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THE INVENTION 1. Field of the Invention The present invention relates to
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integrated circuits. The discr I nc single function
conponents such as bipolar transistors, junction field effect transistors,
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present form (passive form) does not utilize any on-cﬁlp drive circuitry;
however, with the addition of either external or internal power, these
circuits can inprove their performance dramatically by utilizing on-chip
circuitry to actively drivBAEKREROVNASPEt BHEQANFENTAON ve form. -1 WO
2004/ 077190 PCT/ US2004/ 005465 Utilizing external power for this purpose
tends to q§

Field of the Invention

The present invention relates to integrated circuit

semiconductor diodes and transistors.
2. Prior Art

Semiconductor devices tend to be divided into discrete
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 componente such as insulated gate bipolar
transistors. One characteristic that is commen to all the
discrete components is the lack of external power supply

reguiremerts.

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 formi does not utilize

. any on-chip drive circuitry; however, with the additicn 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).



| ess attractive because of the added circuit board conplexity. However, it
does have tﬁg)%ﬁﬁantage of not altering the external signal while draw ng

t he charge e’ 18 the onboard supply vol tage. |n nostPEpps@avdens, the
added conveni ence of the self-powered circuit would be advantageous. In
typi cal sem conductor diodes, conduction in the forward direction is

limted to | ealkage; cuid eéﬁt%:ﬂérﬁspémé“fo% he, { OryeFdoyg! %&ggsb'&.’ Speeaches a

characteristic value for the particular type of® sem conductor device. By
way of esplaitsidicon prjusetdéDnel oalddedonl toebndootardsi gnificantly

ntil the forward bia oltage js r axi mat el .6 10 0.7_volts. Mn
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barrier, [alkbagi tHO ecanduct afqhonefh Vol t @685 ng Uehe aShArdeV akksied

Germani um pn junction di odes have a forward conducti on voltage drop of
appr oxi netcet yelge Irigdasd supmigm tehtpesat urbn hiovevarplibatisnse ahe rarely

used, not | y because of their. incompatibility, wth silicqn, integrated
circuit faig%f%acﬁrbvrﬁm%?ﬁe e %&?&ﬁﬁ%ﬁ%ré%@ﬁﬁﬂ@i‘i@ BRd ot her
undesi r abl @ a0t £ri stics thereof. In some applications, diodes are used
not for their rectifying characteristics, but rather to be always forward

bi ased to provide their characteristic forward conduction voltage drop. For
i nstance, in ift dgmitel dawiiasriugodedlodes di odedeonhert€d thansistors are

frequent lacused: Lo e de . 2 forvard condugtlon yeliage dipp substantially

equal to ase-emtiter voltage of ano e 1T ansi’s circuit. In
ci rcui ts gt ditwddz erdlneadd U dectddyhdrg a chiadacdestr 5§t £8 vhigenteenduct or

di odes, the forward
the particular type of semiconductor device. By way of
example, silicon pn junction diodes don't conduct
significantly until the forward bias voltage is approximately
0.6 to 0.7 volts. Many silicon Schottky diodes, because of
the characteristics of the Schottky barrier, can begin to
conduct at lower voltages, such as 0.4 volts. Germanium pn
junction dicdes have a forward conduction voltage drop of
approximately 0.3 volts at room temperature. However, the
same are rarely used, not only because cf their
incompatibility with sili;on integrated circuit fabrication,
but becsuse of temperature sensitivity and other undesirable

characteristics therecof.

In some applications, dicdes 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 dicde 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
20(14/07719%ﬁ§6§@1é82004/005465 di sadvant age. By way of specific exanple,
inaDCto BB7d&Wn converter, a transformer is t ypi calPCFisgad/onfues ei n
a sem conductor switch controlled by an appropriate controller periodically
connects and disconnects the primary of the transformer with a DC power

source. Theiseavafesye. Vob-aggyi r copaected éRamplenvent ar peukpubc either
through a diode for its rect|¥y|ng characteristics, or through another

seni conductBEPsAPVe hcoThertent r al teangaeiesr el £ hevpi feldt ysedyshererint he
frequency of j conn ion to s.required to
oYRECISATR Yo QIDERS 00400t NELENLy SOUESE: 83,

mai nt ai n t%e esire a se u SWtEh is used to

connect t hgoseeohUar Ypé ool hea DUy pebnné&es oped ali 88oshetbisthecprdnswt ch is
also controlled by the controller; one formof this swtch configuration
circuit iscEaFhredtirrghernenotstRezt PE| 2PV sBOBTCE - seRlBoRBGONERATEWI tch to

coupl e the sp ?gga{g 5gnng9@%8uEQU%h§g§Yép@ §d¥§g%8ge 8&tﬁe¥?£%r59¥%;§{“ard

conduction “voltage drop, and has sadvant a f requiring ca

timng condiofletfivoupbeoutetbef ppes athigateapesaiase vangarelight hacthrert er
to maintain the efficiency of the energy transfer fromprimary to
secondary.Sth?%@d%?t?ﬁes§%F?EhiHﬁhea%?m%ﬁp¥%ﬁrtﬁ%rb?ﬁnﬁi§h9€rgﬁ@ Ny

secondary Ls.€£LiLi a St L Ot o RePUNL L he-phaserdekaus of,the
transforneébcand ofﬁ%? g?% H%téy Q%g%%86§$cd??g a?e 0 v?ousF§ vg%yp cg%?ly.
The use ofsausesi zondegbtoredi bdemdomnt 4 i stlpeirgposerbdsouthetadvahtage of

elimnating_the need for control of a seggndarg swi tch,. but has .t he
di sadvant a %fS?W&E%?%ﬁC?%E switch 1s used to connect the secondary to

the output, the operation of this second switch is also
controliled by the controller; one form of this switch

configuration circuit is called a synchronous rectifier.

Uze of a semiconductor switch to couple the secondary to
the cutput has the advantage of a very low forward conduction
‘voltage drop, and has the disadvantage of reguiring 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 use of a semiconductcor 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
substantial 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 diode on the secondary
circuit. Thgﬁ)?ﬁi %ﬁ Jeast two very substantial disadvantages. First, the
forward condutt ol Woltage drop of the sem conductor di od@CHBBRUE/ 005485
substantially reduce the efficiency of the converter. For -3 WD 2004/077190
PCT/ US2004/ 005465 instance, newer integrated circuits commonly used in

conput er iS5ysife®, afiewsesidfedrhfeQPeL ateitSi Agmmewalk RS isHRRInptal.t ages,
such as 3.3 volts, 3 volts and 2.7 volts. In the case of a 3 volt power

supply, tRESTAPDSIIF oReDigRed. Foveperakeriesngoleuges dpusrmsamPlvhat the
Conve”ervéf?é%‘%ﬂf&%h %’geﬁa%'gg%gt 038y 11f75V9£8 03d,,chRer eby] igid ing the

efficiency o e converter f even before other crrcui't 0sses are
consi der echsSesbrd, 3 thel ef boeeensyphogs desciibediaheve ofepr @sentvola  power
loss in the diode, resulting in the heating thereof. This Iimts the power
conver si GFEERPRALTPHE59Df AEAP| HERGF akRAC ERP cePTVeshesr L&r 1nasd fiasthany

applicatigg&r Lr h S a, di scr ~diode .y t sink of
adequat e zé%@ﬂ#%dﬁggéi%gyfﬁevg%%rgﬁ%abi?%f%%igigéwgkgngogﬁg Qovi ously any
i mpr ovenentf £imiémey fof walid wohtageedrop 8it) dewr beffajper othepacti ramitthe
overall circuit performance. Another commonly used circuit for ACto DC
conver si orP§Ee8 t fEPPS1RSESBri dge rectifier usually coupled to the
secondary wi nding of a transformer having the primary thereof driven by the

AC power Sour Cgacdiele Mo QE@E’@:’L&%#"@@Séi_rcﬁ’@§c_r§b€di apesed -ephepeak DC
output, making the circuit particutarly inefficient using conventional
di odes, amiver ncremsimgtidedbedt, genenhtion of the bertuint téguieoifng
This limits the power conversion capability of an integrated
circuit converter, and in many applicaticns requires the use
of a discrete diode with a heat sink of adequate size,
increasing the overall circuit size and cost. OCbviously any

improvement in the forward veoltage drop will have a major

impact on the overall circuit performance.

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 bv the AC power source. Here twe diode voltage drops
are imposed on the peak DC output, making the circuit
particularly inefficient using conventional diodes, and
increasging the heat generation of the circuit requiring
diesipaticn through large discrete devices, heat dissipating

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

Therefore, a semiconductor diode having a low forward
conduction voltage drop wculd 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 dicde 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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di ssi pation through | arge discrete devices, heat dissipating structures,
etc. depending on the DC power to be provided. Therefore, a sem conductor

di ode having“&’#@ﬂﬁ?@%hard conduction vol tage drop woul d becChicghloy/o0si6s
advant ageous to use as a rectifying elenment in circuits wherein the diode
will be subjected to both forward and reverse bias voltages fromtinme to
time. Wil i i hd Y icat | ;] |.SC r it
WUl d b6 {5 TGt T a551 FabT B fof SUEh B d ohs Tro ba: tongat bl B arRT

i nt egr at edczreeiuttidabrazagraon of AOn2604] H7F40 01 PCTE US2604 005465 .

techni ques_sgo_t hat the sanme coul d be realized in integrated ircuit form as

part of a MEch'Far gttt ERrated SHTETit . CERehetS FYS BRERSETEh Eent

| eakage i sk WeysmaOeshEab! 8= Ak NGS B, | Yadusiobel MBde, HPpabycaddictiienal
forward conduction current, thereby decreasing circuit efficiency, reverse

cur,rent | eskagenicant hewebot decreamsi nor el subst anf f ddiedel et eeiveuseaf f ect s on
sonme circuits. A%ggrnggly ithmould al so be desirable for iUCh a

seni conductof i ode® e %r?ﬁ%r PSR Y oW Y VRt S S B 352 'kaR4ge current. The
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di odes, with enhanced reliability at a conpetitive price. They al so provide

an attractdieo ¢ tegperdlves f rr thechi gheemvebndiget poréioedeotot Rershimehr onous
rectifier ;market;, however, they ar ot able to replace the entire

synchr onous™ Fect i 17%er" PaT ket hb%ﬁ Eﬁe%ﬁﬂﬁﬁﬁe% | NVENTI ON The present

i nvention provides circuits and nethods that, when integrated into an IC

W Il provide anriee-oim pin POVEIpSOIHEE £ Orth Ubr SO 1Sl eUEbSwandt he | C It

draws its voltages‘than Schottky dicodes, with enhanced reliability at a
competitive price. They also provide an attractive
alternative for the higher voltage porticn of the synchronous
rectifier market; however, they are not able to replace the

entire synchronous rectifier market.

BRIEF SUMMARY OF THE INVENTION

The present invention provides circuits and methods
that, when integrated into an IC, will provide an on-chip
power source to run.control circuiteg 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 transistcxr, 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 of the 1C s cycle.
For exanple, in the case of an |IC behaving as a rectifier, the circuit wll
utilize theYArY&Td¥%rse voltage during the off state of PC@seamabiier to
draw power for the supply. In the case of an I C behaving as a transistor,
whi ch does not have a reversal of the applied potential, the power supply
Wil dravy ddiss powess durdng-d he r?ftfﬂeséééf cy@eéhaxcﬂargﬁebf%wa%dfomed
across the 1C. " During the "on" state of ese I'C’s, the power supply will
provi de powerag® dan ize t hiegeoitcait L riceidcedhitch T abebel agedvidegenerate a
nore con ctl ve "on" state, d | ower -5 WD 2004/ Q77190 PCT/US2004/ 005165
| eakage " g?%‘f%er IW?%et}b%séja%fa A R R o f’ﬁ%%le§ol t &e g&n be

signifi caﬁéey é@dy%fg@e a1 oMele SOtV Al Bl i 10T TDELLGE Qee Ebaleof a
synchronous rectifier. In the case of a surface field effedt transistor IC,

t he gat e ahti vee eadrstrnisidkhanmilatgednanced inyg camd@cﬁngcadr édonced "on

resi stance” i ch qqu%} to formard v Ita e recﬁt i on. BRI EF DESCRI PTI ON OF
THE DRAWINE Fr T 175"k SRR it %r]f% UgkioPep, " Si gnal
i" (Cathode) and "Signal 2" (Anode) are the normal input signals, such as a

si ne wave or square wave, to the diode. The "Passive ICD' is an n-channel
MOSFET device that behgresrasracdiodeonFopures 2oparRsgaES the addition of a
capacitor and diode to the TCD chip. This allows thé capacitor to charge
and act as a battery, powering the control circuitry to run the I1CD gate.

Fi gure 2A prestiwrs He ane s@miedtiadrawjuie of she@rior art ICD.

"Signal 1" (Cathode) and "Signal 2" (Anode) are the normal

input signals, such as a sine wave or sguare wave, to the
diode. The "Passive ICD" is an n-channel MOSFET device that

behaves as a diode,

Figure 2 presents the addition of a capacitor and diode
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 ig moved to the other side of the capacitcer. This
inverts the polarity of the gense signal, hence the - and +

gigns 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 gource, 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.



the diode is noved to the other side of the capacitor. This inverts the
polarity of | signal, hence the - and + signs in Figures 2 and 2A
Figure 3 pré&ggggﬁﬁzgosane concept except driving a netal F&A/f004/005465

sem conductor field effect transistor. This Integrated Crcuit MOSFET (1 CM
device has external inputs corresponding to the source, drain, and gate.
Figures 4 and ZAgmreseénpreeahrel acisaapiles cosedoM thrthe t £@and - sense
configurations, respectively. Figure 5 presents the sane type of drive
circuitrypa§hﬁﬁneﬁi§§§§§Tﬁ and 4A except as nodified for an n-channel

MOSFET. -6 WD 2004/0 7 71 40 PCT/ US2004/ 005465 Figure 6 presents a sanple
comtrol circuit for a p-channel MOSFET. -7 WD 2004/077190 PCTI US2004/ 005165
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Referring to Figure 1, a
prior art schematic diagramof an ICD (integrated circuit diode) is
presented. This device acts as a |low forward voltage di ode because of the
gate connections, and the depletion threshold voltage. It is specifically
designed to handle alternating polarities. It is obvious that the addition
of an external power supply and control logic 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 source being that region which is the source of
t he charge en the device is turned on or conductin and with
the drain bS?%§MQ? ém@ther regi on of the same conduct|V|typﬁgﬂgzmﬂﬂﬁﬁéfore
the charge carriers flow fromthe 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 voltage than signal 1. Since the Figure depicts
an n-channel deViE§eILEAN@BMARTHITON Ofe JOEhFRISTERAED GVRIDBMENT® and drai n,
it wll be noted that in the case of the passive integrated circuit diode

| CD), the bod backgat f th ct to_th th
gourée Afsooa% ?Etf§§%g 8§F§9F§??éalﬁypﬁégrogg egﬁvgﬁéﬁgffraggﬂ?qgiolde

Thus, fogrnanchCh;nvbghzthe é@yé@@taaﬂoééw Dsap@edbnthe . San®ivQldwga the
channel is sonmewhat conductive, though current is zero because the
source andcHeaka aréoutf@hwasénnolV@gea@eodéobeanu58cb£nméb lgede when t he
drain voltage is. raised.appve.th ource, vol condu tlon along t he
-8 WD 2002?%9%%6 “BeT %ﬁogg?oﬁ%ﬁg%’g ‘?:ﬂaE]HEFS%QP?‘ﬁ 885}289%1 B in the
channel , whehithealthagagh ﬁé@ss@otHaﬁ&@eSQ&'EéﬁnB@!hggpél‘é@ﬂtﬁ% cl oge to the
source voltage Thus t he gate channel voltage increases in that region of

t he channé$, cpedaes nghahetbhanfditieni of apBeextTNaasdf bover SUPRAgr éssl ve

al ong the I t hat t he, chann bec clgser t g source
vol t age an§H€£8f 1%%% 8“%ESSE%a tl@%an nggaugngngiP & 03 rgﬁit anne
resi st anc@ebecones épmlﬁ@dth@w@at@sw hee daai teyolvbageaboRer ¢dseSirain

supporting high current levels with a relatively
potential when conducting.

The device shown in Figure 1 is an n-channel device.
Nermally, in a conventional field effect device, the body or
backgate ig connected to the source of the charge carriers
when the device is turned on. In that regard, the source and
drain labels, as used her=sin refer to the source being that
region which is the source of the charge carriers when the
device 1s 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 voltage
than signal 1. 8ince 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 backgate‘of the ICD is
connected to the drain, not the source. Also 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
vol tage i s above the drain voltage, conduction in the channel causes the
channel voltggpmmﬁx% §,0 the source to be close to that of the source, and
thus to have ¢hannel vol t age whi ch causes a hi gh chBARER2W&8Ig6aNce
in that area. Thus whil e | eakage will increase with an increasing reverse
bi as voltage on the I1CD, the resistance of the channel will be high, and

resi st ancecipdnddie wiannelus ldn 1mcease itk | g4 8as] NgwiENeERe bi as
vol t age, thereby increasi g the resistance of the channel with increasi ng

reverse bid®ON/ tekrse tier $YRag Mg ra s‘eoliha%hecm%%k‘agetbar rent

wWth i ncr%‘?ﬁw{% & corief bi aﬁuygéhaeq Th'cﬁ—ra\r-?nﬁlt h\?ofé évgg Qﬁhaw or

of a MOSF ant n usSua erm;

Anode of aiHtoded ol hef fesidiaendler rmétalcmglmef@im@l Cﬂ@ngtaﬁae.and
the Cathode is the negative term nal . For the n-channel |CD the forward

conduct i orTtEY £ res prRIEr 228 iR e, thmd-harnshuree thik cRoss ehe
n-type Such{eract 1kt g:?eic%q'@{g)dﬁéyégr elagiedor esé@%%é)u&c%ft%@ SOANDgl 1 CD the

Anode wou correspon our'ce” whic Stra e and the

Cat hode t andzve hiltdiyn, cdadudioiear ricingempidndly dild eseancesl @Mﬁ.mddaECUSSi on
of the ICDs will focus on the n- channel device with the -9 WD 2004/ 077190
PCT/ uszoo@mwcq;m%%&wrt et CifatRyT P reterde it yipesta®® cir cui t

Pgl g:):oglrgilt t aa%a'JFE Igj]berb?ubds%eu{tg or th‘iﬂr\%ﬁa?%éfa{?gr%?t he ICD

and the 1@ deuttvehial sxm]b:aagmdmnduca:llEE‘ﬂﬁdgavorOn the other hand, when
the source veltage is above the drain voltage, conduction in
the channel causes the channel voltage next to the source to
be close to that of the source, and thus to have a gate
channel voltage which causes a high channel resistance in
that area. Thus while leakage will increase with an
increasing reverse bias voltage on the ICD, the resistance of
the channel will be high, and resistance of the channel will
increase with increasing reverse bilas voltage, thereby
increasing the resistance of the channel with increasing
reverse bias voltage, thereby limiting the rise in the
leakage current with increasing reverse bias 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 mobilityv differences, our discussion

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



In the disclosure to follow, passive n-channel 1CDs and active n-channel
and p-channﬁjogg\/ﬁ_}, are referred to, the active devices being three term nal
devi ces wit i SEPYPHIY gate connections. These devi ces assbhEFUS2NOBFETS
design and have the body or backgate of the | CDs connected to the drain

for the ICUs and the source for the ICMs. The use of discrete MOSFETs driven

by contr alndegsd Candi g W k4 é%r}(ﬁiﬂxg koW1 41 theoad tand op i gxamml e,
synchronous rectifiers. The addition of the control logic to an ICis also
wel | knowplasifies woukd agredieon ofp omhaigl pbWer supplies such as the
back gate power supplies on IC s which provide a negative potential to the
substrate to trol _transjstor.thresholds;. however, the ipiegrati of a
sel f- contai ngEo pot\?\j/eorsesuspp%f???tjon atnh‘? C?W't h%%tlsex?%?%ﬁ?nﬁo%?g guggr%yT
connect i oisulcd mewkst Neaddd . Fdhec s asGIET NVENtd8R thOCOCPorAHeshel rcuitry
to the IC for the purpose of on-chip charge storage, acting as an effective
battery tdHovild el se ot rivtde ot i@ ﬂm@Tegbﬁtgrstored in the battery is
extracted fromthe actual signal lines during the "off" state of the IC

Flgure 2 is a sehenntdg represeniation of anactive,1gh. uli! kebagaggntrol
circuitry to power 1ts gate electrode. e ¥energy to dT Ve t he CoRt rol
circuitryadisivaxti-atitthdY aad he-clsgnal 1cnesaby tdeeaddatton ehea capacitor
and a diode. The diode al]lows the capacitor to charge during the reverse

bi as corffitliVeh G0 dafe homq offires dermip ke eHies [wiFbuseRREALE10 WO

2004/ 077 54 everse. vol n [ arge of
t he capaiq%tocgrp %%ll{e%ﬁc%tqﬁ%psgbt gﬁ}?%ﬁ Cg%r%csés@t %a%%%ﬁ%gl%%sﬁﬂg %ﬁgrgi ng
have the body or backgate of the ICDs connected to the drain

for the ICDs and the source for the ICMs.

The use of discrete MOSFETs driven by control logic
circultry is well known in the art; for example, synchroncus
rectifiers. The addition of the control legic to an IC is
also well known, as is the integration 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 ig 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 lcgic. The energy stored in the battery is extracted
from the actual signal lines during the "off" state of the

IC.

Figure 2 is a schematic representation of an active ICD
utilizing contrecl 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 qgég(ggg'ng vol tage across the diode and a |oad (load is not
shown) the pé€e bg k voltage will be stored on the capadiGTgiS208#inst6ke

positive potential at the signal 1 side, and the negative potential at the
signal 2 side. This effectively acts as a half wave rectifier circuit.

Al so, nOterEQ@EsEh@o§€Q%é@|an%! ng%h¥swh|hlééﬁakg% %fs%@§£(5d§§b£6br
synchroni ze its control activi y with the applied signal. Thi's sense line

must be |suhanedhérpntehé1@ﬂaageossotageIG@vdcepSIbeﬂmw(nhEECHﬁrgﬁqgne 2,
t he di ode seé ﬁ E ﬁ %iﬁlatlon kkomnn se%se gptentlal to foll ow
signal 2 i RA&pBRABNT | Y 5F e °*c Apkci SrPO ¥ IRCPrdeent s fHFes

configuration of Flgure 2 except the diode and capacitor are reversed in

position. This gBvVesn bBessensei¢opRgeti @8 LA & 8BahakirpwWRyEagd he
polarity across the capacitor is not reversed. This conflguratlon IS
arbltrarlchmdéﬁtthﬁedlmﬁﬁhaadVa éeﬂde(lnédausonotesﬁpwvé ttdie Fiepk €@ with
a "+ sense” tat u ctl finished,l ext erna

circuit isPFﬁ a?%rwb3§h Fhé Ofesnan LBBnEBPEGAFC §U338F5E§1 is only

an interna oQQ’éhg@ patéherancaetwhhehsdpskingusshes the e &@gsﬁswét i's
apparent that if a standard MOSFET is substituted into this circuit,

i mpl yi ng t hatenhepé 25 hbeckaegeli A chde. poThlSt?féﬁcﬁmyaixyﬂﬂtauﬂﬂa@e t he

di ode can everse hat .t mn I c e the c | r during-.the off
state of t 31ftran§|g %?lfg 4 lrc 3 cggﬁgfeaoﬁo Eggﬁre T \ﬁll

reverse theme{zatryywemltlaeqqa@acat @énqéegunélﬂg épﬁf:hﬁrblrﬁtz% :Lfﬂédl fication
to the control circuitry. This configuration would allow a MOSFET
tranS|storCﬂPFhO%oaﬁﬁéV%FBnHFtboﬁb? applied signal. This sense line

must be isclated from the charge storage device. 1In the case
of Figure 2, the dicde serves as the isclation, allowing the
sense potential to feollow signal 2 independently of the

capacitor.

Figure 2A presents the configuration of Figure 2 except
the diode and capaciter are reversed in position. This moves
the sense connection to signal 1; however, the polarity
across the capacitor ig not reversed. This configuraticon is
arbitrarily identified with a "- sense" notation relative to
Pigure 2 with a "+ gense" 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 contrel circuitry. This configuration

would allow a MOSFET transistor with no additional power
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-11 WD 2004/ 077190 PCT/ US2004/ 005365 connections to function with a very

| ow appar en ﬁpﬂ%e drive; utilizing that drive to trigger a nuch | arger
drive from DHE €I Yol circuitry. One of the design probl BaEUs2Hd0DA6Rd

w th power MOSFETs is providing adequate drive current for their |large gate
structures. The ICMelinmnates this concern. The control circuit nay take

nmany forngenhhet exa8ptessupcesent gdehenevare el deppRetaldfia theive;
application of the invention rather than a specific control circuitry.

Fi gures 4Ytahdzianguskatdéniveatocbnigebrcir Bufhr yarBecagse vof fumn whé f er ent
configurat.i di ode and _capacitor . Ly lines, ar.e .routed
oggrg% %ggculgg .Sne 82 E@ﬁedegp Pi?%%%l%mﬁ a'sqgﬁfte&'

differentl'y, "an sense | ine-ha po y Teverse ure 4 uses
the +sens@itBopbhgdrabvspnTef iEi gupeidingi heehlguee dd4Avisesihe - Sgnse
configuration of Figure 2A. The control circuit is designed to take the
sense i npbieiraghargsegatet strvatuovest heTpot eAli all ingplitesd ttditthe N-channel
MOSFET gate. Resistors R3 and R4 and transistors ML and M2 form a bistable
| atch. The“8T&até of the latch is deternined by the potential of the sense
signal (trigger signal in Figures 4 and 4A). Resistors R3 and R4 are

pul | -up resistors céhetobrevi-deipowey takeamahgi Aotrhe .St ate efkdmadatch,
while Ilimting the charge drain _on the internal power supply. In Figure 4,
a positiVBrEFeREeY Reppapreufns damprahkspting Mo ammlératdcruas tihs of f

tonar d Ve TRe SR FBEGEh A ot €L e ane bR B e SR 1o
its rated Zrdesr vodt ag@endhtsl poshtiye wortageriur ngeeruse of the
different configuration of the diode and capacitor, the
supply lines are routed differently, and the sense line has
the polarity reversed. Figure 4 uses the +sense

configuration of Figure 2 while Figure 4A uses the - sense

configuration of Figure 22.

The control circuit is designed to take the sense input,
and use it to control the potential applied to the N-channel
MOSFET gate. Resistors R32 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 state 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
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transi stor 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 stoP®20MG7t%ng the -12 WD 2004/0 7 7 1 90 PCT/ US2PO#hO0H 466465
positive potential applied to the active ICD gate to the zener voltage plus
a small delta. The configuration of transistor M3 with the zener diode

prevents excessive valtage on the gate qf the I.CD t could_ potentially
cause a gﬁoéSioﬁV(?epro(d):p Rt M%% titor?C erac%%‘@%af@%h%%bgstﬁoﬁg?i ty, the
state of thedrateldayd evarsed &0 1t hati1ddhe gate of transistor M3 is driven
negative, at the sane tinme, the gate of transistor Md is driven positive so

that the gate of the ICD, and the source of transistor MB are pulled
negative. -As cdmebesdagutatel gated sfranfd @y W8 Voot stigei generpbdiaden an

I e A o

ave U age ' drop than"it-would in

the passi ywtematieldly dEa@dy & hadoakiing: atugig es whandc¥A, ciiggan be seen
that in both cases the V+ and V- signals are routed to the same points
withi n t heigatlr ghagigesuinol atid w+ gwested e i tssikilorh si gereferded| at ch,

and the V-_t e E Si : I h.. The. . i |, h veL, is
routed to gh%gpgolxgtdégeatoﬁ ti)%na%ll ecﬁra}tvfr? |Sglr}§fel ﬁﬁlég%%gf‘{%’ t%%\eﬂgéi n of
transi st orsa, twWhid,e the Mgy B Ardsigees ta tihe draren gfositansi sbor ML
This is due to the polarity reversal of the sense signal. In both circuits,

t he forwarc@aorkdiet 6wk & €D thigatie T uraied ta9) SCormcss pundstans Selgpal M $8eng
negative ‘fﬁiutlﬁedr %%g%%gvteq Si gnal 2.

As can be seen, the gate of the active ICD is driven
between an off signal (V-}, and a positive voltage set by the
zener diode. This allows the on state of the ICD to have a
much lower voltage drop than it would in the passive state of
Figure 1. Looking at Figures 4 and 4A, it can be seen that
in both cases the V+ and V- gignals 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 gense gignal, heowever, is routed to the
opposite latch polarity. In Figure 4 it goes to the drain of
transistor M2, while in Figure 42, it goes to the drain of
transistor M1. This is due to the polarity reversal of the
sense signal. In both circuite, the forward condition (ICD
gate turned on} corresponds to Signal 1 being negative with

respect to Signal 2.

While the shaping characteristics of the latch are
v 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 M1 were eliminated, the
circuit would still behave properly with a well behaved input

signal.
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Whil e the shapi ng characteristics of the |atch are convenient, in many

cases the f\l,e, Iatch is not required for the circuit to function correctly.
For exanpl e, él? e 4A if resistor R3 and transistor MNTAIBLE4/003465
el i m nat ed, the circuit would still behave properly with a well behaved

i nput  si gnal -13 WD 2004/ 077190 PCT/ US2004/ 005465 Figure 5 denonstrates
the same cont r®lgild GUider¥rddt At ¥ GANNE nM&BbRTo NOd £ that %B%hdhﬂde has

been reversed so that the voltage across the ICMwhile It Is off
charge thecleapurl MISFEThe S$&rise Wignalhd siinoie thres dagen n@uersedest:r ode.

Figure 6 t he _sane caontr ircuit,. except__for - channel
MOSFET de’i(}iacrpncsr% Stﬁl © &9 Q[sr‘?eOtrl\]?(‘g)ASI(glJf:C gL HDRNJDSC%%n‘éJrlgespéggeand t he
pol arity ofe t a\@.ﬂtt@ge e R nLONMTRla CiTLuidy itend eyf¥sSednphp the 1 CM of
Figures 5 and 6, the control circuit "~ receives a gate contr }ID signal and

provi des edredmwdsced gate control signal to the field effect transistor.
That enhanced signal may be enhanced in terns of voltage swing (larger

sSwW ng) , curre rive.to.ra char nd i scharge the transistor
gate capaci ta%‘c]egurﬁar%tt |dd@m05’ﬁtfaitr?$ﬁg-‘% % :ll(’j ?%ﬁ%%?%to??ce}p speed
of the gty & ipHamaRI MOFFHTOMe NG ea&\td& tthetspeepld e tMOBSFERsaRGet Ur N
off, or any conbination of these or other paraneters. Also, the ICMmy be

used in @qvarﬁg&hﬁnﬂeégﬁ@fvé@&ﬁ g ttheorpoiayr ey [ﬁafckfd@df@ktagethqbeehEer m nal
devi ce and Lgﬁdt e. %f A.gonyve tional FET for its inproved
perfor mance il certal prefeerrsre enbodi nents of the present

In the ICM of Figures 5 and 6, the control circuit
receives a gate control signal and provides an enhanced gate
control signal to the field effect transistcr. That enhanced
signal may be enhanced in terms of voltage swing (larger
swing), or in current drive to rapidly charge and discharge
the transistor gate capacitance, particularly in the case of
power transistors, in spead 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 conventicnal

FET for its improved performance.

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

departing from the spirit zand scope ¢f the invention.
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i nvention have been disclosed and descri bed herein, it will be understood
by those skilled in the art that various changes in formand detail may be
made therein without departing fromthe spirit and scope of the invention.
-14 CLAIMS: 1. Acircuit conmprising: an integrated circuit including a
charge storage device, a current directing device, a field effect
transistor_h igg a body, a source, a drain and a gate, and a control
circuit, t i n being connected to the body, the charge storage device
and the current directing device being connected in series between the
source and drain termnals of the transistor, a charge on the charge storage
devi ce beilng aouplcethptisingnd acting as the power supply for the contro

circuit, the control circuif havjing an output coupled to the gate of the
field effRINFRAIS el }n#@n%ﬁfﬂf}fg? Stei’aﬁeég‘fw%&rCHrfﬁ@t diFssting dedss adielon when

the vol t age HelReR hhﬂﬁ% AL QRkeds afgﬂhm Dhatl afnp %okl &{?’ kry. and off

when the voltage betwee source an rain“1s of a second polarity, the
current dithedtaimbpineainnecthditd thg bady,plod ehargeysterage thaigeartdhibe clnagrg dirsttigage
devi ce whe Ihﬁ vol tage between .t he source and q%ain IS ?f g second

pol ari ty. BVeTREngpRBCied g S i vieRres EFee R ERAGBIEPLEE device is a
capaci tor -trani’lstoybechﬁtg'e%! the Blhar§d &bog AWNEL Bdifly ERPIGIHL RR bl &Ghé g&g‘%ev' ce

is a diode. he cirtcuit of €laiml whereinthe circuit I s packag as a
two ter m rsapplgdet the contfl cifbait,dhe cunitiol aifcudt feivimglanvwiwgme icoupledtof thel d ef f ect

transistor |s FET. The cijrcuit of claiml1l wherein the field effect

tr ansi ot o2t S0 he i drriarbisece cotp! St r0sety R geaedr | s

turned on yNgRe BARSOUE Sourks adt drdin 19WRh ﬁysqlfpaaa?y,taﬂ@afft\ﬂfen%@v&tage? The

circuit of claiml wherein the field effect transistor is a p-channel

MOSFET, arigtweehahd sceiret anfdfdeain is efnsicendpolarityt the nedentnlinbiémg ddvécedonimger i s at
1 wherein the

Fi el 0 of £ SEVATT BHEREIh FasrEh HER ARHET “IREe aHet bEVeR BFd of fect
t ransi st Orgoiie il BRSh ROIWREHDHHINR ISR ce is at a [ ower voltage than the
drain. 9. The circuit of claim1 wherein the field effect transistor is a
p- channel 2)fEF cirantiofidlam 1 wherein the charge storage device is a capacitor.
3. The circuit of claim 2 wherein the current directing device is a diode.
4, The circuit of claim 1 wherein the circuit is packaged as a two terminal device.
5. The circuit of claim I wherein the field effect transistor is a FET.
6. The circuit of claim 1 wherein the field effect transistor is an n-channel MOSFET, and
the field effect transistor is turned on when the source is at a lower voltage than the drain.
7. The circuit of claim 1 wherein the field effect transistor is a p-channel MOSFET, and
the field effect transistor is turned on when the source is at a higher voltage than the
drain.
8. The circuit of claim 1 wherein the field effect transistor is an n-channel JFET, and the
field effect transistor is turned on when the source is at a lower voltage than the drain.
9. The circuit of claim 1 wherein the field effect transistor is a p-channel JFET, and the
field effect transistor is turned on when the source is at a higher voltage than the drain
10. A circuit comprising:
an integrated circuit including:

a capacitor;

a diode;
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field effect transistor is turned on when the source is at a higher voltage
than the drain 10. A circuit conprising: an integrated circuit including:
a capacitor; a diode; 15 a field effect transistor having a source, a drain,
a gate and a body connected to the source; and, a control circuit; the
capacitor and the di ode being connected in series between the source and
drai n wit l fidltheffelt tramsipler hayiepasused, nalraio, cgme gol 2 bedycapacitedto thhen t he
transistor_is Iu%ned of f, the capacitor being coupled to and acting as the
power supﬁPwaﬁylthe control circuit, the control circuit having a gate
control i npsntranérdpitovi di ng an output coupled to the gate of the field
effect transistor to provide an enhanced gate control signal to the field
ef fect t rthheapaeignr agd theodinde being eenngeigd inuseniep betwgen theeomicgland dairwpith

Lt ansi st or GSA0RSHY oL Ricki0E1 A3LE SRPLIRL B e hen TOS CLEGUL brro! ¢l @il m 10

wherein the ransi s I Stan n-channe The circuit

of claim XRe W}ﬁéiﬁirl‘betﬂg&o\i}\ﬁl&ﬂ(ﬂo ahd mf&lfgtal@ ditSioMe@bupply SorphEhammdetirddSHeT.  13.
The circuit of claim10 wherein the field effect transistor is an n-channel

JFET. 14. cpriolgiscaiiihavige agals santrol \nhetasdipre viding jas logtpst upled todhagaie of is a
p- channel . [ ' f ' A ' I Lol ackaged
DT he et il cfePe b B 6 ifslacth bl bt MBRES Dokl ik M direp _Pack@d

enhanced gaingis@@oh boih tairgsadnd tard &€ of ihelfidleéifre trandisi@nssmheive tethenhanced in
vol tage swing in conparison to the gate control input. 17. The circuit of
clai m 10 4% @niol Wgulenhanced gate control signal to the field effect

cl ai m'L0_ e ol etlenh te contr | -
nput - 16, raE ERAREALUD (RERGRDAAL BB GRS A St Bl Gnal

to the fielxdTaé tieatit oftdldmsi (sividreinghefbldreRck ttamsBRe éda pich@aice MIDIVET .
transition in conparison to the gate control input. 19. A circuit
conpri si ngt3- ARe Fiagwigpiplam W wheapn the Bpldilisg: transistor is an n-channel JFET.

14. The circuit of claim 10 wherein the field effect transistor is a p-channel JFET.

15. The circuit of ¢laim 10 wherein the circuit is packaged as a three terminal device.
16. The circuit of claim 10 wherein the enhanced gate control signal to the field effect
transistor is enhanced in voltage swing in comparison to the gate control input.

17. The circuit of claim 10 wherein the enhanced gate control signal to the field effect
transistor is enhanced in current drive in comparison to the gate control input.

18. The circuit of claim 10 wherein the enhanced gate control signal to the field effect
transistor is enhanced in speed of gate drive transition in comparison to the gate control
Input.

19. A circuit 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,

a control circuit;

the capacitor and the diode being connected in series between the source and drain with

the diode being conductive to charge the capacitor with respect to the source when the
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a capacitor; a diode; a field effect transistor having a source, a drain, a
gate and a body connected to the source; and, a control circuit; the
capacitor and the di ode being connected in series between the source and
drain with the diode being conductive to charge the capacitor with respect
to the source when the 16 transistor is turned off, the capacitor being
coupl ed t oranstands funtedadT, tivecapaevitar bsimgebypledto artdreetingas thelposier supiply, for he

control citcuit havin ate, control .input an rovidi an. output coupl ed
Co the gat LE Pl RE e SRaL ARy SRk e ShofRinecaiy gau o
control sighgt ch@ple® the @h@ FikeRdld brfedtsiantiotor RNproeldb ah UhRarRRd gatel turn of f
of the field effect transistor responsive to the gate control "input, the

enhanced geonerotsignal & theiftphheileséiransistereplonl twa on@ng twoloffefehoficldréfectapaci t or

for field effect transis turn on.and to a. voltage o he squrce for
feld of f e eaneEialedhs il Hoty ke FrnaliPod SHE el Mol 1°t he
enhanced gatgnci@dltd ®holtdgdval thé Sapaeiidt fBEfiéla cFe@ tranistor@8n @R ah € gapaci t or
when the field effect transistor is turned on, and is coupled to the source

when the fYeage er fecourcederstigd sHeqtdrapsistaetiropfl. 21 The circuit of claim 20
furt her C%?‘I'h%?ﬂg I?P‘clé?r[‘ﬁ% wﬂ.‘:r%ﬂlethgg}rﬂ‘?a'tngéjc; plle é%r{q}é)ﬁ siﬁgﬁ isrggﬁ%lé‘%‘tﬁg' tage

that may be appli rom capaci citcurt of claim

21 wher ei nvdlfage 68 tHerdabadifof hich thefd1d 8ffect rabiisibaRlt@rned bEUind is EaFRANGBINE t o
the gate control input. 23. The circuit of claim 19 wherein the control

circuit i n¥urgeshen the Beldwiliectiransisiar is wEpgdomti ve to the gate control input.

54 The ci ot ol b L . . :
2 et AELb RSl 35 ARG SR bGPl BE LolATRT Bl & 7y
t ransi st or maginuinpvelb@e el nMeSeBpplicBom Thecapaticatitd thafgaed. ai m 19 wherein the

field effect transistor is an n-channel NET. 27. The circuit of claim19
wher ei n t h&2-flihecewt pledpin 2 hwdprgingthe centgpl girewihgbidey piptablexgrcuithe circuit of

claim19 i cj.rcuit s ckaged as a three term nal device. 29. A
met hod ofm%%ﬁgﬁthgﬁggggienggkﬁwgﬁ signal input for a field effect

transi st or2hdhk et of claim 19 wherein the control circuit includes a bistable circuit
responsive to the gate control input.
24. The circuit of claim 21 wherein the field effect transistor is an n-channel MOSFET,
25. The circuit of claim 19 wherein the field effect transistor is a p-channel MOSFET.
26. The circuit of claim 19 wherein the field effect transistor is an n-channel JFET.
27. The circuit of claim 19 wherein the field effect transistor is a p-channel JFET.
28. The circuit of claim 19 wherein the circuit is packaged as a three terminal device.
29. A method of enhancing a gate control signal input for a field effect transistor having a
source, a drain and a gate and responsive to a gate control signal
comprising;
coupling a capacitor and a diode in series between the source and drain, the capacitor
being coupled to the source, to charge the capacitor from a source-drain voltage when the
field effect transistor is turned off;
powering a gate control circuit by the voltage on the capacitor;
coupling the gate control signal to the gate control circuit;
when the gate control signal indicates the field effect transistor is to be turned on, causing

the gate control circuit to couple the gate to the voltage on the capacitor;
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source, a drain and a gate and responsive to a gate control signal
conprising: coupling a capacitor and a diode in series between the source
and drain, the capacitor being coupled to the source, to charge the
capacitor froma source-drain voltage when the field effect transistor is
turned off; powering a gate control circuit by the voltage on the capacitor;
coupl i ng twleengh¢ eate oontradlsigsiaineicates titeHe:|djafifect trandistot isd¢o be tirhed offien t he gate
control signal indigegtegfhe f.ieldpgf@%ct transistor is to be turned on,
causing tHESBRINE REnEP! St coprle MRt otieS Y% to the vol tage on the
capaci t or ;301 Th¥iRhodRe cBRh S 9GaRiRkhSEAh@ntionir&at @slutlfes bis@bR @lhirct
transistor is to be turned off, causing the gate control circuit to couple
the gate td.{Themstheded clago. 29Thshersohpdisest ofdimiting 2ig: meinainn veltage gattke cont r ol
circuit includes.a histable circuit. 31. The nethod of claim29 further
conpri sed GPAGORA FZY ﬁ@oﬂlﬁ%ﬁf?utﬁ?%tﬁ age on the capacitor that may be
coupled to the gate. 18
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