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gates (active form. -1 WO 2004/077190
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pufpose—tends to be

Semiconductor devices tend to be divided into discrete

2.

components and integrated circuits. The discrete devices
include single function components such as bipolar
transistors, junction field effect transistors, surface field
effect transistors, silicon controlled rectifiers, etc. and
some integrated components such as insulated gate bipolar
transistors. One characteristic that is common to all the
discrete components is the lack of external power supply

reguirements.

Recently a new form of discrete circuit has entered the
market; a highly efficient diode made from surface field
effect transistors, an integrated circuit;diode (ICD). This
circuit in its present form (passive formj does not utilize
any on-chip drive circuitry; however, with the addition of
either external or internal power, these circuits can improve

their performance dramatically by utilizing on-chip circuitry

to actively drive the transistor gates (active form).
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junéflon %% have a forward conduction voltage drop of
approximately 0.3 volts at room temperature. However, the
same are rarely used, not only because of their
incompatibility with sili;on integrated circuit fabrication,
but because of temperature sensitivity and other undesirable

characteristics thereof.

In some applications, diodes are used not for their
rectifying characteristics, but rather to be always forward
biased to provide their characteristic forward conduction
voltage drop. For instance, in integrated circuits, diodes
or diode connected transistors are frequently used to provide
a forward conduction voltage drop substantially equal to the

base-emitter voltage of another transistor in the circuit.

In circuits that utilize the true rectifying
characteristics of semiconductor diodes, the forward

conduction voltage drop of the diode is usually a substantial
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conduction voltage drop of the diode is usually a

substantial -2 WO 2004/ 077190 PCT/US2004/ 005465
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DC step-down converter, a transfornmer is typically
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‘'voltage drop, and has the disadvantage of requiring careful
timing control throughout the operating temperature range of
the converter to maintain the efficiency of the energy
transfer from primary to secondary. Timing of the switching
action for the primary versus the secondary is critical and
must take into account the phase delays of the transformer
and other elements. These circuits are obviously very

costly.

The ugse of a semiconductor diode for this purpose has
the advantage of eliminating the need for control of a
secondary switch, but has the disadvantage of imposing the
forward conduction voltage drop of the semiconductor diode on
the secondary circuit. This has at least two very
cubstantial disadvantages. First, the forward conduction
voltage drop of the semiconductor diode device can

substantially reduce the efficiency of the converter. For -



forward conduction voltage drop of the sem conductor
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Another commonly used circuit for AC to DC conversion is
the full wave bridge rectifier usually coupled to the
secondary winding of a transformer having the primary thereof
driven by the AC power source. Here Lwo diode voltage drops
are imposed on the peak DC output, making the circuit
particularly inefficient using conventional diodes, and
increasing the heat generation of the circuit requiring
dissipation through large discrete devices, heat dissipating

structures, etc. depending on the DC power to be provided.

Therefore, a semiconductor diode having a low forward
conduction voltage drop would be highly advantageous to use
as a rectifying element in circuits wherein the diode will be
subjected to both forward and reverse bias voltages from time
to time. While such a diode may find many applications in
discrete form, it would be further desirable for such a diode

to be compatible with integrated circuit fabrication
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BRIEF SUMMARY OF THE INVENTION

The present invention provides circuits and methods
that, when integrated into an IC, will provide an on-chip
power sgource to runncontrol circuits on the IC. It draws its
power from the applied signal during the "off" portion of the
IC's cycle. For example, in the case of an IC behaving as a
rectifier, the circuit will utilize the large reverse voltage
during the off state of the rectifier to draw power for the
supply. In the case of an IC behaving as a transistor, which
does not have a reversal of the applied potential, the power
supply will draw its power during the "off" state when a

large bias is formed across the IC.

During the "on" state of these IC's, the power supply
will provide power to drive the control circuits which can be

used to generate a more conductive "on" state, and a lower



power fromthe applied signal during the "off" portion
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to the ICD chip. This allows the capacitor to charge and act

as a battery, powering the control circuitry to run the ICD

gate,

Figure 2A presents the same concept as figure 2 except
the diode is moved to the other side of the capacitor. This
inverts the polarity of the sense signal, hence the - and +

signe in Figures 2 and 2A.

Figure 3 presents the same concept except driving a
metal oxide semiconductor field effect transistor. This
Integrated Circuit MOSFET (ICM) device has external inputs

corresponding to the source, drain, and gate.

Figures 4 and 4A present control circuits used with the

+ and - sense configurations, respectively.

Figure 5 presents the same type of drive circuitry as in

Figures 4 and 4A except as modified for an n-channel MOSFET.
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
Referring to Figure 1, a prior art schematic di agram
of an ICD (integrated circuit diode) is presented.
This device acts as a |ow forward vol tage di ode
because of the gate connections, and the depletion
threshold voltage. It is specifically designed to
handl e alternating polarities. It 1is obvious that the
addition of an external power supply and control
| ogic would greatly enhance the functionality of this
device by allowing the gate to be driven well above
the drain potential when conducting. The device shown
in Figure 1 is an n-channel device. Normally, in a
conventional field effect device, the body or
backgate is connected to the source of the charge
carriers



when the device is turned on. In that regard, the

source and drain |abels, as used herein refer to the
waowroeribei ng that region which is the sourceP@f/US1084/005465

charge carriers when the device is turned on or

conducting, and with the drain being the other region

of the same conductivity type. Therefore, the charge
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Figure 1, conduction occurs when signal 2 is a higher

vakfrageinthap Signak 1, & préorherEi gahemdepicedagnam of

n- channel device, : i, t he f ' Lot .
an 1GP JoareeTaRE A EAFRUIE CHRR) BE REERGPLRGr | AriRecevice
actsf%%egpgo%h%o@%@%ﬁvgoﬁﬁhggr@E@ﬁe BbkeUkk dfodie( bEDE

_body or backgate of the I1CDis_connected to the
connecaiionsnoenthéheodepd et AbsothrnepbpldcHart keB8ri stitcdf! y

has a.slightl.y negativye re I s, .an LCD,
e Mo o e
is dhachareele itsiese@awhabncondaet exeernhdughwelre supply and
current is zero because the sourcgﬁa&d drain

contEi SRS WILdgET PO TaRTHEGREN GO e IREAITRE Of this

devi eag§'%ﬁhkﬂﬂ%gi%herg%%%dt%b%%edkﬁ%e%OW%Qg wobkagehet deain
conduction along the -8 WO 2004/ 077190
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device is turned on or conducting, and with the drain being
the other region of the same conductivity type. Therefore,
the charge carriers flow from the source through the channel
to the drain during conduction. In the case of the ICD of
Figure 1, conduction occurs when signal 2 is a higher wvoltage
than signal 1. Since the Figure depicts an n-channel device,
and with the foregoing definition of source and drain, it
will be noted that in the case of the passive integrated
circuit diode (ICD), the body or backgaté‘of the ICD is
connected to the drain, not the source. A;so an ICD
characteristically has a slightly negative threshold. Thus,
for an ICD, when the source and drain are at the same
voltage, the channel is somewhat conductive, though the
current is zero because the source and drain are at the same

voltage. For an n-channel ICD, when the drain voltage is

raised above the source voltage, the conduction along the
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| ow forward vol tage conduction drop. On the other
hand, when the source voltage is above the drain

wao etoraga9o conduction in the channel causes theCTHS200€005465
vol tage next to the source to be close to that of the

source, and thus to have a gate channel voltage which
causes
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the chanﬁ%ﬁEEuﬁh?%@ ‘high, and resistance of the channel will

increase with increasing reverse bias voltage, thereby
increasing the resistance of the channel with increasing
reverse biag voltage, thereby limiting the rise in the
leskage current with increasing reverse biag voltage. This is
the standard Id/Vds behavior of a MOSFET with a constant gate

potential.:

In usual diode terms, the Anode of a diode is the
positive terminal during forward conduction, and the Cathode
is the negative terminal. For the n-channel ICD the forward
conduction Drain corresponds to the Anode, and the Source
which is the n-type substrate to the Cathode. If one were to
build a p-channel ICD the Anode would correspond to the
Source which is the p-type substrate, and the Cathode to the
Drain. Due to carrier mobility differences, our discussion

of the ICDs will focus on the n-channel device with the



In the disclosure to follow, passive n-channel |CDs
and active n-channel and p-channel 1Cvs are referred
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a MOSFET design and have the body or backgate of the
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which™ provide a negative potential to the substrate
ICM toutdnaieb berwmadestiorat BFBEhBl %O however, the

integrﬁtion of a self- contained power supply into an
oyt external _po up copnect. s
t_nrkéeaaﬁ?ciﬁguﬁ?eggnfgg%eéhtPéﬁsggﬁcgr%%?gﬁg% 108¢ and
actiGkr gUbhbyuntd the pCchannthelpMepase péfenrehi po.chhege

storage, acting as an effectiv att t t
At igonE P UL P agPE  APEnEReT G5 TGt B CSPHLERE BAERergPPEace

gate?é%bﬁ%EQQOnEto”ﬁh@%eaEEU§Ee§iQgghméiBEQOQFETngebhgn and
0 state of the IC Figure 2 is a schematic
haver eheebedyatirobackgateacti vhel CEDSUEPRREFRgIcEAt FBE drain

cirecuitry t wer its g c e. The ener to
for Hh?vécpﬁeaggnggglS@PFSSi??? ?%geigggéted fromthgy
signal lines by the addition of a capacitor and a

dirpdeusther diiedectkl mosreme dapaent by tonthalgéogic
~ during the reverse bias conditi%n for the ICD (off

circyd e, imovigddr SROWH oW BHE AFGR 126 ﬁéﬁ?@gi'o?¥%§gr0nous
rectpﬁlégézoo 05468 18V @S e nuokbagehiandgpeevents ac is

i'Scharge of the capacitor when the potential across
alsotM@lﬂC@n@M@psabeﬁ@wtbhei@haggaﬁgon of on chip power
supplies such as the back gate power supplies on IC’s which
provide a negative potential to the substrate to control
transistor thresholds; however, the integration of a self-
contained power supply into an IC without external power
supply connections is new to the art. The present invention
incorporates circuitry to the IC for the purpose of on-chip
charge storage, acting as an effective battery to power the
control logic. The energy stored in the battery ig extracted

from the actual signal lines during the "off" state of the

IC.

Figure 2 is a schematic representation of an active ICD
utilizing control circuitry to power its gate electrode. The
energy to drive the control circuitry is extracted from the
signal lines by the addition of a capacitor and a diode. The
diode allows the capacitor to charge during the reverse bias

condition for the ICD (off state, no current flow but high
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potential, whether or not the polarity actually
reverses. As can be seen, if there is an alternating
W@ 00kaga9 acr oss the diode and a | oad (| oad i SPEIDUS2004/005465
shown) the peak to peak voltage will be stored on the
ce8a0|tog with the positive potential at the signal 1
side, and the negativ ot e t n
revegpacioThracer Fag: Prere ae s aeeoheRar dfabadr Bepiriter
whenCtheUpbtehtsa: aekgsbh@hetbeDC@ﬁbpelbeEDWCUhEryhmrghng
require a sense |line to synchronize its ontro
potenttali t yhathrrt he appl Led EPbﬁ%%tYTﬂFEU§%ﬁ¥erFVﬁeseS
must be isolated fromthe charge storage device. In
the S?ﬁebeo Fthuﬁf gﬁekgelg'Qﬁea§€é¥ﬁ§t@§gtb©ltage
Isol ation, a sense potential to follow
acroskgnak albﬂdeaaddanﬂbydoﬂlohé l@apablﬁbpwntlgbﬁePQAk to
presents th nfi guration e X e
peakdveaéaaﬁdwéi&agﬁté oFFg PSVQLE Pncﬁg&gt ?’%gh ‘?ﬁ‘g
posﬂE@\’/—%S othetrgensercenaegtypalt 0 en.geal ahd htmemegatuhe
pol arlty across the capacitor is not reversed. Thi
pote@bﬂbﬂgatath@nsﬂgnaérBlﬁﬁd?lIyTPéén?ﬁﬁﬁéalW?gﬁ &Cts as a

halfn8g§%| ECE$%é%%U%CE%hH¥e tg%sg'gHBEeztﬂhEhtﬁe tonenss”

ion of e finished TCDto the
circ@Xternali1ai rewdiuti des at kensanmdifier thosincheond Z@ndts
sense configurations.

I i .
contPh eceate UM TOTL AgESRBSSLAE TWo CENBeS TRE T4Re

musta%%a %%ﬁak@@tf&%n@t%%a%@ﬁ&geWE@EEﬁ bsdéubﬁbltuuadthe case
i ito this circuit, inplying that tﬁere IS no change in

of Fikmrepal arittey dafodteh@emV@ﬁaﬁsvéfflﬁagé\?OltaﬁéO&:o@él@a’ﬁn@e the
reverse t M|
senae SRR e £ DT LA P RETetorn e Eaard g e

Capaggﬂpﬁged to Figure 2. Thls wll reverse the polarity
on the capacitor, reqU|r|ng approprlate nndification
to the control circui I,s_conf,i woul d
alFliGHTE RESHEE S HS | G A Oio Faunse, Sxoept

the diode and capacitor are reversed in position. This moves
the sense connection to signal 1; however, the polarity
across the capacitor is not reversed. This configuration is
arbitrarily identified with a "- sense" notation relative to
Figure 2 with a "+ sense" notation. The function of the
finished ICD to the external circuit is the same for both the
- and + sense configurations. It is only an internal design

difference which distinguishes the two senses.

It is apparent that if a standard MOSFET is substituted
into this circuit, implying that there is no change in the
polarity of the signal voltage, the diode can be reversed so
that it will charge the capacitor during the off state of the
transistor. See Figure 3 compared to Figure 2. This will
reverse the polarity on the capacitor, requiring appropriate
modification to the control circuitry. This configuration

would allow a MOSFET transistor with no additional power .
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-11 WO 2004/ 077190 PCT/ US2004/ 005465 connections to
function with a very |low apparent gate drive;
wa@iokioziieg that drive to trigger a nuch | ar gerPdr/Usm04/005465
fromthe control circuitry. One of the design
pgoblegs 3s$ociated with power MOSFETs is providing
adequat e drive current for ' ;
conGaricrs 66 TRECON BITH RalSelt ArY “EbAcsrs. ofte drive
util1GeAHOk Heitr Quityemay, takegeany frorchs 1aTerexaipleegrom the
presented here are for denonstratin He applicati%n
contgfolt g TSI i or@l’%ealq#erth@hgﬁséggpggph EMSoREsgciated

witﬁj§5W£f'M68 gT%PH%?pf%VQQQn@Aa@%%ub@%nGEQQ% CHRI: for

circurtry. Because“of the “different configuration of
theitthd adicedeyzand stapaditrers,. t fbe SGpley inined ear &hisut ed

differently, and the sense line has the polarity
congSersed. Figure 4 uses the +sense configuration of

Figure 2 while Figure 4A uses the - sense

CoiHd HHRAIAAN BfrddiGUne2AakEheaegntiicaimsci r dliig axsmples

designed to take the sense input, _and use it to
preasomachlheate 6t dift SCTEPRTEd 1HE (RS R MEFERS
. t.e. Resi.stor j1star. d
T %rlrﬁna_]%?es}feéﬁl% at%%%%ﬁgq s%? zﬁ&gﬁ 1ttl”1:g-rl%adt!cn:thl%{ls gures
4 ardetey niged ddnt tdel patremtdlalcisfeuiffeysenfeasiuptalof the

~ (trigger signal in_ Figyres 4 d 4A) . Resistors
dlféﬁi&r%ﬁl_cé?rg WHEHTRGPY é%‘? QIQ%ata F OVitdre ed lf)toowe’r %?o%
supgB ntaidy the stattedfaifrdattals, whid ehd igaddad it has

rge drain on the internal power supply. In Figure
the olepidsi tiarensddgerfduifal tUFats OIF trefisist or ML,

contBFRALEE B o Wi Rain: Ve, Uy saisesdie
conZeffat odef | Fiduise tdre. extent of this vol tage

excursion to its rated zener voltage. This positive

\“%ﬁémgééégg? égkcuit is designed to take the sense input,
and use it to control the potential applied to the N-channel
MOSFET gate. Resistors R3 and R4 and transistors M1 and M2
form a bistable latch. The state of the latch is determined
by the potential of the sense signal (trigger signal in
Figures 4 and 4A). Resistors R3 and R4 are pull-up resistors
that provide power to maintain the sEate of the latch, while
limiting the charge drain on the internal power supply. In
Figure 4, a positive trigger signal turns on transistor M1,
which in turn turns off transistor M2. This causes the
resistor R4 - transistor M2 node to go toward V+. The Zener
diode limits the extent of this voltage excursion to its
rated zener voltage. This positive voltage turns on
transistor M3, whose source is connected to the gate of the

active ICD. When the potential of the source rises to the

zener potential, the charge transfer stops, limiting the

-12-



transi stor M3, whose source is connected to the gate
of the active ICD. Wen the potential of the source
WO p®e®71100 t he zener potential, the charge tr aPsf/E82004/005465
stops, limting the -12 WO 2004/ 077190
PCT/ US2004/ 005465 positive potential applied to the

active |CD h
pos i AEeabOTREE Lont PERFAPROROOFLE r AnEt B oF CRBIALER EPhe®

zene%eOSitQQQdﬁluQr§V§ﬂE§leaéE§§lVe vol tage on the gate of
'CDthat could potentially cause a gate oxide

rupture When the trigger nal chan olarit
tﬁéesﬂanélgﬂrﬁhéonapéh F§nﬁé§g9§eﬁ3 154 ghﬁ etﬁ%“ﬁgtglode

prevg%ﬁ%rggﬁlggg5ewg g%'Xﬁntﬂggﬁét¥eofaEhEhQCDS@HBt could

ate of st or driven positive so
potehhablupecgabe afgéhe b@Ddeandptheesoquénoﬁhﬁréﬁéggﬁér

[l ed
oS Shenehl LLaSHL Y Apeanobe BeD, the dale oo

so t%%q %h@oﬁbEbV%fVQEE%§§s§@E oy &BedrieearndgadeveThas the
e on state of the ICD to have a nuch |o

samevmhmagetheogatha@fltrﬂﬁﬁﬂétpﬁ Mﬁel§a§§PV€nsPS§ét6Ve S0
thattﬁ gﬁ éb8 bngg%b Figur eg .4 sgﬂgcéAof'Er%§%1%%0§eﬁ@ are

st hé™V+ "and V- signals are routed
pullled tReasane . points within the control circuit, the V+
?gesNEgFthe ge5|stor side of the latch, and the V- to
e ET side of  the |latch, The sense
héviewer, bes sesit-ed o ke © %p58§| g%lgicﬁigglargflveph

betvFe'egil'ira?l 451‘.'ft SQ%%%lt qthe dral B bsithiaesivalleadd se\mlblye the

igure 4A, TI't goes to the drain of transistor
zenckhidi dde .dudhtie tefid Qs atiet Py efetsariofthehd Dsé%élave &

muc}ba'ltgoévegur ﬁ)g- both Ior ?%‘Sl’lggqn&tsth%oqlgrdv\ﬁad t%%n?atnégsqgﬂreegast@:%\}cee of
Flgd%érl.r@ﬁﬁﬂﬁh@l%ﬁaﬂy@ﬂréé 4 and 4A, it can be seen that
in both cases the V+ and V- signals are routed to the same
points within the control circuit, the V+ goes to the
resistor side of the latch, and the V- to the MOSFET side of
the latch. The sense signal, however, is routed to the
opposite latch polarity. 1In Figure 4 it goes to the drain of
transistor M2, while in Figure 4A, it goes to the drain of
transistor Ml1. This is due to the polarity reversal of the
sense signal. In both circuits, the forward condition (ICD

gate turned on) corresponds to Signal 1 being negative with

respect to Signal 2.

While the shaping characteristics of';he latch are
convenient, in many cases the full latch is not required for
the circuit to function correctly. For example, in Figure
47, if resistor R3 and transistor Ml were eliminated, the
circuit would still behave properly with a well behaved input

gsignal.
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Whil e the shaping characteristics of the latch are
convenient, in many cases the full latch is not

Wo eguioragh for  the circuit to function correctPGI/USIIN/005465
exanple, in Figure 4A if resistor R3 and transistor
M were elimnated, the circuit would still behave

properly_w.th a I e ed_lap Lgnak ..t
2865?6?7596%&%%@3%%/ ggéﬁ%ﬁ‘%ﬂ%ﬁ?ib% ggﬁ%ﬁ%? r ﬁ?@? "

N-chhRge$anmeseant r oNo€ker eHat vhéehdanddl thanneknMOSFETsed so
Not e that the di ode has beenW$§¥ersed o)

thatysheayel hegesacrras| ERfwhiile ?sle?smPF%h@%%ﬁggharge

the L08,63pAGH tOkyThE, SENSESRLINEL hSwNeMet §eraat apliBput

© eEéggroge. Flgﬁre % %eno%strates t he sang contrgl

electirbduei.t, except for a p-channel MOSFET device. Note
that all the MOSFETs are now p-channel devices and

the pol arity of the _val e t t L Lt A
DS GROLE! hhndhethe val LA0°CLA.! BEncEOTt ol GlECULL LD
for &l pCéhhnneeCRbO¥ESTadgRt€eCONNbOE Shghakhlantdhpr YOSHESs are

an”enhanced gate control signal to the fiel ffect
now prahensedr deThaesSeaRanEbs P§'6ﬁéFYnﬁ% ggegﬁﬁgﬁggﬁe%ﬁ the

contkBME:0LLYQ! (a0eTRAA( arger  swing), or in current
rive to rapidly charge and discharge the transistor

gate capacitancen particularly in the case of power
t manshst GCY, ofn Fipeedsof ehd §at Eher CPBLEPANSIEICHA tf or

i.ncreasing the eed of turn_agn ; n_of f
T e T
conth@Y FBYnale tusete Fidlbaeg€ecntegnatedoci.r caitat @nhanced

~ may be packaged as a three termnal device and used
sigriad pleacécorricdsePedti GRAMS PETVPSL3EEs Siwﬁrﬁgov(g&‘rger

swin&ﬁ;f%%gggﬁ?urwgkked%%Q%aE% Rigfenkednerbedi-mRnis harge
the transistor gate capacitance, particularly in the case of
power transistors, in speed of the gate drive transition for
increasing the speed of turn on and turn off, or any
combination of these or other parameters. Also, the ICM may
be used in a larger integrated circuit, or may be packaged as

a three terminal device and used in place of a conventional

FET for its improved performance.

While certain preferred embodiments of the present
invention have been disclosed and described herein, it will
be understood by those skilled in the art that various
changes in form and detail may be made thgrein without

departing from the spirit and scope of thé%invention.
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i nventi on have been di sclosed and descri bed herein, it
wi Il be understood by those skilled in the art that

WO 20040TUH90 changes in formand detail may be naREI/US2004/005465
therein without departing fromthe spirit and scope
of the invention. -14 WO 2004/ 077190 PCT/ US2004/ 005465
CLAIMS What is clained EEAI% An integrated circuit

havi ng an on chi p power —suppﬁy coupled to a field
effect transistor having a source, a drain and a

gate, .the power supply conprising: a charge storage
Whatyd &d3dN§% *Eirrent directing device; a first

term nal of the charge storage device being connected

to the _source of the field_effect transistor
sécond Aermarsitase (fe Téiary agFgﬁaég %évf%%xb%qur

supRYResiAdd @ A Caikade «Fif ddte teunsertoti hestiinegg a source,
dévi ce, and an anode of the current directing device
a diseimgrcbrnastted tthet ROWGaISHPBLY CREPELEISSSt or . 2.

The circuit .of ai ; I & char g8 ,Sior; device;
d@vicgbarlgse g’tggﬁ Ci td()gﬁlcgw%'fﬁe%citcplcui t of claim .evme
whermidstt e euneantof ditree cftiangied ettiogedies devdiasd e ing

The circuit of claim 1 wherei,n vol.t age  het wee h
conqGtd iy e ST rﬂ]fn e Gk e%ﬁ&r'%e Yot Hge or "%
secdBVICEnirm USEd die ROVRIGA (IHIR dehfield being Wihnected

circurt of claim4 wherein the control circuit is
to aisedthala ki éhcheupnantofdimestingn festige, gndrfg anode of

circuit of., claim5b I e] f fu el )
the g o ratdin STEY S gorledet f ths Rt of
the GOMHADIst@dFCcUit IS responsive to the polarity of the

vol t age '

2. The circuit of claim 1 wherein the charge storage

device is a capacitor.

3. The circuit of claim 1 wherein the current

directing device is a diode.

4. The circuit of claim 1 wherein a voltage between
the first and second terminals of the charge storage device

is used to power a control circuit.

5. The circuit of claim 4 wherein the control circuit

is used to drive the gate of the transistor.

6. The circuit of claim 5 wherein a’ body of the field
effect transistor is connected to the drain, and wherein the
control circuit is responsive to the polarity of the voltage
between the source and the drain to turn the field effect

transistor on and off.
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bet ween the source and the drain to turn the field

effect transistor on and off. -15 WD 2004/ 077190
WOADANBA0D4/ 005465 7. The circuit of clai m5 PMBUSIN4/605465

body of the field effect transistor is connected to

the source, and wherein the control circuit is

(7ol a SPFoEt TRARaPEt SFo0h antorr st FRercirours o d

on an e circuit of
effeblatpuhAsbesel mstbenﬁeeeadttostheasmged agnd wheeein the

termnal device. 9. The circuit of cla|€11 mhere|¥ Ehe
contfpé| @isFRebt 1St FARBPEEHYSI §0aR B LRanner  MEsEEF 210"

T C t a i Bt f d effect
turntggﬁSEE%Y& ?EESEE Eﬁ%nne RE Bn Qﬁ%lbgghe circuit of

claim1l wherein the field effect transistor is an

nschan 2. .T Y | 2 he
fi eId QEFeéEEIP%%ngFSFg?Eﬁsgaw%egééﬁnghgyéﬁ¥eg%g rJ'l'?'he

pack@géauab af chlkaentdrmhaeei detvheefi el d ef f ect
transistor functions as a rectifying diode. 14. An
integrated circuit conprising: a capacitor; a diode;
a9ﬁie|@h@fﬁe@buﬁtabfieneﬂmhaVWhgréinsthanﬁieédoﬁéfect
termnals and a contr tern1na| the capaci tor and
tranghet@rodé B@iﬁgcééﬁﬁégtyﬁ Ffilseries between the first
and second termnals of the transistor; a contro
circuit coupled to the capaC|t r and Eﬁ ntro
t éOni ndhe cigcuit of claim 1 ereln e 1el effect

transistor is a p-channel MOSFET.

11. The circuit of claim 1 wherein the field effect

transistor ig an n-channel JFET.

12. The circuit of claim 1 wherein the field effect

transistor is a p-channel JFET.

13. The circuit of claim 1 wherein the field effect

transistor functions as a rectifying diode.

14, An integrated circuit comprising:

a capacitor;

a diode;

a field effect transistor having fi;st and second
terminals and a control terminal;

the capacitor and the diode being conhected in series
between the first and second terminals of the transistor;

a control circuit coupled to the capacitor and to the

control terminal;
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WD 2004/ 077190 PCT/ US2004/ 005465 the charge in the

capacitor being used to power the control circuit
w@ovi0Tihe ng t he vol tage on the control ter m P&i/usfoo4/005465

the transistor. 15. The circuit of claim 14 wherein

the control circuit 1is responsive to the voltage

between the fir and_secon '

thﬁspgﬁgﬁg ié.%%ﬁeC%P?Sﬁ?Pgongﬁg}ﬁs%é g%epgﬁﬁrtﬁge
conteent Lek-ceiikCubhtrb316a8f taur edltageonhr bhet hentaobflage

on the control termnal to turn on the transistor
termifnend ife thigl txgaspét®€en the first ternminal and the

second terminal is of a first polarity and to turn

off the transistor when the voltage between the first

t 5ni nSheasd rede ts efofd at By Atnwhefsipr thesgephgol circuit

. olarit p It £ ari ; r
is TRRPRCELG SO TBorEg e SnTEEry G eh e o) facs™
termieizneen it ke icrahstietoinal and the second ternminal is
of the second polarity. 17. The circuit of claim 16
mhergln the first termnal 1is a source, the second
t argni Nalhd $iacdria wrardatihe 16owheakint éhei gantirelg circuit
gate, the gate bein connec& dto th% contr

is qemfd@Ured1§o PREtER e e JPLEPFENPTT Mhiffe & Ep%eterminal

fo ULCUH e hackaged asrant Wt eoTikRak deviveen the Hiest
citcurt of claim 14 wherein the control circuit is

terrrrziemiorasidletheo s cvot termsingdali spedvipdédrefe Petlgrity and
0. The i,rcyit of. ¢claim19 rej (RN [ S ;
to tﬁd%"«éifé% ;I‘Wg‘» otreﬁ’vrlﬁerﬁla}{l‘,‘111 e\%o@é:?a@%ﬁbe.}:ﬁg:'egﬂi rtzllﬁ first
terdiingl aida ke thengentlr ds cifr euistcdrsl garifamguned

to control the voltage on the control term na

oppasgpordie & mtt o leaHtRol Tty ITRIT TES tp Covicts "eish e fe

beiﬁ§”§5ﬁ5ﬁcff¥é when the voltage between the first terminal

and the second terminal is of the second polarity.

17. The circuit of claim 16 wherein the first terminal
is a source, the second terminal is a drain and the control
terminal is a gate, the gate being connected to the control

circuit.

18. The circuit of claim 17 wherein the circuit is

packaged as a two terminal device.

19. The circuit of claim 14 wherein the control circuit
is responsive to a control signal provided, thereto. 20.The
circuit of claim 19 wherein the circuit is packaged as a

three terminal device.

291. The circuit of claim 19 wherein the control circuit
is configured to control the voltage on the control terminal

responsive to the control signal to provide enhanced turn on
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WD 2004/ 077190 PCT/ US2004/ 005465 of the transistor

responsive to a transistor turn-on control signal
WQ@20048rm9€i rcuit of claim2l wherein the currePCT/US2004/005465

directing device is oriented to provide charging

current to the charge storage devi ce when the

ran t t d off.
Of oS SR T JREROrS P o0 crt iy B, el o Bpitrol
sig r&d1ai m 14 wherein the FET is an n-channel MOSFET. 25.

The circuit of claim14 wherein the FET is a
p- channel MOSFET. 26. The circuit of claim 14 wherein

t he FETHS @RcuitClanrelidFEL whérelhe thier euirtrenf
claim 14 wherein the FET is a p-channel JFET. 28. The

diresitiog desfias dismord epiedeitd PHOVECS ghergegg current to
t Irl'}fagrlsﬁets tsocrorf Ctde%%ea%h%nr %%te' a@lg: 1@'t%qe 182%u1*91ed off.

sing: an |ntegrate circuit including a
charge storage device, a current directing device, a

:2%' d %ﬂaeecctlrtc{u ansi s %rlaq‘?nv'lqg wha R9dY £ 12 $QUK %‘?LSt%r is a

and control circuit, the charge
FET St orage deV|ce and the current dlrectlng devi ce being
connected in series between the source and drain
termnals of the transistor, a charge on the charge
stor agerhdlevieeiibeiory cleupl ad twheard rachienFEas itshen
power supply for the control circuit, the contro
n-chgnnal M Trg an output -18 WD 2004/ 077190
PCT/ US2004/ 005465 coupled to the gate of the field
effect transistor, the
25. The circuit of claim 14 wherein the FET is a

p-channel MOSFET.

26. The circuit of claim 14 wherein the FET is an

n-channel JFET.

27. The circuit of claim 14 wherein the FET is a

p-channel JFET.

28. The circuit of claim 14 wherein the field effect

transistor functions as a rectifying diode.

29. A circuit comprising:

an integrated circuit including a charge storage device,
a current directing device, a field effee; transistor having
a body, a source, a drain and a gate, and a control circuit,
the charge storage device and the current directing device
being connected in series between the source and drain
terminals of the transistor, a charge on the charge storage
device being coupled to and acting as the power supply for

the control circuit, the control circuit having an output

-18-



control circuit turning the transistor on when the
voltage between the source and drain is of a first
w@edoanitly) and of f when the voltage between tPET/BERNC@S5465

and drain is of a second polarity, the current

directing device having a polarity to charge the

hat ge, §4ho dew G§ man ihe Ml dage beliveen t ee
CoupgloeLﬁ gceo chhaer %%gtlen%?@s %ﬁ‘e a second polarity. 130. The
cont@idic W irafitclraimmizgy wier einartshes tchacge wteor dde wehbage

is a capacitor. 31, The circuit of..clai m30 wherein
betarn ditd RIZGH A3 ([ ot @l & & idigu@OLeE L g ahd off

wherf tiidofafd aldpetheleigbihe iRl diefifredls of a second
transistor 1s an integrated circuit diode having its
polayaittey, durmesntmekitto dileeatdma slewdide diavingg a pelarity to
circuit of claim?29 wherej.n t eyt | q:g%a(g%%
charge atti?ef/voc M risgor i cc{e@g}]%f h%?g{ ct?{récb\f({lstgfg%?l aim 20 the
souMNErBid dheid rensdStorsdcoml gelBridsz. The circuit of
claim29 wherein the FET is an n-channel MOSFET. 36.
The circuit of claim?29 wherein the FET is a
p-thanngle MGRELt 3% JdheincizTuite@firclt@ien2hndeersdiorage
the FET is an n-channel JFET. -19 WO 2004/077190
deviRET/ UYSE0HDOSYES - 38. The circuit of claim29 wherein
the FET is a p-channel JFET. 39. A circuit
conprising: an integrated circuit including: a
caphci tHre circuit of claim 30 wherein the current

directing device is a diode.

32. The circuit of claim 29 wherein the field effect
transistor is an integrated circuit diode having its gate

connected to the control circuit.

33. The circuit of claim 29 wherein the circuit is

packaged as a two terminal device.

34. The circuit of claim 29 wherein the transistor is a

FET.

35. The circuit of claim 29 wherein the FET is an

n-channel MOSFET.

36. The circuit of claim 29 wherein:the FET is a

p-channel MOSFET.

37. The circuit of claim 29 wherein the FET is an

n-channel JFET.
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a di ode; an n-channel field effect transistor having a

source, a drain, a gate and a body connected to the
waole@im771iamd, a control circuit; the capacitor BOTUS104/005465

di ode being connected in series between the source

and drain with the di ode being conductive to charge

t capacitar : CR | : i t;age

LR ¢ R T o anaet o Do as Soukled o and

p-clagiridly FET he power supply for the control circuit,
the control circuit having an output coupled to the
gate of the field effect transistor, the contro
::Ihjg',‘_gl tAtdﬁ_wthﬂig: Ldmnpxairsafn@:stor on when the vol tage on

e drain is higher than the voltage on the source,

arfd ot S Yh & sWidgd 1t W HE 9 'sour ce i's hi gher than
tlgaéggé 0&,,0N the drain. 40. The circuit of claim 39
wherel'n the field effect transistor., has a channe
t hatdisdeonducti ve when the source and gate are at

the same volt . Al. The circuitf. of clai|x Whet el

t ' % l?n?lzgjfejpe&tcﬁae e'{l?cécs téfatnm%lstoceorlfnhﬁaﬁnﬁvﬁ ce.ﬂi%’ &
drath Cid GWhite G4 Sty @hriddRgl aledn rdxudin ;i raldidi ng:

a capacitor; a diode; a field effect transistor having

a sowrlerolh ¢yEFwtia gate and a body connected to the

S e
et uannEtie G se s dimmoc H i alis Gy GadTHLve
to cgl'llq;rgdel oglr?e bceaiqg] cj?toonrduw teir}_/eche source is at a higher
voltage than the drain, the capacitor being coupled to and
acting as the power supply for the control circuit, the
control circuit having an output coupled to the gate of the
field effect transistor, the control circuit turning the
transistor on when the voltage on the drain is higher than
the voltage on the source, and off when the voltage on the

source is higher than the voltage on the drain.

40. The circuit of claim 39 wherein the field effect
transistor has a channel that is conductive when the source

and gate are at the same voltage.

41. The circuit of claim 39 wherein the circuit is

packaged as a two terminal device.

42. A cilrcuit comprising:

an integrated circuit including:

a capacitor;

a diode;

a field effect transistor having a source, a drain, a

gate and a body connected to the source; and,
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to charge the capacitor when the transistor is turned

off, the capacitor being coupled to and acting as the
weowa/780pply for the control circuit, the coOPCT/UB2004/005465

circuit having a gate control input and providing an

out put coupled to the gate of the field effect

transi stor. to provide an enhanced gate control signal
t & HEFY FEFEN transistor responsive to the gate

COMd Qaddiitor 4hd TR dilcds bedfcelcainmet2 evheireise it
field effect transistor is an n-channel MOSFET. 44. .
betwRen die HQUISTe At M2 TWieiE (e einds Pergeonductive

Lransi SEOr d.8,8. MBEELL A3t ot Litheddd fr s
to Cgfaéﬁ%?ﬁ j%leir/\hée S ﬁ?;%’fi{égig effectrl trgnsi stor is an
the ra:hacma?mtleidr MeEhg 4fuplhel dia cuidt aoft iglcaian 4hempsrwsith supply
the fie effect transistor ,is.a p-channel_ JFEET. .
For ke AL G AT AW B G e 2 e
contPReKaged @%@ three dieigraalodeicoudkd to the gate of
the field effect transistor to provide an enhanced gate
control signal to the field effect transistor responsive to

the gate control input.

43. The circuit of claim 42 wherein the field effect

transistor is an n-channel MOSFET.

44 . The circuit of claim 42 wherein the field effect

transistor is a p-channel MOSFET.

45. The circuit of claim 42 wherein the field effect

trangistor is an n-channel JFET.

46. The circuit of claim 42 wherein the field effect

transistor is a p-channel JFET.

47. 'The circuit of claim 42 wherein the circuit is

packaged as a three terminal device.
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