ ﬁsst shotwliddat
t he detecttor qf vari ous enbaﬂ nts de nstrel S|ts§(lu 3 1
appl i cat i SHEPTIH(CEnOET fEF @36@?18‘?‘582 cpyyolisd JRmuag faﬂ%/‘e#@ma)

det ect i on3igadeRemeR nbmihalt @g;. QR BinhiNG) G204, RE st beRUetihas4ak, Wd BrRut
10 carrier frequenc%/ linitation. However, this also neans that the

det ector tfaRgigtor fagh walydes firsh santiclied dermynal ye.of pupee) teming)) dagh, o
provi de gaod§s& n%‘illa&’ Itk nib g @%{;ﬁ (ﬁélﬂ%ﬁﬂﬁ?@%ba dcdn%?"térﬁlﬁf%gc(@% f@t eLC

mat chi ng net wor circuit e inductors Lgl 410, Ls
414, and tbmndhﬁ@h, ot sl rmieb44ibd Cex2 418 as described in the

context e 5l ERHAISE R SOl YRl e e G e

desi gn freageed ThmidaC 4B8uchi fig Hahuesk MPR1 S45apl ¥ copledble thepenmsce
match to a 50 ohnms input source and also provjdes a narrow RF filter

(e. g.19302emEPgb 4283 of e Earsiior N s2pathy srsprcboeniieliph tamimst thgp of the
si gnal s. (ThSisloFRAGENSRLY, 1;couplé&)tro th SecbAP HntFIMES mlﬂﬁhap@i@ﬁ{fkthé Haﬁstfk? r

detector may be descri bed according to 20Cegvi n+LCsge +
) co(Ce, MB3st0pa(Eepubulkderndyal Weuseccegtedatndhg'secoad @omtrréledégpaneth%éa

parasiti t ca I Lance an he . t cond of 1
Faspect i vtk PR LA SRR RRG G RhblBTBERRRL e e Shaptl”
at the reasaiiass 4405 04enay, ccmptzd tb 2acichihevad fyo esipddd 0Ghé Hest rceadrolfzdr t

of 4, to the e edance, Rs, and the inmaginary part to zero, as
expre’sssecfe‘??}?%%%{"t %py in Equations 3 and 4 below. g L R -s Cer

+Cgs 1 [0107] The resistive element Rf2 432 includes transistors (e.g. PMOS transistors)
MPR3 442a and MPR4 442b. The transistor MPR3 442a includes a first controlled

terminal (e.g. source terminal) 444a, a second controlled terminal (e.g. drain terminal)
446a, a control terminal (e.g. gate terminal) 448a, and a bulk terminal 450a, and the
20  transistor MPR4 442b includes a first controlled terminal (e.g. source terminal) 444b, a
second controlled terminal (e.g. drain terminal) 446b, a control terminal (e.g. gate
terminal) 448b, and a bulk terminal 450b,
[0108] The first controlled terminals 444a, 444b are coupled to each other. The second
controlled terminal 446a of the transistor MPR3 442a is coupled to the second controlled
25  terminal 426b of the transistor MN2 402b. The second controlled terminal 446b of the
transistor MPR4 442b is coupled to the control terminal 428b of the transistor MN2 402b.
The bulk terminal 450a is coupled to the second controlled terminal 446a. The bulk
terminal 450b is coupled to the second controlled terminal 446b. The control
terminals 448a, 448b are coupled to each other and also coupled to the first controlled
30  terminals 444a, 444b.
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= ii(Ls +Lg+ Cgs) (Equation 3), (Equation 4). 101261 FIG 6 shows
a plot 600 of sinmulated Si! 602 and gain 604 of an input matching
circuit, according to various enbodi nents, froman antenna to an

i nput of the detector of various enbodi nents, including bonding wres
and pad parasitic capacitance. The paraneter SlI| refers to the return
| oss or the power reflected fromthe antenna. The 5 detector input

transi st . M}Ei: 4 nd
the i npegab%é:ﬁ Itg?he(l)ns oera%?eici)a%é&gtgﬁ Pona 6§/£gr0 g\ﬂ/{|é iggslét}é’ggle e\éﬁg lapasasnlﬁve
vol t age gasistjveabqpnank Rita43 mayl GlsalB; atjemseshbstantidily sqona) fot yxdngdé or temiis dthe
i nput mat h|n Circui Ano her consideration .is heo put
bandvi dr HC GRS aE ther VDSBS totie ao G ave poe sk elearegok bl bz
anal ysi s (F‘I@elgu'ftl{&'i?esi%hﬁf‘@lenieﬁt RIE 1334 @FIed MG Gk QBsitfvet lembdiput 1130
signal, and is filtered through the |ow pass filter fornmed by the

det ectSor GUE-pd oF bs resishive elemsat Ridel 133 FAG d B tods dessrifed wga, Fl G 4) .

The band

the capad' hl g pa SHlnch oy HOFIR A i nfia) L HER Bt

det ect or ,anwhitppin sigsaldpgr a)lxasﬁﬂamdlsygni]/) cj’m, 451nglagbe extepctddecduplbbg teﬂfees@tqnd
d b d 2n t

o e AR RSt R R L gt i R Sindoo 35 vl b ™

101281 Thiapadel €ol s54dasticied fi@t EB?miﬂhWoElﬁl&UGJpaElﬁ)rf(Cé 484 ©Wbuple to the
signal at the fundanental and_hi gher harmonics, while still affording

enough! bateriddednticdehiaminady 43amiHo8eang tﬂ??nﬁ'éFPFtnﬁﬂPWél Bédewuhd sccond
signal . At 4iha o gﬂ{e@d adiBf £0354 ﬁseJoﬂ})féﬁlto a e &Weﬁéeefﬂ)‘ﬁﬁ%nggkmay be

conponents may erve I'n vartous e I ments, for an
si gnal , tadwodst ectied. baseband wavef or m may be a square wave with a

iven ba dat.a rate he .det ect ar dt h shoul d be

Inocon ¢ JORERCTHRRul Mefnedfert "oSFhE §eep ARMH! BEbeShRi forciire Abo,
vari ous eshpidi I‘B@ﬂiessecéxhlecdn[mﬂé‘d seifingl Mk ¢fOBa trahdiélo R 402y, B sstched
| arger in order to |aqwer 0£@mn mse the flicker noise, if it becones

dom nnt GORW erual A4 o em%f*o%?@etheaw@m tgigal 45201301 The
conver si quﬁﬂ'”ﬁecbfun%ﬁlemgﬁﬁ' %ﬁ&ﬁf ik RrdSs trm@%@p@ 4968 tRhdisBls) W)

enbodi nents w | now be descri bed. Due to the nonI i near nature of the
envel ope adtMEL 662b {The irengister hﬂ?@l‘lﬁémw@dﬁnaé'malcymrcpi@dtthmhalr(ear sompies e

fi.gur e, Nyt 460 | OUAG BUBXARSBNRNeLT Tl B RIGE, 18 BBhYaC

t he sensi an enve ope ece| ver.
terminal (e.g. gate terminal) 468a, and the tran31stor MP1 462b includes a first controlled

20  terminal (e.g. source terminal) 464b, a second controlled terminal (e.g. drain terminal)
466D, and a control terminal (e.g. gate terminal) 468b.
[0113] Each of the first controlled terminals 464a, 464b is coupled to a voltage reference
point Vy, which may be a power supply line. The control terminals 468a, 468b are
coupled to each other. The second controlled terminal 466a of the transistor MP2 462a is

25  coupled to the second controlled terminal 426a of the transistor MN1 402a, the second
controlled terminal 426b of the transistor MN2 402b and the output terminal 452. The
second controlled terminal 466a is also coupled to the first terminal of the capacitor
Co 454. The second controlled terminal 466b of the transistor MP1 462b is coupled to the
control terminals 468a, 468b.

30 |0114] The circuit arrangement 400 further includes a current source 470 providing a

current Iz, wherein a first terminal of the current source 470 is coupled to the control
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[0131] The first step is to determ ne the nonlinear response of the
envel ope detector. Firstly, the large signal drain current, /dc, of
the transistor MNI 402a in saturation with an input signal V RF = A
sin(w) cot ) nay be determ ned as described by: = 2[v01l, + QA
sin(cot) cot )-Vih(Equation 6), 5 where K= pnC - , whichis a
constant depending on the fabrication process and L device size, Wand

L are t hg[g%ﬁlﬂ§§ §§a0 6§ ard thd Do 4(9@0@1%0 %Eld%lgs et ’traBsmt%pg/I[P%&g,r €

process devi ce paraneters, etec out

vol t age, adl g seentlhierminele shdhed corodnit a;ge:rc(a- e47@ isofoupled tor an&ltsgeoreféfbﬂce

402a), Qis R?e gu lity factor, of the input matching circuit, A and
% v

to are re¥pdc CHeRBIMiRde and frequency of the input

10si gnal [YRE5] Bfedgdied &1 bl £AdidAL 438Xt 42906l e BhsRYdrs NIBMa402a and
current, /dnc, and the high order har noni ¢ termmay be filtered by

the dét ecViDr 49ab pretbigssil aia the de@ﬁjwéplw wtisiie clenenteRil, 430nbR 2 é§2
gescr ! beqe%éctw?elf‘%ucﬁj an Bgang{?[“% f%qﬁﬂt&ﬁ%ﬂf@ Je?z{% 7d)1a1 et %f/

y re-arrargl ng he terns | qualon out tage W

may be deifethaitragsistass MIN1 402a and MN2 402b equal to app10x1mately half of the bias

current, I, of the current source 470. The bias current /; may be chosen to be low,

thereby maintaining the gate voltage just above the threshold voltage, V, of the

10 transistors MN1 402a and MN2 402b.

[0116] The transistors MP2 462a and MP1 462b function to provide the bias current
mirror, whereby the bias current /; provided by the current source 470 in a branch of the
current mirror circuit 460 associated with the transistor MP1 462b, is mirrored or
reproduced as substantially I; in another branch of the current mirror circuit 460

15  associated with the transistor MP2 462a to be supplied to the transistors MN1 402a and
MN2 402b.

[0117] The capacitors C1 420 and C2 422 provide direct current (DC) blocking from the
respective input terminals 406, 408, and therefore their capacitance should be large
compared to the gate capacitance of the transistors MN1 402a and MN2 402b in order to

20  obtain maximum voltage swing at the respective control terminals 428a, 428b. The
capacitor Co 454 acts to sustain the output voltage and may work as part of the low pass
filter (e.g. 306) with an output resistance.

[0118] The circuit arrangement 400 provides a single-ended output, via the output
terminal 452, so as to reduce the circuit complexity for low power considerations.

25 [0119] In various embodimens, using the transistor MN1 402a as a non-limiting example,
when the signal amplitude at the input terminal 406 is low, the DC behaviour of the
transistor MN1 402a biased via the resistive element Rfl 430 is at least substantially
similar to a diode connected NMOS. The output voltage V,, 453 is just above the
threshold voltage. The DC biasing condition for the transistor MN1 402a is at least

30  substantially similar to a zero Vj (turn-on voltage) diode. Therefore, the circuit

arrangement 400 or a detector including the circuit arrangement 400, includes an
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where k is the voltage conversion gain [0134] The vol t age
conversion gain, k, fromthe peak AC i nput anplitude A to output DC
20 voltage V,""t may be determ ned by (Equation 9). Expanding k in a
Tayl or series and focusing on the first order term the voltage
conversion gain, k, as expressed in Equation 9, may be better
approximated to get the design intuition. [0135] FIG 7 shows a pl ot
700 of si trecy; Sﬂffgﬂ | |

cal cul ate {%Hﬁ géegcpghngllg{l%?{on g%ﬁﬁﬁoﬁﬂg{ﬁﬁ %ﬁ%gg%otrlll Iéélé%a%o?%go%g,e loss
accor di nghatos pi@sdand uscoambrotnaieletestordased on an exanpl e of a Chartered

0. 18um it h,supply voltage, VDD .= 0.5V. The plot 700 j.llustrates
Dhat the adh A dE SRR A B et e s BT i Rpelipoplipper Peghie
Equat i on Fhexhi@uistor MIO0A2aBLETUCY thébt bigers iwkih el ate voRgad ik 8bo'R2 thdhold
smal | input vol tage anpl i tudes (e. gi'.w_bet ween 0 to 40 1@%\/})@&0136 The
sensi t5 viYoytags unaingethecdrain quarert is digvisd byda.dbe Bansiior MN1\AY2s diggharges

embodi magthé B%Hal:ﬂtorr@y"él?@a %fsbﬁﬁg gatIQSIt etljnﬁmlfe a%@x%ﬁé Hf.a\i’ﬂ. %quﬁ?iﬁr&fgh

deternmn anal yzing the noise“contributions and gain factors to
t he det echotramugtpruviNdndD2e a$ etuleast isnlgptannialdy taed tovf. Hohs drali) cirirap iselargsF,

that d d t . t si | . T ise.of the

dot ect of a1 UEP U PR PN R 038 iFonlitTap dhe b
(e.g. 402uN1H0G orlly coMidts(if certaidtpettads bt Guradions. BRdodthie voRSdeSI,|, B3 then
elements Rfl (e.g.. 430, FIG 4), and Rf2 (e.qg. 432, FIG 4), appears
di rectdl y HePs HEPEHORAID. toTthe 40 peak amelitpds, ppyidipg 2 deigptdseaietleriny ed
as descrifpgeR¥of kltpudwifie D &3 1md ther2bERLBEEQARcdRAing &R 97

2
Vom = I/rfr + Id' 2 £—A_ (Equation 1),
wC,. w2

where 4 is the peak amplitude of a sinusoidal waveform input signal (e.g. input signal,

Ve = Asin(wt ), Wand L are the transistor width and length and 4, (electron mobility),

15  Cox (gate oxide capacitance per unit area) and ¥y, (transistor threshold voltage) are
process dependent device parameters.
[0121] The currents in the transistors MN1 402a and MN2 402b may be limited and the
detector gain may be slightly lower. In addition, the resistive elements Rfl 430 and
Rf2 432 are chosen to be relatively large to provide DC biasing at the respective control

20 terminals 428a, 428b, and a small AC gain from the respective gates or control
terminals 428a, 428b to the respective drains or second controlled terminals 426a, 426b.
For each of the resistive elements Rfl 430 and Rf2 432, two diode connected PMOS in
series, transistors MPRI 434a, MPR2 434b and transistors MPR3 442a, MPR4 442b,
constitute pseudo resistors to serve as mega-ohms resistors without loading the output,

25  and providing DC biasing at the control terminals (gate) 428a, 428b, with small parasitic
effects (e.g. parasitic capacitance).
[0122] In general, the higher carrier frequency a detector uses, the more power burden it
suffers in the RF gain amplification. A detector (e.g. envelope detector) employing the

circuit arrangement 400 may be advantageously carrier frequency insensitive.
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where k is the Boltzmann constant, T is tenperature, 7 is the
coefficient for MOSFET noise, g,,,,, IS the transconductance of the
respective transistors M\N1 402a, M\2 402b, g",p is the

transconduct ance of the transistor MP2 462a, and Rl is the resistance
of the respective resistive elenents Rl 430, Rf2 432. 20[0137] FIG
8 shows a plot 800 of sinulated detector output noise 802 of the

det ect or ous d i E : :
it ogr at & By arop RtEIRALRPANG of MRedl AL GrpE ARG B8 rlationship
bandwi dt hbeitmeenrtbieoutpat vabtpgeoki.rmat ehaampletqmitwal Iémtfmb:ﬁffctienmhﬁerrfmmmcies
density 804 in a 1 Hz band a Th al ent
o1 se. HerBrIME0 TAJORnEROMIMENSA ThR Tl Shisbens 4B¢ aroulis) Ot F 1B
25[0138] ﬁapeﬁ@ésal:rfp@f se JResey, | Gz s®4 Eﬁ'tBS deliecs0y. THRYId: 360 skfvs that
expressed as F - N'k2 + N o, ED NRsk2(Equation 11), where NRS is the

noi se  r ofmtiha fustior ef ondy theramligrde-of Aheriraut vinfiaged e, ang 1t Hdemmentoh the
const ant , cohidr Sreb ARG B Uty ef@ﬂadeR%efeﬁte theYEk&of %&aﬁ)ﬂ@&ﬁﬂocﬂxﬂ&tkl

t he conversion dgaln 0139 Due to t pendence of e conversion
gain k orméapgn@lnt loé \thed Opﬁamrrg:cfeasle&ewmhy dBer eadisnghoiwnthat theodwector of
Using NF =. thedt ector on- g
exanl o Rt HRHRERs PPRer RS L SuuiB hPlaind P it PiisiBityy”
be det er migtesknblivhyPRF, detectid dndepdddEROBNE o poratinyFabibi die0dhcied or wiBddO]
If the mnipum signal-to-noise ratio (SNR) for rellable detectlon IS

SNRmi I, 199818 ?&?%ﬁ’%é‘t‘@@fl%l Bowwaﬂhls F”rlrﬂ)s meags {had the Aptechywie

whi ch maycpRferded Of tnRef Vi Pon + SNRm n(Equati on 13) [0141] The
rel ati onship as descri bed by Equation 13 may be visualized by
plotting 0K 10 W\dﬁrg@pmgd@ﬂﬁleamty(tpmm -oEhiRdi mwjsevaad SusriBencashe L€

F1,, is th and tin tBS§G! 04]F 9
shows a prfléa[f g (t)‘i() ge?ec orlt gg(r%]@l |V|C{0rS gc@rdﬁﬁ h% Ivé%%‘z d%e
enbodi mendapacitony (RR]i ml@QﬂdadeiP 418 as described in the context of the Bid@lt
904. For a val ue % 12 for %d;IR' (bit error rate, BER = 10-3 fo
00K) , 19Pnf&Tapasmens 400 e d)r% Emﬂm&t@wex#dlae Cax? G aed ©
15FI G 9.provide additional design freedom. The LC matching network may supply a stable
impedance match to a 50 ohms input source and also provides a narrow RF filter
(e.g. 302, FIG. 3) to remove out-of-band noise and interfering signals. The impedance,

Zy, for the input matching network in the RF detector may be described according to

g.L .
20 Z =—btms L +L )
“C+C, J[(’ e/

ex

——-]— (Equation 2),
ofC,. + Cgs )

where C, and g, are the respective parasitic gate-to-source capacitance and the

transconductance of the respective transistors MN1 402a, MN2 402b.

[0125] An input match at the resonant frequency, wg, is achieved by equating the real

part of Z;, to the source impedance, Rs, and the imaginary part to zero, as expressed
25  respectively in Equations 3 and 4 below:

_ 8.l

Equation 3),
TC.4C, (Eq )

_ !
" J(L+L)(C, +C,)

(Equation 4).
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[0143] FIG 10 shows a plot 1000 of detector signal-to-noise ratio
(SNR) as a function of input power for different carrier frequencies,
according to various enbodi nents. The plot 1000 shows the results for
frequenci es at about 2.4 GHz 1002 and about 5.8 GHz 1004. Based on a
bit error rate, BER = 10-3 for OOK (SNR = 12 dB), the detector 20
achieves a sensitivity of about -65 dBmsensitivity at 2.4 G4 and

about - SO¢RNME. 3. fsﬁ 10&9 néﬂl A}Bﬁﬁteﬁes'lfl%ﬁ%ﬂ aﬁf603*bﬁ‘ﬁﬂ$ﬁajﬁzl%ﬁ%hﬂ{?h

wake- up recelver vari bus e ments is su
RF det ectarcufacvandingus verdasdimbedigentsp yroacdn avemnhitghn spnsof the detgetanad

e 2 e il SO SR S e e
0.18 Rm Q@ddmeeansi it kaférs Yo ((HBMum /Bs<Car tHeCfover Sel@Rely frofehy antenna. The
5  detector input transistor {(e.g. MN1 402a, MN2 402b) may be sensitive to voltage, and the
impedance transformation additionally provides additional passive voltage gain,
approximately 10 dB, based on the quality factor of the input matching circuit.
[0127] Another consideration is the output bandwidth, which is determined by the output
pole. From large signal analysis, the output signal is the squared version of the input
10  signal, and is filtered through the low pass filter formed by the detector output resistance
and the capacitor Co (e.g. 454, FIG. 4). The bandwidth at the output is set by the pole at
Jpder formed by the capacitor Co (e.g. 454, FIG. 4) and the output impedance of the
detector, which is approximately 1/gn, neglecting the body effect, and may be expressed

as

gm H
15 S ot = E {Equation 5),

where g,, is the transconductance of the respective transistors MN1 402a, MN2 402b.
[0128] This pole is designed to be low enough to filter out any signal at the fundamental
and higher harmonics, while still affording enough bandwidth to avoid or minimise
attenuating the baseband signal. At the output port or terminal, only low frequency
20  components may be observed. In various embodiments, for an OOK signal, the detected
baseband waveform may be a square wave with a given baseband data rate, so the
detector bandwidth should be high enough to avoid filtering this desired signal.
[0129] Furthermore, in various embodiments, the transistors MN1 402a, MN2 402b may
be sized larger in order to lower or minimise the flicker noise, if it becomes dominant in
25  the overall receiver noise calculation.
[0130] The conversion gain of the detector (e.g. envelope detector) of various
embodiments will now be described. Due to the nonlinear nature of the envelope detector,
there are challenges in analyzing the linear noise figure, NF. The following provides a

non-limiting example to analyze the sensitivity of an envelope detection receiver.
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5.8 Data rate (KHz) 100 Voltage (V) 0.5 Power (.1W 10 [0145] FIG
11 shows a schematic of a circuit arrangenment 1100 for a radio
frequency (RF) detector, according to various enbodi nents. The
circuit 5 arrangenent 1100 nay be inplenented, for exanple, for the
active radio frequency (RF) detector (e.g. anplitude detector or
envel ope detector) 304 (FIG 3). An RF detector enploying the circuit
arrangenggisf a0 FRY «RE i@t Hbibnifl ' 0 € fldfylt
arrangemt 100 @ﬁcfuﬁés c{mx}g%lgﬁ% Eﬁeegﬁﬁ%l'ﬁiﬁ)]l rletgﬂg) gggg?ﬁeec%ngr@iggase(f%%n
t he nonl ifsdy, the lrags OgnabfirabOSirdtet ilc.ed th tradsistdrMNS #0200 shicationsath @no
strong inversion, and 10 an LC (inductor-capacit ~network for input
mat chi ng. PAHSENE Rt Sudsil febd, may ‘E)H‘Ftﬁ’ﬁ’&lf’?‘hi‘? Crg’eg{&?g’fi lter (e.g. as
t he bandpass filter 302, FIG . [0146] The circuit arrangenent 1100
includes transistors (e.g. Prangdsigus)-MNE 1102a andEqddfiod §))2b,
and transistors (e.g. PMOS trarksistors) MP1 |124a and MP2 1124b, to
provide fully-differeptial circuits to sense differential inputs VRF+
1104, 515 wiRFe K £Q5C, r-eceivhisl ishr ourpang deposling vie'thd fgbuicatier proceds @t06
and a "negative" input term nal 1108, which are robust to conmon node
noi se, angywRisth, AfdTRkE iRt dnRisfR (SR LARNX0CE) JidiD 1&%& ,Hnd(10hre
shown) with a matching circuit of an LC network having héul nduct ors
(L) Lgl 1#0@ss dspehdart, divii2 pardBstemndi He thaplatitoormtpuCvollage, Vil iSthe
Coxz ﬁ;af'thregﬁo)fg VitiaeR (o P B s eDsist P RTPUGEN " 1S WS latity) B2 PHE%nES
matching circuit, 4 and @ are respectively the peak amplitude and frequency of the input

10 signal Vg, and ¢ is time.
[0132] Next, the DC output signal current, I;pc, and the high order harmonic term may
be filtered by the detector output pole, providing a DC output current, Iz pc, as described
by:

(Equation 7).

K 0’ A*
Id.DC :"5|:(Vam _Vm )2 + 2 :|

15 [0133] By re-arranging the terms in Equation 7, the DC output voltage, V,,, may be

determined as

2[ ZAZ
V.=V, +\j ;{;”C -L S = (Equation 8),

where £ is the voltage conversion gain.
[0134] The voltage conversion gain, &, from the peak AC input amplitude 4 to output DC
20  voltage ¥, may be determined by

i _ 1 04 2K

~ 0?4 (Equation 9).
04 2 \/2[d,oc B 0’ 4° 4 \dypc

K 2
Expanding % in a Taylor series and focusing on the first order term, the voltage

conversion gain, k, as expressed in Equation 9, may be better approximated to get the

design intuition.
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20term nal 1106, the input termnal 1108, the transistor MN1 1102a,
the transistor M2 1102b, the transistor MPl 1124a and the transistor
IVI132 1124b. [0147] The transistor MNL 1102a includes a first
controlled termnal (e.g. source termnal) 1118a, a second controlled
termnal (e.g. drain termnal) 1120a and a control termnal (e.gqg.
gate termnal) 1122a, and the transistor M\2 1102b includes a first
25contr ol t

control | T AETy Mot Epfy 766UF Giful MR} yhAE o T BEE B, £ 702 and
term nal dagutptedyadlaage epnvensiby) gdib22(¥04 (pxed &h Hivatibn % taccardingab lvatous
termnal s 8a, 1118h are coupl ed to_each other. The second

cont rol | &P érlﬂ?qﬁ% o190 xerRdhohi Sharsipt BdSks @4OR Bitharplrkeltage,

control tepp o sﬂzl&%@ I8t @@mﬁ&@a{e@ tﬂzﬂethb NRIh1ateRT FEsRA 7641%%@%6%6

control termnal 1122b7is coupled to the input termnal 1108
contrdl t%mnlilm k ofi Butivg 9zhews e gopd ewtchovitihthe ismolaticarresuts 702 1o, sndind

t he control ter to the inductor Lg2 1112.
[ 0149] THEPY Vg atmd%l&ﬁ\%i?iﬁ%fg"?eﬂ 8%@?9‘2) first controlled term nal
(e.g. sountks|tEerdensdtiyitl 326, de@ecﬁcﬁc(ejgd efvadpedetertbr) 6f Maritak cptbodiments

dralntermnal) 28 ndacontrol term nal ate term nal)
1130a, antlkioe ‘Eer‘i‘?%@il o B MR sERSItiviE] Mgeke ‘éﬁt?l?m%ﬁ% owebamsdee Boise

term nal cfoﬁtrﬂmtl&ﬁ)élﬁxﬁle%atlﬁ rf%t&@'té tﬂéaé&to@onﬁﬁﬁ%ﬁ c%f%ﬁfahﬁé |aﬁcéffe@t‘i\FE' e
(e.g. drain 10term na b and a contr t erm nal é1 g. gate

t er m Wal )iQuQow:. t[lm@@]mdmel thie rigput stemelr MW@dThfenmmaf elehedape ddodor
are coupl t e eac T con o 2Ra

1128b ar é%glofhglfe g’ {hoqéag‘g tor E/ﬁ\us? e&g%n?fd J)’t er m @506‘13({15:6 MP2
coupl ed t(e.gt h@a; AfGIt4)s md%aaéms‘r_ﬁre@leafadtstm (egnM(DIFIGe@)U'aﬁtaRfZl(le@mEs

coupl ed t e i nput termn 1108., . The contr ol nal 30a.is

al S0 coupﬁcigd b &pp Fﬁ%ﬁlé'taé?hq_ tpufq 1B n9BE . aoHY @Hﬂlw bg é?tWH%?d as
1130b is g@ksfeadypl ed to the |nductor Lg2 1112. [0151] The i nductor
Lg 1 1110 includes a first termnal coupled to the input term nal

1106, and a second term nal couplﬁd"yt tm,g contyigt term nal |122a of
the t¥ansistor MNL 1102a afdet Fié-cont frrﬁ_ag1130a of(Egyagion 10),
transi stor MP1 1124a. The i nducto "'1'_s 11%"113 i nc ®s a first term nal

coupl ed t\,%etl%g %'tﬂesﬁolcfon n | O&{ }nﬁgn t glgtﬂﬂerﬁ‘]@ i {l%e n%o%fﬁc[l]e%t 8 S%'tEqI

MN1 1102a Irst c rans VN2
1102b, t hwidel g5tis thentangichéttdnee nflhalresﬂ:ékﬁﬁa txraﬁmitlm M &A82 4 Y2 MF%, Emp

1124a and the first _controll d termn gb of, the transjstor g/PZ
1124b. TH& PhdaRIGRdYCEICY £f2 FM%@EM 1ibde e i‘fah‘ec%‘ﬁ‘ia%%? pb thehe
control t@&abia redidtRRRl herntdRf1t430M8 4301 M2 1102b and the control
terminal 1130b of the transistor |?KP2 1124b, and a second term nal
coupl ¥d tI81IHFIG. 8 shows a plot 800 of simulated detector output noise 802 of the detector of
various embodiments. The simulated noise may be integrated over the entire band and
normalized to the detector bandwidth in order to approximate an equivalent brickwall
noise density 804 in a 1 Hz bandwidth, as shown in FIG. 8. The equivalent noise
density 804 may then be used in the noise factor calculation.
25  [0138] The total noise factor, F, of the detector may then be expressed as
Nk’ +N
= i—z—"'w {Equation 11),
Nk
where Ngg is the noise from the source resistance (= 4kTR;, where k is the Boltzmann

constant, T is temperature, and R is the source resistance) and £ is the conversion gain.
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25 input termnal 1108. The capacitor Cex 1 1113 is coupl ed between
the control termnal 1122a and the first controlled termnal 1118a,
the capacitor Cex2 1114 is coupl ed between the control termnal 1122b
and the first controlled term nal 1118b, the capacitor Cex3 1115 is
coupl ed between the control termnal 1130a and the first controlled
termnal 1126a, and the capacitor Cex4 1116 is coupl ed between the
contr ol f :

[0152] THOLIROY Safg tRoadle bftelcoh i B ORI T nbt el
1117, whedeerensiag fripnspowesr tfsmglNFo# 16 Wwﬂahé tlﬂect@sbahdwmth 8T aph edn-t o
t he secoq erm nal on the i % é} a second $ﬁPn1na%
the capaciTOpscEaPpry e 18%%}5? GOR%y znagfaf b Brediie DR Bry be
whi ch maydéegmaedmbgund term nal . 5[ 01531 The circuit arrangement 1100
further includes a resistive elenent Rfl 1132 coupl ed between the
contrd termnal 1122a and the=sdddnd 0&giBiQ) ) edH er m nal (Bqwoan 13).
resistive Rf 2 1134 coupl ed bet ween the trol termnal 1 22b
and t he s@f%‘ﬁg? POmPRIgRRt-FRRoipe HiiodBNRY fore ighle gtegfiahiarid g the
1136 couphgtinbialderenblcl nﬁPP%JQEﬂk@&ﬂh?@%mﬁ%ﬁ@ﬁwﬁ%ﬁqﬁﬁ?ﬁéﬁﬁ&@@by
controlled terminal 1128a, and a resistive el enent Rf4 1138

coupl ed between the control ternfpar FL130MRand t he second (EgrtipoliBed
termnal 1128b. The resistive element Rfl 1132, the resistive el enent
Rf 2 1134,10144 ﬂ@stielgtwmﬁélpeal%&ﬁémqul by Bawgonrid maebe sishalized by elastienthe

ol emot A pSsf P RS "1 PRAED PRI Y S Byl byl Bol 7 bt kg

1140a andhd/fiR@settidfdb. The transi stor MPR1L 1140a i ncludes a first

controll r rc nal 1142a,. a secopd control |l ed
Corm nal DAY ufnenalor Gad,f dBRen B OYSE mPR e, "GP
t er mi nal )epdbbdfiRenta Ak Ja,,,pgd%ddefﬁ,,m 0@, Fdd4Yaue 8Nt UBGot 5ARS] @itQtroMeie

1140b i ncl udes a, first controll'ed term nal (e.g. source termnal)
1142b, a BERon¥0 ¢ &mtOQK).elmat masibsdbuydstogbe appaprmatsh WadBmy av shownain
contrql gﬁg_ mnal (e.g. gate termnal) 1146b, and a bul k term nal
1147b. | 51 The first controlled terminals 1142a, 1142b are coupl ed
to each d0M3].FIGh&0 slescnoplooialf dectbesighatad-nditd daioSNRhas 4 fuaotsirsdfor
MPR1 114Qa HS coug]eﬂ.%q%&he cont rol ternin%h 1122a.0of the transi tor
MN | 11025PUtiPaveE doto AHTEESh AR dEpaeiornateo B SfriqufeeRbogHEs LY

MPR2  114Got 1900 GHPYE thet sl oS aeqitdcieOhit skt 29 GEE M0DRLnd 3882 58 Gihe
25 transistor M1 1102a. The control terminal 1146a is_coupled to the

second coOfoBPrEd Qe hitsiron s BER e lgoﬁ?fr OOk &$MR mall2 ¥BI6 e detector
coupl gd tautbe §§&‘Bﬂgll1tggﬂtdb8ﬁtl 4 & LAt %4?4 Fﬁ"hﬁ%urt eﬁdﬂi?l £

1147a, 1147b are coup 0 each o er an al'so coupled to t
control | 6d8 G&lzm nal s 1142a, 1142b. [0156] The resistive el errent Rf 2

1134 incl ransi stors . PMOS transistors 0 _MPR3 1

Vpr 114 E BB GRS o st R e B o et OB et
termi ngl sufngariséd titf Tableel. MTRARF del&fa, ofavaRao Rehboitidne had atcmem Ridh
(e.g. raéleQSLtIVIty and moderate selectivity, without RF gain amplifier stage, with a power

25  consumption of about 10 pW or under.
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termnal) 1152a, a control terminal (e.g. gate termnal) 1154a, and a
bul k term nal 1156a, and the transistor MPR4 1148b includes a first
controlled termnal (e.g. source termnal) 1150b, a second controlled
terminal (e.g. drain termnal) 1152b, a control termnal (e.g. gate
termnal) 1154b, and a bulk term nal 115th. 5[0157] The first
controlled termnals 1150a, 1150b are coupled to each other. The
second controlled termnal 1152a of @ transistor MPR3 1148a is
coupled to the second controlled term na]l 1120b of the transistor M\2
1102b. The second contirol | @drdneateri nal |1152b of the trapsistor MPR4
1148b is coupled to the conPrksst erm nal @0.122m oMashe {ransistor M2
1102b. The control t en m pakittApd@Bmp cloupl ed 7 the second control |l ed
10 termi nal 1152a. Th¢ CpePre Lﬁeﬁél‘SLnai T1540 is coupifed to the
second controlled term na gﬁ% bul k te5481 nal s 1156a, 1156b are
coupl ed to each ot her amba?L to

termnals 1150a, 11501 . w: St

i ncl udes transistors (e g Qxﬁé@ ansHsto Qﬂépﬁ 11584 and MPR6
1158b. The transi st or LNPREPOWREEAW) ncl tdes a filPst contfol |l ed 15
termnal (e.g. source termnal) 1160a, a second controlled term nal
(e.g. dr nal ) 162a ntrol term.na erm nal
i 769n, a1, "R hOnS T Bl o ¢ | Ten Repigpitl A3 T AR
i ncl udes feequeticst(REPNtdeddcterd taedordingl foe. gan@mur embbddmaheal )Tht 166kcuita

A S S P e
20[ 0159] dERRidrieSt amPRtubie!deRBrol &F Thidbse a&@@%%zzglg@m age AP §dedidt

each other. The second controlled termi nal of the transistor
MPRS | 15gunpleyies ths eiecuitoarrangenent HOD mast bt mafully differental tRiz deteetasi Breor
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antenna (e g. 312, FIG. 3) (not shown) with a matching circuit of an LC network having
the inductors (L) Lgl 1100, Ls 1111, Lg2 1112, and the capacitors (C) Cex1 1113,

Cex2 1114, Cex3 1115, Cex4 1116. The matching circuit is coupled to the input
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20 terminal 1106, the input terminal 1108, the transistor MN1 1102a, the transistor
MN2 1102b, the transistor MP1 1124a and the transistor MP2 1124b.
[0147] The transistor MN1 1102a includes a first controlled terminal (e.g. source
terminal} 1118a, a second controlled terminal (e.g. drain terminal) 1120a and a control
terminal (e.g. gate terminal) 1122a, and the transistor MN2 1102b includes a first
25  controlled terminal (e.g. source terminal) 1118b, a second controiled terminal (e.g. drain

terminal) 1120b and a control terminal (e.g. gate terminal) 1122b.
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[0161] The first controlled termnals 1170a, 1170b are coupled to
each other. The second 5 controlled termnal 1172a of the transistor
MPR7 1168a is coupled to the second controlled term nal 1128b of the
transi stor MP2 1124b. The second controlled termnal 1172b of the
transi stor MPR8 1168b is coupled to the control termnal 1130b of the
transi stor MP2 1124b. The control termnal 1174a is coupled to the
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el enent Rf4 1138 may al so be at |east substantially sane, for exanple

in terns 4 heronishieraingedil & afo conplepigibe indupier 58dEEl2- as any one of
the resi shi e 3 | ¢ e Sk ele t . R
432 (FI Gﬁbﬁfﬁﬂedﬁﬁﬁtﬁy@bg@%@ &5’1‘%7 o frtCodfRliEd at}rﬁ%gﬁégleg%t sdfi,
may f urt heminaly |l iZfe, a seapdaionvolldd teddin® (@qu dtaid tdrmirs8r 1188a whd b dohizol

I nductor Lgl. 1110 an he.con termnal 1122 t t.r gnsi st

WL 3102450 (ks e TR d B iR HE% redifRoe dbw
Lg 1 111Qoanéllddnern?@siqelel durdectermhinal 1136b2a sefontl RenitdIRATEELiRA (BB drain
1102aé, a capacitor C2 1179 coupled in series wWth the inductor Lg2

1112 Bnd ‘PREnddht288Iand & cantrpiiterning (- pigateiemipah 51 30bor M2 1102b (e. g.
Coupt o6 AN ol TS 0, DRG0 O T A
1180 couplordolied terminals 1128a, 1128b are coupled to each other. The control terminal 1130a
is coupled to the input terminal 1106 and the control terminal 1130b is coupled to the
input terminal 1108. The control terminal 1130a is also coupled to the inductor Lgl 1110,
15  and the control terminal 1130b is also coupled to the inductor Lg2 1112,
[0151] The inductor Lgl 1110 includes a first terminal coupled to the input
terminal 1106, and a second terminal coupled to the control terminal 1122a of the
transistor MN1 1102a and the control terminal 1130a of the transistor MP1 1124a, The
inductor Ls 1111 includes a first terminal coupled to the first controlled terminal 1118a of
20 the transistor MN1 1102a, the first controlled terminal 1118b of the transistor
MN2 1102b, the first controlled terminal 1126a of the transistor MP1 1124a and the first
controlled terminal 1126b of the transistor MP2 1124b. The inductor Lg2 1112 includes a
first terminal coupled to the control terminal 1122b of the transisfor MN2 1102b and the
control terminal 1130b of the transistor MP2 1124b, and a second terminal coupled to the
25 input terminal 1108. The capacitor Cex! 1113 is coupled between the control
terminal 1122a and the first controlled terminal 1118a, the capacitor Cex2 1114 is
coupled between the control terminal 1122b and the first controlled terminal 1118b, the
capacitor Cex3 1115 is coupled between the control terminal 1130a and the first
controlled terminal 1126a, and the capacitor Cex4 1116 is coupled between the control
30  terminal 1130b and the first controlled terminal 1126b.
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series with the inductor Lgl 1110 and the control term nal 1130a of
the transistor 25 MP | 1124a (e.g. coupled between the second
termnal of the inductor Lg 11110 and the control term nal 1130a of
the transistor MP1 1124a), and a capacitor C4 1181 coupled in series
with the inductor Lg2 1112 and the control termnal | 130b of the
transi stor MP2 1124b (e.g. coupled between the first termnal of the
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supply line. [016 n various e S, the circuit arrangenent
1100 may resistivieeelemant Bd2 1 36 apaicitheo res@oime 1188¢nt WREN dil B8 andyi bst at least
term nal S%{)Sntmql%ugg Ig&i tor Con 1188 is coupled to the
[0154] The resistive element Rfl 1132 includes transistors {(e.g. PMOS transistors)
15 MPRI1 1140a and MPR2 1140b. The transistor MPR1 1140a includes a first controlled
terminal (e.g. source terminal) 1142a, a second controlled terminal (e.g. drain
terminal) 1144a, a control terminal (e.g. gate terminal) 1146a, and a bulk terminal 1147a,
and the transistor MPR2 1140b includes a first controlled terminal (e.g. source
terminal) 1142b, a second controlled terminal (e.g. drain terminal) 1144b, a control
20  terminal (e.g. gate terminal) 1146b, and a bulk terminal 1147b.
[0155] The first controlled terminals 1142a, 1142b are coupled to each other. The second
controlled terminal 1144a of the transistor MPR1 1140a is coupled to the control
terminal 1122a of the transistor MN1 1102a. The second controlled terminal 1144b of the
transistor MPR2 1140b is coupled to the second controlled terminal 1120a of the
25  transistor MN1 1102a. The control terminal 1146a is coupled to the second controlled
terminal 1144a. The control terminal 1146b is coupled to the second controlled
terminal 1144b. The bulk terminals 1147a, 1147b are coupled to each other and also
coupled to the first controlled terminals 1142a, 1142b.
[0156] The resistive element Rf2 1134 includes transistors (e.g. PMOS transistors)
30 MPR3 1148a and MPR4 1148b. The transistor MPR3 1148a includes a first controlled

terminal (e.g. source terminal) 1150a, a second controlled terminal (e.g. drain
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15 first termnal of the current source 1186 and the output term nal
1182, and a second term nal of the capacitor Con 1188 is coupled to a
vol tage reference point VI, which may be a ground termnal. [0168]
The circuit arrangenent 1100 rmay further include a resistor RREF
1190, wherein a first termnal of the resistor RREF 1190 is coupl ed
to the second controlled term nal 1128a 20of the transistor MP1

1124a, t o i e tir i
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arrangenmemt the00ansist¢r0 MER6 THESk i includdes ar fissh gremtrolied] 1@Mindl | (¢ r sues a

vari bus. CHBBT I ERps TiRPEhcably R S, A5 B TR T8 penige

i mru?i ty ta;gﬁhﬂlsié.grgmemﬁnimlqlelmb:, slﬁiah(lﬂ;?ef}hﬁﬁﬁ?@l(f]ﬂbr cuit arr angement
400 (FIG _4) i trates an inplenentation of the active RF detector
of Ve o0 TASHIGI AT RIR U, HADPiet P L etoB ot Tigrogerd
pair of tdansucl RdidNY 16828¢ (h\2raA&8r MPRs AN sEL idTREGIIED Yo Ghé Tdhirol
with differential inputs VRF+ 404, VRF. 405, received through a
"positi Véemiimjdﬂw@fﬁhﬁgansim@ MR 1 524anEhmsdcord controlled terminal 1162b of the

transistor MPR6 1158b is coupled to the second controlled terminal 1128a of the

transistor MP1 1124a. The control terminal 1164a is coupled to the second controlled
25 terminal 1162a. The control terminal 1164b is coupled to the second controlled

terminal 1162b. The bulk terminals 1166a, 1166b are coupled to each other and also

coupled to the first controlled terminals 1160a, 1160b.

[0160] The resistive element Rf4 1138 includes transistors (e.g. PMOS transistors)

MPR7 1168a and MPR8 1168b. The transistor MPR7 1168a includes a first controlled
30 terminal (e.g. source terminal) 1170a, a second controlled terminal (e.g. drain

terminal) 11724, a control terminal (e.g. gate terminal) 1174a, and a bulk terminal 1176a,
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20 input term nal 408, and a single-ended out put Vow 453 provided
fromthe output termnal 452. The circuit arrangenent 1100 (FIG 11)
illustrates an inplenentation of the active RF detector of various
enbodi ments, including an anplitude detector having two pairs of
transistors MN1 1102a, M\2 1102b, and MP1 | 124a, MP2 1124b, and an LC
matching circuit, with differential inputs VRFi- 1104, VRF_ 1105,
recei ved r giig : t e n and, Lve"
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net wor k/ cemeioaltl 17l of/thd e@nmtghl\/@&fislrlﬁﬁbnstopup]ndi t@éllee:omro,lrttxynuﬂai rl 130beofRF
receiver | R net

ot ect 1 vith DS RNTEAT A Hie BRSO LR ER ARlateg il B S cpaptied
vol t age gainfinMi &l7%as "Bﬁuabrltfd ﬂ‘eﬁﬁf&l@lr 11{741)1756]c019§166 heWhebyecbhi® dodtrblied
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conpar ed d,9pe@ YRR HQRBhrARATGAHISES1 1788, @F06.0 achi eve ul tra-1ow power
consurrptrons of about 10 The receiver or detector of various

enbodi mern0§621dy Slaiubbb%epRIecsatgdrelmt tamy bee povech e thpyregistiemtlewent lbfrluelrlg?
har vest i W I {4 8¢ Yim 4@ vin rre

about - 10 o AhiE Mol RE Va2 s A ER SRR ¥ S50 fforen
[0177] VaRMomss&rnﬂmgdarmnlbes aofleatshezuhétmﬂaﬂyosmmpvﬂef ewahelcum te@me| Meme
i ncludes a conti nuo hg&i mg- del t a anal ogye-t o- di converter
(CT ER Acaejang%nisrw TR 25 AnmeRewd PhéeditiyR err%‘rt Al B0

rati o ( SNRIG.Of) ok B réﬁﬁwe\éﬁe&nenilﬁfﬁiﬁe(hd/aﬂ'a@H&cﬁH&%oQ@nt s of the

recei ver or detector offer |ow power and hngh carrier freguency
oper at i onl0#$3] rTh*rnglﬁulé amangemegnt L100veay f@uhere o FreapeeitasClt HE8 ceemed/mr

ot oo s WO B IR AYE Gl 119080yt R Gl AP ABE hd Hinsistor

nodul at e ication ari ous e

require RHI\IgarllZaa(qg icbudedbetwvear ﬂhersectomdnﬁmm of @ 1pdmm Icgin]slﬂﬁmh«iidre
Therefore ceiver wth a srtrvr or, ,
n et et RrRnay [ SR CE anille Pehetapsiig GFa T St o

may al so ffiks WeGUihE Cin@Sdibr L% 01r1$2 %datﬂglcioh@éla{enﬁihhprlmﬁib 6P RO AeRistor
RO VG a8t (4. oupled between he firs terminal of the nducior Lgo 1113 and the-
control terminal 1122b of the transistor MN2 1102b), a capacitor C3 1180 coupled in
series with the inductor Lgl 1110 and the control terminal 1130a of the transistor
25 MPI 1124a (e.g. coupled between the second terminal of the inductor Lgl 1110 and the
control terminal 1130a of the transistor MP1 1124a), and a capacitor C4 1181 coupled in
series with the inductor Lg2 1112 and the control terminal 1130b of the transistor
MP2 1124b (e.g. coupled between the first terminal of the inductor Lg2 1112 and the
control terminal 1130b of the transistor MP2 1124b).
30 [0164] The circuit arrangement 400 further includes an output terminal 1182, from which

an output signal (e.g. a baseband signal) ¥,, 1183 may be extracted, coupled to the
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specific enbodi nents, it should be understood by those skilled in the
art that various 25 changes in formand detail may be nmade therein

W t hout departing fromthe spirit and scope of the invention as
defined by the appended cl aims. The scope of the invention is thus

i ndi cated by the appended clains and all changes which cone within

t he meani ng and range of equival ency of the clains are therefore

I nt ended : | LAgaf 1, t I St ng:
a first igﬁg%r{ae?gﬁﬂﬁﬁgﬁ%ﬁgég%%%ﬁﬁaﬁ%ﬁgy Mg\]rlmf I%F;qg‘gg{éfsf?@?%mr&m
t ransi st dermanal 1a26ecfthe tramsdstai N2l 102ach of the first transi stor and

t he seco sistar havin first controlled termnm.nal, econd
cont 1 o1 1 OS8R Ene o) e e op fltors PR RS s R o hich
term nal #f obthe dignabt(e bl anabdhad sahing/,caups eshyt e bhttactdd! Sbupled to the
controlled term nal of the second transistor, the control term nal of
the fisr stseeqndriontgelind tsening H38ppetettiansipter MPlsk! 2ds pod thesesand sontrelipd
control H%&HBQQHZQJQ$HQH&§%ﬁyhﬁi?ﬂﬁ%stOr 10bei ng coupled to the
second input termnal, and the second controlled term nal of the
first trdAtedtlhe cheningragmpbed 100 malgdurttec orthde arnurredtisevict ¢i 86 pravidods

the second transistor;. an. i mat ching cjrecuit c | ed to the
first i naURrieRt en aereit b SisbieAiE=] Tine CREPRFHIare 1B fauplH e FiEAsraitor
and the seeaesittd t@hishdt 0120a of the transistorl INIST | ERaS tthey EseBbiRIMBhtrolled
coupl ed between the control termnal of the first transistor 15and

the s¥corfermipiidlh elithe drapsisiar M2 {1020 mnd dhe qutpmderaninnl 1182, and agecond
second retéﬂnﬁhm)@aﬁ:l&g%ﬂttsoﬁfwnh%iis%aq@@fb &bﬁtagQFl%f&e{megp%im%hfaﬁrﬂ e
and t he roll f 3

second transi stor second con ed térm na t he” secon

t ransi st die;a pomegr supply lisen out put terminal coupled to the second

controll rrmnal of the first, tr.ansi stor an secq controlled
SOt ol e ARoud sbrErishts el S0 B ien Pt 16T ik b =
circuit aappitos€sn al8s, weterdime figdt atrminal HE U@ padidt CoAr 1 8&is coupled to the

15  first terminal of the current source 1186 and the output terminal 1182, and a second
terminal of the capacitor Con 1188 is coupled to a voltage reference point V|, which may
be a ground terminal.

[0168] The circuit arrangement 1100 may further include a resistor Rrer 1190, wherein a
first terminal of the resistor Rrgr 1190 is coupled to the second controlled terminal 1128a

20  of the transistor MP1 1124a, the second controlled terminal 1128b of the transistor
MP2 1124b and the output terminal 1184, and a second terminal of the resistor Rggr 1190
is coupled to a voltage reference point Vi, which may be a ground terminal.

[0169] In various embodiments, the circuit arrangement 1100 may further include a
capacitor Cop 1192, wherein a first terminal of the capacitor Cop 1192 is coupled to the

25  first terminal of the Rger 1190 and the output terminal 1184, and a second terminal of the
capacitor Cop 1192 is coupled to a voltage reference point V), which may be a ground
terminal.

[0170] The gates or control terminals 1122a, 1122b, 1130a, 1130b of the transistors
MNI1 1102a, MN2 1102b, MP1 1124a, MP2 1124b are biased via the pseudo-resistors or
30 resistive elements Rf1 1132, Rf2 1134, Rf3 1136, Rf4 1138 respectively.
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third inductor, a first capacitor and a second capacitor;

wherein the first inductor is coupled between the first input

termnal and the control termnal of the first transistor

wherein the second i nductor is coupled between the first controlled
termnal of the 25first transistor and the first controlled term nal
of the second transistor; wherein the third inductor is coupled
bet ween t .

bet ween, {08120 CI A1 881 81956 B RATGER BEISS) ikl o
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transi st stho@lﬂd bé hlargfel lcSinp£edt o0 kﬁeﬁ%afee rcapdaaanc@f of hBe SREABAVe transistors
transi stor, ircuit arrangenent of claim11, further
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[0172] It should be appreciated that the descriptions of features in the context of the

10 circuit arrangement 400 of FIG. 4 that are similarly present in the circuit
arrangement 1100, and also the associated results of FIGS. 5 to 10, may be applicable to
the circuit arrangement 1100.
[0173] The circuit arrangement [ 100 illustrates a fully differential implementation of the
active RF detector of various embodimnents, which may be robust or provide at least

15 some immunity against common mode noise.
[0174] The circuit arrangement 400 (FIG. 4) illustrates an implementation of the active
RF detector of various embodimnents, including an amplitude detector having a pair of
transistors MN1 402a, MN2 402b, and an LC matching circuit, with differential inputs
Vers 404, Vge. 405, received through a “positive” input terminal 406 and a “negative”

20 input terminal 408, and a single-ended output ¥, 453 provided from the output
terminal 452. The circuit arrangement 1100 (FIG. 11) illustrates an implementation of the
active RF detector of various embodimnents, including an amplitude detector having two
pairs of transistors MN1 1102a, MN2 1102b, and MP1 1124a, MP2 1124b, and an L.C
matching circuit, with differential inputs Vgr. 1104, Ve 1105, received through a

25  “positive” input terminal 1106 and a “negative” input terminal 1108, and differential
outputs ¥, 1183, V,, 1185 provided from the output terminals 1182, 1184. Therefore, the
circuit arrangement 1100 is a fully differential implementation or version of the circuit
arrangement 400, and may provide improved robustness or immunity against common
mode noise.

30 [0175] Various embodiments may provide an ultra-low power wake-up receiver (RF

receiver) based on the high sensitivity RF detector of various embodiments. The active
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fourth transistor having a first controlled termnal, a second
controlled terminal, a control termnal and a bulk term nal;
wherein the first controlled termnal of the third transistor is
coupled to the first controlled termnal of the fourth transistor;
15wherein the second controlled termnal of the third transistor is
coupled to the control termnal of the first transistor, and the

second cogy H&Ht&doft &H%Q%b@m%ﬁ?, Jo?dé@i?ﬁe& L S w;%ﬁ aﬁ%ﬁ?llcﬁﬂee%gla he

second contro _edtermna e first transistor; ereint k
t er mi nal dsgerchationHiC getvpdngiisgud matchingoepyal/cirouit, ipeovsdes dungh sensitivity and

20control | ed.t.er m nal the third transistor, and t bul k term.nal
of the fGrriviDy Brae & eBtet i cabit RS ek e G heuk B tifa
of the f auletivity afiSingle@sriceatislching to theh@i@nd ahfl&1se st kolt£pE NHaitaliafs

the third transistor is coupled to the control termnal of the fourth
t r ansidst graliydacter. r st controlled termnal of the third transistor and

the firstjopRtAdhbed ty@hdhil§ in@Erate i ' i i
circuit a[rmgemant (;D? any gﬁ% %rfa gl%gll{e%]&é%E{ag&%‘%%géﬁ%&t eS%Islsel%_‘gﬁ'dOf
r esi st i veheREmetettor onprilies: approximately -70 dBf, fithogtrpmmst borden amopazed to

i Xxth t i st. h.of the fifth t i st dth i xt
rAnen 51 SPRIUPHA) BPPRIEE bR dshiena L FBMR aer SOrSWEBer O PP L

term nal ,Tia r8QeRRALEF Qbtedtr §F ViRbuPaAbIBE K nla§alth MRldesigned to be pdhefRILY
the first controlled termnal of the fifth transistor is coupled to

the fi0r stareuont capigE diaresting aYithont batierssiandior heving jagtayprage current g @beitn

the secon ZontdSiti-Eherobafie SibhE Lo ane tor . "and the

second cqOI7®|Vaidus embodiments of the ultra-low power wake-up receiver includes a
continuous-time sigma-delta analogue-to-digital converter (CT XA ADC) to provide
oversampling to improve the signal to noise ratio (SNR) of the receiver.

15  [0178] Various embodiments of the receiver or detector offer low power and high carrier
frequency operation with high sensitivity. Various embodiments of the receiver or
detector may be employed in on-off keyed (OOK) and amplitude modulated (AM)
applications.

[0179] Various embodiments may not require RF gain amplifiers in order to reduce

20 power consumption. Therefore, a wake-up receiver with a high sensitivity detector,
without RF amplification, may be power efficient. Various embodiments may also not
require oscillators or additional external components.

[0180] While the invention has been particularly shown and described with reference to
spéciﬁc embodiments, it should be understood by those skilled in the art that various

25  changes in form and detail may be made therein without departing 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 come within the meaning

and range of equivalency of the claims are therefore intended to be embraced.
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S5term nal of the sixth transistor is coupled to the control termna
of the second transistor; wherein the bulk term nal of the
fifth transistor is coupled to the second controlled termnal of the
fifth transistor, and the bulk term nal of the sixth transistor is
coupled to the second controlled term nal of the sixth transistor;
and 10 wherein the control termnal of the fifth transistor is
coupl ed tgy hpgscontrol term nal of the sixth transistor, the first
controlled termnal of the fifth transistor and the first controlled
termnal of the sixth transistor. 5. The circuit arrangenment of any
one of clhinE.ﬂpk@ﬁmmnmgmnhmmmﬁmﬁﬁmgsing a current 15mirror circuit
coupled to the ﬁecon controlled tqinlnal of the first transistor,

the second corft 5! PRY eIBHRAl AL @ §3copd, BPUEEBNE2L r ansi stor, and t he

out puts t er m nal firsBrankRedr&hd & Wedon@ taAideenh Fhhshiat mrélstde/raaa flesetdil
current m rror circuit corrprl ses: 20a sevent h transi stor and an

ei ght h t riEansis®r daving aclysosontreled; tayminah a segprd sengiollad terminal endyhtdentrol
transi st oL havi g At cBr'f‘l{'oll%Q%ﬂlhﬁhzhe& ﬁm@rﬂw@éﬁ%m?mso%&fg;&ug%t {00k &fkst

terminal and a’ control termn
controlIe@nUQMmhwahumIofﬁesﬁemdmmhmhkanﬂmskmﬁohnﬂnhhbofﬂmﬁmstwmmmuw

controll d term th transistor,are.c l.ed to first

Colt hoe s apieche i Spd Yertghl® IR Sl BBl PP ek it
seventoh thedfpSdospled td the@éﬂd)ﬂﬁ ebut RrinbRl, GAd tHeQkcdn@lcBhtidled Qérnding of tH@!Tirk
transi stor; wherein the sécond controlled term nal of the

sevent h tiFaaREos beire Fauplssiip tsresendraqairelieddpanind o ihsi seeanditappsiaEl  of
the first trangl @bl makfie XGE0R Lot @ lheflrs? Myt Refial e | BErHoHHAT

transi stor an e output “term
terminal, the first transistor and the second transistor;

a first resistive element coupled between the control terminal of the first transistor
15  and the second controlled terminal of the first transistor;
a second resistive element coupled between the control terminal of the second
transistor and the second controlled terminal of the second transistor; and
an output terminal coupled to the second controlled terminal of the first transistor
and the second controlied terminal of the second transistor;
20 wherein the input matching circuit comprises a first inductor, a second inductor, a
third inductor, a first capacitor and a second capacitor;
wherein the first inductor is coupled between the first input terminal and the
control terminal of the first transistor; \
wherein the second inductor is coupled between the first controlled terminal of the
25  first transistor and the first controlled terminal of the second transistor;
wherein the third inductor is coupled between the second input terminal and the
control terminal of the second transistor;
wherein the first capacitor is coupled between the control terminal of the first
transistor and the first controlled terminal of the first transistor; and
30 wherein the second capacitor is coupled between the control terminal of the

second transistor and the first controlled terminal of the second transistor.
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wherein the second controlled termnal of the eighth transistor is
coupled to the control termnal of the seventh transistor and the
control termnal of the eighth transistor. 57.The circuit arrangenent
of claim®6, further conprising a current source having a first
termnal and a second termnal, wherein the first termnal of the
current source is coupled to the control term nal of the seventh
transistor, the control termnal of the eighth transistor and the
second controlled term nal of the eighth transistor, and the second
term nal bf t Hehegincvié prangomenteofickhimdupirddr commisggcond vol t age

reference point,.10 8 _.A recejver conpri.si Lrcuit arrange of
any one of cl di %r]dlcffpgm?).r cQul‘)i&ﬁclinrsc? g%)wéﬁ"r g’%g@ﬁgmﬂuyémﬁlsﬁrﬁg&a;&m

first inpuud@t mdal and a second input term nal; 15a first

transi stor and second transjstor, each of the first transistor and
the sécond tr %@FEP SPPASHO FRYPedrin Serescwi His seeRnd; iapy tampinal ang dhe furd
control | gdgitgssm nal and a control termnal, the first controlled
termnal of the first transistor being coupled to the first
controlled term nal of the second transistor, the control termnal of
the first, transj.stor. bej upd t.o the first input termnal, the
contr ol t3érn1 nae(%r m{%gén erélglsr?]t tc%glﬁsliogizbr 20bei ng coupled to the
second i nput tvdiendinele firandsiithe ckdadncbmgizes:ol | ed term nal of the
first_transistor bei g coupled to the second controlled term nal  of
the s¥cond transi stadF, d transistorand g fpyyth rapsistar; gseh ghthe ghipdgpnsistor and the

transistor, egghiPfradsifortialing alfirdnShebnd @Hﬁn&lf‘?séc@ﬁdli Ebhitoliea %én%lhfa{, a

having a first controlled term nal, a second controlled term nal and

a control ter rfoptdl temtipalfand g pulkgeningli ed ternminal of the third
transi stor being c St 2 trol r.m nal . of, t.he
%ge?rgth%q}rgtrl%{x{éél;ﬁ% r;rgrrglg%l %?ﬂg: t@fﬁi I&Q sﬁs Or 1S ¢O le(a t%Ehe

fourth transistor, ontr ol ransistor belng
coupl ed to t hdirfticostroliadpermina rofitheefbyrth tieszomi rol term nal of the

fourth transistor bein oupled to t second .input .ternmnal, and the
second control | ed t"gFFﬁ%h&e_s 0 w&nﬁrﬂrﬁdewa of gle&k{%rﬁé‘?%“ﬁro‘ﬁﬁﬂgﬁeqw
the second conhd eddt@A tdrfinil BRkheOfirst Hehsfs@#! bkl {heABSINAt Rhiroldd fefRiHb] of
matching circuit coupled to the first input termnal, the second

i nput 30t er m g fourthetrpnsister isr epupledt tor the tsgeonsleeantiglled eraiinal grf| the Hist
third transi Sttf%sié‘t'a{j, the fourth transi stor;

wherein the bulk terminal of the third transistor is coupled to the second

20 controlled terminai of the third transistor, and the bulk terminal of the fourth
transistor is coupled to the second controlled terminal of the fourth transistor; and

wherein the control terminal of the third transistor is coupled to the control

terminal of the fourth transistor, the first controlled terminal of the third transistor

and the first controlled terminal of the fourth transistor.

25
4, The circuit arrangement of any one of claims 1 to 3,
wherein the second resistive element comprises:
a fifth transistor and a sixth transistor, each of the fifth transistor and the
sixth transistor having a first controlled terminal, a second controlled terminal, a
30 control terminal and a bulk terminal;

44



a first resistive el enent coupled between the control term nal of the
first transistor and the second controlled term nal of the first
transi stor; a second resistive el enent coupl ed between the
control termnal of the second transistor and the second controll ed
term nal of the second transistor; 5a third resistive el enent coupl ed
bet ween the control termnal of the third transistor and the second

control l ed term nalyipfeid hfe‘ iftal croﬂtrélle%lr’[t?ﬂnﬁﬁﬁrof the ﬁfth trﬁjsfsﬂﬂri&)ui)ﬁﬁ'tém
el enent coupl ed between the control term nal of fourth transi stor

and the seconcﬁléfoitwtf@lllqdéelmlealmfﬂ&lsmhH‘amﬁest¢r0urth transi stor;
a first output termal, saupled 40,05 seeondenkeelled Lerminal,

the first 10transi e second cont

second transi shosecomdicontrolled teamiat ofutie eedopd trah«stos, laﬂd theGe@indtoh®@olldde
second controlled ternmnal of the third transistor and the cond
contr i 1 od ¢ ertFHa LY AT GaP R SheTed ! the"control lpRcperigeond

i nput mat chi ngr@kik@epi t conprises a first |nductor a second i nductor,
a third inductor, a first capacitor, a second capacitor, a third
capacitor and a fouYhGrﬁHlQ@ali}élétﬁtlmnal of the ﬁﬁh\éﬁ@ﬂl&ﬁomh@owlﬁctto thechgeandr

conprises a fi oﬁﬁol &F fQJHl?llal Sﬁlﬂpel ?gt nts{g%rf b tthe Pﬁgtte}n?ma nia He g)@ﬁx a
second term nal coupl e 0 the con er’m nal
transi stor andralnkletonmrcbupibd toetheri;a&ahd o:fntlbhe:l tehiingdl (ﬁﬂthﬁﬂﬁk‘&ttﬂhslst\ﬂhahel n

t he second i nductor ,conpri ses firs al coupl.ed t first

20 colfftrolled ter m%fen‘gfhetcﬁﬁt“f t?‘?}mf’t Pgﬁ‘fqlﬁb ansiS|RL 1§ ‘?qugﬁa ﬁFPBP‘F‘é‘d
termnal of tRenieddfehd siRMStatiglor, thd Grst béxﬁ;oufé@raélmhdl %fi tHeOfi A BaksiRr
the third transistor and the first controlled term nal of the fourth

transi stor;  and the firghroptplied taaningliof ¢hei sidly spenistetonpri ses a first

term nal coupled to the control term nal of the second transistor and
the control termnal of the fourth transistor, and a 25second

t erm nal Xouplldd cirouit hearpementtofi anpwhe peclainmal o 4, further comprising a current

15 mirror circuit coupled to the second controlled terminal of the first transistor, the second

controlled terminal of the second transistor, and the output terminal.

6. The circuit arrangement of claim 5,
wherein the current mirror circuit comprises:

20 a seventh transistor and an eighth transistor, each of the seventh transistor
and the eighth transistor having a first controlled terminal, a second controlled
terminal and a control terminal;

wherein the first controlled terminal of the seventh transistor and the first
controlled terminal of the eighth transistor are coupled to a first voltage reference

25 point; ‘

wherein the control terminal of the seventh transistor is coupled to the
control terminal of the eighth transistor;

wherein the second controlled terminal of the seventh transistor is coupled
to the second controlled terminal of the first transistor, the second controlled

30 terminal of the second transistor and the output terminal; and
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wherein the first capacitor is coupled between the control term nal
of the first transistor and the first controlled term nal of the
first transistor; wherein the second capacitor is coupled

bet ween the control termnal of the second transistor and the first
controlled termnal of the second transistor; 30wherein the third
capacitor is coupled between the control termnal of the third

Lransi stor and the e Rt dbttollS bkl O tnb BRniNdlilda0Bh AN

and wherein the fourth capacitor 1s coupl ed between

control term ralthfontted téronimal jof ttheasryienth dransisgr whe the ¢airok tmnimal bE the
term nal of th %gﬁé%ﬂutran5|stor 10. The circuit arrangenent of
claim?9, 5mher nput mat ching circuit further conprises a
fifth capacitor having a first termnal and a second tern na

wherein the fi st term nal of Hﬁg flft capacitor is coupled to a
second t efmi nalheHrcpih arangerat ohdwet 6r gherioqmprisige @ %ﬁ%ﬂﬁ@eéﬁw@m

and the s@gOREMEr MdAkeBhd tdifiirdal [ FRerGRARAS 5k R frerhind Q¢ RALtR: Sonfrbd &t
vol tage reference point. 1011.The circuit arrangenent of claim9 or

10, furt Ienpledigpthe sprigpl terminal ofthe istenthcizguaisior.che eaninol eminal elshé eighth
with the I‘én&ﬁltor aH&iLfﬁé %coﬁ{f%oﬁ@cﬁle% t{éﬁn'%l Bte Fhrp dQ ghthq}canglst%r rdstth{a second

transi st or capaci coup M sertes w

third i ndewtiosl oﬁﬁd: duhentsonice ¢4 coﬁ.xﬁtemtma‘secoﬁd tdlengs estanfcctgoantsi st or ;
15an ei ghth capacitor coupled in series with the first inductor and
the cntrol terminal of the third transistor; and a ninth

capaci t org. coupd edeiver coRfpriamgW difduit Bﬁar%@ineﬂr df@ﬁysﬁ@éf@msq hgcontrol
termnal of the fourth tran3|stor 2. The circuit arrangenent of

any one of clainms 9 to 11,

9. A circuit arrangement, comprising:

a first input terminal and a second input terminal;

15 a first transistor and a second transistor, each of the first transistor and the second
transistor having a first controlled terminal, a second controlled terminal and a control
terminal, the first controlled terminal of the first transistor being coupled to the first
controlled terminal of the second transistor, the control terminal of the first transistor
being coupled to the first input terminal, the control terminal of the second transistor

20  being coupled to the second input terminal, and the second controlled terminal of the first
transistor being coupled to the second controlled terminal of the second transistor;

a third transistor and a fourth transistor, each of the third transistor and the fourth
transistor having a first controlled terminal, a second controlled terminal and a control
terminal, the first controlled terminal of the third transistor being coupled to the first

25  controlled terminal of the fourth transistor, the control terminal of the third transistor
being coupled to the first input terminal, the control terminal of the fourth transistor being
coupled to the second input terminal, and the second controlled terminal of the third
transistor being coupled to the second controlled terminal of the fourth transistor;

an input matching circuit coupled to the first input terminal, the second input

30 terminal, the first transistor, the second transistor, the third transistor and the fourth

transistor;

46



wherein the first resistive el enent conprises: afifth
transistor and a sixth transistor, each of the fifth transistor and
the sixth transistor having a first controlled termnal, a second
controlled termnal, a control term nal and a bul k term nal
25wherein the first controlled termnal of the fifth transistor is
coupled to the first controlled termnal of the sixth transistor;

wherein the seCqRdeGofd Qh&d c&?ﬂléﬂ %eéﬁfthé Béhtdo! felflinhl G ﬁias@grﬁlgﬁstor

coupled to the control termnal "of the first transistor,

second caomtrled eeend eonfrpMed temhinglnd the fastransiatesi stor i s coupl ed to the
second control | f t rst  30transistor. . wher ei n
the control t er%’:\g(ﬁ qeregkﬂf"%]e e {]ﬂoutp eélnl%eit‘g?%]r ¥ cog%%lptiegnam?looﬁ the Sg‘é%ngnd
cont r ol | ehnbietorhiitbihe eécohdh orftidile tdrmaiab ofthe secoadfladsitorgont r ol t er mi nal
of the sixth tr3ﬁ3|stor i s _coupl ed %8 the second controlled term nal

of the sixth t& HHE sssistive Alrmemh ouplsd chebwesm ther eqnbioh dermpnal; ofe thej fhind

transi st QrankiStof APIhE dedofd EQYRrdMdY kermirl B MathifradnbiSosi Xt h transi stor,
the first controlled termnal of the fifth transistor and the first

control |l ed t eranfough 1@$lsm\r¢eelsmmthcctup@dsba$wmn the 3:onThletegmimgliiof the fourth

arrange m?t%'l 191f0r ?ﬁ{ﬂi”thg rs]c%ogzl c&ltl%ilgg te%m&n%l %fﬁlh% rou?t'iﬁra 315 he second

resistive seven ansiStor’and an ei ghth
transi st or, eaacﬁls@foutﬁme tmﬂitch)upreartm tht Gecakdednitelled ginfinal rafndié Srar

havi ng a flrst cmgﬁrolle t erm nal %gﬁongﬁﬁgntrolled termnal, a
cont r 31 FE S MG SeroRteanaleckihainal of the ScoqpCRBISI AR | 1 st
control | ed teradepadd &t ﬁthl@nﬁlﬁé(leéHuBIGH rgNgd §dcOhd bt &thit? drhige Hifast
controlled terminal of the eighth transistor;
transistor and the second controlled terminal of the fourth transistor;
wherein the input matching circuit comprises a first inductor, a second inductor, a
third inductor, a first capacitor, a second capacitor, a third capacitor and a fourth
15  capacitor;
wherein the first inductor comprises a first terminal coupled to the first input
terminal, and a second terminal coupled to the control terminal of the first transistor and
the control terminal of the third transistor;
wherein the second inductor comprises a first terminal coupled to the first
20 controlled terminal of the first transistor, the first controlled terminal of the second
transistor, the first controlled terminal of the third transistor and the first controlled
terminal of the fourth transistor;
wherein the third inductor comprises a first terminal coupled to the control
terminal of the second transistor and the control terminal of the fourth transistor, and a
25  second terminal coupled to the second input terminal,;
wherein the first capacitor is coupled between the control terminal of the first
transistor and the first controlled terminal of the first transistor;
wherein the second capacitor is coupled between the control terminal of the
second transistor and the first controlled terminal of the second transistor;
30 wherein the third capacitor is coupled between the control terminal of the third

transistor and the first controlled terminal of the third transistor; and
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15wherein the second controlled termnal of the seventh transistor is
coupled to the second controlled term nal of the second transistor,
and the second controlled termnal of the eighth transistor is
coupled to the control term nal of the second transistor; wherein the
control term nal of the seventh transistor is coupled to the 20
second controlled term nal of the seventh transistor, and the control

term nal of tRendifMcfolfRRfaSkf s b&lp%%lt\ﬁamttﬁe E&iﬁrof ReARdI ﬁgﬂ%ﬁﬂﬁhed

termnal of the eighth transistor; wherein t

t erm nal T@ﬁnsﬁma@%&érﬁ@ﬂ cwténibdéftlmnanlgf@elﬁ@lréxiran@wtohe bul k terninal of
the eighth transistor, the first controlled termnal of the seventh
25transistor and the first controlled termnal of the eighth

transi st o). 14CheThreuit araigetmenirafahdgie®ent of any one of clains 9 to 13,

wherelnthethlrd resistive elenment co a ninth
t ransi’st or and”l%?r?”éﬁ]?%mtpflﬁﬁlé‘f f“@rcméﬁc{ﬂp %?r QoRwriSest ity SPRagir Baving @

the 30t entd; fektidal &ldoa sERWH Nénfndl, WhdreiaARE 1ipdt | t8ehihA I RAkifth RaSREBNH
controlled terminal, a control termnal and a bulk term nal;

wher ei n t9eeplefl st sesond fesiningliof the scaad indictphef the okt metghisi sirowit,iaad the
coupled t 0l r nsk tor
wherein t e&rgg?:%ﬂﬁgé%gﬁ{t%rlg Ceahg(?téﬁr‘%1cna1\§l glciﬁo %E}Sp%l E%ﬂ%ﬁ% Kt n%
coupled to the control termnal of the third transistor, and the

second controlled.term nal of E entgqtu nsistor. is coupl ed to the
second cont r ol {REETEE} A FRgemett of glatmp Rior d Oy 5 djcopprising:

a sixth capacitor coupled in series with the first inductor and the control terminal

of the first transistor;
a seventh capacitor coupled in series with the third inductor and the control
terminal of the second transistor;
15 an eighth capacitor coupled in series with the first inductor and the control
terminal of the third transistor; and
a ninth capacitor coupled in series with the third inductor and the control terminal

of the fourth transistor.

20 12, The circuit arrangement of any one of claims 9 to 11,
wherein the first resistive element comprises:
a fifth transistor and a sixth transistor, each of the fifth transistor and the
sixth transistor having a first controlled terminal, a second controlled terminal, a
control terminal and a bulk terminal;
25 wherein the first controlled terminal of the fifth transistor is coupled to the
first controlled terminal of the sixth transistor;
| wherein the second controlled terminal of the fifth transistor is coupled to
the control terminal of the first transistor, and the second controlled terminal of
the sixth transistor is coupled to the second controlled terminal of the first

30 transistor;
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wherein the control termnal of the ninth transistor is coupled to

t he second controlled termnal of the ninth transistor, and the
control termnal of the tenth transistor is coupled to the second
controlled termnal of the tenth transistor; 10and wherein the
bulk termnal of the ninth transistor is coupled to the bul k term nal
of the tenth transistor, the first controlled termnal of the ninth

transi stor and the vididh ieaBhirell ttodind1OT T Fth Rinstshe i§ Etipledttd MpSdesdr -
1515. The circuit arrangenent of any one of clainms 9 to 14, wherein

the fourth resPBtrphed framahef tsnfil yassistor, and thencantel sarminal Adkq sixdy
and a twel Tt h&st 3dbpleffflle Hoohd Coftho AU RG] AL Skl MR
twel fth transistor havi n% a first controlled termnal, a second
control | ed term nalwheseic dint bolk teeminalnedl thanfifila trondistort Brovupket ;to the bulk

20wherein the fir.st trolled ternmnal ,of t | eventh transistor is
Coun da 1o 1 mdeirfiB o e Pl Fing By he Rt Shrcelfzd Tt b, ol ARR rlsor
wherei n the segdfit fenionhabll@tetnginil ofdle fth tlgsig@bevent h transistor is
coupled to the second controlled termnal of the fourth transistor,
and the second controlled termnal of the twelfth transistor is

coupl ed t@ t hel“lfé%ﬂ%ﬁi%rr&r%@fi’k%fa%o@a?#@ai&?ﬁrt& ptransistor;

wherein the control termnal of the eleventh transistor is coupled to
t he second conthesdih 8¢ seenmdiresadtivefelentent ednguiseth transi stor, and the

control termnal of the twelfth transistor is coupled to th econd
cont rfc?))l led term nal® Sg}lel}ﬂh}gg SR aflreéﬁi“i}f é?riﬂs;wra??gh of e Sevﬁ?efr@‘ilshst?rhe
bul k term nal aafl thheighttenanistortiavingi SRk cbSirdiRdRb@En4l0a tsb®nBWoktrolled

termnal of the t.WEI\I fth transistor, the first controlled term nal of
the el event h ti¥aHR4st entighigrpmal andadullespmingl | ed ternminal of the

twel fth transi stor iy HeGus dohttbiledehANATTRNY se%mﬁﬂx?@{e& i9togha {5

9 to 15, further conprising a current source having a first term nal
and a second ttke fisheantrolipdbieanimak ofehd ¢ighth transistonal of the current

sourcg i s coupled ] ond contrqlled tecminal of the fi.rst
transll%st or, the seé\glr?} ngg'%? rg%qngéjanttr%lie 't?\lgllm%fO%m?ese‘éeé@bﬁﬁsfsﬁoéﬂif%‘?befj
and the first touhputecdralr nbiallled anihhie of e Reconer Mamatorofand he Gldsdmant

source i s coupl ed a Seco vol.t.age referenc oint. 10
pcontrolie(gl termuinal o ‘919, e(l)ghth tgransgstorei\s coupﬁch%o the control terminal of the

second transistor;
wherein the control terminal of the seventh transistor is coupled to the
20 second controlled terminal of the seventh transistor, and the control terminal of
the eighth transistor is coupled to the second controlled terminal of the eighth
transistor; and
wherein the bulk terminal of the seventh transistor is coupled to the bulk
terminal of the eighth transistor, the first controlled terminal of the seventh

25 transistor and the first controlled terminal of the eighth transistor.

14. The circuit arrangement of any one of claims 9 to 13,
wherein the third resistive element comprises:
a ninth transistor and a tenth transistor, each of the ninth transistor and the
30 tenth transistor having a first controlled terminal, a second controlled terminal, a

control terminal and a bulk terminal;
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17. The circuit arrangenent of claim 16, further conprising a tenth
capacitor having a first termnal and a second termnal, wherein the
first termnal of the tenth capacitor is coupled to the first

term nal of the current source and the first output term nal, and the
second term nal of the tenth capacitor is coupled to the first

vol tage reference point. 15 18. The circuit arrangement of any one

of clainms 9 to 17, vWhidihelie SRMBSARIIRE t@mifs iof IRy niRdVirfiistorfik t&dpled to
termnal and a second termnal, wherein the first term nal of the

resistor is cdbpfEgcenyollpd tesmghef thoienthgransigiorier ni nal of the third
transistor, the 5e%@elﬁ%ts%gciﬁd%@n{ﬁ&ie{?t%mﬁ SR Y Fﬂitgfﬁréﬁﬁﬁ&f’{o

and the second output term secon term na
resistor is cdhtpbaadrdi teranirfal 0§ thevtbird aigesisted, ene fiwescpmidndontroll§i tefthimal of

4 arran f claim 18 er co risij an el evept h
Capaci® or havii i freefis@h A cumted o 6 sSORR GorbfhinBringhf St Hirde
first term nalgaabisiohe el eventh capacitor is coupled to the first

term nal of the resistor and the second output term nal, 25and the
second terminal of Wheeein|thy sprtrelciappinnk ot thesnwéumaeasttabl& peupigdr & the

vol tage refer %@%d%hﬂ&lled l%{}ﬂlﬁ‘alr(ﬁqﬁé Mﬁ%ﬁﬁ{mgdl‘?éﬂ&hg cGhiF & Yrminal of the

arrangenent of any one of
tenth transistor is coupled to the second controlled terminal of the tenth transistor;

10 and
wherein the bulk terminal of the ninth transistor is coupled to the bulk
terminal of the tenth transistor, the first controlled terminal of the ninth transistor

and the first controlled terminal of the tenth transistor.

15 15.  The circuit arrangement of any one of claims 9 to 14,
wherein the fourth resistive element comprises:
an eleventh transistor and a twelfth transistor, each of the eleventh
transistor and the twelfth transistor having a first controlled terminal, a second
controlled terminal, a control terminal and a bulk terminal;
20 wherein the first controlled terminal of the eleventh transistor is coupled to
the first controlled terminal of the twelfth transistor;
wherein the second controlled terminal of the eleventh transistor is
coupled to the second controlled terminal of the fourth transistor, and the second
controlled terminal of the twelfth transistor is coupled to the control terminal of
25 the fourth transistor;
wherein the control terminal of the eleventh transistor is coupled to the
second controlled terminal of the eleventh transistor, and the control terminal of
the twelfth transistor is coupled to the second controlled terminal of the twelfth

transistor; and
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wherein the bulk terminal of the eleventh transistor is coupled to the bulk
terminal of the twelfth transistor, the first controlled terminal of the eleventh

transistor and the first controlled terminal of the twelfth transistor.

16.  The circuit arrangement of any one of claims 9 to 15, further comprising a current
source having a first terminal and a second terminal, wherein the first terminal of the
current source is coupled to the second controlled terminal of the first transistor, the
second controlled terminal of the second transistor and the first output terminal, and the

second terminal of the current source is coupled to a second voltage reference point.

17.  The circuit arrangement of claim 16, further comprising a tenth capacitor having a
first terminal and a second terminal, wherein the first terminal of the tenth capacitor is
coupled to the first terminal of the current source and the first output terminal, and the

second terminal of the tenth capacitor is coupled to the first voltage reference point.

18.  The circuit arrangement of any one of claims 9 to 17, further comprising a resistor
having a first terminal and a second terminal, wherein the first terminal of the resistor is
coupled to the second controlled terminal of the third transistor, the second controlled
terminal of the fourth transistor and the second output terminal, and the second terminal

of the resistor is coupled to a first voltage reference point.

19.  The circuit arrangement of claim 18, further comprising an eleventh capacitor
having a first terminal and a second terminal, wherein the first terminal of the eleventh
capacitor is coupled to the first terminal of the resistor and the second output terminal,
and the second terminal of the eleventh capacitor is coupled to the first voltage reference

point.

20. A receiver comprising a circuit arrangement of any one of claims 9 to 19.
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