1, | NTEGRATABLE SYNCHRONOUS RECTI FI ER FI ELD OF
S| NVENTI The present invention relates to power rectifying

apparat %0 89/050588peci fically, the present invention rel at e®GIJAHBS/00444

integratable rectifier structure 5 utilising various MOS, including NMOS
or CMOS i npl enented transistors. - I'he invention may be of particul ar

val ue where apparatus &% ﬂxyng SRAMSRONOUS %'%I%&%ﬁgronagnetic or
capaci tive coupling. Exe#%@%fy—apéﬁ+ea++eﬁsﬁﬂmﬁ§é%r———-— renot e

i dentificatfileldi@f dayeatdonsmart” credit cards. ~ PRICR ART 10

A sinple rectifier eheCgcbskAtSPAWEnkNohl gEl8tds tb Pblbkrbeekeliirgad g hat

t he CIFCUI% has %@ﬁn,&gan d fr%glthe (of0) vgntlo al representat’i on
(whi ch woul@PParatuse. Spgeilicaidy,, Lhg pressnt dRVieRtdon F8FAtSE &ith of
the cigcui @n iFitgpgrathble rectifiieractondance wtillizingperadiimpsAutasalian
Pat ent Applﬂnfcqtudq@,rgl\'wo%' o§4]Z:9xos imlpl_@m'l‘fx‘%%tdortrgnswért%%h.)’ W ch describes

this particular arrangenent for certfain 1 apgllcatlons. .
The operatP@Wqﬁﬂlpﬁem@Nk@GiPfiQadéﬁ§P&PFyVﬁﬁ&ﬁnV £5¢ PPRNAKNS dted©
%rl\l ngE_t ireeliyrel %oﬁe@uﬁi&ﬁellefcttr:&@a?@%ﬁcCiorrCU:iafpaf&Ii&ﬁGlLt i@x{;ﬂgargi.ed as

, Figure 2 shows how_the appli ower us t.he v.ol t age, at
Poi Nt X t o BREBRLATYe SBPAQLaATn, L EOUEeGraniTe WASREIE PE R Fles e 20
negat ijye t la@d Psmarty, credidi 688d6onduct s (shown by the shaded bands in the
| oner part pefi okl @¢ke 2), and the capacitor C receives charge. At other

tines, —tne diode, does not conduct, and the DC | oad (not shown)-is
supplied fromthe # s*“@ﬁ%r@%“?é £hi RhTORTE 1Ea80PHY gﬁepggpfﬁggnat Poi nt
Y to rise tIdwamidd berpoticed vbhtsthat ciltguiéxhasCbepal ehaBgesd rfachmr ged as

described apeveondedtPendl ¥eRPesch@a¥ARs i(WhilkHr Goll@dalslewe vl t age.
Because onl% nS hal f éh re, .the
Ped&y 1ngn o

negative half).of the AC wave . s
act ualtlsy uf®C n8h FrE&FFEFSgge&hﬁdugpeﬁaPF9ﬂége°%ré & fGigcuit) .
Prior art Fdguirktyilngsdindescardangsnwiith habppeadédgaduBtialian Patent

semi conduchg1iuaghbAN§o. 284 3979U¢hnvaAYE:DacnLRabUAS] L ipol ar SO
I ntegrated Circuyit products,FEern1tt|ngésuch hips to. operate directly from

J C
an ABESGREPeSotiPLE, PRELAERIBRAATEBRARPERS EBRVEREIEEA ™ 0 DC power .

Exanpl es .otpplicativab.bi pol ar products include |ight dinmers and Resi dual

CUrregB Greuit The operation of the circuit is generally known,

and is illustrated diagrammatically in Figure 2. If the
upper circuit branch is regarded as GROUND, Figure 2 shows
how the applied AC power causes the voltage at Point X to
oscillate sinusoidally about Ground. Whenever Point X is
25 more negative than Point ¥, the diode conducts (shown by the
shaded bands in the lower part of Figure 2), and the
capacitor C receives charge. At other times, the diode does
not conduct, and the DC load (not shown) is supplied from
the charge remaining on C, causing the voltage at Point Y to
30 rise towards zero volts. At the next AC cycle, C is
recharged as described above, and Point Y resumes its more
negative voltage.
Because only one half (here, the negative half) of
the AC wave is actually utilised, this circuit is termed a
35 "half-wave" rectifier. '
Prior art rectifying diodes are commonly fabricated
as P-N semiconductor junctions, and as such, have been
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2 i However, such rectifying devices are inherently difficult
Sto fabricate on Very Large-Scale Integration (VLSI) production |ines
(which arW®Ba/P5As8ed to produce -Fi el d-Ef fect, rather PCGIJABB8/0044,
dévices). If the MOS (field-effect) transistors produced by such

lines, are connected as diodes (by connegting 5 the Gate and Drain

tern1na|s to e fhe resulting device is very inefficient, _ and
exhibits a Ig?ﬁg #%ﬁwb?dbbB?I%QeiﬂF%@‘aﬁﬁﬂ(ﬁ#?? ¢ sp¥eduetseupermitiéhancy.

Li kew se, theucmhehipd tecépéises i dhrecODerfyowxastACGpbeeregsutbe,
schamnel " sathe &nchasubedd o fng LI, X0 Q04 Ak Yodbiese LELaR zegeay

standard text on VL , suc 8uBti on
to VLSl Syst®HEh, M%bmrq@lctsvwsqbwe 19t 3 imneos M@nsesiduahas been

previ ougly Wﬁﬁtﬂtﬁsctﬁltlpw\@éahkebrs (Rt fier. Th:cs SUfLefS Lf Otmthte
twi n drawbacks of frequent exhi bitin orward conductivity,
and bei ng poorly con?g&eW§ oﬁu§ht§§FégF§WES fgylices iase inherentlip (it

bei ng not a disifculddet off aipeicd i1 WY tranfE-Sdd e rati?? o
tech rd Y |on 1S S swor

1§C " (Ia/ltj)lels Wa% V% ?}/ 0144 dh Pidds a(thidIbga pr| X %aE %F/%‘E't’?%ns al so
di scl ose "f Lﬂj'Ie factot GRS d'é’\ﬁ‘b@sip‘ﬂar' d(fi'engﬂis-')E-I I sI./Ibrt-IIne SMOBI | ") .
For man I owmmm ea@adm)atumfmé&v:% lp&o@.fté‘ell | djflﬁﬁd.;uch linds Negel ess

conpl extP ve rect r..is usually a

Fun)her mor e, c%an tevéﬁlll odegie dvﬁésrg( (S1PRARES Hhnd C&\% {%C’ﬁ e AR (A iBwitch is
20 cause(tetr@ltmdm &egedihesd .attltme:mrmummmaéla sDI\&ﬁt-,y the circuit
woul d inEFienlt) and '@:Jlﬁrbir@n r1at|:g rk%ectl sq hdlsog,s

arr angenent I I‘OI’I

knQwn
operation dé& R&ﬁ‘ﬁn&l’?ﬁowﬁ‘s‘%’dq I?éfiCienCYoperiétkleGﬁﬁﬁf sthe inisarenrt
with thgal neewitidiAGtu@ne property existihlde berheeantthe "QWRIngEOSt Al | oner

power 1 20uI EBRLS a0l i i@l anak UGt @S nCESPEEIAI Y digidal | ool cal

functions) when inplenented in ather than ‘bi po ar,* technol ogy
provi des defitARLEIokREECPR VA§Faneadss. such asOHSEGTS GONWEY J NVENTI ON
An obj ect of'Ihleoduesénn itoV¥LSIOSYyistens "pr andde oa-weelidy er gapplye Hf

bei ng totalhbsl@}ggggg@grug5g9b¥5§lpQQQhQLQEY exploited as a power

20 rectifier. This suffers from the twin drawbacks of
frequently exhibiting poor forward conductivity, and being
poorly controlled on a typical MOS fabrication line (it
being not a usual mode of operating a MOS transistor). Such
techniques have been used in prior art inventions, such as
by "Ellsworth & Moll" in WO 88,01448.

Certain prior art inventions also disclose

"full-wave" rectifying devices (e.g. "Ellsworth & Moll").

25

For many low-power applications, this is considered a
needless complexity; a half-wave rectifier is usually
“30 adequate. ' |
Furthermore, if the diode D were replaced by a
switch, and that switch is caused to open and close at the
same time as the Diode, the circuit would operate in a
similar manner to that aforesaid. This arrangement is known
35 as a "Synchronous Rectifier", since its operation depends on
synchronising the operation of such a Switch with the

incoming AC wave.
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30 A further object of the invention is to provide a rectifier

2whi ch pernmits the fabrication, on conventional MOSNLSI facilities, of
a devi:ce swQ 8dbsosBor direct operation froman AC power PETYAUSS/00444
wi t hout havi ng the usual external : rectifying and vol tage regul ati ng
circuits provided thereon. -2

3 SUMVARY OF | NVENTI ON Forms of the invention wll be

descri bed, conpati bl e Thiet i n&erigatlyvdewer cosgr apiodowalsr Pe¥eifon net hods,
however, any dejui dfmddds ey dierdadifuhctions qEpedt 100 L&iﬂﬁi%l heogic
present inventi oryioshusc)h wehdearpt | Og beel r%# rllcl d wi tcB"}en the scope of
this inventi d¥P® Lﬁ? epﬁ’l‘é’s i"h i R PYOvi Rk zf #ronous
rectifier cojmdlgiaigpgy provides dedfiiinidte meame rcdsgdorssiven tages contro

signal for sefiffddeelor RHY I Hvidhti conduction of an applied AC signal,
and 5 i c?r TVer TTeEdans It:spt?rrr\bi ve to the applied AC signal and

adapted to 10 provi &8 8RigctoRfr EhesPERERNEN1BYRBRALGR 4% WOt PEON 92 i ed
AC signal, rectifier cagubla rofi e imeCttidtiadrlyi dnteagaidlsdgtvasd S|
"“chip" form techniques The present invention provides a rectifier
conprising fitst, second and _third MOS transistors 15 i t he
first transistor adaphe§urshssl ebdresl 9fcshpl dnyanthednildg tACPSioyide a

az at rgc]td)f i erd:d}iitﬂlﬁ]n whilch tp_ermits telh@ %%ﬁﬁ@a&&%ri,hltdxﬂtac{mﬂc{z{a? bgl ng
adapt e pr.ovi S ive coypling ,su e rectifie
output is pr&ﬂs({g'g‘sé(?@;ﬁqlé&’lieﬁg ok A5Vitge f%‘%a%qep%g‘\rti F &t tions of
the AC signabp&n&ﬁﬂmﬂnfﬁym an AC powefheomammnoM}ﬁhyuﬂ ﬁayﬂnguﬁheuuﬁnaﬁve;
i .e. the switGh JrRaNs Je%%@lgt @nd voflt;aﬁpe QQQ'u'l%Qii%% HidRlits rboevided

The rectifying device or arrandgenent o e present vention nma

her ei naft er ¢*°8&d to as an Integratable Synchronous Rectifier (ISR),
W t hout 15 Summaplyy iofg Iaventiimint ati on. 25 The present invention

providesan | SR conpr pgkRE: of the invention will be described,
compatible with either NMOS or CMOS fabrication methods,
however, any form of MOS may be readily adapted for use in

the present invention; such adaption being included within .
the scope of this invention.

20 . .
The present invention provides a synchronous
rectifier comprising :
switch means responsive to a control signal for
selectively providing conduction of an applied AC signal,
25 and

driver means responsive to the applied AC signal
and adapted to provide said control signal in synchronism
with the applied AC signal,

wherein the rectifier is integratable into VLSI

30 "chip" form.

The present iqvention provides a rectifier
comprising first, second and third MOS transistors

the first transistor adapted to selectively couple
an incoming AC signal as a rectified output,

35 the second and third transistors being adapted to
provide the selective coupling such that the rectified
output is provided except during substantially positive
portions of the AC signal waveform. '
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transi stor means coupl ed between a source of AG power and a DC

z vol t age storage nmeans, and driver neans, adapted to respond to
an appl i wal said driver nmeans -bei ng coupl edpCyAUssI00Na4 d
transi st or neéns on" when the vol tage 30 potential of said applied AC
signal is below a reference value, said driver means being al so

coupled to bias said transistor neans ~ dof f~ when the voltage .
potential of said apphéeclo€xsl 09tdnab fdoVeveRi derief efeaseiyal ughewherein

sai d transig&gicgeggg oggrkﬁ aaRégEE%a%ES%%%?nibsggghaqnd said driver

neans conpri ses secon
4 The 'E)‘P%Séﬁ@tifwm idevigo v tesr rangSrReabnpf i theagpresent

a gated conﬂﬁebhemomeaay seuabeélhsﬂ\senzaféeuéaetef afCahNRHk ed?d table
reference p te means coupl ed between

the refgren g“ghfﬁ?°§ﬁdgﬁt§bgg 87 (BSR)pOYéﬁPPHF bBPRVlnﬂhé“Buffer means
havi ng an olipétatheneof coupled to a trigger I nput of the

conducti on neans, thﬁ:@%i@éaﬁ@%éﬁéf&ﬂ'ﬂ%%&é@é#' 9%%3ﬁxﬁgisrngd t-o

signal to the trigger in I n response to an AC sig el n
the ISR t ho TFA41 240 AR RPIRIRA RRERRRIBHRTSFES dbrARg a
portion of ponegaandeapaakvoltage otot&ge apphhe¢ Addsi gnal ; 10

espona to the 111 P S RAAEE Caddb A LSS BT BTl ag; o
peak, the Slgnalcoﬁﬂaét 6hvﬁéamga®$ob¢ﬁwg co@péaddtoebeaen55190|nt a
rectified Stﬂ@ﬁ$i§@oih§éaﬁs "on" wﬁ@ﬂe@ﬁéa&oﬂtééérﬁGG@nt?a?aH§egaEQ exi st

bet ween t he_su refere ential pojnts 5 The
present mv%ﬁ?fg?fypggv?h%%ag P? §?]c%"ﬁp? E?%%’%"‘F?rg?iugecﬁﬁéldaﬂﬂi"er
third switcoheamsingeing also coupledietd ivkds asalid etonnls §stdchmarans "beEifig

coupled in he 130l t dPREN a;Leference
pot ent i ¥ p‘ﬁeé §h@e¢~<\!\P€£gél pOtent 0 % 10 w%}g%la ?og%ﬁgg%h%%d swi tch

means; 20 béve snE?héggﬁf?%a% iﬁé&mﬁﬁ% %k?ng coupl ed between a point at

whi ch an AC said transistor means comprises a first MOS
transistor, and said driver means comprises second and third
MOS transistors. '
The present invention provides an ISR comprising :
a gated conduction means coupled between a source
of AC input and a reference potential point; and

20

a buffer means coupled between the reference point
and a supply potential point, the buffer means having an
output thereof coupled to a trigger input of the conduction
means, the buffer means selectively providing a first signal
to the trigger input in response to an AC signal being
applied to the ISR, the first signal being provided
substantially during a portion of a negative peak of the

30 applied AC signal;

25

the conduction means being adapted to provide a
conduction path in response to the first signal so that,
during the portion of the negative peak, the conduction
means provides, to said reference point, a rectified signal
so that a potential difference is caused to exist between

5
3 the supply and reference potential points.
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sighal can be applied and the reference point, the third switch neans being
sadapt ed t hele, to the reference point, a rectified for ‘sg&ahied
AC ng%ﬁﬁpga?n response to the trigger signal; nibeh'ﬁm

trigger signal being provided at tines when the slope of the applied 25

AC signal is not substantially positive. 517 no vol tage conparator neans is

used the duration ofhéhgrésént sheawtioRypbeviepensentsrpesmpbesshgearatio

I f such vol.t neans i s used, the duration of
Sald flrstN%1r5t' §F§HQE ﬁPP|%8é=§eg§3 he&e8§ Sthe operation of said
vol tage conparator nemesfirst and secondhgwptebemeéansveeingncoupled in

the rbct | 1yraguas, BEruBshof v IRBak patent1RT NG WAEC o0 1RBer SR D)0V ¢
bet weews thePeNBn&A61V§Qi§GppﬁydrRFPgléﬁthé tflggefrééﬂpﬁ}lﬂ@(ﬁhﬂ(ﬂ?iﬂ%e

storage capaeiteh megnkgke the form of an |ntegrated circuit and
capaci tor assenbly, the bject pf a co endln ap ti zener
di ode, or other regu %foéglkiys%ﬁ ?l%ﬁg gn E% g QﬁgngPeF\M

5 tpeio&pa¢iwbﬁchnaorasrstgnplocadeba nppélsﬂabhd Dcesupmq¢ence

The present pbayent kge HBY:EVQWR@EhamEQBE'B¥&HQ edbpiel itB wthhdkheto
HBX|nun1pos%hble ngVIn% voltg ge is aﬁg g %o t he rect|f¥ transi stor so
as to 10 guFftereagh PPLEReP ERSHIAERE FOLBNARECPPNEPPL RS Ai ode)
thereby acheégnay an Sespomrenbim théi tréggyr amgneilni mising the area
required on the chipeforefiiSer si nafr@@§h§t§¥ovided at times 'BReRr €AEN

netuding asiPRRSGNGRF, 2PRLLAdvPEcshanAy ARappEastberapsisaly o

i nducti vel ypopotérefr oifanoexvdtaget sompseatbhemeesei ¥edupeder theing in the
10 fOf"10Eu§9thh5b9“Ehe EP?SESﬁﬁ?ﬂé@gmﬁguﬂhegebgnagﬁE'B?othh%Csﬁanal

and 15 provi de _a storage_capacjfor_wt ower he stored pomer bei ng
made ragbap 96 UerYp- thé déVFBeV§1&Pﬁ8uF9P9a‘at°‘ means ispugegy e
enbodi nent sthé dheapieseat sayenftﬁﬂtmsibnammmbmldbscdebedmzned bywithle

reference t§p£PQt?SﬁOEEaQXiggvgi@%%Qgéo?ﬁQﬁéﬁbP ?&§ Figure 1

shows a hal f=wave ' rec accor
The present 1nvent10n may be 1ncorporated in a DC

20 voltage supply. The DC voltage supply may provide the ¢
rectifying device together with a storage capacitor coupled
between the GND and Vvdd supply rails of the rectifying

device. The storage capacitor may take the form of an
integrated circuit and capacitor assembly, the subject of a
copending application. A zener diode, or other regulator,

may additionally be coupled in parallel with the capacitor

in order to provide a more stable DC supply.

25

The present invention may provide a rectifying
circuit in which the maximum possible driving voltage is
applied to the rectifying transistor so as to turn it "on"
(rather than merely connecting it as a diode) thereby
achieving a maximum efficiency, and minimising the area

30

required on the chip for this transistor.
The present invention may provide an ISR suitable
35 for use in any device, including a transponder, the device
being adapted to receive, inductively, power from an
external source, the received powér being in the form of an
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Figure 2 illustrates diagrammatically the operation of such a prior art
fectifier; Figure 3 shows an I ntegratable Synchronous

Rectifi er“(() $9psosgcor di ng to the present invention; 2@CT/AU88/00444
Figure 4 shows a CMOS inpl enentation of a first embodi ment of the

| SR; Figure 5 shows a NMOS |6an enentation of a first
enbodi nent of the | SR; Figure 6 illustrates a PSPI CE
nodel per f ora@nsiegrsd hul the o'hSR)fbeiinq SRwpled abtxoreli thigf y ot iré ghi€ es fignal

Figure 7 shoygg a e e réadsé&r y@iﬁ@ﬂ%mﬁp@éﬂpr fR&Nsrobe€dpower

In a second preferred enbodl ﬁo pr esent |nvent|on t ransi stor Si zes
are shown i rP#dRg Jrade 3R $€H§ r the 'device: S FLRFRIBE ¥ hows a CMOS

i npl enent ation of a s&e&m&qﬂaﬁemhdaimﬂmts @Ebmmaﬂyﬂesﬁhﬁfuhwyﬁr&ﬁﬁ will

i nventi on; Fi P9%§ ?Ngﬁ i n of afirs
formof5t hearpg'h,be desc%ic%epq el wave T ec |fé|mg%§:&r§“?%8 It

shoul d be noizawings,, %h4¢ﬂigﬁ1the follomﬁng description is made wth

6 reference tsqg%z@V@SsMo\AELla Nl reRRRlealde@t iFfi e d D r Pidyere S
I npl ement at i on.s are prOSSI bl e. For exanple, a CMOS P-WELL | SR wi ||

provi de oppdd ‘age polarities with respect to an NNVELL | SR
Figure 3 shoms a basiFd gursl @nddilatsitgates diegreevartii dadiaghttihen omdi athi o

will be di sqyy_ssgaq:ﬂrh iQ,,_degxa&Iré/ugil"ﬂree,gard to Figures 4 and 5. The

capaci tb? s not .f ot pa t he present invention. The
rectifying device ut %?I gusE 3 5 howE al(bg %pq&ag egt clhr % or, so
arranged as Rexffivfictd il SR) @& owdimondus the predigct |ifn‘eent8n!mce t he

present |nvent|on nalf»qgu%eqofshlaq,smar eos dap1eaen®4tiRin of a £iIMSE
transi stors |t | nheregt I{ s{ﬁ%-sw ted for i nmpl enentation on VLSI chips.

10 NVOS TP abl e, however other known inpl enmentations
can be fgntenplated.Figure 5 shows a NMOS implementation of a first

embodiment of the ISR;
Figure 6 1llustrates a PSPICE model performance
simulation of an ISR according to Figure 4;
Figure 7 shows a preferred form of a Voltage
20' Comparator means, used in a second preferred embodiment of
the present invention; transistor sizes are shown in
microns, width:length;

Figure 8 shows a CMOS implementation of a second
preferred embodiment of the present' invention; and
25 Figure 9 shows a CMOS implegentation of a first
form of the ISR, adapted for full-wave rectification.

It should be noted that, although the following
description is made with reference to.a CMOS N-WELL
implentation of the ISR, other MOS implementations are
possible. For example, a CMOS P-WELL ISR will provide

opposite voltage polarities with respect to an N-WELL ISR.

30

Figure 3 shows a basic implementation of the
present invention, which will be discussed in more detail
with regard to Figures 4 and 5. The capacitor C does not
form a part of the present invention. The rectifying device
utilises a MOS (field effect) transistor, so arranged as to
function as a Synchronous Rectifier. Since the present

35
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Toithis end, the present invention nmay be utilised either alone, or in

s conj uncti %h suitable vol tage regul ating function. a volta
reguLatinﬁR?ch on is provided, either of the well-known SePEEEAH$ QﬁgHt
15 ‘regul ator arrangenents nay be used. The Shunt formis of particular
merit where an all-integrated powdr supply circuit is desired, due to

|45 01 Y3h0ehtebh makes UGS Gl ha0E1RLyLLSbRLLe bisepRyABROL cCl) 1o the
Uhis foarur bransistors St i AnhoxalPLyorethracasen FAL: hBPLoRGRLARoR
(gat e- cont r ohl ¥dS¢orbipsi.oNNMRE andnOMesS are most suithblehehoweviefi er
device whergife &hﬁneaﬁ'qugueaéﬁkgkgoﬂglxangpxoksﬂgsmhiated applied to

the rectifying transistor, so er than nerely
connectsng it as a df®deyis end, the P‘eﬁ%ﬁﬁC%KE?W%??%fm¢¥g%ﬁe“ﬁl%bﬁﬁ¢|ses

three MOS té&ﬂhbstaEBnM,,oNEiB5con§ﬁdc&BonNﬁx&hdaNﬁuwnybbe kb&hagﬂel

transistors y chan perat e
in opposite gg Rﬁ ﬂ? fBSC%ion i f Nﬁere & ggit%ﬁ? RﬁaUQEE%Bg gcggcg 3ersa
M is of a EGPVFéBéntesﬁbertefehhblEelhekGQVDcéeries OFosbaﬂFyIPB§1F§QGlred
pover fr0n159€aﬁ§éﬁéﬂﬂ§|mb9pﬂé used The Shugﬁefﬁﬁﬁaﬁbtef fafRY ch@aan

"of f-chip’ ngg g c terF?t é é $ tor lge .enbodied in
t he VlElOChPﬁ YaF ByaﬁtF ﬂg A4 n5°¥?Fa§ ﬁlp abﬁcltance
The capaci t deskmgdpr dupdtcaltsorhibi hpats 1Dm1§tbheng°1tage p&citsi ed

energy and prgutdi egeaesgbﬁkae&eaﬁg EROSYEST E&euwaﬁl ¥Rtbageve whi l e
an AC signa rectified b

|
B he TnelBagBB L cBer befofeSuL ks The egbae¥8?fh5§1§usgﬁanfﬁa||y
no energy stored therhe ntcansidtiots v stsEd jar eelof ¥r ofowse@d si gnal may be

applied gc»g gtég%%ﬂ£rof£%8nconéﬂcf?@@?”ﬁ@aéO the rising or falling part of
each appl1ed AC cycl I SR may. rectl%g%izhe applied AC signal in

the following 5 nrdhnte‘?e ‘iﬁ"r%’tq‘f‘ gevtiee bR T iR BHBbve Vdd, M
turns on, MioastbM drivingreobtége The applhgd Ao voheagecthfybage no ef f ect

the I SR " ' t. As th
ggpllgd " soﬁ?age %£°%%saf t?cﬁ#éﬁ fhend SR [ P2 PROY! ERaR QYL RY €
connecting 1t as a diode).

20 The CMOS ISR of Figure 4 comprises three MOS «
transistors M1, M2 and M3. M1l and M2 may be N-channel
transistors and M3 may be a P-~channel transistor. M2 and M3
operate in opposite synchronism, i.e. if M2 is ON, M3 is
OFF, and vice versa. Ml is of a sufficient-size to enable

25 the device to carry the required power from the AC signal
input.

The capacitor C may be an 'off-chip’ component.
Alternatively, the capacitor may be embodied in the VLSI
chip and/or by utilising existing stray chip capacitance.

30 The capacitor may provide a storage means for storing
rectified energy and providing a substantially constant DC
ocutput voltage while an AC signal is applied to and being
rectified by the ISR.

For the purpose of description, assume the

35 capacitor has substantially no energy stored therein and all
transistors are off. An AC signal may be applied to the ISR
at 'AC-in’. In response to the rising or falling part of
each applied AC cycle, the ISR may rectify the applied AC
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I\/E'isturned off, M3 turns on. Wth M3 on, ML triggers on, thereby

< providing a conduction path between a term nal at V\/m ch the AC signal
is appli eWQBH0IF8 GND. AC current thereby flows to GND and BGE/&USEH
st'orage capacitor coupled bet ween Vdd and G\ND until ML is turned off.
As the applied AC voltage beginst@ ance again rise, M2 is turned on

d t hi The A I '
part of the ToRRElofny rheBeflaning nenper- " TYPsLRRG, GRS MERVBIESER
During the risées p!aoveovddheMA(Itstrgmadmcyuleam K3 age offis ne@henrlﬁtwg
since littley, f&SPﬁgggsmﬁ 'ﬁ‘ot Seer eet@@pﬁgatprefrﬁaythsﬁ bhoke

negati ve part ed  AC 51 gnal® &yc has a
proportionatéh§ ISR t°sﬂﬁwl@%léfag‘é‘1’fﬂ#%nt|ﬁ$ therdpplied AT -uiisuupg the

ﬁ/Epltle? AC Vl@ééﬁﬁ@ b%gf@mtomagﬁs Nedohéd M!ftunmswfﬁs &B.0nMwi 1. . causing
o tarn op, thereby caus rrent to owt D,..0..29.,
t he voltage ’Ejt o?'é’g% %gf)a%?to&g ‘r%?% ?f%"df‘ﬁ% f%gél/‘gﬁage rg;ﬁll hg O%Q S
i ncreased bya tbermbha hgat ek elvethe AGretigoal t he appbigdcapdci:tibr of -t he
previ ous cy%@r:ﬁttbﬁea@wlgﬂo#@ Vol difcai@ai At bi 686, sMradB 3ap at-:lﬂltaed

ff t d Thi I ' til AC
oignal is Coupledratbress ¥ A ol eSO ChEVHIPhRR D8R | apR Ehe
st or agelﬁapaa:ppbre@xkép‘tOQSage vitegi nhetapphcedagdinoti age N2sks. tﬁheed

storage capagy tafq "BY €40y! MDPGay turn S&PP' y '?Qéeﬁé'%l%gc\!ohh@% to
ot her (Ioad) deV| ces CoPFpl ed etween Vdd an ara terlstlc

of the preséfh e Y St t%\f;et%?r%%%/ie Al € ?B? d on or
t he capaci togsrcﬁndéserhci mmpm:.enkmm.’mg heheontlsict g vpayt ob £ Mthe AC by

poosting the, appli & Y 4] HMeenet? on, %r$csifé9UIPt§l§h9¥‘§ﬁ5§§ pgesent

i nventi on, as t or a at1 on process rocess
cannot pgovitePTRE R e 1 §ERE3 %8 cﬁasi’acsjot% from %e@bﬁ%g %eﬂﬂ/bS"E)eBPéltl on
devi ce and rgf higie tiwuiatencusnggnat]s cs,mleehlvvxgd only hasiggeropgoretdbhy from

the applied eby

8 prégt\c/\él%} i I'n ﬁ] é&%teds for : From
t he above descripti or‘\‘-s |tthecémpliée§eé# t"lﬁ’d»ttam? hﬂylfflﬁwd:tq Afain kA, M2 5
driver, buff@irfy dfWETNProd) adfudiig Wt 8 PioYisles ENerdbysésnsing

current to flow through M1 to GND to the voltage storage ¢
capacitor. This time, the gate voltage turning on Ml is
increased by the voltage increment stored on the supply
capacitor of the previous cycle. As the applied AC voltage
again rises, M1, M3 are turned off and M2 is turned on.

This cycle continues until the applied AC signal is removed,
i.e. voltage is supplied via the ISR to the storage

capacitor except when the applied AC voltage rises. The

20

25

storage capacitor may provide a DC supply potential or
voltage to other (load) devices coupled between Vdd and GND.
30 A characteristic of the present invention is that the
voltage already stored on or in the capacitor C, itself
serves to enhance the conductivity of M1, by boosting the
applied gate voltage.

Figure 5 shows the present invention, as adapted
for a NMOS fabrication process. This process cannot provide
P-channel transistors, so M3 becomes a NMOS Depletion device

and rather than receiving its switching trigger directly

35
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reét i fication, by s dfiz Shest | ng the AC signal, or part(s) thereof,
. through 5 ML and ge storage device. M, M3 nmerel
f unct.i onWM@39/p3838er | is, to provide the AC S|Pﬂdﬁu§é4"9ﬂ4i on.

Unli ke comon CMO3S design practice, I\/IZ, MB may be of unequal si zes.
Unequal sized buffer transi stors may previede a | ow threshold voltage.

oot or B A Biad e Al SEES [an U SIBIRREIY o RBELRE 10,

fabrication osen I arge as and

be as snual |posy bdirng b(!en g e o) (ﬂ.{l@tﬁ#ﬂilw Mﬂn he | arger I\/IZ and

et s g o o loutet o
s an e transistors oc va ua i tate

(area). n3 f“n‘:tw'MLt?mg‘f He? HNoseh 1o é};"%’ L x|“f:t?e r8$%£e§ fgﬁabl e

t he sesectemllACMB proypides the mssanamgmwtmtmgmgsﬂsenvebr

causin r ff
and M is W@P%aﬁ}@ o sxgnJP V@é?%yng%(%geuﬁgioﬁgma%?ﬁ%?tﬁa@ea?gvgl

the limt H&Mte R ‘fﬁ)}r?ﬂgﬁts‘}/ﬂﬁ%ﬂ\e tdRyiegR » M3 cpyon
over-vol t agerigger M1, thatlf\s,orwhar tovidei ths et hei posbideletyioh. a

| at ch-up occurring I(j‘rlé‘g‘e buff m%I%O%Odes’%% %{?ﬁ t:he, r%z% f' rﬂgl;aggsistor

ML shoul d be wel | ari €s
struct #Bes o uegeal |Wﬁ3)-f t“@@#ﬁbsﬁi#e% b‘-l\ﬂf%ytfanﬂs"-%bﬁv%ﬁi’ent ly not

be fabricat Hu@ aV?AvL 'thidifold VSCEASE. thez\wé gL Pézgéle than M3AGin
poi nt necessarlﬁiy %tts i de the s n of C?b € a| | s

during oper™h§ a?arcf @SS °"'t Eﬁ)‘b‘?%p‘?? et h%? 6?nl\/ll. Shoul d
25 condummmnlfagynctlinﬁsubstﬂhtmy e ahelMige e¥sriprssbekerand W& in

SW ngs may ﬁ&aéé Vé‘mafv%hs eIy ety prely "!'éxé’e”'du?déj ghe wperasi 08 of ML

Nevert hel ess convem ent | e made of suffici that
the regyi s&*éa"eu?li%n]ta‘?%ﬁ/‘-' H’éz and a%‘%%’dl%'t%ut Ehe  MRAT Y- %?giﬁs‘u

d:cffESI on/ bstarpde mh osles (dwii ttkqurﬂlqperates aod L ks @t thae AC-| n voI t age
of about alg;:é)#ls 0 e fabricated
in a "well Pt"]a\ﬁflé&rs occurPeth‘%\%n to th gkat éieﬂﬁa—s gﬁ%\ae deV| ce MB
may not cause | atchMipmust bepchgsess tior be gfs sPe{‘-tfrllcéz?t"éd S4E&dtYsilicon or
netal . enable th&&iémw useIgowd tlepass priecdugie, wi tisostibst rat e

gaggffgggng?Of ﬁ39I1$ﬁ9f¥t JF crmggng be, ML Nesk 1191 & e SN 80L 8 tadlie

drop. While M1, M3 are off and M2 is on, the applied AC

signal may rise to any voltage level, the limit being the

point at which the ISR is destroyed by over-voltage. :

In order to minimise the possibility of a latch-up ‘

55 occurring in the buffer of the ISR, the rectifier transistor '
M1 should be well segregated from the boundaries of "well"
structures in the silicon of the chips, i.e. M1l may
conveniently not be fabricated in a "well". This is because
the voltage at the AC-in point necessarily swings outside

30 the span of the Gnd and Vdd rails during operation and
carries with it the appropriate terminal of Ml. Should
conduction from the substrate into the M1l terminal occur as
AC-in swings negative, such conduction will only aid the
operation of M1. Nevertheless, Ml will conveniently be made
of sufficient size that the requisite current may be passed
without forward-biasing the diffusion/substrate diode (this

typically occurs at an AC-in voltage of about -0.7V).

35

M2 may advantageously also not be fabricated in a
"well". The connection to the gate of the P-channel device
M3 may not cause latch-up problems if it is fabricated in

polysilicon or metal.



9 . returned to Vdd in the CMOS i npl enentation (Figure 4), and to Gad
tin the WOB89/0%8%5 i npl ementation (Figure 5). W t PCTEUI88/00434 2
preferred enbodi nent of the present invention, inits CMOS

i mpl ement ation, as shown in Figure 4, ye_follow ng details a PSPICE 5
circuit file. (PSPICE, an_ industry-standard MOS circuit-sinulation.conputer
program is publishBlbgwingrvsnal 3PPofacien PrReEhee  CERRf SHRBAF2tehe

COfreSpondicla@nQ:cthbh]Es s(ihﬁ{mhin@ M2 @hvselmdi BeFirgth@néd lto the Gnd (
Simulation_resuylts or, Qw~ power application, .are 0 ent in
Figure 6). P?ﬁg%PSPITBE SH?’S&traﬁleo\té\’%s ngg J'Itlﬁlei’c?i |55|5iufn§%ststgr [‘),rc@; %&g\ﬂ our,
the 10 o@MPsSt inpleagatazidnt {EFiguiree 49i,gaad to Ghd timarchiestNMOSML. The
PSPI CE fil gl f Qlel : Synchronous Rectifier - Basic Type
T« dupisieptayion traglire 5). YT Cresv 10 56n
* *AC ‘Suppl yWith regppd to a puefesred(emBodBprpg)ofothe *
*Devi cehrmgebsentt!abealtlif:ar, anSthNEBgsr@ggasmentatiohgbago%ﬁdﬁ in
*"Switc " - it cou e e ch,w det .l esi,red,,
whi ch moupg%gﬁéﬁcé'tﬁ§3f8§%2P8q58|Fggsils 8°psphcloRithie %i%ﬁku) ML
2 30 0 nt&P§PLEBw wm3dpdustry-standard MOS" pirgud tiMsdmstlatipme basic
2-transi StQmeBYGEtﬁEoggam, 78 BuB19sHell BYIMkTdsim3@e rpoMidli®n,ne unusual
stze ’ IOIrvine,”@a%i o%%igggrng€3goﬁgggponaigg circuit schematic is

given in Figure 4.

Simulation results, for a low-power application,
are also presented (in Figure 6). The PSPICE output plot

shows the circuit’s start-up behaviocur, the output voltage,

15
and the drive signal to the transistor M1. The PSPICE file
is as follows :
Synchronous Rectifier - Basic Type
*
20 *Qutput Load .
Rload 1- 0 1k
Cresv 10 S56n
*
*AC Supply
25 Vin 1 2 sin {0 6 132kHz)
* . '
*Device models - typical for a 3u CMOS process
.Lib mos.lib
N .
30 *"Switch Means" - it could be made much wider if desired,
* which would reduce the forward voltage
* drop
M1 2 3 0 0 ntarg L=3u w=300u
*
35 * "Driver Means" - the basic 2-transistor inverter

m2 3 2 0 0 ntarg L=3u w=30u ;Note the unusual size ratio

m3 3 2 1 1 ptarg L=3u w=6u : at m2/m3
*

.probe
.tran 0.2u 30u This Sheet Has Been Replaced
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* . probe tran 0.2u 3u

10 .end Ei t her the CMOS or NMOS versj

pr esentworssgisosdn as her ei nbef ore descri bed may besgﬁéh@#s%roved
performance (greater el ectrical efficiency) by adapting the circuit
to provide nore exact swi tching of _ 51 . the "smﬁtch means" (i.e. M).
Practically, this ns separating the input buffer M/ M3

fromthe ACin p0|ﬁf &hat ﬁtEVQ%s?ﬁgp§%ﬁév?B?h?B? ggngpﬁgpresent circuit
(the af or ¢eagedtival eagbeceripbedboe deansibad shgwbei giVeguaa improved

adapt ed t Bepeathdhcs T4hshank! by rohanp dei(caEnghqnay. BBabhe YR

vol t age asses dabove or has two
benef|C|aFléFPé&t§° P&Fviée motReeKpghsEYE SRR 95t thRedSWAtERd of f nuch

”DrféLaplﬂbinsPh¢ﬁeby MQ?UCID@act1ca11?|eﬁh&bcﬁbahﬁs%ﬁﬁakﬁQﬁQPnEWQ:|e it is
SW Ing,(an ctrica

osi st ancanBUE BE shaThEe35E, BaLRaLEran FRs” ar-n paind: BRfng

occurs naynberbpe&gbtsoheséprmOthaensingheiGndlmantbesefhma§h@ﬁ reduci ng

| osses. "voltaEQecBﬁéanQbECHanﬁxth'Eﬁo%ﬁ”@nCQQQUQE'QW WQHE%v@E*H& i's
positive with rés resents oss. of energy from

ec re
the stora8&okid ﬁsg bstant&al Yvﬁa?é aEHVgnngﬂﬁgé C8/p&P&t 818 used,
t he gﬁffewo¢hﬁbbﬁbauebb above oprbétkoabthiabeofonker gatedadn . S|zmdsaccord|ng

D aroi or ohh80Blo! BEAREANEE) ereecel®tNoTa) "ARNESLRERLES LR i liide M

transi st or escrl I't age “Sensi ng
functi on tyraed pereednedfbpurhenyset 5aRIAdY., tbﬁﬁﬁéYaFGﬁUHBaﬂs while the

Buf f er lSeﬁebeEYcEEqmbﬁedstthEbYS ﬁhe1&ﬂit is swataashgt@anaSmﬁ&ficiently

as possibleg, { to | age
Cbnparato#ﬁﬁégﬁ i have reY%%ive E Aé?5§gt%g d'd rails

corr ggponébio ?heséObFage (at FFg&Fé ﬁt Mhin FHétGDEnglﬁécééﬁn@éﬂSth t he
gates of b@éb@htnclba&rFtGUEaatAOESthe eéRapkeate,reet thireheaceendiciggto this
second prfferred egp QEQE cigcgyg exﬁxbits some conduction while

AC-in is positive with respect to Gnd, which represents a

loss of energy from the storage means.

Zd Where such a Voltage Comparator is used, the buffer
(M2/M3) will preferably be constructed or sized according to
conventional techniques rather than using the very wide M2
transistor described above. This is because the voltage
sensing function is now performed by the Vol&age Comparator
25 Means, while the Buffer is solely required to drive the M1
transistor as efficiently as possible.

With respect to Figure 4, a suitable Voltage
Comparator Means is shown in Figure 7. The AC-in, Vdd and
Gnd rails correspond to those of Figure 4, while the Out
line connects to the gates of M2/M3 in that Figure. A

complete rectifier according to this second preferred

30

embodiment, is shown. in Fiqure 8.
Figure 9 shows the basic rectifier of Figure 4,
expanded to provide full-wave rectification, in the
35 well-known "bi-phase" configuration. Any of the other forms
or implementations of the present invention may similarly be

utilised, as would be understood from the foregoing by those

1thhwﬂ§mBﬂqummmi
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Fi éure 8. Figure 9 shows the basic rectifier of Figure 4,

-expanded to provide full- wave rectification, in the well-known
"bi - phasWO 8058 ur ati on. Any of the other forns or | RETAESR/GA44dNS
of the present invention may simlarly be utilised, as 30 woul d be

understood fromthe foregoing by thosejgkilled in the art. Likew se, it

ill b der,st by th - skil l,ed i,n th t.,..that th t, i ti
My be. SKAAIRE S S8 i Ly GiesE rod S O G HRAHR SRR o O
pol arity tcahdse skiddred in thenc rtesdhialtethien ires ey dgoiand: isvrh ek yreve .
THE CLAI M5 QERINNG i NN QY ARG AS FAQUDER in khe dbgodioty onous

rectifier conpri,sing: sW tch nmeans responsive to a control signal for
sel ecti vel PARAY] ?F(? dhedushosm gndadessribed Ae Shghforegping driver
means .r espembodd demti.ne applied AC signal and adapted to provide said

contrél signal in synchronismwth the applied AC signal, wherein the
rectifier is integratable into VLSl "chip" form 2. Arectifier as
claimed in Caim 1, wherein the rectifier is totally integratable into
VLSI form 3. Arectifier as clained in daiml, wherein the switch
means conprises an MOS transistor. 4. Arectifier as clained in daim
1, wherein the control signal is |evel sensitive.

10
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5. - Arectifier as clainmed in Claim1, wherein the driver neans conprises

*a first nd alter - ransi stor coupled in series
bet ween yﬁe@é&@%@e rail amﬂmmnﬂ“lﬁ"ﬁﬁmand wherein the fPCTIAUSRH 048t OF
is coupled to the referencerafl and i targer than the second transistor
coupled to the supply rail. 6. A reggitier as clained in daim5,
wherein the ' 3 S hnverte%, qnd threlp the first
transi stor FOT—€ e ‘ 2 = SISV ) ansi stor. 7.
Arectifier as claimed in Claiml1l, wherein the switch ngans ;écelre?_an
enhanced gate-drive gi : : rectifier as
cl ai med ig éfain17, &hggﬁ%ﬂr? %uznﬁ%%%%gfgfg%%?pf%s%?%vfded by .
vol tage conparator nB%hEchqmerns F®SBRRSEVE hEo pasepmyrel shanAl £pgna
above and beledwczivellgr ppeeiddhyagenducion Afr aat bbpeh e@ORRS isYigh@lf,i rst,
second and ljrd MOS transistors the first transistor adapted to
sel ectively couple an incomng AC signal as a rectified output, t he
second and third tra@éi%%br%etmﬁrmp%mhaﬁéxbttnFﬁhﬁdabplhedskteglgn&l
coupl i ng sughat kakptha Eecbksbﬁdeoﬂﬁpatcbﬁt?BQVh@Sﬂa???ﬁpEquﬁ&Bgism
substantial |y ROght! ¥§pRPLh' 8BS hallie AC sTgnal Wiaveform

wherein the rectifier is integratable into VLSI

“chip" form.

2. A rectifier as clgimed in Claim 1, wherein the
rectifier is totally integratable into VLSI form.

3. A rectifier as claimed in Claim 1, wherein the
switch means comprises an MOS transistor.

4. A rectifier as claimed in Claim 1, wherein the
control signal is level sensitive. ) <
5. A rectifier as claimed in Claim 1, wherein the

driver means comprises a first and a second alternately
arranged transistors coupled in series between a reference
rail and a supply rail and wherein the first transistor is
coupled to the reference rail and is larger than the second
transistor coupled to the supply rail.

6. A rectifier as claimed in Claim 5, wherein the
driver means comprises an NMOS inverter, and wherein the
first transistor is more than four times as large as the
second transistor.

7. A rectifier as claimed in Claim 1, wherein the

switch means receives an enhanced gate-drive signal.
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10. An | SR conpri sing: . transistor neans coupl ed between a source of

AC power and a DC vol tage s a d driver neans %B{ed to
respondw®89y0sesppl i ed AC si_| - ﬂﬂ Ei ﬁﬁl&@@r means bei ng c@tﬁr}éysgg as
sai d transistor neans "on" S potential of said applied AC

signal is below a reference value, saigydriver neans being also coupled to

bi as said transistor neans_"off" when the voltage potential of said applied
AC signal Bs aboveAdisfFhrididemt AR Me/Giatm 7. wRef iR 1 Hh&; st or
means conpénisesced fsigha MEstpaseidédrbyand said driver neans conprises

second and third t [ I | Sd a gated
conducti on neans %&%ﬁet v&%aatos%lﬁecaéé?)fad}@%%d aéné(}gsae r%?%r ence
potential PRFHENG o the ACshgmabrabevwssardupebew bet GeEArenser ef erence
poi nt and @oBt@psy potential point, the buffer neans having an out put
thereof coupled to a trigger input of the conduction neans, the buffer
nmeans selectively providing a first signal to the trigger input in response
to an AC s? gnal beidngeaytilfiied tawntphd €islg fiibves tf,i restcagidyreaid bigh hgd pM@wi ded
substanti al } yndilidigs @ portion of a negative peak of the applied AC signal

t he conducti on neans bei,ng adapted to provide a conduction path in yesponse

to the first signalth HFSHE tFAISHF Hofe a6eRtGesh & s 1¥ee € the
13 conducdn ainemsirsg (AOVS kpsal tas sl xectef Bieahcautment, a rectified signal

so that a potentialeydi fsfe;?:fg%%d'ds 3L R 3 e LYIERD ddiFpSipPLy and

reference potential points. o
provide the selective coupling such that the rectified

output is provided except during substantially positive
portions of the AC signal waveform.

10. An ISR comprising

transistor means coupled between a source of AC
power and a DC voltage storage means, and

driver means, adapted to respond to an applied AC
signal, said driver means being coupled to bias said
transistor means "on" when the voltage potential of said
applied AC signal is below a reference value, said driver
means being also coupled toc bias said transistor means "off"
when the voltage potential of said applied AC signal is
above said reference value, wherein

said transistor means comprises a first MOS
transistor, and said driver means comprises second and third
MOS transistors. . -

11. An ISR comprising :

a gated conduction means coupled between a source
of AC input and a reference potential point; and

a buffer means coupled between the reference point
and a supply potential point, the buffer means having an
output thereof coupled to a trigger input of the conduction
means, the buffer means selectively providing a first signal
to the trigger input in response to an AC signal being

This Sheet Has Been Replaced
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12. An ISR conprising a first, second and third swtch neans, t he

first and second switch nea In series betwe

pot enti al 9&%’5 0%8hd a ref ermmmnﬂmﬂﬂudﬁﬂL nt, and provi de‘pﬁﬁé\iﬁf’ 038%

signal to the third switch mdans; * " Sthe third switch means bei ng

coupl ed between a point at which an A€ ¥»gral can be applied and the

reference pg*ﬁiieéhéot9h§d1§ﬂ‘tERe”?PPéthi 9dﬂ€}ﬁg EQFQEQMBde to the
0

reference po a recti form an app In response to
the triggersy gfaantlally dvﬁénsrﬁga%ﬁswgnaﬁ beﬁlﬂgabweu BeakaP Lt thes when
the sl ope oéppheedppti etigA&lsi gnal is not substantially p05|t|ve 13. A
rectifier as clalne n a e, of the preceding,clai whi conNpri ses
only MOS transistors l'loepe‘fcf';{i/de‘fl‘: W "beaﬁr}esocpo%r}%l %P%%ﬁﬁ%t?g Vh‘g%le. 14.
A devi ce i nconguehiongpatheini fesponse ctai bivel £hrahysdgeadf sohéhpkecedi ng

cl ai ms. 1§ur1£gd€HéCEo@E;Shabﬁﬁgné“n£§§t0%44pebQ t PRef @bAUAE Lt Ron
transponder or shart gg?ﬁ adapt e to [ecel ve, |nduct|vel F‘Egmﬁr fro
t

external soBFERSiRAreH n?%fsﬁ d ppeEeppnfe PRLRFec?i FPE FAgsSignp ed to
rectify thesdGcsagnal pabvenptalidif ference ol 2 sdovsadetoapatstobeterense by

other circulflyshBsPs PORAt ek PeddE JEVELEIal points.

12. An ISR comprising a first, second and third switch
means,

the first and second switch means being coupled in
series between a voltage potentiai point and a reference
potential point, and providing a trigger signal to the third
switch means;

the third switch means being coupled between a
point at which an AC signal can be applied and the reference
point, the third switch means being adapted to provide, to
the reference point, a rectified form of an applied AC
signal in response to the trigger signal;

the trigger signal being provided at times when the
slope of the applied AC signal is not substantlally
positive.

13. A rectifier as claimed in any one of the preceding
claims which comprises only MOS transistors operated in a
gate-controlled conduction mode.

14. A device incorporating a rectifier as claimed in
any one of the preceding claims.

15. A device as claimed in Claim 14, in the form of a
transponder or smart card adapted to receive, inductively,
power from an external source in the form of an AC signal,
the rectifier being coupled to rectify the AC signal and
provide power to a storage capacitor for use by other
Circuitry incorporated in the device.
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