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Active rectifier for use in a Ppower supply cucmt, comprising

3
s HE &
L (o)
R —

2 diode (4) connected between an input terminal (9) and an output

terminal (8), characterised in that it further comprises a transistor (2) formed in a substrate (50) and having a control electrode (5) and
two conductive electrodes (6, 7), these latter being connected respectively to said input teominal (9) and said output terminal (8), and a
comparator (3) supplied by said power supply circuit and having two inputs (+, -) respectively connected to said input (9) and said output
(8) terminals, and an output connected to said transistor contro) electrode (5).




25 diodes, this voltage drop may be approximately 0.7 volts, 0.4 volts
In the case of a Schottky diode. The voltage supplied to the

ti me-keeping circuit can therefore be T 1.4 volts less than

t he vol tage provided by the Al == LAl f stor with the result that
powEr is | ost.WO9m3¢%many circ in Iom#pomer“cﬂﬁmﬁmﬁmiage.

applications, this power |oss pecones.—s ._;a—wu“f“ and undesi rabl e.

In order to overcone this loss, It =1t would in t heory be possible to

i ncrease the nunber of turns in the AC 35 generator's coil. However, a
coil having a | arge nunber of la turns is bulky
and may be difficult tdSHeds il VN MSNEAT ERERGEI BOSPES t i nepi ece
of small vol ume’ WO 97/24795

PCT/ EP96/ 05825 The present invention cé%cérns rectifiers, and in

particular rectifiers which comprise a diode connected
between an input and an output terminal.

It is known to use rectifiers in order to entirely or

5 partially constitute circuits which transform an
alternating voltage produced by a voltage generator into a
direct-current voltage suitable for supplying power to
electronic circuitry. Such circuits are used, for example,
in wristwatches which feature an AC voltage generator and

10 a time-keeping circuit driven by the power generated
therefrom. In wristwatches of this type, a rectifier
circuit is needed to convert the alternating voltage
produced by the AC voltage generator into a DC voltage for
driving the time-keeping circuit. In known wristwatch
15 applications, rectifier circuits performs either half-wave

" rectification by means of a single diode, or full-wave
rectification by means of a bridge employing four diodes
arranged in a conventional manner.

However, in forward bias a diode exhibits a voltage

20 drop between its input and output terminals which is
slightly greater than the threshold voltage at which
current begins to flow in the diode. For silicon junction
diodes, this voltage drop may be approximately 0.7 wvolts,
0.4 volts in the case of a Schottky diode. The voltage

25 supplied to the time-keeping circuit can therefore be as
much as 1.4 volts less than the voltage provided by the AC
voltage generator, with the result that power is lost. In
many circumstances, such as in low-power, low-voltage
applications, this power loss becomes significant and

30 undesirable.

In order to overcome this loss, it would in theory be
possible to increase the number of turns in the AC
generator's coil. However, a coil having a large number of
turns is bulky and may be difficult to house in the

35 limited space available in a timepiece of small volume
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such as a wistwatch. If one were to produce this coil wth awre
havi.ng a sufficiently small dianeter for it not to be bul ky, it becones
difficult and costly to manuf acture. |ncreasing the nunber of turns of
the AC 5 generator's coil would also increase the resistance of the Coi
and: hence addwip®7h4¥8s power | oss. Furt hernore, the absverigpise®ned
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An object of the present invention is to provide a

15 rectifier which alleviates or overcomes the disadvantages
of known rectifiers.

Another object of the invention is to provide a
rectifier which minimises the energy loss during the
conversion of an alternating signal to a direct-current

20 signal. '

Yet ancther object of the invention is to provide a
rectifier which can be realised in the form of an
integrated circuit, preferably in CMOS technology, which
minimises the number of required external components.

25 Still another object of the invention is to provide a
rectifier: which is simple to realise, which is efficient
and which occupies a minimum of space.

with this in mind, the present invention provides a
rectifier for use in a power supply circuit, comprising a

30 diode connected between an input and an output terminal,
characterised in that said rectifier further comprises a
transistor formed in a substrate and having a control
electrode and two conductive electrodes, these 1attgr
being connected respectively to said input and said output

35 terminals, and a comparator supplied by said power supply
circuit and having two inputs respectively connected to



35 terminals, and a conparator supplied by said power supply circuit

and .having two i nputs respectively connected to WO 97/ 24795
PCT/ EP96/ 05825 3 said input and said
output term nals, and an out put connected to said transistor control

el eetrode. wW09724M5c di ode ensures conduction of the recti PCEEPHIRSeN
the input and output termnals at start-up., Once the 5 m ni num supply

vol tage of the conparator has been reached, the diode is short-circuited
by the conparator-controlled transi stor so that in normal operation the
vol t age drop across the rectifier substantially decreases. In a

preferred enbodi sepd dhpute amdesaidn, outmutli edemifialey hendoaat idudmte by a
parasitic junct kg&hx?é&%%f tar ?Eﬂiit{l‘ansigggrs%'&?{vé]ﬁ-%ﬂ.eéergﬁet o still further
m ni m ze the nunber of_.external conponents which aré required.

Ot her objects and adkRs gdedecensypies conductinnenf e reciifiercberween

apparent from t hehéolihpwknGriEseitPht Okeininals aAWnstartiabi vonerangle of

vari ous enbodinents. of t [ fier hi s descr. pti.on || be de with
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circuit includi ngrangfst®ctdd i EiatiCoOrsbAtaT Copditat IENEHO Voltage drop
across the rectifier substantially decreases.

In a preferred embodiment of the invention, the diode

10 may be constituted by a parasitic junction diode formed in
the substrate, so as to still further minimize the number
of external components which are required.

Other objects and advantages of the present invention
will become apparent from the following description of a

15 non-limitative exanple of various embodiments of the
rectifier. This description will be made with reference to
the drawings annexed hereto in which :

- figure 1 is a schematic circuit diagram of an
embodiment of a half-wave rectifier circuit including a

20 rectifier according to the invention,

- figure 2 is a schematic circuit diagram of an
embodiment of a full-wave rectifier circuit including a
plurality of rectifiers according to the invention,

- figure 3 is a schematic cross-sectional diagram

25 of the transistors constituting part of twe of the
rectifiers of figure 2,

~ figure 4 is a schematic circuit diagram of
another embodiment of a full-wave rectifier circuit
including a plurality of rectifiers according to the

30 invention,

- figure 5 is a schematic circuit diagram of yet
another embodiment of a full-wave rectifier circuit
including a plurality of rectifiers according to the
invention,

35 - figure 6 is a schematic cross-sectional diagram
of the transistors constituting part of the rectifier of
figure 5,



- figure 2 is a schematic circuit diagramof an enbodi nent of a

full-wave rectifier circuit including a plurality of rectifiers
according to the invention, - figure 3 is a schematic
cross-sectional diagram25 of the transistors constituting part of two of
t he® recti fwensgabsfigure 2, - figure 4 is a schammros/ossesui t
di agr am of anot her enbodlnent of a full-wave rectifier circuit

including a plurality of rectifiers accordfng to the 30 invention,

- figure 5 is a schematic circuit diagram of yet anot her enbodi nent of a
full -wave rectifier circuit including a plurality of rectifiers

according to t he , LnVeﬂtdtﬁ.‘b 35 is a -~schbfdESco disag?-aﬁx?h%@téé?ver 1l
cross-sectional di agr.am of the transi tors ﬁon it ng p ﬂ
rectifier of pprag}glg elements gﬂqé e 1ffu51o the two

PCT/ EP96/ 05825 transistors of figure 5, and - figure 7 is a
schemati ¢ di agram of _sevgy p Sigt | S b ffysion
Vﬁ@;x?l 8P3{ @5 Qﬁﬁéﬁ%i‘& éﬂg% ¥nbliand oM

of the two transistors o ure 5,
schematic di &gr SFCOSIRSRE a® he spatial arrangement of the MOsS

transistors of the rectifiers of figure 4.

Referring now to figure 1, there is shown an active
rectifier 1 comprising a MOS transistor 2, a comparator 3
and a diode 4, this latter being preferably formed from

10 the Qiffusion of the MOS transistor 2 into a substrate. In
this context, the phrese ractive rectifier” is intended to
refer to devices which rectify an alternating signal by
using at least one active element, such as an operational
amplifier, comparator, transistor or like element, which

15 must be supplied by a power source, as opposed to "passive
rectifiers" which use passive elements only, such as a
diode. Similarly, the word "substrate" in the following
description is intended to refer to a substrate, well or
any other structure in which a transistor is formed.

20 '~ The MOS transistor 2 includes a gate 5, a source 6
and a drain 7, these latter two being respectively
connected to an output terminal 8 and an input terminal 9.
The MOS transistor 2 is preferably a normally OFF device,
such as an enhancement~type MOSFET, which has no

25 appreciable drain current flow when the voltage applied
between its gate and source is zero.

The two inputs of the comparator 3 are respectively
connected to the terminals 8 and 9. The output of the
comparator 3 1is connected to the gate 5 of the MOS

30 transistor 2, preferably via a voltage multiplier 10.
During operation, the comparator 3 compares the potential
difference between the terminals 8 and 9. A logical high
signal is provided to the input of the voltage multiplier
10 when the potential difference between the terminals 2

35 and 8 is positive. Similarly, the comparator 3 provides a
logical low signal to the input of the voltage multiplier



5 enbodi nent of the spatial arrangement of the MOS  transistors of the
rect.ifiers of figure 4. Referring nowto figure 1, there is shown
an active rectifier 1 conprising a MOS transistor 2, a conparator 3

and a diode 4, this latter being preferably forned from 10 the diffusion of
t hes MOS transiWO@F24195 nto a substrate. In this context, tPCTHTPHISE2S

"active rectifier" is intended to refer £o devices mhich rectify an
alternating signal by using at | east one active el enent, such as an
oper at i onal anplifier, conparator, transistor or |like elenent, which 15
nmust be supplied by a power source, as opposed to "passive rectifiers”

V\/ni ch use passi vaOeWbrantBeoppyentinh distierence de¢wesnnther terminalso? d
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and source is zethe MOS transtisobvl acesiito afaximdseotheIdiain ugieént of

respectively t : e t

comparator 3 is Shncireifonca HE! By OGS AralBtsGULRY Fortdde.
preferably via aCopseggentdy: ithe g,esg,gtance betvesp dihe Srrdn, apfesource
conparat or 3 1QONEg' el&eﬁtheeﬁﬁi'&ﬁélxﬂ low wihidd GEBQCQIQQTSWQQBrt@ t8rdignads 8

and 9. A | ogical I S RLQVI tothelnput oIt e
mul tiplier 16 Ig é’r?ttve p&?ﬁ‘i |aIPl |ff%%rr’1%%e I'tlwé'en’f %né’l sg% 35
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signal to the inpyanglistbe, Vol 5] tivd igitieeloverdrive in the case of an
n-type MOS transistor. It will be appreciated, however,
15 that other embodiments of the invention may omit the use
of such a voltage multiplier as significant reduction in
the voltage drop across the active rectifier according to
the invention is achieved even without this feature.
The terminals 8 and 9 of the active rectifier 1 are
20 connected in series with an AC generator 11, which
supplies an AC voltage across its terminals, and a load
12. The active rectifier 1 provides half-wave
rectification of the AC voltage supplied by the AC
generator 11 and supplies this DC rectified voltage to the
25 load 12. The load 12 includes at least one capacitive
element to enable it to store charge and thus, as will be
explained below, act as a power supply for the comparator
3 and the voltage multiplier 10.
The active rectifier 1 provides its own supply
30 voltage, in the sense that the comparator 3 and the
voltage multiplier 10 are both driven by the rectifier DC
voltage generated by the active rectifier 1 itself. The
comparator 3 and the voltage multiplier 10 each compri'se
two power supply terminals which are respectively
35 connected to the terminal 8 and the common point between
the AC generator 11 and the load 12.
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5 . 10 when the potential difference between the termnals 9 and 8
i S negative. The voltage nmultiplier 10 anplifies the output signal
fromthe conparator 3 before it is applied to the gate 5 5 of the

transi stor 2. wideraedst age t hus applied by the vol t age nul pcriEresosits

bet ween the gate and the source of t he transistor 2 acts to maxi m se
the drain current of the transistor 2 at” any given drain-source voltage.
Consequently, the resistance between the drain and source 10 is kept
extrenely | ow when the transistor 2 is in a conductive state. This

phenonenon is referreghd oa@s gené%i- vq_lga,hgyogaer d{,fV@a |eybge &ﬁ'ﬁfoﬁya
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provi des hal f - mave fication o RC Vo tage supp T %c
the AC generator. The rotor includes a permanent magnet
and is surrounded by a stator. A coil is wound on a core

10 forming part of the stator. Rotation of the rotor induces
in the coil an electromagnetic force in the form of an
alternating voltage.

When the load 12 is completely discharged, for
example when a wristwatch including the circuit shown in

15 figure 1 has been left in a stationary position for a long
time, no current flows in the AC generator 11, the active °
rectifier 1 or the load 12. Consegquently, there is
substantially no voltage present between the terminal 8
and the common point between AC generator 11 and the load

20 12. There is therefore insufficient supply voltage to
enable the operation of the comparator 3 and the voltage
multiplier 10. In the absence of a signal applied to its
gate 5, the MOS tramsistor is in a non-conductive state
and no appreciable drain current flows.

25 Upon activation of the AC generator 11, for example
when the wristwatch is picked up and worn by a user, an AC
voltage is generated across its terminals and a
corresponding AC current begins to flow. As the MOS
transistor 2 is in a non-conductive state, this current

30 flows through, and is half-wave rectified by, the
parasitic diode 4. A rectified DC wvoltage 1is thus
established across the load 12, thereby enabling this
latter to perform its designed operation. In the case of a
wristwatch, the load 12 may be a time-keeping circuit, and

35 activation of the AC generator 11 will enable the time-
keeping circuit to commence time-keeping operations.



generator 11 and supplies this DCrectified voltage to the 25 | oad 12. The

| oad 12 includes at | east one capacitive elenent to enable it to store
charge and thus, as will be expl ai ned bel ow, act as a power supply for
t he conparat or 3 and the voltage multiplier 10. The active
rectifier 1 pro@%IB4M5ts own supply 30 voltage, in the sense ROTHEPOPB25
conparator 3 and the voltage multiplier 40 are both driven by the
rectifier DC vol tage generated by the active rectifier 1 itself. The
conparator 3 and the voltage nmultiplier 10 each conprise two power

supply term nals which are respectively 35 connected to the termnal 8 and
t he common poi nt betvm:ce thisheuatenentlon diasl beandestablishedi2the load WO

92/24795 & let%ﬁ store suff1c1gﬁggﬁgg§6%§§%§ the Yﬁ%ﬁacﬁated
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Due to the current flow through the parasitic diode

4, a potential difference of approximately 0.7 volts is

10 initially present between the active rectifier terminals 8

and 9. Once at least a minimum supply voltage is

available, this potential difference can be detected by

the comparator 3 which, together with the voltage

multiplier 10, provides a signal to the gate 5 of the MOS

15 transistor 2, thereby causing this latter to conduct. Due

to its extremely low resistance, the MOS transistor 2 thus

effectively short-circuits the parasitic diode 4, which

thereby results in the voltage drop across the terminals 8

. and 9 of the active rectifier 1 being substantially
20 reduced. _

Thereafter, the AC current generated by the AC
generator 11 continues to be half-wave rectified by the
combination of the comparator 3, the MOS transistor 2 and,
in this embodiment, the voltage multiplier 10, for as long

25 as the voltage between the active rectifier terminal 8 and
the common point between the AC generator 11 and the load
12 exceeds the minimum required supply voltage. The MOS
transistor 2 is thus placed in a conductive state each
positive half-cycle, and in a non~conductive state each

30 negative half-cycle, of the alternating voltage generated
by the AC generator 11.

It will be understood that the MOS transistor 2 of
figure 1 may be constituted either by a n-type MOS (NMOS)
or a p-type MOS (PMOS) transistor.

35 Referring now to figure 2, there is shown another
embodiment of a rectifier circuit for use with the AC
generator 11 and the load 12 of figure 1. The rectifier



and is surrounded by a stator. A coil is wound on a core 10 form ng part of

the stator. Rotation of the rotor induces in the coil an el ectronmagnetic
force in the formof an alternating vol tage. When the load 12 is
conpl etely di scharged, for exanpl e when a wistwatch including the
circuit shownwigv7aemsi gure 1 has been left in a stationary ppsikbdidiasgs’ a

| ong time, no current flows in the AC generator 11, the active

rectifier 1 or the load 12. Consequently, fhere is substantially no

vol tage present between the term nal 8 and the comon point between AC

generator 11 and the load 20 12. There is therefore insufficient supply

voltage to  enaid&uitheopy al ifn1okhathereefPai &t 0firdd dhie W tLage
mul tiplier 10. I.n the absence of a s na&.agplked to, LIS ate. 5, the MOS
transistor is iP% R« (‘:‘Fﬁ?easPérﬁEa 1t¥n9 nﬁe‘éf)b#’e%‘f%tﬁ WHNG ER rent
flows. 25 Uion peretsiensit doventithe M@ gemmiftier irchbe 2Xammiprisessen
the wristuatch i £,cliedust 29nuaERoRY28 U3E' asdlctited JOLANRAS 22

nd a curren egifds to

generated across its termnals a correspondi ng ,AC
flow. As the MOParazitifsi digher 33 pRda YRICRGMdTULTIPIdLAt 24 hiThes® r ent
30 fl ows througheleaemhtiss apal invaonneetiefli einbyhe tlidner fesapibed AbRde 4.
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enabling this atter to performits designed operatio .?plthq caq@'of a
wristwatch, the twaderminal B8 and 36.kSépiharty s ctire reghifiemainauiiton of
the AC generatoradlintéitdesabhothbe TMOB trandieirRTi Al adsdcGAPERINCE

time-keepi nglt?peéc%t%a(?c%sdor 28, parasitic diode 29 and voltage multiplier
30, which are also interconnected, in the manner described
above, between the terminal 26 and a terminal 31.

The rectifier circuit 20 comprises two further PMOS

transistors 32 and 33. The PMOS transistor 32 is connected

15 to an associated comparator 35 and voltage multiplier 36,
whilst the PMOS transistor 33 is connected to an
associated comparator 37 and voltage multiplier 38,
respectively interconnected in the above-described manner.
The drain and source of the PMOS transistor 32 are

20 connected between the terminal 25 and a terminal 34,
whilst the drain and source of the PMOS transistor 33 are
connected between the terminals 31 and 34.

The two inputs of the comparator 35 are respectively
connected to the terminals 26 and 31, whilst the two

25 inputs of the comparator 37 are respectively connected to
the terminals 25 and 26.

In addition, the rectifier circuit 20 includes two
non-parasitic diodes 39 and 40 respectively connected
between the drain and the source of the PMOS transistors

30 32 and 33. These diodes may be, for example, discrete
diodes or integrated diodes, such as polycrystalline
Qiodes. ' '
The AC generator 11 has its two output terminals
connected between the terminals 25 and 31, whilst the
35 terminals 26 and 34 are connected to the load 12 in order
to provide a supply voltage thereto. The potentials of
these two latter terminals are respectively referenced Vpp
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7 . Once this current flow has been established, the |oad 12 is

able to store sufficient charge for the voltage ‘between the active

rectifier termnal 8 and the comon poi nt between the AC generator 11

and:the | oad Wo¥4®sexceed the mini mum supply vol tage requi PEHEPS/OERAD| e

operation of the conparator 3 and the voltage multiplier 10. Due

to the current flow through the parasitic di ode 4, a potential

di fference of approximately 0.7 volts is 10 initially present between the

active rectifier termnals 8 and 9. Once at |east a m ninum supply

voltage is avantiaVbur . tIn aadditénhi athdi péentricd sc af bhedeerminal )25

t he conparator 3 I €, | ; Mybgi Pl 10,

provi des a si gnafﬁ%ﬁog?.haertegglzggggé% %]}r?erxjgl\/%g%é??;’n%n%t or 2?%? eby causi ng

this latter to conduckigwife 3 sSheWstd ESXPFENERFLienRlc¥isWarfe thehPNRS

%anﬁi storh2 tBueransﬂéé@@é | Bl and N33 tALE fesd Sidthe é)aé\ﬂ&iﬁ:}aftéjism.g Fhe g
i C t her gby, resu e t gge drop ross the r i, na an

9 of ‘the acti\%e F’éﬁggls#lgg?k‘?[ tlg’zreli nag/r?%uggt é%t‘?a??)g/cbg’er e%hfc%‘gs.en& into® the

Thereafter, the SGPSEXRERt BBneFAt &F b hbage a REepetere 1 whibehi mes to

be hal f-wave reckibseshtRa11Peideneitdl Rl £RAt Ofhdhe iwOFRgaRE OF. 3, the MOS
transi stor 2 and, in this %%%gilnenf{, Ege vo#}t g nuhbi Rl 10, f0£ as
long 25 as the vol tag:ti“b"e}ﬁ\%e neRt v PR R Fgg F&r APndf g%‘t?d oLt he
common poi nt bet weakly hdop gertvpet ;rilitoandashdekdgnated WY thecsyiwbohe
M ni mum r equizipedNSUPPhe PMIS 33Rns1BeoMIP7 comprises two heavily doped p-
type regions 51 and 52 which constitute its drain and
source. A polycrystalline silicon or metallic electrode 53
forms the gate of the PMOS transistor 21 and is separated
from the channel between the regions 51 and 52 by a thin
15 insulating material (not shown), such as silicon dioxide.
In addition, a heavily doped n-type region 55 which is
associated with the PMOS transistor 27 is diffused into
the substrate 50 to connect this latter to a supply
potential Vpp so as to enable the appropriate biasing of
20 the substrate 50.

Similarly, the PMOS transistor 33 comprises two
heavily doped p-type regions 56 and 57 which constitute
its source and drain. A polycrystalline silicon or
metallic electrode 58 forms the gate of the PMOS

25 transistor 33 and is separated from the channel between
the regions 56 and 57 by a thin insulating material of
silicon dioxide. A heavily doped n-type regions 59 which
is associated with the PMOS transistor 33 is diffused into
the substrate 50 to connect this latter to a supply

30 potential Vpp so as to enable the appropriate biasing of
the substrate 50.

As will be appreciated by a person skilled in semi-
conductor devices, a Jjunction diode is formed by two
contiguous zones of extrinsic silicon, respectively with a

35 p-type dopant and an n-type dopant. The boundary at the p
and n regions is called the pn junction and the p and n
regions form respectively the anode and cathode of the



transistor 2 is thus placed in a conductive state each positive

hal f-cycle, and in a non-conductive state each 30 negative half-cycle, of
the alternating vol tage generated by the AC generator 11. I t

wi |l be understood that the MOS transistor 2 of figure 1 may be
constituted aybbpiady a n-type MOS (NMOS) or a p-type MPETEPAFESH2LS
transistor. 35 Referring now to figure 2, there is shown another
embodi nent of a rectifier circuit for use fﬂth the AC generator 11 and
the load 12 of figure 1. The rectifier WD 97/ 24795

PCT/ EP96/ 05825 8 circuit 20 is a

(4l vave, rect ! thefoxdonc dilboold neTecki agdte seortiduns Besin pbur b Ly
20 Gonpr | ses.  seer FBRE pyie (1o R, ALFEDSA S, kAR pIOE ESEladact 870Ul
parasitic di ode the aparasithge jmpction «digde 3Peds inkg ¥ fpgmed
| terconnect o, ddbydlf ERNBLCSECHAPRA B0UAA chi i Oyss | sbduraltee SOGL | ve
rectifier cirtuitbis lﬁq%l?ﬁi&g aﬁﬁfﬁgfe%%ng#lgﬁgf@pgyzg?tg%?iégglo | at 23
;(r)ecglrn;gr ?;?r 2& hudisi regidhsdes@Shame voheage tvpe | pegéen 530, ThASch
termnal 26 :;gopgarkfa%ﬁi%anﬁﬂg%Efonﬁée depGld Reds ef fEGYBreBieicwRRctRA
in parallel across the drain and the source of the PMOS
transistor 27 and px_'ovides for conduction of its
10 associated active rectifier branch whilst the supply
voltage to the comparator and voltage multiplier are less
than the required minimum supply voltage of these latter.
In the same way, the parasitic junction diode 23 is
inherently formed in the substrate 50 due to the diffusion
15 of the PMOS transistor 21.

In the embodiment shown in figure 2, however, no such
parasitic diodes are formed across the drain and source of
the PMOS transistors 32 and 33. The diodes 39 and 40 must
therefore be formed by discrete diodes, either separately

20 diffused into the substrate 50 or formed externally from
the substrate 50.

When a wristwatch including the circuit shown in
figure 2 has been left in a stationary position for a long
time, the load 12 is completely discharged and no current

25 flows in the AC generator 11, the active rectifier 20 or
the load 12. Consequently, there is substantially no
voltage present between the terminal 26 and 34. There is
therefore insufficient supply voltage to enable the
operation of the comparators 22, 28, 35 and 37 and the

30 voltage multipliers 24, 30, 36 and 38. In the absence of
an appropriate control signal applied to their respéctive
gates, the PMOS transistors 21, 27, 32 and 33 are in a
non-conductive state and no appreciable drain current
- flows through any of these transistors.

35 Upon activation of the AC generator 11, an AC voltage
is generated across its terminals. In the positive half-
cycle of this AC voltage (i.e. when the potential VGeEN1 is



The rectifier circuit 20 conprises two further PMOS transi stors 32 and
33. .The PMOS transistor 32 is connected 15 to an associ ated conparator 35
and voltage nultiplier 36, whil st the PMOS transistor 33 is connected to
an associ ated conparator 37 and voltage nultiplier 38, respectively

i nt er connect edWPI#72478 above- descri bed manner. The drain arm:Té‘g’ﬂ?’\lsézsof
the PMOS transistor 32 are 20 connected betygeen the termnal 25 and a

term nal 34, whi |l st the drain and source of the PMOS transistor 33 are
connected between the term nals 31 and 34. The two inputs of the
conparator 35 are respectivel connected to the termnals 26 and 31,

whi | st the two 2%reasersthant np &eiSo cuzrent elniindleky \fdioysc shrewghd t o

thel tgr m ?al s 25 @f&dpaﬁas;:t;ic %ioddé‘ zasggiabh:egzows 1’&&% i1f2 l%.rndCiaEE'HEtE gﬂe

i ncl udes two nqn- par asi.t i i odes. 39. a . respectivel.y conpecte

bet ween the drai ¢ efﬁed§8§?c@80f§{"ﬂ’el¢”rl\l7€% thH %f’(ﬁg?%é%%g‘agﬁdcgﬁ;e
These di odes may dfe thigr A@xveptage diiser-ewben thedpetentidnfigpvit é¢ desdes,
such as pol ycrystaldn Rggpn2 O/ OERSs current F13wsC (I8ARIgH Ofhd lphpasit$ct WO

output termnals _, connect ed be vvein éhe termnal s 25 and 31, whil st the
35 terminals 26 &H098423r ATHIRLHEILPR 1R a}lﬁgécfis?nt%?cf?rscretet gipf8vi de
a supply voltage 3%hereto. The potentials of these two latter termnals

gg% rEggg/GStSIB\zlgl y ref eﬁP&@é’iM@& DC voltagp 1957 /&:%ggéstablished across the
load 12, thereby enabling this latter to perform its

10 designed operation. In the case of a wristwatch, the load
12 may be a time-keeping circuit, and activation of the AC
generator 1l will enable the time-keeping c¢ircuit to
commence time-keeping operations.

Once this current flow has been established, the load

15 12 is able to store sufficient charge for the wvoltage
between the terminals 26 and 34 to exceed the minimunm
supply voltage required to enable operation of the
comparators 22, 38, 35 and 37 and the voltage multipliers
24, 30, 36 and 38.

20 Once at least a minimum supply voltage is available,
during each positive half-cycle of the AC voltage supplied
by the AC generator 11, the potential difference across
the diode 23 is able to be detected by the comparator 22
which, together with the voltage multiplier 24, provides a

25 signal to the gate of the PMOS transistor 21, thereby
causing this latter to conduct. Due to its extremely low
resistance, the PMOS transistor 21 thus effectively short-
circuits the parasitic diode 23, which thereby results in
the voltage drop across the terminals 26 and 25 of the

30 active rectifier 20 being substantially reduced.

Since the input terminals of the comparators 22 and
37 are both respectively connected to the terminals 25 and
26, the comparator 37, together with the wvoltage
multiplier 38, will similarly cause the PMOS transistor 33

35 to conduct during each positive half-cycle. The PMOS
transistor 33 thus effectively short-circuits the discrete
diode 40, which thereby results in the voltage drop across



9 and V[err]. In addition, the potentials of the termnals 25 and
31 are respectively referenced V[err] and V[ferr]. Figure 3 shows a
cross-sectional view of the PMOS transistors 27 and 33 diffused into a
substrate 50. The 5 transistors 21 and 32 may al so be diffused into the

substrate 50 wo934m® have a structure which is subst ant iFgTVBPOS/OBES | Cal

to that shown in figure 3. In this _enbodi nent, the substrate 50 is
formed of weakl y doped n-type silicon, &¢ desi ghated by the synbol 10
N-. The PMOS transistor 27 conprises two heavily doped p- type regions
51 and 52 which constitute its drain and source. A polycrystalline

silicon or netalthe eARIALNPL F13 ana LU B khe datgvel rLoei FINS 34 %@iﬁbor
21 and is separated tf.r g]the channel between the regions 51 and 52 by a
thin 15 i nsul at?‘%‘@sm é\aﬁ' ¥ FR3C®own), such as silicon dioxide. I'n
addi tion, a heavily dbp_e!zhm-aa}t}ﬁe maggiegn SBrihgchach negasitoeildEf-aydlet he
PMOXS transistor g¢ tRedhbl $y3a8¢abB! Qupp1i88 5@%&%?2% %%&e%a‘i:%’l“%{,et

&
latter to a supply potenti SO as to.en appropria I asi ng

Y
of 20 the suBstPatentipl d“'ffere‘gf?rﬁ%ﬁqsﬁ thee Fqds 2% defecred by
conprises two theawdmpatopest p2i8y pehiely) onodedktand &ithhi €lhe cansliddgs e
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silicon dioxide.14tbeaviby cieduttn- thpe PMOS OBsabfivté£h27 thusasansat ed
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bi asi ng of the voltage drop across the terminals 26 and 31 of the
active rectifier 20 being substantially reduced.

Since the input terminals of the comparators 28 and
35 are both respectively comnected to the terminals 26 and

15 31, "the comparator 35, together with the voltage
multiplier 36, will similarly cause the PMOS transistor 32
to conduct during each negative half-cycle. The PMOS
transistor 32 thus effectively short-circuits the discrete
diode 39, which thexeby results in the voltage drop across

20 the terminals 25 and 34 of the active rectifier 20 being
substantially reduced.

By considering the operation of the rectifier 20 of
figure 2, it will be realised that there is a certain
duplication of function in some of its constituent parts.

25 To that effect, it can be seen from thus figure that the
two inputs of the comparators 22 and 37 are both connected
to the terminals 26 and 25 and that their operation is
therefore identical. Similarly, it can also be seen that
the operation of the comparators 28 and 35, the voltage

30 multipliers 24 and 38 and the voltage multipliers 30 and
36 are also identical. It is therefore possible to omit
some or all of these duplicated circuit elements in order
to simplify the design of the rectifier according to the
present invention.

35 Referring now to figure 4, there is shown a rectifier
70 representing a further embodiment of the present
invention and in which these duplicated elements have been



t he substrate 50. As will be appreciated by a person skilled in

sem.- conductor devices, a junction diode is fornmed by two conti guous
zones of extrinsic silicon, respectively with a 35 p-type dopant and an
n-type dopant. The boundary at the p and n regions is called the
junction and tWeIH2419% n regi ons formrespectively the ak&d

cat hode of the WO 97/ 24795 13

PCT/ EP96/ 05825 10 junction diode.
Referring again to figure 3, it can be seen that, due to the diffusion
of the PMOS transistor 27, the parasitic nction diode 29 is I nherently
f or med bet weeonilised. t?knenegpiﬁﬂe517&nﬁst%ﬂ;ntapp@eteLmhnrnanilﬁderSZBhls

latter being ancfaﬁsr %Ci heet beeﬁaégp& yumt ekl BbmikFhtord W @egaaastﬁach
as the n-type re 4¥ E §|t|c j%h tion dIOdﬁ'éia

ef fectively conn e muitipliers AR 35 hapsiheethde %%ETC%SO? t he
PMOS transi st (aron%k@mhqfﬁ,ovtues datre cofiduche o@MOIS | tsardi stssoci3® edls

active rectifir digg @Eiﬂ}r%ﬁﬁcﬂﬁtSUEHLyoutpﬁ@ de2 88! ol o AR B L, AN

voltage nultip |er are lTess regPdp m nj mum supply e of
these latter. 30, whélshnkhggate ipf fReadMPS transisr dfode darpstly

connected to the output of the voltage multiplier 24.
In spite of this simplification, there may
nevertheless be applications in which the rectifier 20 of

10 figure 2 is to be preferred over the rectifier 70 of
figure 4. As the comparators 22 and 28 in the rectifier 70
are each required to drive two MOS transistors via two
voltage multipliers, their energy consumption will be
greater than the corresponding comparators in the

15 rectifier 20 of figure 2. Similarly, as the voltage
multipliers 24 and 30 forming part of the rectifier 70
each drive two MOS transistors, their surface area will be
greater than the corresponding voltage multipliers in the
rectifier 20.

20 The embodiments of the present invention shown in
figures 2 and 4 each required non-parasitic diodes to be
connected across the drain and source of two transistors
in forming the rectifier bridge of the rectifier 20 and
70, namely the discrete diodes 39 and 40 connected across

25 the drain and source of the PMOS transistors 32 and 33.

Figure 5 shows a further embodiment of the invention
in which such discrete components are not required. This
figure shows a rectifier 100 which is identical to the
rectifier 70 of figure 4 except that the PMOS transistors

30 32 and 33, as well as the discrete diodes 39 and 40, have
been omitted. In their place, the rectifier 100 comprises
two NMOS transistors 101 and 102. The drain and the source
of the NMOS transistor 101 are respectively connected to
the terminals 25 and 34, whilst the drain and the source

35 of the NMOS transistor 102 are respectively connected to
the terminals 31 and 34. The gates of the NMOS transistors



i nherently fornmed in the substrate 50 due to the diffusion 15 of the PMOS

transi stor 21. In the enbodi nent shown in figure 2, however, no
such parasitic diodes are formed across the drain and source of t he
PMOS transistors 32 and 33. The di odes 39 and 40 nust t herefore be
formed by di sgwpeotesos odes, either separately 20 diffused i nécrniregoss2s
substrate 50 or fornmed externally from t he substrate 50. ' Wen a
wristwatch including the circuit shown in 1 figure 2 has been left in a
stationary position for a |ong time, the load 12 is conpletely

di scharged and no current 25 flows in the AC generator 11, the active

rectifier 20 or 101 4 11092drd2reSSUREHAR b¥nnbdEd® tﬂéb%tetéﬁihéiéysfo

vol t age present b en the term nal 26 and 34. There is erefore
i nsufficient sup dltage to enabl e the operation of the conparators
22, 28, 35 and 37 andn hed®@iktiol,t diee bl phaver ek ifiker SB)(hrmbxﬁ&:léésthe

absence of a@wélpﬂ{aQQéiéié B@g&i&k ahagekgﬁpekhﬁglkeoweubaf %%fheq.

gates, the PMOS transistors 2 are non- conduc |ve
state and no apptRtfhee o@%“??qztﬁsr éntconsequepge Pfr bRgndsain ofif fesion
transistors. 35of theUmNOSadiraratistorsl 1i0le ad gb02r aThisldilan rkw Use t age

g Sonerater o gpdind T BbReradhd 16 BIULL'S, N, ppoyaychofi- (1
PCT/ EP96/ 05825 sSectional view of the PMOS ljgransistor 27 (already
described in relation to figure 3) and the NMOS transistor

10 102, which advantageously are diffused into a substrate 50
as complementary MOS transistors (CMOS). It will be
appreciated that the transistors 21 and 101 may also be
diffused into the substrate 50 so as to have a structure
which is substantially identical to that shown in figure

15 3. '

The NMOS transistor 102 comprises a weakly doped p-
type well 110 diffused into the n-type substrate 50. Two
heavily doped n-type regions 111 and 112, constitute
respectively the source and drain of the transistor 102. A

20 polycrystalline silicon or metallic electrode 113 forms
the gate of the NMOS transistor 102 and is separated from
the channel between the regions 111 and 112 by a thin
insulating material (not shown), such as silicon dioxide.

Two heavily doped p-type regions 114 and 115 are

25 diffused into the substrate 50 to connect the p-type well
to a supply potential Veyr. In addition, two heavily doped
n-type regions 116 and 117 are diffused into the substrate
50 so as to enable the appropriate biasing of the
substrate 50 to Vpp.

30 As can be seen from figure 6, the diffusion of the
NMOS transistor 102 inherently forms a parasitic junction
diode 118 between the n-type region 112 and the p-type
region 110, this later being anchored to the supply
potential Vyyr through regions such as the p-type regions

35 114 and 115. In addition, a parasitic junction diode 119
is formed between the p-type region 110 and the n-type
substrate 50, this latter being anchored to the supply



greater than V[err]), this current initially flows through- the parasitic
di ode 23, across the |oad 12 and across the di screte di ode 40.

Simlarly, in the negative half-cycle of this AC voltage (i.e. when the
potential V[err] is less 5 than V[err]), this current flows through the
parasitic dVB&#247% across the load 12 and across the di s&CIEES e

39. A rectified DC voltage is thus ggstablished across the | oad
12, thereby enabling this latter to performits 10 designed operation. In
the case of a wistwatch, the | oad 12 may be a tine-keeping circuit, and
activation of the AC generator 11 will enable the tinme-keeping circuit
to comrence t pegertdpl nYomphraugihyregions sucngs thesnctypenregions has

been establishedyjgheap@ad1$2 l-z%ééeawa Aﬂxéé@i&;sa%asgemwhame ips the
vol t age between the ferm g aBql t.o exceed t m gmé supp y
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2, it SUPR!Y 14g) LaGen | AR, e HUEIG ALY BISCELKE RIbRECHE! ©

of the AC vol tage supp gener at or
di fference acros&he P?ﬁ%s’cﬁ’é'dé:’lml% é‘b‘l‘"é'—’t@ b‘é’aﬂéi-%?red-ody prp¥igsfpbent or

22 whi ch, togebhapcmbh tde ¥ebt agsouildtiad | @ccdde peeviddera Bbasdégnal

to the gate of t Q@Sstt ?‘Qslu.?t - n%]itz.toiﬂgr ey 1:het Caaé{:éb% J%Q:’:é:.é }e{%q

conduct. Due to | I St ance r anSI
thus effectivel ywbhér-t the %méer ve Fme pree 4316 FeMBRERKOTE szmnéhzﬁhem@by

results in 1d heheohiclgagd afulanipliershe24 cimd N3bs a2e deds2Hdn t bige 8O

active rectifier r%%ﬁggéélq“?’li@ag‘h%ﬁ} Xrgl%ggcé‘ed. Si nce the input

termnals of the rato
The parasitic bipolar junction transistor 103 is

similarly formed due to the diffusion of the NMOS
transistor 101 shown in figure 5.

15 buring the positive half-cycle of the AC voltage
generated by the AC generator 11, the potential difference
VGEN1-VFWR applied between the grill and the source of the
NMOS transistor 102 causes this latter to conduct. This
effectively short-circuits the parasitic junction diode

20 formed by the base-emitter junction of the transistor 104.
Accordingly, the AC current generated by the AC generator
11 flows through the PMOS transistor 21, across the load
12 and through the NMOS transistor 102 during each
positive half-cycle.

25 During each negative half-cycle of the AC voltage
generated by the AC generator 11, the potential difference
VGEN2-VFWR applied between the grill and the source of the
NMOS transistor 101 causes this latter to conduct,
effectively short-circuiting the parasitic junction diode

30 formed by the base-emitter junction of the transistor 103.
The AC current generated by the AC generator 1l thus flows
through the PMOS transistor 27, across the load 12 and
through the NMOS transistor 101.

Advantageously, the embodiment of the active

35 rectifier shown in figure 5 may be realised using CMOS
fabrication techniques, so that the MOS transistors 21,



37 are both respectively connected to the termnals 25 and 26, the

conparator 37, together wth the voltage ~multiplier 38, will simlarly
cause the PMOS transistor 33 35 to conduct during each positive

hal f-cycle. The PMOS transistor 33 thus effectively short-circuits the
di screte wootisardl), which thereby results in the volt age MTEHPICES25 S

WO 97/ 24795 6 PCT/ EP96/ 05825

12 the termnals 31 and 34 of the aétive rectifier 20 being
substantially reduced. In the same manner, during each negative

hal f-cycle  of the AC voltage supplied by the AC generator 11, the 5

ggt S\E_tlﬁl ?Iff?ﬁencqo?ﬁrﬁ@ tbe (ﬂz@ec&ﬁ)stfftﬂlleé&cb9ddﬂm n- tife A9PPadAL Or
ich, together t he tage. .. tiplier 30, provides an

appropri at e ponF?ﬁ?Y%Wiﬁﬁﬁr¥t§8£ E?%ﬁfﬁﬁ%? B?Ef%é PXOS transi stor 27,

t hereby causing t hi sThe registance RoNdhetweamctimvdsairaAsAseenroe ohia

short- 10 circuihg tdiRumdalstYr! | £n deedRazd, cdlquetiier ety §e6Eht by Nthe the

vol t age drop acggiiothe termnals 26 and 31 of the active rectifier 20

bei ng subst art i Y ced. Since the input ternminals of the
conparators 28 and 35 are both respectively connected to the term nals
26 and 15 31, the conparator 35, tqﬂstger w th the voltage

W

L BV — V)

where W is the width of the transistor channel, L is the
10 length of the transistor channel, Vgg is the grill-source
voltage, Vp is the threshold voltage and 8 is the current

gain of a transistor having a ratio % equal to 1.

The active rectifier 100 takes advantage of the fact
that the current gain f of an NMOS transistor is

15 approximately three times greater than that of a PMOS
transistor. The resistance Rony and consequently the
source-drain voltage drop of an NMOS transistor is thus
inherently less than that of a PMOS transistor of similar
dimensions.

20 Nevertheless, the voltage drop across each of the
NMOS transistors 101 and 102 may be still further reduced
in their conductive state by the provision of two voltage
multipliers having their inputs respectively connected to
‘the terminals 31 and 25 and their outputs respectively

25 connected to the gate of the transistor 101 and the gate
of the transistor 102.

Referring now to figure 7, there is shown a schematic
diagram of some parasitic elements present in the
structure represented in figure 5. These elements comprise

30 two parasitic bipolar junction transistors 160 and 161 and
two parasitic resistors 162 and 163.

As can be seen from figure 6, the lateral bipolar
junction transistor 160 is constituted by the junction
diode between the p-type zone 51 and the n-type substrate

35 50 (emitter-base'junction) and the junction diode between



multiplier 36, wll simlarly cause the PMOS transistor 32 to conduct
duri-ng each negative hal f-cycle. The PMOS transistor 32 thus effectively
short-circuits the discrete di ode 39, which thereby results in the

vol tage drop across 20 the terminals 25 and 34 of the active rectifier 20
bei ng substWABT24MS, reduced. By considering the oSETEFPUMEEY t he
rectifier 20 of figure 2, it will be regpised that there is a certain
duplication of function in sone of its constituent parts. 25 To 'that
effect, it can be seen fromthus figure that the two i nputs of the
conparators 22 and 37 are both connected to the termnals 26 and 25 and
that their oper&h®n BPstyret el oldQ damd cshe SprnEveel ysubsteatrenl $& be

seen t hat the(@@ﬂ@éwﬂ-w&sé h9uﬁaﬁﬁaﬁ§i10mxﬁ:&e’t&@r’é§ éﬂi‘ea\i@ﬂt&%aa.o
mul tipliers 24 and, 38 ag t he, volta e mult Qd r§)30 and
] 0O’ (=]
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figure 4, there I's shown a rectifier gresent
embodi ment of t HeP pFBEeRr tyPe zﬁ?@nﬁ¥§1¥ﬂﬂi mHPEﬁS%ﬁE%erGEbFFE§té§2
el ements have bedmnich repres¥it® A E@sistance to current flow across the

PCT/ EP96/ 05825 p-type well 110. 13
Similarly, the vertical bipolar junction transistor

10 161 is constituted by the junction diode between the n-
type zone 112 and the p-type well 110 (emitter-base
junction} and the junction diode between the p-type well
110 and the n-type substrate 50 (collector-base junction).
An additional emitter-base junction is also formed by the

15 junction diode between the n-type zone 111 and the p-type
well 110. The collector of the parasitic transistor 161 is
connected to the n-type zone 54 via the parasitic resistor
163 which represents the resistance to current flow across
the n-type substrate 50.

20 It will be noted that the base of the transistor 161
and the collector of the transistor 160 are common (i.e.
the n-type substrate 50), as are the base of the
transistor 160 and the collector of the transistor 161
{i.e. the p-type well 110).

25 When the MOS tramnsistors 21, 27, 101 and 102 of
figure 5 are diffused into the substrate 50 of figure 6,
care must be taken to avoid the risk of a latch-up effect..
This phenomenon, which is well-known in CMOS technology.
can be understood by considering the elements shown in

30 figure 7. During each positive half-cycle of the AC
voltage provided by the AC generator 11, the potential
difference VGEN1-VDD induces a collector-emitter current
in the transistor 160. This collector current flows across
the resistor 162 and creates a potential difference

35 thereacross. This potential difference is applied between
the base and the emitter of the transistor 161, which
causes this latter to conduct. A collector current is thus



omtted. The rectifier 70 is identical to the rectifier 20 of figure 2
except that the conparators 35 and 37 and the voltage nultipliers 36 and
38 have been left out. As a consequence, the gate of the PMOS transistor
32 is 5 directly connected to the output of the voltage nultiplier 30,

whi t st the gaweopberddre PMOS transistor 33 is directly cormantoeosses t he
output of the voltage multiplier 24. In spite of this

sinplification, there may nevert hel ess béeappllcatlons in which the
rectifier 20 of 10 figure 2 is to be preferred over the rectifier 70 of
figure 4. As the conparators 22 and 28 in the rectifier 70 are each

required to dri V%ﬁé&eﬁoﬁhi&anﬂ&wrﬁzwu@ht PRe reé/@éa%gisﬁuéﬁapéfé[c%s Ghei r
energy consunptioQn w IL %r ater t han, t he correspond |n ngarators in
the 15 rectifier ERFBF ?‘?‘Sur giZfegenge, | Yhergackesso té“d’b" PRFepsiadr s

24 and 30 forn n@ifferegicet he applied detifeen thechadei amdtuive Miitter of
transistors, thelﬁhestﬁzf&ms%ma I’Hd' vhﬁch af@.,ate?{su&%%nc & fseﬁ% "9

vol t age rrultlp#lersm ; : odl nent's t he
present invent? orF THIRE i"’ﬁ a c?‘?‘ﬁ{ﬁt&é’% Eﬂﬁeﬂ each required non par aS|t|c
di odes to be connedt edmidrvs3athb-dpaefifectl cariee tOfiggerdd amsens thieS

I ohOLTNg, Lhe T §idddicaih OBl #8erdiod Nk Okl | HlaklsR0cor1 dOr oAk o

di screte di odes and 40 connected acros raln and source o
PMOS transi stors Gregrt 33n the trppgisgor shhs Fhame hawoenbasckenp of

t he invention ixigefeird hgsmeshak: temisc tat-eC ehpoACE S stie B8t cnos UeirshicH)i s

figure shows fal td fl %0 of
figure 4 exceﬁg ﬁ}% Jt’ﬁ Wé%se??t ggg OE§2f£¥#%? tahsés\?élt}xtlf?etrﬁg‘g

di screte di odes Fpchapisps aeer simydeaneensied. In their place, the
rectifier 100 conprisgt car hétd¥ore dvei seenSthad éadhlﬁi‘an-ﬁhetd&ain&yand

the source of IR SNORHE P FrohObedh§ LEPLCES IRl etV $ ik a

conductive and a non-conductive state. Such a latch-up or

15 race-around condition would effectively block operation of

the transistors and prevent the active rectifier from

operating correctly. In particular, during the latch-up

state, the current consumption may be as high as 100 maA

and the rectifier will be prevented from ever starting

20 operation. The latch-up risk is greater for embodiments

which use both n-type and p-type transistors, due to the

creation of parasitic bipolar junction transistors as
shown in figure 7.

Several improvements may be made to the topology of

25 the active rectifiers 20, 70 and 100 in order to address

these concerns.

As seen in figure 6, for example, weakly doped p-type
zones 170 and 171 are diffused into the substrate 50. On
top of these zones are respectively diffused heavily doped

30 p-type zones 172 and 173. whilst represented as separate
zones in figure 6, the zones 170 to 173 may in fact be
diffused in the form of a p-type ring which entirely
surrounds the PMOS transistor 27. This ring acts as a
pseudo collector of the parasitic transistor 160 which is

35 *directly connected" to the potential Vgwr, as shown by
the reference 174 in figure 7. In this way, the collector
current £flowing through the parasitic resistor 162 is



the termnals 25 and 34, whilst the drain and the source 35 of the NMOS
transi stor 102 are respectively connected to. the termnals 31 and 34.
The gates of the NMOS transi stors WO 97/ 24795

PCT/ EP96/ 05825 14 101 and 102 are
respectively OWIM1%d to the ternminals 31 and 25. PCT/EP{I8826i on,
the full-wave rectifier 100 conpri ses twy parasitic bipolar junction
transi stors 103 and 104 5 which are forned as a consequence of the drain
di ffusion of the NMOS transistors 101 and 102. This will now be
explained with reference to figure 6, which shows a cross- secti onal

vi ew of the Plvosmmmssﬂoansé?tle%lm@d@pf appdy¥ing be deaseremititiesn vied thggur e

3) and the NMOS tsﬁﬁfﬁ'c&hﬁ& ¢80 ddidse WHeC RradaBtagensis! vo af&ducftf ti%e@huato a

substrate 50 nt anS|stor
appr eci at ed t hat r[ ct an fal;hsébgos %’ 16‘fnﬁ5y Al 56“;@ 171 a‘?‘?fﬁgg‘dnl APo
the substrate 50 fguxe smmfémducpuaedeptmtcheastsemhmq a&lhay of

identical to téﬂatthiﬁswe%p@ %d11Un201803as to mameB@ OIS defgapgl stor 102

conpri ses a weakly do well 11 fused into the n-t
suggtrate 50. Tmoy Blmlfgrly, éﬂ% zones 11 1%% may also be di f%sea

in the form of an n-type ring which entirely surrounds the
NMOS transistor 102. This ring acts as a pseudo collector
of the parasitic tramnsistor 161 and is *“directly

10 connected" to the potential Vpp, as shown by the reference
175 in figure 7, so as to minimise the collector current
flowing through the parasitic resistor 163 and reduce the
risk of applying a base-emitter voltage sufficient to
cause the conduction of transistor 160.

15 Furthermore, the zones 114 and 115 may be diffused in
the form of a second ring, in this case a p-type ring,
which also entirely surrounds the NMOS transistor 102. By
minimising the distance separating this ring from the
transistor 102, the resistance of the resistor 162 is able

20 to be minimised, which contributes to minimising the base- -
emitter voltage applied to the transistor 160.

The zones 54 and 55 may also be diffused in the form
of a second ring, in this case an n-type ring, which also
entirely surrounds the PMOS transistor 27. By minimising

25 the distance separating this ring from the transistor 27,
the resistance of the resistor 163 is able to be
minimised, which contributes to minimising the base-
emitter voltage applied to the transistor 161.

In addition, due to the previously mentioned double

30 triggering mechanism, it is advantageous to separate from
each other the MOS transistors which conduct during each
half-cycle of the AC signal provided by the AC generator
11. For example, as shown in figure 8, the PMOS transistor
21 and the NMOS transistor 102, both of which conduct

35 during each positive half-cycle, may be separated by the
PMOS transistor 27. Similarly, the PMOS transistor 27 and
the NMOS transistor 101, both of which conduct during each



heavily doped n-type regions 111 and 112, constitute respectively the
source and drain of the transistor 102. A 20 polycrystalline silicon or
nmetallic electrode 113 forns the gate of the NMOS transistor 102 and is
separated from t he channel between the regions 111 and 112 by a thin

i nsul ati ng mawe9rakménot shown), such as silicon dioxide. PCT/EP9603825
heavily doped p-type regions 114 and 115 arg, 25 diffused into the substrate

50 to connect the p-type well to a suppl?y potential V[err]. In addition,
two heavily doped n-type regions 116 and 117 are diffused into the
substrate 50 so as to enable the appropriate biasing of the substrate

50 to V[err]. 30negatiAte challfecyede,l raayf iger adbartditedli uistne opmbhe

NMOS transi stor tlys for a parasitic.j.unctia@n di pde
bet ween t he n-ty%-'e rdeég?rﬁr%l 12 %ind S8 pgt y%%btarartjé' i%ono%lthFh_i WP o MPS

bei ng anchor ed t &repeisteps ywhichepadueh|at/[amr pivenotime ragtiste sedhces
the p-type regi okhe38utténerghihlof thReddihdlHN tranBdE6sEd iTe0 Wit heR diode
119 is for _q__gt enstk})er Zit‘ e.r i%nrllohan th%_n-t\tlge . .
substrate 50, ¥ hi® aWFJe"I’ o<1 ﬁg é*gﬁwﬁgt{o £as sﬁglpﬂtif up condifd Ay 24795
PCT/ EP96/ 05825 In other embodiments of thiS inventigotwherenlfouPDPMbSOUgH
regions such as thandik¥ees £6é Aed, the PMOS transistors, such as those
referenced 32 and 33 in figure 2, will be configured as a
source-follower, whereby the output at the source follows

10 the potential at the drain. (This configuration is
analogous to the emitter follower configuration for a
bipolar Jjunction transistor.) It may therefore be
desirable to use a voltage multiplier with greater gain in
such applications, in order to assure the correct

15 switching operation of these PMOS transistors.

Finally, it is to be understood that various
modifications and/or additions may be made to the active
rectifier without departing from the ambit of the present
invention as defined in the claims appended hereto.

20 For example, whilst reference has been made in the
above description to MOS transistors, other embodiments
may use other types of transistors having one control
electrode and two conductive electrodes, such as bipolar
Jjunction transistors. In this latter case, the comparators

25 and, the case being, the voltage multipliers may be

' adapted to provide a base current sufficient to drive the
bipolar junction transistors into saturation and thus to
reduce their collector-emitter voltage to substantially
zero. It then suffices to properly take into account in

30 the circuit design the parasitic junction diodes resulting
from the diffusion of the bipolar junction transistors in
order to achieve the advantages of the present invention.

Whilst the above-described examples include
transistors created in an n-type substrate and/or a p-type

35 well, it is to be appreciated that the invention also
applies to transistors which are created in a p-type
substrate or an n-type well.



116 and 117. These two junction diodes 118 and 119 respectively formthe
base-enmitter junction and col |[Eeror=——== action of the parasitic

bi pol ar junction transistor 5j1 '%W%BE@W 5. The base-emtter

junction di ode of t he paragl unct]] on transistor 104 provi des
for - conduct WMt s associ at ed active | i er branch Pc'ﬂm%m

start-up conditions of the active rectifier 2100 whi e supply
voltage to the conparators 22 and 28 and 10 the voltage nultipliers

30 are less than their requi red m ni mum supply vol ta?
parasitic bipolar junction transistor 103 is simlarl m‘"m'#"'m}ﬁ ”the
di ffusion of the QMEMS transistor 101 shown in figure 3. 5

the positive half-cycle of the AC voltage generat ed by the AC generator

11, .the potential difference. Vlerrl-Vler i ed, between the grill and
the source of the Nl\éjsqﬁcrtd'hvs?s 8?%62 Eau% E‘)“ﬁes 4t taerp?geﬁon%fﬁ?iy
Thi s ef f ecti velojtrehbtt -edmpaisingt he parasitic junction di ode 20 forned

by the base-enitter Junct Iapraiﬁdet ha )t rc%sie%tt@a bitween Aﬁcgaﬁhegkxnﬁﬁam
current generated bg ﬁ cs‘_g,g__nerat or ows through the PMOS
sap

transi stor 21, acr‘d put germipal #P&ugh t he NMOS transi stor 102
during each Poshbrsetémided ol ehat5it furtberi ocgnmeidesnegati ve hal f - cycl e

of the AC voltage generét&dﬁr@igk%?c /%‘2‘)9%%%5@&0&?1; gﬁsﬁ{’&&snksei

di fference VCGEN2- V[ err] applie source o h
NMOS transi stor 1BaVidigsed €PREXPht t%’re‘i'b""t%du‘é"t’ andef?‘é‘ét |W‘§r‘-‘°uve
short-circuiting dledqadeadesi c(éunc?) on thede 3Dateaesredbeinde dmansectedt er

et % e L AR RvekEso ol sfuE BRSO e DaldoplCope
12 and  thr ctigh temRinabtBY, kr #8% st or 101, Advant ageously, the
embodi nent of the active 3 campdfatyr stBwsugpligiisy Ssaby pewerakupplly
using CMOS circuit and having two inputs (+, =~) respectively
connected to said input (9) and said output {(8) terminals,
and an output connected to said transistor control
15 electrode (5}. '
' 2. Active rectifier according to claim 1,
characterised in that
said diode (4) is constituted by a parasitic junction
diode formed in said substrate (50}).
20 3. Active rectifier according to either of claims 1
or 2, characterised in that it further comprises
- a voltage multiplier {(10) connected between said

_comparator (3) output and said transistor control terminal
(5).

25 4. Active rectifier according to any one of the
preceding claims, wherein said transistor (2) is a MOS
transistor.

5. Bridge rectifier for use in a power supply
circuit, comprising :

30 - a first rectifier (21~24) connected between a
first input terminal (25) and a first output terminal
(26),

- a second rectifier (27-30) connected between a
second input terminal (31) and said first output terminal

35 (286},

This Sheet Has Been RTlaced

(AR




fabrication techni ques, so
PCT/ EP96/ 05825

i stors 21, WO 97/ 24795
: 27, 101 and 102 are

The resistance R[err] bet t FFesour ce of a MOS tranS|stor
in-forward copgiypgishedn is glven by the 5 foll ow ng [ er r PCI/EP96NISE25e Wi S
the wdth of the transistor channel, L is the 10 |ength of the transistor
channel, VGS is the grill-source voltage, VT is the threshold voltage

anﬂ“lmnlllllllllnnmmrrent gain of a transistor having a ratio [err] equal
active rectifier 100 takes advantage of the fact t hat
:Ihfm gu?;ggi e"ga'tsﬂaE e{ Hﬂ 0,% f étﬁl%@/o@euta@%%t or32,s 35, appl oxigrat Ay, t hose
Consquently t h&onnected bé%ween saxé'fﬂ¥génfﬁbu£H¥%££¥H§¥Eﬂ%ﬁ% and
second output terminal (34),
- a fourth rectifier (33, 37, 38, 40; 102, 104)
5 connected between said second input terminal (31) and said
second output terminal (34),
characterised in that
at least one of said first, second, third or fourth active
rectifiers are constituted by an active rectifier
10 according to any one of claims 1 to 4.
6. Bridge rectifier according to claim 5,
characterised in that
the transistor forming part of at least one of said first
or second active rectifiers is a p-type MOS transistor.
15 7. Bridge rectifier according to either of claims 5
or 6, characterised in that
said third active rectifier (101, 103) comprises :
- an n-type MOS transistor (101) formed in said
substrate (50, 110) and having a gate, drain and source,
20 these latter two being connected between said first input
terminal {25) and said second output terminal (34), and
- a parasitic junction diode (103) formed in said
substrate (50, 110) and connected between said second
output terminal (34) and said first input terminal (25).
25 8. Bridge rectifier according to any one of claims §
to 7, characterised in that
said fourth active rectifier (102, 104) comprises :
- an n-type MOS transistor (102) formed in said
substrate {50, 110) and having a gate, drain and source,
30 these latter two being connected between said second input
terminal (31) and said second output terminal (34), and
- a parasitic junction diode (104) formed in said
substrate (50, 110) between said second output terminal
{(34) and said first output terminal (26).
35 . 9. Bridge rectifier according to any one of claims 5
to 8, characterised in that

This Sheet Has Been Rerilace




ﬂﬁ drain voltage drop of an NNCS tran5|stor is thus I nherently | ess
tha u

!H' !"H ,'MPM“ZSZ' 3?8 i——cdi=gensi ons. 20

e NMOS transistors 101
and 102 nay be stil*l further conductive state b
provi si on of W@9WMIMSage Fheir inputs PSE@B%W%&@

D

13—% %fﬁ@fsﬁm BEEN
UC@I@EPLAGED t hei

connected to the termnal s 31 and 25 and,f heir outputs respectively 25
connected to the gate of the transistor 101 and the gate of the

transi stor 102. Referring nowto figure 7, there is shown a
schemati c di agram of sone parasitic elenments present in the

structure represeheetransisgors 50n§hé@mtb$3uxnﬁscdbmpdﬂséi&@ttmeepandsitic
bi pol ar j uncti on y4 %‘&S'aﬁic?rf ﬂ@&agé};i@é ?‘@gtlfl ﬁ%r aﬁiztnlefa &l ?5?&5

162 and 163. e seen from |gure e later bi pol'a
junction tran5|SFGPSEBGt?s(§93n§FlFHP%dt¥%P%Hi§9Fﬁnctlon di ode between
the p-type zone 51 angiof lerididey rectiibbér cdecd¥ding Conahy esndasfe dladmki BN)

and the junction di gde PRIgeNiceq in R 9¢ %§Z‘8§er cichng:rlses

PCT/ EP96/ 0582 e well 110
and the n-type subs2fati®asF °nfcéﬂnﬁﬁcﬁﬁﬁﬁséﬁﬂﬂﬂ%ﬂihnf°Fﬂ¢@hé#hD$éldan

addi ti onal enmsulbgtrhgse (FONCLION and fertbrbly suigoundingobndi 8€esaid
transistors, and acting as a pseudo-collector for that

transistor.
1o 11. Bridge rectifier according to any one of claims 5

to 10, characterised in that
the transistors constituting said first and fourth active
rectifiers are separated from each other in said substrate
{50, 110) by one of the transistors constituting said
15 second or third active rectifiers, and
the transistors constituting said second and third active
rectifiers are separated from each other in said substrate
{50, 110) by one of the transistors constituting said
first or forth active rectifiers.
20 12. Wrist-watch comprising an AC generator (1l1) and a
'time-keeping circuit (12), characterised in that
said AC generator (11) and said time-keeping circuit (12)
are interconnected by an active rectifier according to any
one of claims 1 to 4.
25 | 13. Wrist-watch comprising an AC generator (11) and a
time-keeping circuit (12), characterised in that
said AC generator (1l1l) and said time-keeping circuit ({12)
are interconnected by a bridge rectifier according to any
one of claims 5 to 11.

—
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bet ween the p-type zone 52 and the n-type substrate 50. 5 The collector of
the parasitic transistor 160 is connected to the p-type zone 115 via the
parasitic resistor 162 whi ch represents the resistance to current flow
across the p-type well 110. Simlarly, the. vertical bipolar
junction transi S¥@9726®5 161 is constituted by the junction dioﬂE“EE*WE@ﬁ
t he n- type zone 112 and the p-type well 110 (emtter-base junction)
and the junction di ode between the p-type well 110 and the n-type
substrate 50 (collector-base junction). An additional emtter-base
junction is also dly the 15 junction diode between the n-type zone
111 and the p-typ |1 110. The collector of the parasitic transistor
161 is connected to the b-type-zone 54 via the parasitic resistor 163
whi ch represents the resistt::e to current flow gcross the n-type

I

substrate 50. 20 It w be noted that the Pase of the transistor 161
and the collector of the traMgi stor 160 are co n (i.e. the n-type
substrate 50), as are the base of the transi ftor 160 and the coll ect
of the'transistor JBI L) 45 When the
transistors 21, 27, 101 re diffused into the
substrate 50 of ficure 6 f a
| at ch-up effect.. R
t echnol ogy, can be [un
figure 7. During eachjposi
the AC generator 1f, Qi€ |
coll.ector-emtter qurreng in the fransistor {L60. Yhis coIIector current
fl ows across thg resigtor 162 andjcreates a -otenllal rencqd 35
t hereacross. Thi s patent al_differente is annL' b _he ase and
the emtter of the trans]stor 161, M@ICh g~ t o {conduct.
A col lector current is thus

! ( (

Fig.3 | 27

l GATE GATE

" v““-JmF‘u”“ 5 V"’T”:L?” P

P. Pg P+ Pe Pe Sh P+l INe P.
\ \ \ : / d
P- 59 5 57 51 )52 551 P-

29

éo

1/



WD 97/ 24795 ' PCT/ EP96/ 05825

18 . created which flows through the resistor 163 and creates a
potential difference thereacross. This potential difference is applied
bet ween the base and the emtter of the transistor 160, \/\hi&r}g&%&
ensures that twoemteser 5 remmins in a conductive state. FCF

simlar latch-up effect can be triggered when the potential difference
V[err]-V[err] induces a collector-emtter current in the transistor 161.
These two | atch-up triggering nmechani sns are characteristic of CMOS
circuits, 10 but in the enbodi rent shown in figure 5 these triggering
mechani snms occur si nmul t aneously. It can therefore be seen that each
transi stor may prevent t9e h m being able to alternate between a
conductive and a non-conductive Sfate. §Such a latch-up or 15 race-around
condition would effectively oper g nstors and
prevent the active rectifief from perating correctly. I particular,
during the latch-up staje, the current consunption may bg as hi gh as

100 M and t hg fi starjti ng 20
operation. The latch-up &isk is greater for enbodinents

S

/

Fig .2
E\
{
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whi ch use both n-type and p-type transistors, due to the creafion of

parasitic bipolar junction transistors as shown in figure 7.

Several inprovenents may be made to the topol ogy of 25 the active
rectifiers 20, 70 and 100 in order to address t hese concerns.

As seen in figwo®184195or exanple, weakly doped p-type zoFSIERINOSMRY 171
are diffused into the substrate 50. On top of these zones are
respectively diffused heavily doped 30 p-type zones 172 and 173. Wil st
represented as separate zones in figure 6, the zones 170 to 173 may in
fact be diffused in the formof a p-type ring which entirely

surrounds the PMOS transistqor 27. This ring acts as a pseudo col | ector
of the parasitic transi st or 60 badoolends 35 directly connected" to the
potential V[err], as shown by the reference 174 in figure 7. In this
way, the collector currgnt TT9Hw ng Frrougitthe parasrtj ¢ resistor 162
is WO 97/ 24795 PCT/ EP96/ 05825
19 m ni m segyand the rli sk of applying a base-enmtter} vol tage
suffitient to caude theN\trarlsi stor 161 to conduct is thus reduced.
Preferably, the zones 17& arjd 171 as shown in figure 6 jare diffused to a

depth at | east equal to thauﬁof

Fig . 4
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5 the p-type well 110 so as to maximse this effect. Simlarly, the
zones 116 and 117 may al so be diffused in the formof an n-type ring
which entirely surrounds the NMOS transi stor 102. This ring acts as a
pseudo col |l ector of the parasitic transistor 161 and is dir§§%$¥#ﬁ4%
connected" to WRIWYMSntial VDD, as shown by the reference F Sgure
7, so as to mnimse the collector current flowi ng through the parasitic
resi stor 163 and reduce the ri sk of applying a base-emtter voltage
sufficient to cause the conduction of transistor 160. 15
Furthernore, the zones 114 and 115 nmay be diffused in the formof a
second ring, in this case adr e ring, whi ch al so entirely surrounds
the NMOS transistor 102. By ~ 'ﬂrﬁfgtng t he di stance separating this

0 t he r

ring fromthe transi stor sistance of the resistor 162 is
able 20 to be m nimsed, whi

h cog:ribu es to mnimsing the base-

emtter voltage applied to the tr st+or 160. The} zones 54 and 55
may al so be diffusgd—n the form __ _of a second ring, in this case an
n-typeé ring, which=al so ehtirely surrounds the PMOS trapsistor 27. By
m nimsing 25 the distance separating this ring fromthe tyansistor 27,

the resistance of the resist 163 is able to bd m ni mped, which

contributes to mnimsing t pase- s er vbltage app]ied to the

transi stor 161. In aggitio t he Ereviously ment i oned doubl e
i y to separate frpm each ot her

) = of the AC

For anpl e, as} shown in figure

sigtor 102, poth of which

signal provided by the AC ge
8, the PMOS transistor 21
conduct 35 during each posit
PMOS transistor 27. Simlarl
transi stor 101, both of whic
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o
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WD 97/ 24795 PCT/ EP96/ 05825
20 . negative half-cycle, nay be separated by the PMOS transi stor 21.
Such a separation of the two MOS transi stors which conduct at any given
time acts to reduce the current gain of the bipolar transistors 160 and
161°so 5 that WO24MHre difficult to reach a |atch-up condi tHRIE

I n other enbodi nents of the invention where four PMOS transistors are
used, the PMOS transistors, such as those referenced 32 and 33 in figure
2, will be configured aﬂQz source-fol | oner, whereby t32 output at the
source follows 10 the potential at t:];' aipg. (This confiburation is

anal ogous to the emtter 0I§ " co Jg;n on fo - | pol ar junction
transistor.) It may therefMor& Qe desitable to u vl tage nultiplier
with greater gain in ' ions, in or sure the correct
15 swi tching operationy VEWEW& VGEN] [jj Lpnally,ydlb,4s to
be understood t hat,vari‘of} pdi f i NY iti g & Y8
i epartgi
sﬁip

the active rectwtxbr

whi | st reference ¢hgs
transi stors, othe¢r (&
one control el

ng

/ 170 ) 17
| \
110
i 50
Fig.7
, VDD
| Rsub| T3 VeeEN!
7% —"] ~
L "~~~
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function transistors. In this |latter case, the conparators 25 ang, the case
bei ng, the voltage multipliers nay be . adapted to pIOVIde.a base current
sufficient to drive the bi pol ar junction transistors intd-satdratidn.and
thus to reduggshhgsggcol lector-emtter voltage to substantially zero.
It then sufficeS to properly take into account in 30 the circuit design the
parasitic junction dirodes resulting _ fronlthe d|ffu5|on of the bipolar .
junction tran5|stors | ACTIVE (RES : i N TMAL A FITERG DSSEE: present
i nventi on. Wi | st. the above- descrlbed exanples |nclude '
transistors created in an n-type substrate and/or a p-type 35 well, it i's
to be appreC|ated t h@het prdgarent iovenkson cappIres reCKnémanﬁmwsndth1
%Lilﬁéeated in Sagfatﬁﬁar f%%@%f?éfso HTEH158H§rY§e| dlodeyconnecté@'

M5 - fve Tec or use in pomer supp circuit,
conpri sing betweey dnoel@‘éﬂ)a%rﬁﬁe&@‘%‘ett\mnéﬁ -i nput -t erninal '

(9) and an output teiﬁ‘ﬂ@'kﬁ§%ﬂ o use rec@hfiéf§'fﬁ(5rdé9 id”éﬁﬁiﬁélyior
~substrate (50) and having a control - el ectrode

conductive 5 eP@&tigtiely (Gonspitutfesginchits Bg Le (ﬁﬁﬁ%%?85m an
respectlvely t 0a38kdnkBpHYy 8LBhg8! pLtOduesd byia woltade generator into a

direct-current voltage suitable for supplying power to

electronic c1rcu1try : such a rectifier is known from the
'document WO 85/01161 which describes a rectifier according

10 to the preamble of claim 1. Such circuits are used for
examble, in wristwatches which feature an AC voltage
generator and a tlme keeplng c1rcu1t driven by the power
generated therefrom. In wristwatches of this type,'a
rectifier circuit is needed to convert the alternating

15 voltage produced by the AC voltage generator into a DC
voltage for dr1v1ng the time- keeplng circuit. In known
wristwatch appllcatlons, rectifier circuits performs
either half-wave rectification by means of a single diode,

or full-wave rectification by means of a bridge employing

20 four diodes arranged in a conventional manner. '

. However, in forward bias a diode exhibits a voltage
drop between its input and output terminals which is
slightly greater than the threshold voltage_at which
-current begins to £flow in the diode. For silicon junction
25 diodes, this voltage drop may be approximately 0.7 volts,
0.4 volts in the case of a Schottky diode. The voltage
Supplied to the time- keeping circuit can therefore be as
much as 1.4 volts less than the voltage prov1ded by the AC'
voltage generator, with the result that power is lost. In

30. many c1rcumstances, such as in low- -power, low- voltage_
applications, thls power loss becomes significant and

undesirable. _

.In order to overcome thls loss, it would in theory be
p0551b1e to increase the number of turns in the AC

35 generator s coil. However, a coil having a large number of”
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termnal (8), and 10 - a conparator (:3) supplied:by said-.power. supply
circuit. and having two inputs (+, -) respectivelly .- ,onnegted. (o :
said input (9) and said output.(8) termnal and -an-out put “ cénnecsed.to
said transistor control: el ectrode (5) characterised in that 15 -
said diode (4) is constituted by a parasitic_, _junction diode forned in
sai d substrate (BosS-aks iBulkgt and may besddffieult ckof pauss éanpihses
a vol'tage nultinplded £R8keCarREAtdA i 18Chl Y ikRipRAtE Sef d s&RTRARA Dime
(3) output -and said transistor control termnal (5). 20 2. Active
rectifier according to claiml1, wherein said transistor (2) is a MXS
transi stor. 3. Bridge rectifier for use in a power supply
circuit, conprising - afirst rectifier (21-24) connected between
a 25 first input termnal (25) and a first output terminal - (26),

- a second rectifier (27-30} connected between a fsecond input termnal -
(31) and said first output termnal . (26), 30 - athirdrectifier
(32, 35, 36, 39; 101, 103) connected between said first input term nal
(25) and a second out put term nal (34), _ - afourth rectifier
(33, 37, 38, 40; 102, 104) connect ed between said second input -term nal
(31) and said 35 second output termnal (34), characterised in that

¥
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| | east one of 'said first, -second, third or fourth active
rchhMﬂ!’ ‘mm’!u"fed by an actlve I’eCtIerI’ acgcordl.ng to;--.
ei t her 4. Byidge rectifier accérdlng

claim 3, 5" cHardcterised in that the transistor fornlng part of at

| east one-of said first or second active rectifiers is a p-type MOS
transi stor.  'CLAIMS 5. Bridge rectifier according to clains 4,
characterlsed in that said third active rectifier (101, 10 103)

conpri ses: - an n-type MOXS transistor (101) forned in said
substrate (50, 110) ahd hatiwg argatifidwrai loanduseurize, a power t Be&pply
|atter two bein ct said first input termnal (25)
and said secondgéggﬂgg t§§%$§%¥ﬁ%g4 and 15 - a parasitic

junction diode (103) -f oraedipdesdid connectadﬂhntw&en(s@ inp0r &edminal

connected betmqu sghd aRCc8Rchut termldEHFg%t termnal (34) and said first
| nput term nal % ge ‘rectifier according to any one

of clainms 4 3 or 52 BRARE&EEPrsdd)i Formed st B f BUPERrasei V§0) and
rectifier RAviHY, aloéanQQﬂ!“ﬁiectrode (5) andantfo! Y@&nletive
transi stor (102) forned |n sq éubstr te éSO, élO) and_ havi n
gate, drain and®d&f t Hdse | BRBER ¢ t'b $hg O&HLt e‘ﬂO%B?\ﬁg&g
sai d second inpubspectlvenﬁnunrEAl&Simpandte&hdn&dconﬂ)O@mdueaudrmutﬁut
(34), and a ggaa5|t|c junction diode (104) formed in said

substrate (50 %%G?lB%%Q%Eh sard second out put term nal (34) and
said first dOtput ternlmalcpmaﬁrator (3) suppliedBbiviggaid epowkirersupply

according to glaidp; a3, ﬁfxcf.ehav &‘“39%:&9 that the Eifg%?iaéft%ely

form ng part of at ast one of 'sai I'st _or secon
rectifiers i s aconnectednteygaifdEnpuant?lsiand said output. (8) teyminpls.

rectifier accordhed &R Cbatpht/.connected to said transistor control
electrode (5) characterised in that
15 ~ said diode (4) is constituted by a parasitic '
junction diode formed in said substrate (50), and in that |
- said rectifier further comprises a voltage
multiplier (10) connected difectly between said comparator
(3) output and said transistor-control terminal (5).
20 2. Active rectifier according to claim 1, wherein
said transistor (2) is a MOS transistor.
3. Bridge rectifier for use in a power supply
clrcult, comprising ' |
- a first rectifier (21-24) connected between a
25 first input terminal (25)-and a first output terminal
(26),
- a second rectifier (27-30) connected between a
' second input terminal (31) and said first output terminal
(26), |
30 - a third rectifier (32, 35, 36, 39; 101, 103)
- connected between said first input terminal (25) and a
second output terminal (34), _ o
- a fourth rectifier (33, 37, 38, 40; 102, 104)
connected between said second 1nput terminal (31) and said
35 second output terminal (34), characterlsed in that
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acterised in that said third active reéectifier (101, : 103) .. ..
ﬁ ﬂﬂﬂ"”w’l - an p-type MOS transistor (101) f,qrmed in:sdi'd
su ,ﬂ and having a gate, dras and source,... .. , these .

Iatter t o Meisng+connect ed between said first input ternlnal (25)
and sai d second output term nal (34), and
23 - ‘ad hedstsi tne: qumamd)rfld:lstde setesid, f dbded o faugth active

~ (34) and said first input termn e rectifi
according to an@CQﬁﬁﬁkﬂgcﬂQuﬁﬁihﬁ al@ﬁaia@?e?rsed |n that said fourth

ransistor (102) forned Th gy o L AeEo A v & gatd
r ornmed i n sai substrate : an avi ng a gate,
drai n and so%rc%haracFﬁ€§§eﬁaﬂFquﬁ&)?EﬁnbrééﬁﬁéEpédﬁ&ﬁﬂ&ﬁﬁ1%%g Qgcéﬁd
input 10 term niéa$8lpnandfsabddsEdent ot pecdml ndelve 3dectbbllers is a -
a parasitic Junctlon qgr%{104) forned in said substrate (50, 110)

bet ween sai d set ‘(34) and said first output term nal
(26). 10 Br i ﬁgeBr:adgef i e:recam:i:ﬁiah:ng dacangioe otocl gilesims 15410

9, characteri SeﬁéPaE % %ourt AN 0L 21 §ORALY %imdc'&.ve é‘éélﬁieéa'(%&.

first, second active rectifiers are orned In sa
substrat e %@O)l@%)Cmmmprlsﬁﬁan5|stors 11. Bridge rectifier

according to any one. of &1 ahDByBe MOS transistor (101) formed in said
substrate (50, 110) and having a gate, drain and source,

substrate (50, 1301 ;#d.LoN0ed e Ji?z efcedl dpyeoghd actaPutrdeirtnal
o

these latter two being connected between said first input
termlnal (25) and said second. output terminal (34), and
15 - a parasitic junctlon diode (103) formed in said
substrate (50, 110) and connected -between said second
output terminal (34) and said first input terminal (25).
6. Bridge rectifier according to any one of claims 4
or 5, characterised in that said'fourth active rectifier
20 (102, 104) comprises: ' |
- an n-type MOS transistor (102) formed in said
substrate (50, 110) and having a gate, drain and source,
these latter two being cénnected between said second input
terminal (31) and said second output terminal (34), and
25 - a parasitid junction diode (104) formed in said
substrate (50, 110) between said second output terminal
(34) and said first output terminal (26).
7. Bridge rectifier according to claim 3,
characterised in that the transistor forming part of at
30 least one of said first or second active rectifiers is a
n-type MDS tranSLStor
8. Bridge rectifier according to claims 7,
characterised in that said third active rectifier (101,
103) comprlses
35 - an p-type MOS tranSLStor (101) formed in said
substrate (50, 110)  and having a gate, drain and source,
these latter two being connected between said first input
terminal (25) and said second output terminal (34), and

e



/
to 10, characterlsed in that .it further conprises at least . one first

rl 4 mﬂm]mu“ﬂ\mg in said substrate (50, =~ 110) and entirely . -,
surr id transistors, and 23act|ng as:a pseudo Qo||ect0r;

f'or that® trandi sfor’ 12. Bridge rectifier according to any one of
clainms 3 25 to 11, characterised in that the transistors constituting

ISE;I garhrzbbg??az Ourtg acalllgéréti)@fﬁiélfﬁﬁceiensaﬂ@a@t ed 030 orme@ath ebhier
e y ors _constitutin

sni d second or supptzabe viso, Y 1388, (4ad, Conneg e ThatveRe” At Spspod

constituting sabatplc senmnh]an(cxtlt)hlam satidvéirsct u.ﬁpetstermixsebafﬁ)ed from

each ot her

‘transi stors constitutT ng sal

in sgi %rld’!:_tbe]ELfr e.l.fl(e@’actc%) n£3€o WS e otfh%lalms 7

or for rect fier

13. Wi st - wab choxofpr chamgcierASederiar &thet (sa_u_n)d af\@u:atIsSasthrﬁem@sutﬁé ier

circuit (12),

c %Qctﬁéﬁ%ﬁg}:ﬂ@ said AC generator (11) and said

time-keeping circurt

~1nterconnected by an ac%lve rectifier,

according to any one~ awfPckyPes MOStyansistory3l02) formed in said
Wi st-wat ch conpghstpgean (AG,0anenateid (ki th agaté| nerkeapend soundd,

12 h
(Pl £ o5t o bReS et DEr, 630 e SERS ndilest A8 dhddt gy o

one 5 Of cl a0metdrind?. (31) and said second output terminal (34), and

15

20

25

30

35

- a parasitic junction diode (104) formed in said
substrate (50, 110) between said second output terminal
(34) and said first output terminal (26).

10. Bridge rectifier according to any one of claims 3
to 9, characterised in that the transistors constituting

part of said first, second, third and fourth active

rectifiers are formed in said_substrate (50) as CMOS
transistors.

11. Bridge rectifier according to sny one of claims 3
to .10, characterised in that it further comprises at least
one first ring (170-173) formed in said substrate (50,
110) and entirely surrounding one of said transistors, and
acting as a pseudo-collector for that transistor.

12. Bridge rectifier according to any one of claims 3
to 11, characterised in that the transistors constituting
said first and fourth active rectifiers are separated from
each other in said substrate (50, 110) by one of the

tran51stors constltutlng said second or thlrd active

rectifiers, and in that the trans1stors constituting said
second and third active rect;flers are separated from each
other in said substrate (50, 110) by one 'of the
transistors constituting said first or forth active
rectifiers. _ |

13. Wrist-watch comprising an AC generator (1l)land a
timeekeeping circuit (12), characterised in that said AC
generator (11) and said time-keeping circuit (12) are
iriterconnected by an active rectifier:according to any one

of claims 1 or 2.
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14. Wrist—Watch_comprising an AC generator (1l1l) and a
time-keeping circuit (12), characterised in that said AC
generator (11) and.said time-keeping circuit (12) are
interconnected by a bridge rectifier'according to any one

5 of claims 3 to 12.
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