;e3eN"6TNQ " 1 0 J UL 2002 Bl POLAR CURRENT I N A SI LI CON-ON- | NSULATOR
"TRANSI STOR Field of the Invention The present invention relat t
gilicon-on-insulator field effect transistors, and nore partiifﬂaj)U)L 12902
reduction of parasitic bipolar current in such FET's. Background of
Invention Silicon-on-insulator ("SO") field effect transistors ("FET' s"),
particularly wide SO FET's in pass gate applications, suffer a parasitic
bi pol arlﬂ the effects of which are npbst severe vvhe circuit is
initial I/ﬁ W after being idle for a |ong period of WMM/ tlrre
in the ran | i seconds. This is because the floating ”,%

FET can de gi"%p a body charge over tine. The anount of such U(rdzymcharge

wi |l depend on the t110J UL 2002 2 pptentials at the source, drain,
and gate termnal electrodes of the SO FET. The maxi num anount of charging
occurs when the gate is conpletely turned off and both the source and drain
el ectrode are biased at the highest potential vdd. During the subsequent
swi t chi ng of TiheEs METHOR AMDIARPARSTUSHOR RERUGNG RARASKEGaccunul at ed
body charge will be discharged by means of a transient bipolar current.

Thi S par asi tlmP@LAR@uﬂRwﬁm £PSIICORNTI.INSUALATORI TRARSISTGR | M ng

performance. See, for exanple, C Chuang, Lu) and C. Anderson, SO for
Digital CMOS VLSI: Desian

Field of the Invention

The present invention relates to silicon-on-insulator field effect

transistors, and more particularly to reduction of parasitic bipolar current in

such FET's.

Background of Invention

Silicon-on-insulator ("SOI") field effect transistors ("FET's"), particularly wide SOl
FET's in pass gate applications, suffer a parasitic bipolar current, the effects of which are
most severe when the circuit is initially turned on after being idle for a long period of time,
i.e. atime in the range of milliseconds. This is because the floating body of the SOI FET can

develop a body charge over time. The amount of such body charge will depend on the



Consi derations and Advances, Proceedings of the IEEE, v. 86, No. 4, April
1998, p. 689 - 720, which is hereby incorporated by reference‘](@li%q)lvrszq@
sthe nature of and occasion for the parasitic current in connectio J he
description therein of figures 1 and 2), and C. Hsieh et al., Methods to
Enhance SO SRAM Cel | Stability, U S. Patent No. 5,774,411, which is hereby
i ncorporated by reference (discussing, in the Background of the Invention
section, the parasitic, lateral, bipolar transistor formed by the source,
drain and channel, i.e., floating body, region of an FET). Pass gates are
particularly susceptible to parasitic bipolar current because it is not
unconmon i n pass gate applications for both the source and drain of a pass
gate to be driven to a relatively high volgage | evel, and because it is not
uncommon for pass gates ~0J UL 20p2 3to be relatively wide. A
nunber of circuit structures are known for mtigating this problemin a
variety of contexts For exanple, for a nunber of applications, including
pass gates, PPtentiais imaputcs. ¢ainmmsdigateHernsml elﬁpeveﬁe@ge £0! ke TReFexigiame. | d
at p 706. This has the beneficial effect of mnimzing Vt |oss (aka

"dynam c Vt ag@nttiobEhayging easuigwhag thdickteds cemmmdetein ppnesiafi ang botedieaagpyrcelant i s

di sadvant ageous from the standpoint of area increase and inconpatibility

wi t h bul k desdigelectiode re tidsed akth@ghdsb petettial eldy Dirirgshe sibsbpapt soitc!Bid of NFET
and PFET devices in an ' inverting output stage of a driver. Id. at 709
(showi ng a niet ssarde oofirafFETéctodecsf eSO NRET, thetaheumutgded bddg charde wilitput from t he
SO output stage). Such an arrangenent al so has the beneficial effect of

M ni m zi ng Misch§&d byl gtn® ¥f iGardlehMSipol@tdrrsMP Thisparagiticealtag debriddias

di sadvant ages of nore expensive fabrication process, significantly |arger

area for theetance, including noise and timing performance. See, for example, C.

Chuang, P.Lu, and C. Anderson, SOI for Digital CMOS VLSI: Design

Considerations and Advances, Proceedings of the IEEE, v. 86, No. 4, April

1998, p. 689 - 720, which is hereby incorporated by reference (discussing the
nature of and occasion for the parasitic current in connection with the
description therein of figures 1 and 2), and C. Hsieh et al., Methods to
Enhance SOI SRAM Cell Stability, U.S. Patent No. 5,774,411, which is hereby
incorporated by reference (discussing, in the Background of the Invention
section, the parasitic, lateral, bipolar transistor formed by the source, drain
and channel, i.e., floating body, region of an FET). Pass gates are particularly
susceptible to parasitic bipolar current because it is not uncommon in pass
gate applications for both the source and drain of a pass gate to be driven to

a relatively high voltage level, and because it is not uncommon for pass gates



di ode and capacitor, and increasing input capacitance (which slows down the
circuit). It is also known to discharge the body of a SO FET r ngijye

g signal tinmed to occur shortly before the gate of the FET is sgrggfgét-2662
(hereinafter, a "pre-discharge signal™), or responsive to the accunul at ed
charge on the body. This discharging has the possible benefit of reducing
parasitic bipolar current during functional, initial cycle swtching,

provi ded that the -4 1 0J UL 2002 discharging is early enough or that
t he di scharge device is |large enough with respect to the charge on the body
to sufficiently discharge the body during the discharging interval before
the gate is selected. In addition to these limtations, it also

di sadvant ageously requires that a timng signal be generated for the

pre-di scharge signal. Therefore, although there are known circuits and
techniques for mtigating parasitic, bipolar current in an insul ated body
FET, because of the di sadvantages descri bed above, and others, a need
remai ns for itepedelsdivetWisleés and structures for mitigating such parasitic,
bi pol ar current. Summary of the Invention According to one aspect of the
present invention there is provided an apparatus for reducing parasitic

bi polar current in a field effect transistor ("FET"), conprising: a first

FET, having a body glinsiepsestcuitdrub@stard khoRAkdr mitfatie ¥nispadbied Al vaiBy ofONt r ol
circuitry coupled to the body and a gate el ectrode of the first FET, for

control ling chaege Bd &Afpi@Iha ﬁmp&%p)ﬂﬁ:aﬁa‘!s?ilr\&u&ig? Bast igB@b Gt i§ RASWHAb

circuitry input voltage, the voltage also being applied directly to the

gate el ectrodgnndhRL i%bﬁ‘NFE‘?bS ylr tggweﬁ@%ﬂ Gt RB! Aol nid Hésﬂhgger%ﬂga@fﬁect of

responsive to the voltage app to the gate el ectrode, and wherein the

control cir C%iEini%a\ﬁ th%(sa gékgcﬂﬁ\gﬁg: \gﬁgﬂwgg%ﬁrgﬁnqc&ﬂgrﬂd sﬁbﬁrgégin%r%?léag% )}Jut

operable; to turn pat i'scharge at 1east a portio

charge on the_h [ r i u . ff_1he
pat h and a||§%P§ ea@%%%u%ESTF%%%Qgﬁgxgﬁ%ﬁ%gkg%ggggﬁﬁﬁﬁﬁgggﬁwhﬁhgugéﬁﬁgahen
the first FET is turned on. According to another aspect of the present
invention there is provided a nethod for reducing parasitic bipolar current
in an n-type, field effect transistor ("NFET") having a body di sposed, at

| east in part, on an insulator, conprising the steps of: a) turning off a
control circuitry discharge path r the NFE Si v ely to a single
vol tage applied di 'P'é_@fsf’%”%ﬂ’tﬁa&é"te& éETSéE"? 'P%cgé’?-ﬁéia@%%nﬂgé%aové?é%? R &ur ni ng

? E et he NFET, bl vetrtPn% o%{pﬁ sltggevo latdﬁgee;. HJ teltn quggovén%ea %twsc?rpg{ Igiel"sp raegglon%r\}g tdptﬁg mts

input to and output from the SOI output stage). Such an arrangement also has the beneficial
effect of minimizing Vt Iosé, improving drive, and suppressing leakage, but has
disadvantages of more expensive fabrication process, significantly iarger area for the extra
diode and capacitor, and increasing input capacitance (which slows down the circuit).  ltis
also known to discharge the body of a SOl FET responsive to a signal timed to occur shortly
before the gate of the FET is selected (hereinafter, a “pre-discharge signal”), or responsive

to the accumulated charge on the body. This discharging has the possible benefit of

reducing parasitic bipolar current during functional, initial cycle switching, provided that the



body to float and a charge to accunulate on the body; and b) tfr [ on the
di scharge path responsive solely to the single voltage applied JPLQBLJQUQQ
the NFET gate el ectrode, wherein turning off the NFET by the single 10
JUL 20Q2 -s voltage turns on the discharge path and di scharges at |east a
portion of any charge on the body of the NFET. According to another aspect
of the present invention there is provided a nethod for reducing parasitic
bi pol ar current in an p-type, field effgct transistor ("PFET") having a
body di sposed, at least in part, on an insulator, conprising the steps of:

a) turning:; : I I eul | e 1 ' 4 a
singl e vo?]tsg%ég] élgg%%@ g ég'té F ;ﬁ%{é@a&gg}%e&% ec?egzgc{etlgéagﬁg? H@r%‘ée‘ﬂi—l%%bg tg((r?ei n
turni ng ofHe dhagefInERe bydyt toesusficignts; disdhapgahé bodsd@ing the diicBarigipdatepal h and
di scharges at | east a portion_of any charge on the body of the PFET; and b)

turni ng oP¢formtheqgaie ifaselactadat I additiomia these hmitajions it pleo shisadyantagspusiye

appl i ed dj 1k | ey: PEI ein turning on the
PFET by th{eqﬁgﬁn%la{ege%ﬂfgag anglg?Igeg&g??oerg% é/ljgt?d 65@.%@%:5%2[@' ectrode of the
PFET turns of f Thivefale,sahisough thateh aniingvent raifcaits ad biedhnifwesf fopamitigadng har ge
to accumul ate .on the body. According to, ano r aspect of the present

i nvent i onPRRYHE PQOEFOW@H g PN 5 -%éaduéo%ﬁefedarem@ Bgrﬂé‘% S8 VARtIESE ar
current i £ f | " ! | S ' ype
FET (" PFE$§§HE%{§ %ﬁ%&éaﬁg%ﬁt’%‘? ks ;I%%gg?mg}ngﬁgﬁé{lp@gg%g{r%% nangn&’;u%%?sg{ogr; and
control cintgatingysuciopgrbsitic, thipdldreculrenty and t he gate of the first PFET,

wherein the control circuitry conprises: _ a body-charge control PFET,
having first and second conducting el ectrodes and a

Summary of the Invention

According to one aspect of the present invention there is provided an apparatus

for reducing parasitic bipolar current in a field effect transistor ("FET"), comprising:

a first FET, having a body disposed, at least in part, on an insulator; and

control circuitry coupled to the body and a gate electrode of the first FET, for
controlling charge on the body responsive solely to a single control circuitry input
voltage, the voltage also being applied directly to the gate electrode, wherein the first
FET is operable to turn on and off responsive to the voltage applied to the gate electrode,
and wherein the control circuitry has a discharge path and the control circuitry is
operable to turn on the path and discharge at least a portion of any charge on the body
when the first FET is turned off, and to turn off the path and allow the body to float and

. charge to accumulate on the body when the first FET is turned on.

According to another aspect of the present invention there is provided a method
for reducing parasitic bipolar current in an n-type, field effect transistor ("NFET")
having a body disposed, at least in part, on an insulator, comprising the steps of:

a) turning off a control circuitry discharge path for the NFET responsive
solely to a single voltage applied directly to a gate electrode of the NFET, wherein
turning on the NFET by the single voltage turns off the discharge path and permits the
body to float and a charge to accumulate on the body; and

b) turning on the discharge path responsive solely to the single voltage

applied directly to the NFET gate electrode, wherein turning off the NFET by the single



gate el ectrode, wherein the body-charge control PFET first conducting

el ectrode is electrically coupled to the body of the first PFET] ?quﬂp?Uuz
body- charge control PFET second conducting electrode is electrica

coupled to an electrical source; and an inverter having an inverter input
electrically coupled to the body-charge control PFET gate el ectrode, and an
inverter output electrically coupled to the first PFET gate el ectrode,
wherein the control circuitry controls_gharge on the first PFET solely
responsive to a voltage applied directly to the body-charge control PFET

gate, wherein the voltage | i to.t body-charge .control PFET gate

el ect rode 'O t?%egtuggoq}lethg of ﬁ%g? Hﬁg iaP‘gfhs\%afrg%f 1?386%80418}18 a?%cl%aag%oxgﬁl'e t he
body- char gedgentie{FIPF.ET and el ectrically isolate -610J UL 200Z the
body fromthe source, thereby permtting the body to float and a charge to

accunul ate on tAfgopieg/to anetheriaspeebpf tigeresspt inventian thiis ib@fnﬂi@ﬂiba g‘@gtﬂdnt rol
furn on ¢ H8! EOREIRE RSk Bicklr 3ftudy i oh By Do BRI bR or PEFERO TR £

t he sour ce,bddhelispoyedd hslelm ipdit) oatanlisRtdtor chaplidian thefstepgpfchar ge

accunul ated on the body. According to angther aspect of the present

i nvention theréis pHENILEN coRftal GFrcentrw&yscmggefnth FeSRRISIVEFORAY 3 single

bi pol ar ¢ et ] - i e r Lstor . (" " he

i Fot e oas: sl dhick s b Blip oE ket RaL Y Ry BiSfe PrET"D,
control cibyahé sihgleo@hags turigorofhe dischady pathaindalichhigeoht WS R goationgf dnyr st

and second, conducting, el ectrodes and a gate el ectrode, wherein the

body- char §82E5 0 the bagsrof the PKET.@adducting el ectrode is el ectrically coupl ed

to the body of ghhe f 5o %ﬁe_@%ﬁﬁﬁ%ﬁgﬁ%ﬁé%ﬂ?ﬁg%ﬁe@y% Yhe @F&E %Eﬁ%@d

conducting el ectrode 1s ®electric to an electrical “sink; Tand an
i nverter hppleddiacctiyrntoehe gate ictaotrodeebfibe rAREAL, Iwheesini pirathgtan the PRET sy thaFET

t | ect , d .inyert tput el i cal I to t.h
Dody- char GO RYFSF sRpisd GateUdp St Pl sleoBona wthe SFR ERY IS gRarss o
gate el ecHaﬂP'&dﬁTenhR@%l{e'Hoﬁ& 16 aRE RSB RONRuANERS SRR U(okl?.St vol tage |evel

tends to turn on the tirst”NFET and dri've the 1 nverter output voltage | ow,
tendi ng to tur Mabfdinghdo bother haspee e titer prestifERyventinh tieee viel gravidedippl i ed

to the first NFET.gate el ectrode being bel ow a certaip second vol | evel
tends o CEPHOBEof HECHHE paiiy, CAC AR o 1ok diteet THRRHOY (V01 - kge

hi gh, tendoifprisiagt urn on the body-charge control 1~FET. According to

anot her aspect of the present invention there is provided control circuitry
for reduci ng par 8&ittn-typpigol 4TPHUL"Y devingm fody dispoped; \ahdeast jin [pdrte PR et
transi storingli'lggglE'g'r'l%, the first PFET having a body di sposed, at least in
part, on an Insulator, the control circuitry consisting of: a body-charge
control PFET havintrgl ditcuitty esupleieoahe bednahicthe npgteadfahé fiod PFEIN vhgrepatie

el ectrode, wherein, the body-charge control PFET first conducting el ectrode
i s el ect ri%AIPLLICHUP WIS he body of the first PFET, and the body- charge

control PFET 4 body-charge control PFET, having first and second conducting electrodes and a

gate electrode, wherein the body-charge control PFET first conducting electrode is
electrically coupled to the body of the first PFET, and the body-charge control PFET
second conducting electrode is electrically coupled to an electrical source; and

an inverter having an inverter input electrically coupled to the body-charge
control PFET gate electrode, and an inverter output electrically coupled to the first PFET
gate electrode, wherein the control circuitry controls charge on the first PFET solely
responsive to a voltage applied directly to the body-charge control PFET gate, wherein
the voltage applied to the body-charge control PFET gate electrode being above a certain
first voltage level tends to turn off the body-charge control PFET and electrically isolate



second conducting electrode is electrically coupled to an electrical

source; and ~ 0~ UL 2002 an inverter having an inverter in

el ectrically coupled to the body-charge control PFET gate el ecﬂ{ld-éULalngZn
inverter output electrically coupled to a gate el ectrode of the first PFET,
so that a voltage applied to the body-charge control PFET gate el ectrode
bei ng above a certain first voltage level tends to turn off the body-charge
control PFET and drive the inverter outgput voltage |low, tending to turn on
the first PFET, and the voltage applied to the body-charge control PFET

The body- 507 0, BE' Qe SRGE RGN A0 bR o, W AERH Pl 1Pgh "
t endi ng t acdusiilatelohn tho®odly,raat - kdltagbepplied fbgt_h’é(bo_a?-féhkk?é CORPEICRFRN ghtbe

present invention there is provided control circuitry tor a conplenentary
passgat e @ogirede being bglow a seriainisaeprd Yoltage leyel Yands to ftunprethe hodytchangsi st or

"(PFET"), fd F i ' .y an
 noul at oy COREeY BEER, g crior ity hBleRE od) BARS Shrcd hcrRPisbodiRE by o8, 70,
NFET havi ngo#tidhosfiangtichirgs ackunailate¢ asthd bodgart, on an insulator, the control
circuitry consistin an inverter; and a body-charge contrql  NFET,

of :
having first adec8 bp aunthercaspeqy of|the PreserisinyeRiion Bigtecis irevided,gentralher ei n

t he body- : ION QG T t i j |y
coupl ed t SIEReTff Ak ing Blrjeilit g KA i RSPEIORPTIOE BEATH SRl Y
second comftNEET'Hgthel fest NDHE havirgl £body diapdsgd catupdse dh part,con &l astlatarathesi nk,
wherein an i nput of the | nverfter is electrically coupled to a gate

el ect r ode CORIPLLHCRItYGONREIME Ofang an output of the inverter is electrically

coupl ed to_the Jiady-hlias 88neaNFt AT 0 lia SRl LORRIOAAY oteGRls ol o1 T ode

of the first PFET, at a voltage applied to the first " NFET gate

el ect r ode gotsi elgctadsisy avigreie rthaibodf-icharnge vaohtraly &HEJY kst t eomducting ¢laetrodenist he

first NFET d.dri he.ii t | t | di ng, t
the 11 rst SRR GOURIER t e RSB TR vER o HRE s ek B R P R T e
body of t@eanhrc%hd&dﬁﬁglete@trt)a@ﬁtele%&@any%ﬂﬂed@>Meuméaa%ﬁkpmld he body of the

first NFET, and the voltage applied to the first NFET gate el ectrode being
bel ow a cert ai indevated bavingageinyetas| inpuirdertrienlly ponplse ito tthe first NNEENRet®, and

drive the inverter .out.put voltage, hjahy. tendi turn f t fi PFET
and tur n SISHRES o ARk Rabe BispirGinr oS Rd b, I, BtV R8s ool MFEY
accunul at ggtecdledifode kdiatef volliage hpplizt tdNrkedie electroe Jf the ir OFET Bélnfalsedi ng
to anot her aspect of the present invention there is provided control

ci rcui t ry ¥wrtain Eshieltagedeval (endaioswa en e fise NFETanddrivedhn BWeRgr Qtpytr st
p-type, fi i ' h Tc \ ' y

di sposed, ‘g)'ltlt%%{a?fgt’?q%nr?tl%&ts%u ﬁ%ﬁffgrl]é F(l’r? u‘fﬂzftr %% %g{?}:l[\%%ﬁ rﬁgtﬂrﬂd;%ge ?? l;elfbg

ef f ect tr aoshesfisst NFENFgaTE §lecttdde beingsieldWETehainisacpnd vodtdge Bivelpesdsdp tein | east
in part, o n Lns or, .the control circujtry cansjsti f. an inverter;
a body-ché’:}ﬁg’ecéﬁf = Inepd “P(ﬁ\}ﬁ?]g‘“fertfﬂ’éP“‘&HHV%'&&?FH%&%‘%Ei?ﬁd“‘a%Pc odes
and a gat g0l eahig@dEntryNEFET N the body-charge control NFET first conducting

electrode is electrically coupled to the body of the first NFET, and the
body- char ge conecordinEERT agethemaspeetnefuthieipreseal aventiatethiese il provided oniyol

led to.an. el ectrical sink. a.bqdy-ch | PF ing first and
cecona. comBINGT FLEHe AEESIR PEP AP ERa 28 ¢t Db P WPer S TRE B Ehar ge
control PREFFETMStheCRSOPEET NGvRicarbédd@ispsse| fabdst ey, GOuRliglidier, thee body

of the first PFET, the body-charge control PFET second conducting el ectrode
i s el ectricoattplciryiip eamsistingafiel ectrical source, wherein an input of the

inverter is co e i .

body- char ge coﬁﬁ%ﬁq’_%’%ﬁ %g‘@ ﬁ%ﬁ??@gg ,ﬁ?%r?éagﬁéoggfc IBB{’\@&? %gtr?)%%searng ar is
el ectri caldaye elRupbdy] wiertinethbashdycdhargecannl IREEINFES gaildactiigeelecoode énd a
gate electrode of the first PFET, so that a voléage applied to thgg:IEit st
NFET gat e d¢tueallyroupledrig the body f dhs first RFETy apd (i P%Fg’echaégfef;o"tt@r\ 0i)
turn on t ' @ﬂ:qlr : - . PEET,

permtti m}% % idec{ %&8{3&5@ t eOP?Eﬁlgﬁ;ﬁ%&'}ﬁﬁggﬂéﬁg%ﬁgaﬁg? 83&% ’oﬂ;ccurrul ate on
the body of the first PFET, and ii) drive the inverter output voltage |ow,
tending to turn on the first PFET and turn off the body charge control
NFET, permitting the body of the first NFET to float and charge to

accunul ate on the body of the first NFET, and the voltage applied to the
first NFET gate el ectrode being below a certain second voltage | evel tends
to i) turn off the first NFET and tum on the body-charge control PFET,

di schargi ng any charge accunul ated on the body of the first PFET, and ii)
drive the inverter output voltage high, tending to turn off the first PFET
and turn on the body-charge control NFET, discharging any charge

. a 4 b1 - R pe—m - NN NN



Accordi ng to anot her aspect of the present invention there is provided a
met hod for controlling a first n-type field effect transistor I;Qﬂjiyl) éhe
first NFET having a body disposed, at least in part, on an insul L 29 2
met hod consisting of the steps of: applying a first voltage level to a gate
el ectrode of the first NFET, wherein the first voltage |level tends to turn
on the first NFET and drive an output voltage |ow for an inverter having an
inverter input electrically coupled tosthe first NFET gate el ectrode and an
inverter output electrically coupled to a gate el ectrode of a body char ge

control NFET, wherein e c FET h ductl ng
el ectrode el ectr F%'SV?S/BE‘SH%IagdmtVB rﬁglpgggif ﬁ}cahl Eattol\k‘ﬁg aégesecond
conduct i N@nfbE PFETABate! &&dtFddeAbhd aROMRERE b@pan e@b@ﬁ&ny %hﬂl%ﬂ ntb a atd hat
the inverter output being low tends to turn off the body- charge control

NFET; ancelegijodyiof ghmﬁ@&’BE'd'?, smthaage/oﬂteg@applmdtth éhd¢ bodyt-chEgeT condtod PFEdCt r ode,
Wnerelnth vol t t f the and
drive théeé®} %%8? foélfg bShes V98I°F§@18 fﬁFt ‘ﬁ)ltagféif Q‘ﬁn{l%totmo rliﬁet P\%Fyb%% “char ge
control Nohfrol AEEDT #HdN@ri¥ed RNl Brédr @\ﬁ:ﬁlﬂc'&olﬁ%e tmw Rm@RRMo tupy Ot therhirkhere is
prowdedarrethodfor controlling a first p-type, field effect transistor

(" PFlET ) ,PEie anidrthe vojtgse mmhedg;oathmbgglyﬂhas@@emolaﬁl*‘ﬁﬂésgte ¢lectypdletbeingn an
| ovel 1 o b 0hE TSRV, Mefiendd\S R0 E boRPRMERRoRedl FFFT Y  20°

i nverter diﬂ&tﬁélmvel\t@fdlﬂputlvbpage Iﬁglﬁ(téﬂdn@gﬁﬂo|turn€&ﬂﬂie€iﬁsttEFElhe body- char ge
control PFET gate el ectrode, and an inverter output electrically coupled to
a gate el ect r odeeosding fie appthe aspeetrof t}menréseﬁt mv@n%@u;heémsr pevidsaAtaopirolPFET
has a fir C C \/ e t he
first PF Cuﬁ%ﬂg %lééc}g %lngg%dﬁggssg&g qtegicc ’rcl)1 edeg lé an I%rgc%g%%yg% 0 an
el ect ri cadffesptrasistorai{EFRNG[ &lerﬁr‘stl'EFET hatmg/aibbagalsbesedl attlesst$n part,tamam of f

the body- ch e cgontrol PFET rive the inverter out put vol tage | ow,
tendi ng 1GSHPR B 4 AEtryivBe ksl fectriernasisry (HGES )sé]%f'oﬁéﬁ Wik hgeving el to
the body-gJug'daposQ) b hst E’fﬁi}t g)‘ﬁtaﬁ ifuBAbe, Aon }’}’BF&quﬂ ?sﬁﬁ Bl voltage

| evel tends’to turn on the y-charge c¢ontrol PFET and r|v the inverter
out put vol t ageathingérfertanldi ng to turn off the f| rst PFET. According to

anot her aspect f t he present i ti.on ro d a t hod for
control 1o e % Bt Sl GGl NERS Pavid vt sheorBiep g oiroles at
p-type, f4 ghtd eleclro@e thérklnzﬁga)od?%h&fgé%htrbr RIFETSHRE coﬁcﬁﬁﬁiﬁ JelectiBge fig r st

PFET having a body di sposed east t, on an insulaftor, and a first
n-type fi @t@ﬂ@ﬁllf}’e@ﬂupiqdatn ghe body of NIEF_ﬂT59 NFEFFe and thet bodyechargaycangrok NGy

di sposed, S ator IS of the
st eps of §§%Ifdyg§%&u§h e? CErbd aglrt‘al’ctlnémlllj C?%plthtto ¢ s%cqﬁf%é‘ls? ait"(‘a/ﬁ":’rl cth ode,
wher ei n ainpaxcdyf tﬁ@ﬁfv@ﬁelc@rbﬂdcahcaNEEZEulbla@ tcda fghtfeSdlec@x@ﬂdUﬁthermseNBETradiean
electrically courl ed to the body of the first NFET, and a second conducting

el ect r odePWPE el @a!nl"W‘?fokﬁp@@“d“@%Wa?Pl@Ileé’cﬁor theapodyt- @hargEaﬁ%ntaﬂ NEBLtg# an
i nverter ic O AN T, and
“an out put‘!:lgﬁ‘n%!tdﬁg‘{n?nvg"Ha é}&?ggée lirfl%fa gqégéﬂ ed 10 ta aﬁ)Eg%‘{/- cﬁ{fr%{gg
control I\NEEET@teeeleétmﬂerbmdfg @bmi'eaa gatain ftse vohagielend] tbﬂttts tbitnst orPHEeTHirstvher ei n
the first tage.l e tends to turn on the first NFET, a I a

i nver ![ er ]Sﬁglﬁ ?&/@We\é InysRFer cutRyt ﬁ%ltacgﬁq?\‘jr Wn@'ffgttﬁéuml%@e %ﬁ‘%ﬂﬁﬁga‘?‘{]r n of f
the body-@hRbfehé 804y-CharDE EntrAIPET t;seiﬂuhhg t}l;eogafdﬁf the&irkt NBET NE%Bai 0

float and charge to accufulate on the body of the first NFET; applying a
second voindaghargectpeiccyrouliatecorf thueéxodNéE‘lhegﬁnseNEEéfc andthe, voltage eppliedre the

first NFET gate electrode being below a certain second voltage level tends to turn off the

first NFET, and drive the inverter output voltage high, tending to turn off the first PFET
and turn on the body-charge control NFET, discharging any charge accumulated on the
body of the first NFET.



second voltage level tends to turn off the first NFET, and drive the
inverter output voltage high, tending to turn off the first PFE?&S’ULU?RQZ
en the body-charge control NFET, discharging any charge accunul ated on

body of the first NFET. According to another aspect of the present
invention there is provided a nethod for turning on and off a conplenentary
passgate device, the device having a first p-type, field effect transistor
"(PFET"), the first PFET having a body mi-sposed, at least in part, on an
insulator, and a first n-type field effect transistor "(NFET"), the first
NFET having a b j ' : . [ I 'y t hod
consi sting of t%%\ﬁgcﬁ%%?@%ﬁ&g%ﬁsy Fﬁggftath :brr ésg'?ﬁtz/gllvtg %b@nfﬂg%# @ggltdﬁ%tcp IFtrrés’ﬂt3 NFET
gat e el ectdirodityy folner edmplambdyy pisagae devine,r the deiicd Hagmgaa first gi-typendeldt i ng

conduct s natiraerissis TREED; B8y HERTPS & Pty GSROs: LdsssLimRiT pRdRor 1 a
body- char Qﬁsv.ﬁéel&{,)ggg a(F)) sl n3pe Feld é&%%@%g@ai"gg%%;}-gﬂﬁeo 5t NFaet hingfg% lay

coupled to t the tTirst PF conducting e rode
el ect ri callogdy doppseddattleashim gdre oh rn dadulasan theepninblerigiitryaconsistng ofof an
inverter is electrically coupled to a gate el ectrode of the first NFET and
t he body- char gédBYRIEH ~ PFET gate el ectrode, and an output of the inverter

is electrically lﬁert&n&BFN?Eg}’hEJiﬁ‘é Gt %ﬁ&"’s?&hdNﬁﬁucﬂﬁg%lélé%&ésré?ﬂe and

the first PFET gaté el ectrode, and wheréin the rirst voltage level tends to
i) 1 0 X phte ek@OBde, Adhdreinrthe botljrehdrige sontpIEVFER dfitsucondutfing klectvodbyischar ge

trol PFET, . ittjng the body.of the first PFET to float apd t
cocumil ar Sy Suplpde o Ve et gand The hacj e sonel R Ton pu
vol tage | %%oﬁd%ha&iﬂgoeléa{]dgegagteb@ifcait1 Sbuptéto ANkt K, of bgiyoddigechar ge

control NFET, permtting t ody o e first NFET to float and charge to

accurul at eosfiok REEBodwviog fitse and rescordreandugiing sfastryiesgand segtinclectiodage

| evel to a gate.electrode of th i NFET gat e.el ectrode,, . rei n.the
second vorvER R B Birfed foptslf PEETHraorfnd e i et 0 i e
body- char g @enbddy! oPftled .firsti PERA! Ghe) BoadP¥hairBer@atral PFRI 8éc@dd odbntifi@ingody of
the first PFET, and ii) drive the inverter output valtage high, tending to

turn of f teestiore it elpptrvalinepupladrio i alerriesd aguret whssein GALIARNL ljthermverter

di schar gi g Ao PNt g ASEHIL BF 8 A1 NPET ORI Phodhafdd S dFBFETYAI © the

i nvention een shown and descri efere particu
enbodi menteedtfode,eamkd, ani dutpit lolf tHeeinvgreke issélearicdily donpkd ts Kid Borlg-chargelvenaolt 1
0 J UL 2p02 s that the foregoi es in formand detail may

be made t HEYET el dlerdipde &B%ér&aﬁr}’geg’fggﬁl%% rﬁger @%P?FETaWdth?c% yeltage aﬁ’ﬁ‘éeft"l
i nvention. e filst NFEMghte 2f¥8%0de being above a certain first voltage level tends to i) turn on
the first NFET and turn off the body-charge control PFET, permitting the body of the
first PFET to float and charge to accumulate on the body of the first PFET, and ii) drive
_ the inverter output voltage low, tending to turn on the first PFET and turn off the body-
charge control NFET, permitting the body of the first NFET to float and charge to
accumulate on the body of the first NFET, and the voltage applied to the first NFET gate
electrode being below a certain second voltage level tends to i) turn off the first NFET
and turn on the body-charge control PFET, discharging any charge accumulated on the
body of the first PFET, and ii) drive the inverter output voltage high, tending to turn off
the first PFET and turn on the body-charge control NFET, discharging any charge
accumulated on the body of the first NFET.



9 Brief Description of the Drawings FIG 1 is a cross section of, an SO
NFET.” FIG 2 is a schematic of an enbodi ment of the present invanﬁhdt”_ZUUZ
having a single, controlled NFET, and circuitry for controlling discharge

of the NFET body. FIG 2a is a schematic of an enbodi nent of the present

I nvention, having a single controlled PFET, and circuitry for controlling

di scharge of the PFET body. FIGs 3 through 5 are voltage responses for a
nunber of different circuit configurathgns. FIG 6 is a schematic for a

dual gate enbodi nent of the present invention. FIG 7 is a schematic for a
di fferent dua

. di f ' | on. Detail ed
Descri ption 'f‘%gérﬁl erfgoaﬁla p%ﬁ?%ﬁe##;ﬁ? Bﬁegglﬁg}lﬁln@ég n}tlelrgrllscw(ﬁ’é’tgi%lg é‘grflftgﬂd of an

SO CMOS prkebnirsilinBarst hgpSHeld\Etekt RagsistoP PAFEDY] thetfirkRFETNAMWImd & FIG 1

) Nunmerous nethods and structures are known for formng such a body contact
for CMOS beddy disposed,at feast inpartpdrean Beylator, the mgthod cmsistiong ofithegtepsafs a SO

Transi stor Having..a Sekf-Al| 4ned d nt.act .. U. Rat 5,405, 795; and
Beyer et al . iy otis] SpieRavaTIa % SRS e A dhe BBy BB WiTen P o
No. 5, 729fif3 Yoltydei I6Vel aérfis e eR Ynithe fifsp NFETEthdti VeI IuBAE QoltieS 18 foR@n NOW t 0
FIG 2, SO NFET 210 has its source electrode connected to circuit el ement

220 at noHwertgrehaving Apy investey inpuh clesiively equrled &9 thaufirst NIdive gate elgstrgde node
et o ; _ . ;
ot her ey AP inRIErHba, dedullf; olBIdiiBTeRRTbIOORT ofd bEUY iafe SHRIZS | |

be a passNF&Te, whereint tlgo blodykRarge | agito! ASFET ehasn aoffiest] eghduttivg NR¥tode cui t
or mone branch of a nultiplexer circuit. The FET 210 could be for shorting

a pin in eerEigally goupded tooths Yody affheifirst NFET, andoa segead copdyciing gleciede
electrically coupled to an electrical sink, so that the inverter output being low tends to
turn off the body-charge control NFET; and

applying a second voltage level to the first NFET gate electrode, wherein the
second voltage level tends to turn off the first NFET, and drive the inverter output
voltage high, tending to turn on the body-charge control NFET.

According to another aspect of the present invention there is provided a method
for controlling a first p-type, field effect transistor ("PFET"), the first PFET having a
body disposed, at least in part, on an insulator, the method consisting of the steps of:

applying a first voltage level to a gate electrode of a body-charge control PFET,
wherein an inverter has an inverter input electrically coupled to the body-charge control
PFET gate electrode, and an inverter output electrically coupled to a gate electrode of

. the first PFET, wherein the body-charge control PFET has a first conducting electrode
electrically coupled to the body of the first PFET, and a second conducting electrode
electrically coupled to an electrical source, and wherein the first voltage level tends to
turn off the body-charge control PFET and drive the inverter output voltage low, tending
to turn on the first PFET; and

applying a second voltage level to the body-charge control PFET gate electrode,
wherein the second voltage level tends to turn on the body-charge control PFET and
drive the inverter output voltage high, tending to turn off the first PFET.

According to another aspect of the present invention there is provided a method

for controlling a complementary passgate device, the device having a first p-type, field



The CMOS NFET 210 body is connected at node 240 to the drain el gctrode of
CMOS NFET 250. The NFET 250 has its source grounded. Its gate ig ﬂod@ttgmz
t0 CMOS inverter 260 output. The input to inverter 260 is connected to the
gate of NFET 210, which is also connected to a "select” line, on which a
voltage is inpressed to control the gate 210. Wen the "Sel ect" voltage,
applied to the gate of NFET 210 and the input of inverter 260, goes high,
this tends to drive the inverter 260 owtput |ow. The inverter output going
low 1 0J UL 2002 11 tends to turn off NFET 250. Wth body-charge

control NEET N [ f.. this . tends to jsolate the body of
NFET 210, bifl grv?\ﬁgsﬁég“"?fa) F@ﬁ‘?c@%niﬁrﬁa?@ﬁﬁﬁawa% aé’r?gy?‘ﬁé’?%%ly a4 o o RETEET 210
t hr eshol dingaifoagend YViest ﬁ-g@ev@m Rctl MRISRITCYNPET!))qhé & NFET NAvEges | ow,
the NFET 210 is deselected, and the output of inverter 260 goes high,

t endi ng t eedyidisposed, m-legstin part,\gn 40 ipsigtor; ithe ethed nensistingoE thextepstodndi ng t o
b this t : f T 210, Thi dy-
control of ¢ hoabfe S BHDoobAe 183N, Ble 5] NPT odie Clerditel AR HREREE whi cn

coul d ot hettangess@n®ot NFET has hefird0dondoQingedl & tidide BicoRickile co@IEL ® @BBody 8f N of
NFET 210. The |ack of charge buildup tends to prevent initial cycle

par asi t i cthefHFeNFET hand asesandsonduatingeclestiode elpsticalp spyplad ta anielgstrisabnal t o

the select:. {i . tf j n.th 0, Thus)
the embodt ik 18 ALinblEEEEE: | ol ARG, B4 blie WcRBad BF uROAe

t hr eshol dNVFBI agk an wuput bb e ingerdosady eBClricaEf cdugledigp drt bodytdharge conetol
transiti ORIEE& acti vat(i%?n?l_g{J NFET 210, \g%i | e al so _achi evi_ngl the benefit of
no char geNBHi | 8 clertredeyanslp gate derdspdemt the first P Frdacrhepeinthe firsf pltage
transitio td i sVt t nefits
b o achi oeLel TR0 iRRRhY ok RIEAT Sl o/ hOfher S L RE Sow) BERER RECET (L0
and NFET @0on $td fitst PHET head, tutnheff tientedfdyt chasgescoatrbl BNVEM, pernhittinigehe body t er

260 and NF 5 i esponsj ve solely to volt li.ed he NFET 210
gate. s hatt e FrNITL® faeF B ey §accuntule phihe B8Goa Be SERAEE ng
pre-di scharge %ﬂ?ﬁg al $e¥BRU thlt%CPé{relnﬂoatﬂE%ﬁﬁeNPﬁTa@tt# ¥RLIOE:, thrrdif e 210

gate. In a still turther advantage, since the body of FET 210 I's di scharged
t hr oughousecsubgpliags keivel tente te tumr eff ithe dirstaNFERe and daveg dhe imferteEPuuod | s

desel ected,,. the.di schargi.ng is i _m to,occurri,ng splely during a

ror at 1 ver yolea v ek TEREnet S duinrol Y, T PIET, p B Ll e iaBh e gt
i s sel ect NHET]igchargifg ahy vigithé Muirﬁlla%ﬂ/@ﬂﬂlaga@%ﬁfihe firtFET. is relatively
insensitive to the fabrication quality of the body contact. Simlarly, the

di schar ge (akaAbei¢ingHargethebaiped of thispresey inveptipe these i progided dasthed t han
woul d be ' S| | yal ¢ | es S been
ol 0, FEUAIE] 80 AL BB R e B3RO i

field effect transistor "(PFET"), the first PFET having a body disposed, at least in part,

on an insulator, and a first n-type field effect transistor "(NFET"), the first NFET having
_ a body disposed, at least in part, on an insulator, the method consisting of the steps of:

applying a first voltage level to the first NFET gate electrode, wherein a body-
charge control NFET has a first conducting electrode electrically coupled to the body of
the first NFET, and a second conducting electrode electrically coupled to an electrical
sink, wherein a body-charge control PFET has a first conducting electrode electrically
coupled to the body of the first PFET, and a second conducting electrode electrically
coupled to an electrical source, wherein an input of an inverter is electrically coupled to
a gate electrode of the first NFET and the body-charge control PFET gate electrode, and
an output of the inverter is electrically coupled to the body-charge control NFET gate

electrode and the first PFET gate electrode, and wherein the first voltage level tends to 1)



the inverter 260 and the body-charge control FET 250 may each be 1110 the
size of the insulated body FET 210. Referring now to FIG 2A, éh&}QHjL.ZUOZ
~enbodi nent is shown for an insul ated body FET 270, where the FET is a
p-type FET. Control circuitry is coupled to the body and the gate of the

i nsul ated body PFET) for controlling charge on the body responsive, to a
vol tage applied to the gate el ectrode. The control circuitry includes a
body-charge control PFET 280. The PFER3. 1 0 J U L 2002 13 280 first
conducting electrode is electrically coupled to the body of the insulated
body PFET 270..T - char ge ntrol, PFET 280 conduct j. n | ectrode
i's e|ectEPBéPﬂQCgﬁﬁgﬁgﬁr?ngﬁ“éﬁﬁ@?$P8$PE§§EF@@FﬁﬁﬁgﬂgéﬁP? ?naJthﬁﬁYry al so
i ncl udes ofthel MYEPRET to2f6hat ald) ShdrBy &Y AR Gmul/én ihe RUPSF tHeot! PFERURHSY to the
body-charge control PFET 280 gate el ectrode. The inverter output is

el ect ri cdnvg theonpertar augput veltageslowa tadingoayumrprthe fgstgRiET end tum offetheso t hat

I i he..ch - | I de i
tere! ne 88 B ST AR SIhB-500L OB ETeE 0 g Al 80n, 15
PFET 280 agdignfhte ohltheoddyyofithofiat NFETeakpdy of the PFET 270 from the source)

thereby permtting a charge to accunul ate on the body. Wen the voltage
applied to t hePpiymg 2Hgeens voltageolevelrtoTamte glecwods ot tthe diast NFEd] sstea | ow

el ect i caltgods el B hshf bt edeud a0 TR tof BB T oM pF cact s
portion oh theYodhréligge aaatoNPFRETE disoRarkihg dh9thargBeruirhelatd &l heltdidy@ts are
shown in thFeI tglj;sts PE’I:Z’?,' and ii) drive the inverter output voltage high, tending to turn off the first
PFET and turn on the body-charge control NFET, discharging any charge accumulated
on the body of the first NFET.
While the invention has been shown and described with reference to particular

embodiments thereof, it will be understood by those skilled in the art



1 03J'UL 2002 14 In FIG 3, the voltage for the curve shown as ;controlled
body passgate" is neasured fromnetl to ground for the circuit(ﬂ DﬂjUL?ZOQZ
For the curve | abeled "plain passgate," the voltage shown is netl to groun
for a circuit such as FIG 2, but wherein the inverter 260 and body-charge
control FET 250 are omtted, and the body of FET 210 is floating. For both
curves, the FET 210 is not selected, and the falling voltage at netl is
caused by switching internal to circuit block 220. Also in both cases, it
is assuned that both netl and net2 were high for sone tine before the
switching, thereby aggravating the parasitic current of FET 210. The
conparison indicates i nproved switching speed for the controlled body
passgate. That is, the plain passgate switclying is degraded by parasitic
bi polar current In FIG 4, the voltage for the curve shown as "controlled
body passgate” is neasured fromnet2 to ground for the circuit of FIG 2.
For the curve | abel ed "passgate with body grounded," the voltage shown is
net 2 to grounthat the foregoingiandsetbbr esakdes inZorrhEndndetaitinrayt e maaleetherdin 260
and body-charge control FET 250 are omtted, and the body of FET 210 is
directly grou . i 1 t net2 is caused
by swi tching gﬁéﬁg%tl(gé.ﬁa&pﬁ? gﬁﬁ?g]\éﬁ%v{/n% %gdré?ét)ééoggg‘\régbgggtfoe@ fromnetl to
net2. Also in both cases, it is assunmed that both netl and net2 were high
for sone tinme before the switching, thereby aggravating the parasitic
current of FET 210. The conparison indicates the controlled body passgate
provi des sonmewhat faster switching with no degradation in overshoot. ~0
J UL 2002 15 In FIG 5, the voltage for the curve shown as "controlled
body passgate” is neasured fromnet2 to ground for the circuit of FIG 2.
For the curve | abel ed "passgate with body



floating, " the voltage shown is net2 to ground for a circuit such as FIG
2, but wherein the inverter 260 and body-charge control FET 2 UQ#L 2002
‘onltted and the body of FET 210 is floating. For both curves, the I TTNng
vol tage at net2 is caused by switching FET 210. Also in both cases, it is
assuned that both netl and net2 were high for sone tinme before the

swi tching, thereby aggravating the parasitic current of FET 210. The
conpari son indi cates conparable switching speed, and an inprovenent in
overshoot for the controlled body passgate. FIG 6 shows a PFET/ NFET pair
of passgates 610 and 670, with body-charge control circuitry, simlar to

t he singl e passgate/body control circuitry of FIG 2. In conventi onal
applications of a PFETI NFET passgate pair,qan inverter is provided for

sel ect control of the gate of the PFET ThiS inverter (inverter 660 in FIG
6) conventionally provided for the PFET gate select control can be used for
body-charge control circuitry as well, so that in conparison with
convent i onalBritfiBesgriptiop af theRrawinas e contr ol circuitry, the body-charge
control circuitry requires only adding a body-charge control FET 650 and
680 for each of the respective passgate FET's 610 and 670. FIG 7 shows a
PFETI NFET pair of passgates 710 and 770, w th body-charge 1 0J UL 2D02
16 control circuigiy.1 sidtids sre@tlélh@,ngagopﬁgmat el body control circuitry
of FIG 6. The FIG 7 enbodinent is for an instance wherein the PFET
passgate 770 is fabricated in a manner so as to reduce the PFET' s
susceptibility to parasitic bipolar current In such an instance the

body- charge contr ET 6 ust prevjously
stated, note that'gbnfg'oan‘??ee r?gf‘n NS C{'Trﬁ% |@H%p%afen?'%ﬁélfpﬂ—aﬁgas?é’[é]aat e

pair, an inver [ rovrded f ntro ate of the PFET.
This invertef" 5{?98'5*?3&“?66% f@”g?f”%%ﬁ%ér?ﬁ WSINF%QSJIQ%(}I ded for the PFET
gate select control can be used for body-charge control circuitry as well,

so that in conparison with conventional dual passgatel passgate contro
circuitry, the

FIG. 2a is a schematic of an embodiment of the present invention, having a single

controlled PFET, and circulitry for controlling discharge of the PFET body.

FIG's 3 through 5 are voltage responses for a number of different circuit

configurations.

FI1G. 6 is a schematic for a dual gate embodiment of the present invention.

FI1G. 7 is a schematic for a different dual gate embodiment of the present invention.

Detailed Description



body-charge control circuitry of FIG 7 requires only addi ng a body-charge
control FET 750 for the passgate FET 710. 1 0J UL 2002 -nlil i What
.5 claimed is: 1. An apparatus for reducing parasitic bipolar uﬁ?jﬁhLiZﬂG@
field effect transistor ("FET"), conprising: a first FET, having a body

di sposed, at least in part, on an insulator; and control circuitry coupled
to the body and a gate electrode of the first FET, for controlling charge
on the body responsive solely to a single control circuitry input voltage,
the voltage al so being applied directly to the gate el ectrode, wherein the
first FET is operable to turn on and off responsive to the voltage applied
to the gate el ectrode, and wherein the control circuitry has a discharge
path and the control circuitry is operable turn on the path and

di scharge at |least a portion of any charge on the body when the first FET
is turned off, and to turn off the path and allow the body to float and
charge to accunul ate on the body when the first FET is turned on. 2. The
appar at us of cl ai meferrnngnteFéG.r, 8 leoselbertitraeige SO CMQEINDET isekoven. Bidy8Qthar ge
control FET, having first and second conducting el ectrodes and a gate

el ectrode, whhNHEgihas alpedbaxitactinar spewe ovitlGd) WETerbusrmedthaisradd striaigesdrect r ode
is electrically coupled to the body of the first FET and the body-charge
control FET secenidr foanidg sidhrachoa) earitacd the CMO Se BItt. rdeeatbl gxamplepB&@r, tebatan

el ectrical sink, and wherein the control circuitry conprises an inverter
havi ng an i ny\atficeirof Foiita £50CTrehsiddr Haveg dBefdlifkedtdday Eohtsét, FETPgate

el ectrode, and an inverter output electrically coupled to the body-charge

control FET gados 76b:afkBegé ete®, $diatradsiéor Valihdd SemRMA8 BobPcthiget fl § Shat FET
gate el ectrode being above a certain first voltage lTevel tends to drive the

inverter out N 5Y9 bRDAhlch e Hebdt iRbfpotdi& Qeirepbar ge control FET and
electrically isolate the body fromthe sink, thereby permtting the body to
float and a charge to accunul ate on the body, and the voltage applied to
the first FET gate el ectrode being below a certain second voltage |evel
tends to drive thed ' char.ge
control FET and eﬁ%é%})r{?d(’:gﬁ ?%’%ngﬁﬁéﬁg@ﬁs?‘gs? r!ég és]?%%,dg Pﬁr\é@é\%b chelie

di schar gi ng o tian.of. A r (ofe t # ? ~
L2002 HorihPaa0 R nBal HefitalyAiin S HE REGUM iBHaR pRPatiBe BN, o 2
second condugct;] £ LEGULEEY T Lreuitry,
respectivel y,cct'"i'(a:%e't(8 Jﬁg&%%%??o ﬁ???%gsletnlr é;/tﬁ%rsc ﬁ%%@;g%{hg Si°ﬁ‘§2§§ﬂ§gﬁ§%‘§@of t he
first and se Loyt i.nc rol ,eircuit controls charge on
the body of RAMAPLE Seipoc SR eFsTaab Ry B pReite SOLART SH8ES°: he
gate el ectrodg of . the fir.st T. 4. The arafus of claim3 | the
Prre CreT | o vl gt Ar Bl o Khs PP B e e A DS e R £l s
of claim3, wherein the first FET js ogi.c. devi.ce_in pne hranch of a

Ul £ 1 pl oxer cienE e dor soring, Pl Gl 22 b B S AL pe, wfA RESMEr st Fer i s
an NFET, the apparatus conprising: a second FET having a body di sposed, at

| east in part, on an insulator, wherein the second FET is a PFET; and
second control cirguitr I to the body of the second FET and the gate
of the first FeT THONSS RPER oo e rmetdn atnecs MR T BRIy P pons ve

to a voltage

CMOS NFET 250. The NFET 250 has its source grounded. lts gate is connected to CMOS
inverter 260 output. The input to inverter 260 is connected to the gate of NFET 210, which is
also connected to a "select" line, on which a voltage is impressed to control the gate 210.
When the “Select” voltage, applied to the gate of NFET 210 and the input of inverter 260,

goes high, this tends to drive the inverter 260 output low. The inverter output going low



applied to the gate el ectrode of the second insulated body FET. 7. The
apparatus of claim6, wherein the second control circuitry corrplr_liEﬁe‘gl_ﬂnggUUz
second body-charge control FET, the second body-charge control

PFET having first and second conducting el ectrodes and a gate el ectrode,
wherein the second body-charge control FET first conducting el ectrode is
electrically coupled to the body of the second FET, the second body-charge
control FET second conducting electrode is electrically coupled to an

el ectrical source, and the second body-charge control FET gate el ectrode is
coupled to the gate el ectrode of the first FET, so that the voltage applied
to the second FET gate el ectrode being above a certain first voltage |evel
tends to turn on the second body-charge coniﬁol FET and el ectrically couple
the second FET to the 1 0J UL 2002 -19 electrical source, thereby
tending to discharge the body, and the voltage applied to the second FET
gate el ectrode being below a certain second voltage tends to turn off the
second body- cérais tretuoosit MEET 20T Veiticbaely-@bdrgé caltioyNF So2 50t teust thisdirgeto r@dffRRE body
fromthe source, thereby permitting the body to float and a charge to
accunul at e oneride¢o BOIEY.théSbodh oMREEDD1d, @llowifitil dacunnidteshdrgcartdi th@bisy cur r ent
inan n-type, field effect transistor ("NFET") having a body disposed, at

| east in partioweilg & HETSMbAREhoICRITRGd. ST Ng the steps of: a) turning off a
control circuitry discharge path for the NFET responsive solely to a single
voltage applied directly to a gate el ectrode of the NFET, wherein turning
on the NFET by the single voltage turns off the discharge path and permts

the body to float Wﬂgwtﬂegg\%gﬁnﬁrgss@EfGHméls@Fe@t ‘megw@o@qqamp@ﬁ%@os turning on
t he di scharge path responsive solely to the single voltage applied directly

to the NFET %Ege&%]c?%hé {?\Q%u}p%&ﬁr%'e ertiégrag&gmﬁiafte&dﬂ% tNﬁF-\ orPNFéﬁfsog'\/O‘ﬂl €

vol tage turns on t I schar ge pat I schar ges "at ast a portion of

any charge on,g }a Crtwér?ﬁéjéﬂ% s %'% e toﬁgg?ﬂﬁsttg%’s 8 gro%cl"f‘lnh%‘&% E‘*{f@TSt ep

b) conprises € y cou toa’s havi ng

a voltage lo volta e a cunul t har, in the
NFET body i svﬁhutsrn'égu%f céhc?rqe Vi% gﬁ?' &ﬁ?ﬁg g Rpe™™ {'IH:L%” f%ﬁar {hr%ode
voltage is tLg for redu0|nggpara5|t|c blpolar current

in an p-type, °P?'é’f"ﬁﬁé?lf'%ﬁlpemrisgr?&‘g?fé?eYc’”ﬁ?fE“l‘a)eh ving a body di sposed, at
| t t t f: t i .
i PR A A b R

applied directl at e Iectr de of t he PFET tur of f the
SERT by the SPHEPaR Bl DAt e Mise dPE HRmyPPRAOH T 1oLk R ot
oo Do 0 S5, Y oy PP E

Thus, the embodiment described provides the beneficial effect of lowering threshold
voltage in a floating body SOI FET during activation, and transition to activation of NFET
210, while also achieving the benefit of no charge buildup in a grounded body FET during
deactivation, and transition between deactivation anq activation. Furthermore, these
benefits are achieved with a relatively small number of elements, e.g., inverter 260 and
NFET 250. Still further, the benefits are achieved with the inverter 260 and NFET 250 being

responsive solely to voltage applied to the NFET 210 gate, that is, without circuitry for



1 0J UL 2002 -20 b) turning off the discharge path responsive solely to
the single voltage applied directly to the gate el ectrode of the1 Eﬁj
wherein turning on the PFET by the single voltage applied direct if thUUZ
gate el ectrode of the PFET turns off the discharge path and permts the
body to float and charge to accunul ate on the body. 11. The nethod of claim
10, wherein step a) conprises electrically coupling the PFET body to a
vol t age source whenever the PFET gate el ectrode voltage is above a certain
first voltage level. 12. An apparatus for reducing parasitic bipolar
current in a field effect transistor ("FET"), conprising: a first p-type
FET ("PFET") having a body disposed, at least in part, on an insulator; and
control circuitry coupled to the body and the gate of the first PFET
wherein the control circuitry conprises: a body-charge control PFET, having
first and second conducting el ectrodes and a gate el ectrode, wherein the
body-charge contrql PFET first conducting electrode is electrically coupled
Lo the body oFSReFEN PG dpheree sERE YR DHAY. B RAIHES EARIVAINT PeafEI@itng
conducting electrode is electrically coupled to an electrical source; and
an inverter h8¥#Png an inverter input electrically coupled to the
body-charge - - control PFET gate el ectrode, and an inverter output

el ectrically coupled to the first PFET gate el ectrode, wherein the contro
circuitry controls charge on the first PFET solely responsive to a voltage
applied directly td a s figthdyadvhategm soonthe OPWRFEETFA0 i, dissherped thraugkoufol t age
applied to the body-charge control PFET gate el ectrode bei ng above a
certain first sustantglly thecangite ibterveiswviteo theugate offFETt2H @ isdedylectbd) tigpedisobatginglis PFET
and electrically isolate the body fromthe source, thereby permtting the
body to fl oat natrighitad Ghaegend olaycauing badigtively shéreer beeyischamnd irtdreal okt age
applied to the body-charge control PFET gate el ectrode being below a

certai n seconthmalidtelgbeibe\tied gdteizdslettod.t THus, tha invéraiob sthtvahadeges inamdtitaed PFET
and electrically couple the body to the source, thereby discharging at

| east a porti efatvblyaidgnsitvatdPe Rbhtklidh ahLit) P thetbady bartaect. Simllarf, the diskhatg92 - 21

(aka body-charge control) FET 250 may be relatively smaller than would be required for a
short discharge interval. For example, it has been empirically determined that the FET's of
the inverter 260 and the body-charge control FET 250 may each be 1/10 the size of the

insulated body FET 210.

Referring now to FIG. 2A, another embodiment is shown for an
insulated
body FET 270, where the FET is a p-type FET. Control circuitry is coupled
to the body and the gate of the insulated body PFET, for controlling
charge on the body responsive to a voltage applied to the gate electrode.

The control circuitry includes a body-charge control PFET 280. The PFET



13. Control circuitry for reducing parasitic bipolar current in a first
n-type field effect transistor ("NFET"), the first NFET having b
di'sposed, at least in part, on an insulator, the control circuﬂ?pyaqu 2002
consi sting of a body-charge control NFET having first and second conducti ng
el ectrodes and a gate el ectrode, wherein the body-charge control NFET first
conducting electrode is electrically coupled to the body of the first NFET,
and the body-charge control NFET second conducting electrode is
electrically coupled to an electrical sink; and an inverter having an
inverter input electrically coupled to the first NFET gate el ectrode, and
an inverter output electrically coupled to the body-charge control NFET
gate electrode, so that a voltage applied tpza gate el ectrode of the first
NFET bei ng above a certain first voltage level tends to turn on the first
NFET and drive the inverter output voltage low, tending to turn off the
body-charge control NFET, and the voltage applied to the first NFET gate

el ect rode bei2@p first concuatiaptedectrackecisreiectatalpoeouptectto thenbtsdyt of ther n of f t he
first NFET, and drive the inverter output voltage high, tending to turn on
the body- charigguaea bly PFET 27k TREBbhplcnadSUbtel PRET 2edupidaagpar asi tic

bi polar current in a first p-type, fie eff'ect transistor ("PFET"), the
first PFET havin bo di,sposed, .at least in part,, on an insulator, the
control i rcdirgofanSlebrs S e GumrEERlacy® AEHerERRRRRavi ng f r st
and second conducting el ectrodes and a gate el ectrode, wherein the
body-charge control PFET first conducting electrode is electrically coupled
to the body of the first PFET, and the body-charge control PFET second

conducting el ectr Ofige tontebleficlitEAdIsY iNAudLan irlyeter eeCtTHE MveteH iRt and
an inverter having an inverter input electrically coupled to the

body-charge c : T gate, el ectrpd i t t put
electrically 'S%E%qqé%ﬁggoﬁgeaqe@ t@? chﬁlécgjsargg%pﬁg(owfgﬁ ﬁong#teso that a

vol tage applied to the body-charge control PFET gate el ectrode being above
a certain fir@gciele.adbe|iryastert is @lagtii¢alyrqoupiad tod@g-lesidates cont r ol
PFET and drive the inverter output voltage low, tending to turn on the
first PFET, abodyt REET@igeateagipdtradl,tso thhewbedthe lraltgge appligdto FeET gat e

el ectrode being 10 J UL 2pp,~ -22 below a certain second vol tage | evel

tends to tur ”ci’?é?g%%n%ﬁPFEhﬂé&??é@élégﬂlrofg E;?:%%!ﬁé ShighevdiRRyd IBYEE igs out put

vol tage high, tending to turn off the rst 15.7 Control circuirtry for

a conpl enent a ssgat evi c t he devic ' a first .p-type, field

ef f ect transi@‘QE%‘@‘E‘TE‘Iglﬁ e ??@'@W@F Cﬁﬁﬁﬁ?ﬁgﬁwngg%a%&;'ﬁfdﬂg% sed, at |east
in part, on an insulator, and a first n-type field effect transistor
"(NFET"), t heisplatetheNpgdy héthen@FETbRYdyfr@mstga§@d,rceatth¢r@éwtpeirmitbag1a, on an
insulator, the control circuitry consisting of: an inverter; and a

body- char ge cemdrgelto McEdmultasiopdhkigcely. andeaaronditsgadppliedtb #leect rodes and
a gate el ectrode, wherein the body-charge control NFET first conducting

el ectrode is L cal f L § pd the
body- char ge cgé@f%ﬁ&%%é#%ggggﬁ%ﬁggégg%p?%%8g¥g§{$ég@“{%ké%gcﬁgi%gﬁ%§
coupled to an electrical sink, wherein an input of the inverter |s

el ectrical ly Hbupanas todum gathe bpdechawe eantih£RET ¢80 rpgeletrigalh out put
of the inverter is electrically coupled to the body-charge control NFET
gat e el ect r odeowpid the batly tetlecsownde, tlerethedischatgif-&leasba phdioraof/ol t age
applied to the first NFET gate el ectrode being above a certain first

vol tage | evel r t j NFET, and drive the inverter

out put vol tagghfgﬁv,éqeg%%ﬁﬂrq&l?%dtél}ftnﬁéot?]éthe first PFET and turn off the
body- charge control NFET, permitting the body of the first NFET to fl oat
and charge to accunul ate on the body of the first NFET, and the voltage
applied to the first NFET gate el ectrode being below a certain second .
vol t age | evel tend8&esults plgimuletions atesshbwn StFIREETS. and drive the inverter
out put voltage high, tending to turn off the first PFET and turn on the
body- charge control NFET, discharging any charge accunul ated on the body of
the first NFET.



16. Control circuitry for a conplenentary passgate device, the device
having a first p-type, field effect transistor "(PFET"), the fiLi}\ﬁgET
havi ng a body di sposed, at least in part, on an insulator, and i 2002
n-type field effect transistor "(NFET"), the first NFET having a body

di sposed, at least in part, on an insulator, the control circuitry

consi sting of 1 0J UL 2D02 - 23 an inverter; a body-charge control
NFET, having first and second conducting el ectrodes and a gate el ectrode,
wherein the body-charge control NFET first conducting el ectrode is
electrically coupled to the body of the first NFET, and the body-charge
control NFET second conducting electrode is electrically coupled to an

el ectrical sink, a body-charge control PFETj4having first and second
conducting el ectrodes and a gate el ectrode, wherein the body-charge control
PFET first conducting electrode is electrically coupled to the body of the
first PFET, the body-tharge control PFET second conducting electrode is

el ectrical ly coupl Bf!€c3 4 veltagetfer teapursoiiree as \fRRIFEPH P PRRYSIte” isfmeagered
inverter is coupled to a gate electrode of the first NFET and the

body- char ge ctem ne tpgrpandganthe eifcat prfdde2. Fanitie avrvelabgled “pidin pasegatel/ et er i s
electrically coupled to the body-charge control NFET gate el ectrode and a
gat e el ect r odeoligge shownfis medt toRRENd fg @ cirbiditsush 30F 1623 dubypEréie thetinvettbre2aliang t
NFET gate el ectrode being above a certain first voltage level tends to i)
turn on the f bodytchhiigEToramtF&E U259 apé bmitthd abd the-bohaefdE T A i fivltirkef~Edr, both
permtting the body of the first PFET to float and charge to accunul ate on
t he body of t bevds thetFEPRET|s nanebldcted, ahd thefatlihg voltagestiret! i9 vdysed by skitcaipg | ow,
tending to turn on the first PFET and turn off the bodycharge control NFET,
perm tting thmtdamalyo arbuit heckf220.S AsNMEBbtH daséd, @ad asaltedthatibg® dedt #eicistlate on
the body of the first NFET, and the voltage applied to the first NFET gate

el ectrode bei Aghkekeme tmepsbaitit SREANS tHepdbl agGral M@ thelpaESic E@rdnl ot Of f
the first NFET and turn on the body-charge control PFET, discharging any

char ge accunmubad ethe@BmbaoR Pd¥atef infphsvel blitchingsEded ek é:dn)rolﬂard' b‘é%yrbél@gate

inverter output voltage high, tending to turn off the first PF and turn
on the body- cha&ae etk MssdiEdwitcHihg K &bstgbﬁ;;tayasma%t fr 8GFpul ated on the
body of the first NF%m &4 o msthoé o? control |ngrg first n-type field
effect transistor ("NFET" ), the first NFET haV|ng a body di sposed, at | east
in part, on an insulator, the nmethod consisting of the steps of: applying a

first voltage |evel,fg 2 tﬂ@ma&l B8Cths 86 Howh BE dohkrsiled %@}asm@g & fedslfd

first voltage level tends to turn on the first NFET and drive an out put

vol tage | ow f i r I oupl ed
Vo thetire: RPRIPefyRLIEe: ABUIR BAG SHEF by Mt Rgt el st o,

out put el ectri %Mq\bébgﬁ)%\% g%éehgwﬂlsgﬂgzﬁoﬁkggqﬁ{?nglrét)JIt.s@chbé%cHG%%ﬁtg/ﬁteFé?ﬁ'Hém

NFET, mhereln contr as a frirst conducting el ectrode

el ectrical | y Wg&tr%g?ge 3 bl &gttgscgtmtts bd 55 oNRET oo mb%dgs fgpduct i ng

el ectrode elec rica cou rlca SO t hé i nverter
out put bei ng Iom1tends to_turn of char.ge contro
appl ying a seettfétvs@wdagﬁﬁ B2hge t‘tteefat? e LA T S T

t he second vol e ends to turn of t he

i nverter out p&%g B naiton! B argre B P R e n"gsodaggtheﬁaﬁsgg'%aame&
NFET. 18. A nethod for controll a first p-t ld effect transistor
("PFET") .t he 11 pah neli-2Te Pete Mg hés%ﬁaroﬁ?ma.“@me@ﬁepmatw'tc 08 PRS00 an
insulator, the method consisting of the steps of a first voItage
level to a gath® RErasiE cyERt BfFES %deh%m@@?’%m‘ms tﬁé@ﬁtm'\m&o@l passpate
inverter has an inverter input electrically coupled to the body-charge
control PFET @§evidessarawhaidasterameching withnordegradafinuevestneet ri cal iy coupled to
a gate electrode of the first PFET, wherein the body-charge control PFET
has a first conducting el ectrode electrically coupled to the body of the
first PFET, and a second conducting el ectrode electrically coupled to an
el ectrical source, and wherein the first voltage |evel tends to turn off

t he body-charge control PFET and drive the inverter output voltage | ow,
tending to turn on the first PFET; and applying a second voltage |level to
t he body-charge control PFET gate el ectrode, wherein the second voltage

| evel tends to turn on the body-charge control PFET and drive the inverter
out put voltage high, tending to turn off the first PFET. 19. A nethod for
controlling a conpl enentary passgate device, the device having a first
p-type, field effect transistor "(PFET"), the first PFET having a body

di sposed, at least in part, on an insulator, and a first n-type field

ef fect transistor (NFET ) the flrst NFET haV|ng a body dlsposed at Ieast

. o o, o



- 25 applying a first voltage level to the first NFET gate el ectrode,
wherein a body charge control NFET has a first conducting el ectrode
efectrically coupled to the body of the first NFET, and a seco JIQPBTaZUng
el ectrode electrically coupled to an electrical sink, and an inp

inverter is electrically coupled to a gate electrode of the first NFET, and
an output of the inverter is electrically coupled to the body-charge
control NFET gate electrode and a gate el ectrode of the first PFET, wherein
the first voltage level tends to turn on the first NFET, and drive an
inverter output voltage low, tending to turn on the first PFET and turn off
t he body-charge control NFET, permtting the body of the first NFET to

fl oat and charge to accunul ate on the body the first NFET;, applying a
second voltage level to the first NFET gate el ectrode, wherein the second
voltage level tends to turn off the first NFET, and drive the inverter

out put voltage high, tending to turn off the first PFET and turn on the
body- char ge cont r ¢t FIG-ETthe welteahtar tie vy va aljonstasr epatraltesibody pasegktelris mhasuprsdy  of
the first NFET. 20. A nethod for turning on and off a conpl enmentary

passgat e devifrom,netzte gobewd toe tHearircutef BIG 2r Bdr the-dupmedabefedépabsgdté @ittt badyansi st or
"(PFET"), the first PFET having a body disposed, at least in part, on an

i nsul at or, aridatmgf itrresiolitagetsppen sinef2do gfcliatior 4 tiedas sedhars FIG. NE-ER Wherdihtgef | r st
NFET havi ng a body di sposed, at least in part, on an insulator, the nethod
consi sti ng ofinveher 250@ps bally-crapg dphing FETREC sie onittddagrel thev®ly of PET beD ki r St
NFET gate el ectrode, wherein a body -- charge control NFET has a first

conducting elfiegtingorts binetives, G inE IBYES nb i§ BRisEPElysWathibIEET DI tAINART,
and a second conducting electrode electrically coupled to an electrical

si nk, wher ei o RGEL it REGRRR LR neRFRRE nBBSveRe hibh foF seEHESdiag (Rl ect rode
electrlcally coupled to the body of the first PFET, and a second conducti ng

el ectrode el %ﬁtéﬂlr@lﬂeyebggyﬁla\%qné fHe%Qra@&t@&Heh%?kE?@H’@ Cifie WNSIRbAInARatkSPUt  Of
an inverter is electrically coupled to a gate el ectrode of the first NFET

and the body-oen,agrgae@wmhfr@spg’&ﬁln FipREifidrt BfiersROS 16 fhctdhipblioa byl e
inverter is electrically Coupled to tﬁe body-charge control NFET gate
el ectrode ancbagg%gtejl rst PFET gate el ectrode and wherein the first voltage
| evel tends to i) turn on the first NFET and turn off the body-charge
control PFET, permtting the body of the first PFET to float and charge to
accunul ate on the body of the first PFET, and ii) 10 J UL 2D02 -26
drive the inverter t .V o t PFET
and turn off the boceiy C évrs'gagJthg'n Ip\éli{lleLp%Qggﬂ)an&rﬁ1t8taEHE EQ% cfhaF %t he first
NFET to fl oat e to accunul ate o iy st NFET; and
o Sofpagefeb Stna"egaa%%e{e‘e'bgpw Pl %‘he&f% 5, L qate

appl yi ng a secon

| de, wh h d h f
NFET and tur ORI %'ia' By b B R sl by oo

out put ol t age" K GHNSCARGT kG 6t TP MSrie FREEY ¢i°¥m%&¥%%v§%ﬁ"a$%ﬁéﬁe[ ne

body. char ge_con fegg@ N Ree a S AL 9100 A S AL, A5 URLS NPl D00y

. Al(e. AAR A@@AS A AA?. AR As#. A&/ . Asg Ae. AA, . A9SL. A . A&hf . Ale. Af( .Ah. A
e. A U .AUR Awqj@o aqwéorppqnpg%\mp conventional dual passgate/passgate control circuitry, the
A A *I n, PWQ} xsngb] X] ca] ca] ca] c*a] c”a] ca] ca] ca] ca] caL ajJ cal c"a] céPaU] ca]
ca] ca] ca] ca] RN IRFAUPAUT S ©IdEsCal CHANY 8 LIP-CaeRgHOH ETE50 ang 6
z' =zupkf a\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c&al] ¢
&a] ca] ca] ca] cfal eash ebthe sgseedtivapassadte FR] e 410 @AH7Ps Y

FIG. 7 shows a PFET/NFET pair of passgates 710 and 770, with body-charge
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Claims
What is claimed is:
1. An apparatus for reducing parasitic bipolar current in a field effect transistor

("FET"), comprising:

a first FET, having a body disposed, at least in part, on an insulator; and

control circuitry coupled to the body and a gate electrode of the first FET, for
controlling charge on the body responsive solely to a single control circuitry input
voltage, the voltage also being applied directly to the gate electrode, wherein the first
FET is operable to turn on and off responsive to the voltage applied to the gate electrode,
and wherein the control circuitry has a discharge path and the control circuitry is
operable to turmn on the path and discharge at least a portion of any charge on the body
when the first FET is turned off, and to turn off the path and allow the body to float and

charge to accumulate on the body when the first FET is turned on.

2. The apparatus of claim 1, wherein the discharge path comprises a body-charge
control FET, having first and second conducting electrodes and a gate electrode, wherein
the body-charge control FET first conducting electrode is electrically coupled to the
body of the first FET and the body-charge control FET second conducting electrode is
electrically coupled to an electrical sink, and wherein the control circuitry comprises an
inverter having an inverter input electrically coupled to the first FET gate electrode, and
an inverter output electrically coupled to the body-charge control FET gate electrode, so
that the voltage applied to the first FET gate electrode being above a certain first voltage
level tends to drive the inverter output voltage low, turn off the body-charge control FET
and electrically isolate the body from the sink, thereby permitting the body to float and a
charge to accumulate on the body, and the voltage applied to the first FET gate electrode
being below a certain second voltage level tends to drive the inverter output voltage
high, turn on the body-charge control FET and electrically couple the body to the sink,

thereby discharging at least a portion of any charge accumulated on the body.
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3. The apparatus of claim 2, wherein the first FET first and second conducting
electrodes couple first circuitry to second circuitry, respectively, and the control circuitry
is operable independently of the first and second circuitry since the control circuitry
controls charge on the body of the first FET solely responsive to the voltage applied to
the gate electrode of the first FET.

4. The apparatus of claim 3, wherein the first FET is a logic device in one leg of a

logic circuit.

5. The apparatus of claim 3, wherein the first FET is a logic device in one branch of

a multiplexer circuit.

6. The apparatus of claim 2, wherein the first FET is an NFET, the apparatus
comprising:

a second FET having a body disposed, at least in part, on an insulator, wherein
the second FET is a PFET; and

second control circuitry coupled to the body of the second FET and the gate of
the first FET, for controlling charge on the second FET body responsive to a voltage
applied to the gate electrode of the second insulated body FET.

7. The apparatus of claim 6, wherein the second control circuitry comprises a
second body-charge control FET, the second body-charge control FET being a PFET
having first and second conducting electrodes and a gate electrode, wherein the second
body-charge control FET first conducting electrode is electrically coupled to the body of
the second FET, the second body-charge control FET second conducting electrode is
electrically coupled to an electrical source, and the second body-charge control FET gate
electrode is coupled to the gate electrode of the first FET, so that the voltage applied to
the second FET gate electrode being above a certain first voltage level tends to turn on

the second body-charge control FET and electrically couple the second FET to the
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second body-charge control FET and electrically isolate the second FET body from the

source, thereby permitting the body to float and a charge to accumulate on the body.

8. A method for reducing parasitic bipolar current in an n-type, field effect
transistor ("NFET") having a body disposed, at least in part, on an insulator, comprising
the steps of:

a) turning off a control circuitry discharge path for the NFET responsive
solely to a single voltage applied directly to a gate electrode of the NFET, wherein
turning on the NFET by the single voltage turns off the discharge path and permits the
body to float and a charge to accumulate on the body; and

b) turning on the discharge path responsive solely to the single voltage
applied directly to the NFET gate electrode, wherein turning off the NFET by the single
voltage turns on the discharge path and discharges at least a portion of any charge on the
body of the NFET.

9. The method of claim 8, wherein step b) comprises electrically coupling the
NFET body to a sink, the sink having a voltage lower than a voltage level of the
accumulated charge, wherein the NFET body is thus coupled to the sink whenever the
. NFET gate electrode voltage is turned off.

10. A method for reducing parasitic bipolar current in an p-type, field effect
transistor ("PFET") having a body disposed, at least in part, on an insulator, comprising
the steps of:

a) turning on a control circuitry discharge path responsive solely to a single
voltage applied directly to a gate electrode of the PFET, wherein turning off the PFET
by the single voltage turns on the discharge path and discharges at least a portion of any
charge on the body of the PFET; and
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b) turning off the discharge path responsive solely to the single voltage
applied directly to the gate electrode of the PFET, wherein turning on the PFET by the
single voltage applied directly to the gate electrode of the PFET turns off the discharge
path and permits the body to float and charge to accumulate on the body.

11.  The method of claim 10, wherein step a) comprises electrically coupling the
PFET body to a voltage source whenever the PFET gate electrode voltage is above a

certain first voltage level.

12.  An apparatus for reducing parasitic bipolar current in a field effect transistor
("FET"), comprising:

a first p-type FET ("PFET") having a body disposed, at least in part, on an
insulator; and

control circuitry coupled to the body and the gate of the first PFET, wherein the
control circuitry comprises:

a body-charge control PFET, having first and second conducting electrodes and a
gate electrode, wherein the body-charge control PFET first conducting electrode is
electrically coupled to the body of the first PFET, and the body-charge control PFET
second conducting electrode is electrically coupled to an electrical source; and

an inverter having an inverter input electrically coupled to the body-charge

- - control PFET gate electrode, and an inverter output electrically coupled to the first PFET
gate electrode, wherein the control circuitry controls charge on the first PFET solely
responsive to a voltage applied directly to the body-charge control PFET gate, wherein
the voltage applied to the body-charge control PFET gate electrode being above a certain
first voltage level tends to tum off the body-charge control PFET and electrically isolate
the body from the source, thereby permitting the body to float and a charge to
accumulate on the body, and the voltage applied to the body-charge control PFET gate
electrode being below a certain second voltage level tends to turn on the body-charge
control PFET and electrically couple the body to the source, thereby discharging at least

a portion of any charge accumulated on the body.
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electrically coupled to the body of the first NFET, and the body-charge control NFET
second conducting electrode is electrically coupled to an electrical sink; and

an inverter having an inverter input electrically coupled to the first NFET gate
electrode, and an inverter output electrically coupled to the body-charge control NFET
gate electrode, so that a voltage applied to a gate electrode of the first NFET being above
a certain first voltage level tends to turn on the first NFET and drive the inverter output
voltage low, tending to turn off the body-charge control NFET, and the voltage applied
to the first NFET gate electrode being below a certain second voltage level tends to turn
off the first NFET, and drive the inverter output voltage high, tending to turn on the
body-charge control NFET.

14.  Control circuitry for reducing parasitic bipolar current in a first p-type, field
effect transistor ("PFET"), the first PFET having a body disposed, at least in part, on an
insulator, the control circuitry consisting of’

a body-charge control PFET having first and second conducting electrodes and a
gate electrode, wherein the body-charge control PFET first conducting electrode is
electrically coupled to the body of the first PFET, and the body-charge control PFET
second conducting electrode is electrically coupled to an electrical source; and

an inverter having an inverter input electrically coupled to the body-charge
control PFET gate electrode, and an inverter output electrically coupled to a gate
electrode of the first PFET, so that a voltage applied to the body-charge control PFET
gate electrode being above a certain first voltage level tends to turn off the body-charge
control PFET and drive the inverter output voltage low, tending to turn on the first

PFET, and the voltage applied to the body-charge control PFET gate electrode being
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having a body disposed, at least in part, on an insulator, the control circuitry consisting
of:

an inverter; and

a body-charge control NFET, having first and second conducting electrodes and
a gate electrode, wherein the body-charge control NFET first conducting electrode is
electrically coupled to the body of the first NFET, and the body-charge control NFET
second conducting electrode is electrically coupled to an electrical sink, wherein an
input of the inverter is electrically coupled to a gate electrode of the first NFET, and an
output of the inverter is electrically coupled to the body-charge control NFET gate
electrode and a gate electrode of the first PFET, so that a voltage applied to the first
NFET gate electrode being above a certain first voltage level tends to turn on the first
NFET, and drive the inverter output voltage low, tending to turn on the first PFET and
turn off the body-charge control NFET, permitting the body of the first NFET to float
and charge to accumulate on the body of the first NFET, and the voltage applied to the
first NFET gate electrode being below a certain second voltage level tends to turn off the
first NFET, and drive the inverter output voltage high, tending to turn off the first PFET
and turn on the body-charge control NFET, discharging any charge accumulated on the
body of the first NFET.

16.  Control circuitry for a complementary passgate device, the device having a first
p-type, field effect transistor "(PFET"), the first PFET having a body disposed, at least in
part, on an insulator, and a first n-type field effect transistor "(NFET"), the first NFET
having a body disposed, at least in part, on an insulator, the control circuitry consisting
of:
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a body-charge control NFET, having first and second conducting electrodes and

a gate electrode, wherein the body-charge control NFET first conducting electrode is
electrically coupled to the body of the first NFET, and the body-charge control NFET
second conducting electrode is electrically coupled to an electrical sink, a body-charge
control PFET, having first and second conducting electrodes and a gate electrode,
wherein the body-charge control PFET first conducting electrode is electrically coupled
to the body of the first PFET, the body-charge control PFET second conducting
electrode is electrically coupled to an electrical source, wherein an input of the inverter
is coupled to a gate electrode of the first NFET and the body-charge control PFET gate
electrode, and an output of the inverter is electrically coupled to the body-charge control
NFET gate electrode and a gate electrode of the first PFET, so that a voltage applied to
the first NFET gate electrode being above a certain first voltage level tends to 1) turn on
the first NFET and turn off the body-charge control PFET, permitting the body of the
first PFET to float and charge to accumulate on the body of the first PFET, and ii) drive
the inverter output voltage low, tending to turn on the first PFET and turn off the body-
charge control NFET, permitting the body of the first NFET to float and charge to
accumulate on the body of the first NFET, and the voltage applied to the first NFET gate
electrode being below a certain second voltage level tends to i) turn off the first NFET
and turn on the body-charge control PFET, discharging any charge accumulated on the
body of the first PFET, and ii) drive the inverter output voltage high, tending to turn off
the first PFET and turn on the body-charge control NFET, discharging any charge
accumulated on the body of the first NFET.

17. A method for controlling a first n-type field effect transistor ("NFET"), the first
NFET having a body disposed, at least in part, on an insulator, the method consisting of
the steps of:

applying a first voltage level to a gate electrode of the first NFET, wherein the
first voltage level tends to turn on the first NFET and drive an output voltage low for an

inverter having an inverter input electrically coupled to the first NFET gate electrode
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turn off the body-charge control NFET; and
applying a second voltage level to the first NFET gate electrode, wherein the
second voltage level tends to turn off the first NFET, and drive the inverter output

voltage high, tending to turn on the body-charge control NFET.

18. A method for controlling a first p-type, field effect transistor ("PFET"), the first
PFET having a body disposed, at least in part, on an insulator, the method consisting of
the steps of:

applying a first voltage level to a gate electrode of a body-charge control PFET,
wherein an inverter has an inverter input electrically coupled to the body-charge control
PFET gate electrode, and an inverter output electrically coupled to a gate electrode of
the first PFET, wherein the body-charge control PFET has a first conducting electrode
electrically coupled to the body of the first PFET, and a second conducting electrode
electrically coupled to an electrical source, and wherein the first voltage level tends to
turn off the body-charge control PFET and drive the inverter output voltage low, tending
to turn on the first PFET; and

applying a second voltage level to the body-charge control PFET gate electrode,
wherein the second voltage level tends to turn on the body-charge control PFET and

drive the inverter output voltage high, tending to turn off the first PFET.

19. A method for controlling a complementary passgate device, the device having a
first p-type, field effect transistor "(PFET"), the first PFET having a body disposed, at
least in part, on an insulator, and a first n-type field effect transistor "(NFET"), the first
NFET having a body disposed, at least in part, on an insulator, the method consisting of

the steps of:
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charge control NFET has a first conducting electrode electrically coupled to the body of

the first NFET, and a second conducting electrode electrically coupled to an electrical

sink, and an input of an inverter is electrically coupled to a gate electrode of the first

NFET, and an output of the inverter is electrically coupled to the body-charge control

NFET gate electrode and a gate electrode of the first PFET, wherein the first voltage

level tends to turn on the first NFET, and drive an inverter output voltage low, tending to

turn on the first PFET and turn off the body-charge control NFET, permitting the body

of the first NFET to float and charge to accumulate on the body of the first NFET;
applying a second voltage level to the first NFET gate electrode, wherein the

second voltage level tends to turn off the first NFET, and drive the inverter output

voltage high, tending to turn off the first PFET and turn on the body-charge control

NFET, discharging any charge accumulated on the body of the first NFET.

20. A method for turning on and off a complementary passgate device, the device
having a first p-type, field effect transistor "(PFET"), the first PFET having a body
disposed, at least in part, on an insulator, and a first n-type field effect transistor
"(NFET"), the first NFET having a body disposed, at least in part, on an insulator, the
method consisting of the steps of:
applying a first voltage level to the first NFET gate electrode, wherein a body-
- charge control NFET has a first conducting electrode electrically coupled to the body of
the first NFET, and a second conducting electrode electrically coupled to an electrical
sink, wherein a body-charge control PFET has a first conducting electrode electrically
coupled to the body of the first PFET, and a second conducting electrode electrically
coupled to an electrical source, wherein an input of an inverter is electrically coupled to
a gate electrode of the first NFET and the body-charge control PFET gate electrode, and
an output of the inverter is electrically coupled to the body-charge control NFET gate
electrode and the first PFET gate electrode, and wherein the first voltage level tends to i)
turn on the first NFET and tumn off the body-charge control PFET, permitting the body
of the first PFET to float and charge to accumulate on the body of the first PFET, and ii)
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body-charge control NFET, permitting the body of the first NFET to float and charge to
accumulate on the body of the first NFET; and

applying a second voltage level to a gate electrode of the first NFET gate
electrode, wherein the second voltage level tends to i) turn off the first NFET and turn
on the body-charge control PFET, discharging any charge accumulated on the body of
the first PFET, and ii) drive the inverter output voltage high, tending to turn off the first
PFET and turn on the body-charge control NFET, discharging any charge accumulated
on the body of the first NFET,



