CASCADE POWER SYSTEM RELATED APPLI CATI ONS [0001] This application clains
priority to United States Patent Application Serial 11/235,654, filed 22
Sept enberwdQ0&s/0sed2ch is a Continuation-in-part of Unitedr8isassssiag ent
Application Serial No. 11/099,21 1, filed 5 April 2005, which is a
continuation-in-part of United States Patent | ication Serial No.

10/ 983,970, filed 8 NIGHRIPEEBOANDIOREROWERBRAMMAGRCI ON 1. Field of
the Invention [0002] The pr ; j I 0 a cascade power
system for extracting usabl Z‘ﬁ@'&'ﬁ&?%ﬁ%‘ﬁ% ucgd fromthe conbustion
of biomass, agricultural waste (such as bagasse,) nunicipal waste and ot her

fuels. The present invention also relates to_a c Sci&g‘\f%\@r system wher e
heat is derived fro@%@@ﬁ‘REﬁ@%‘%\@C&T@ﬁEb@ﬁEQ BP IONEm with a

precool e parti .y . S t : i S

st reaér)n h@s@]desi rgh‘%/%%@gtlg%ﬁg%?@#%ﬁa@ ??‘%i%ﬁ%"s eatI ?hé%ﬁoltnlr%r%r Ki ng
fluid without hamieir 30/626]120 Silec s Moverabersd, 2004, iiorperted hehsindy uni t .

[ 0003] More particularly, the present invention relates to a cascade power
system for exfefar@ncegniisaNteeWower from heat produced from the conbustion
of biomass, agricultural waste (such as bagasse,) nunicipal waste and ot her
fuels, where the systemincludes an energy extraction subsystem a

separ ati on subSYATEMENT REGASDI NG §EDHRANSY SRONSRHIREDIRBESEARCH ubsyst em

and a condensi ng subsystem Mergﬁméﬁmm a lean streamand a rich
stredn froma fully condensed in | uid stream vaporizes the
| ean andF@odz' ch streans from heat dqth\{ﬁ%"ghbl%ct ly or indirectly froma

ce rr t

heat sou tream converts thernal e lean and rich streans to a
usabl e form of energy form ng a spent outgoing working fluid stream and

condensi ng t he outgojn | ul f [ ncom ng wor ki ng
fluid streamand to M@Qﬁﬁ?&q'égnﬁr@%%.@f%&ﬁgf{@n stream and a
rich stream and extracti ngggpieTED e covRACPas®Ea ption of the Rel ated
Art [0004] Currently, the nost efficient bionmass fuel ed power plants have
an over a[00Q8]ant efficiency of up tdN&@®gplicakle, the net power output of
these plants is up to 20% of the LHV (Lower Heating Value) of the conbusted
fuel. To achieve this level of efficiency, current bionass power plants

require a very \@OTRIE OF RATERIUSSUBIES TOTOFYRIGIT PROTESTION a

gasifier and a charconbustor, and a power train that uses both a gas

t urbi ne {0004] st ea patien of flae ergtedalris daja eatent dasymendys selbgechicecepyiriget

ive. [000 Th h i S . d i he . ffici d
o holer ' oyst eRrabric Abges Fiecpdrvraf B8 4 as U B bts AndBiGUR ng & "
hi ghgg porti ogo@htrieks ﬁk@"@\hnéﬂe@ﬁﬁ@%omﬁt @it has gtich ta'tHe fadsintlle

usabl e energy such as electricity. S RY OF THE | NVENTI ON [ 0006] The
present i nvenrépndpetion by anyore ot Hirepaient doeynesher e RrfEAbdisalesHiR. @sdtt i ng

o7 a T ow boi | ERBCaBHehE TR SRR PR b iaPmars ettt BB ANERIIE R 01
having a | overjconeRbids2biup Btidrwisterdsewdzall ¢alyrightghenihatebever. tTee syst em

i's designed on anodul ar principle, and can be enbodied in several variants
whi ch nay or mapynight dwngrgeesdwtiharebyrwaiveaanuel itsrightsde hgyadhispatenioo7)

ot rBcon suBegunet MRS bR REE AT RENG ieR FRGRRA R e DR SPEREY .

heat transfer tsgbgystRMganNd4a condensation subsystem The system produces a
| ean streamcycle and a rich streamcycle. In the | ean streamcycle, a | ean
streamis produced froman incomng streamin the separation subsystem

vapori zed in the heat exc@ﬂ@%@ﬁ@%ﬂﬁ?ﬁl@ll\ﬂ/mﬂéﬁn of thermal energy
0

is extracted in a | ean stream porfion € energy extraction subsystem

from t he 1vapoFigig &f tieamwentieam In the rich streamcycle, a rich streamis

produced from an i ncom ng stream  vaporized . ..
30 [0005] This invention pertains generally to semiconductor logic circuits, and

more particularly, to low power static random access memory circuits.



in the heat exchange subsystem and a portion of thermal energy is extracted
inarich stream portion of the energy extraction subsystem fromthe

vapor i zedwoi2eods/see9eam The spent rich stream fromthe ripch/ustoosam4portion
of the energy extraction systemis than condensed in the condensing unit
and returned as the incom ng stream The systemforns a continuous

t her nodyRani c Deserghon ghRerle@m

[ 0008] Tgtf‘oc@ese“? ét&gha{im%g&s%rmw&?f (SRARAS dFoRAWR eldutfrigARE | udi ng
an energy extraction subsyStemhaving a r stream extraction subsystem
and a | ean st sgaagexihicittatainssiata pstleny aa pesyEaisisuppliesu bStadicdAMa areat
exchange subsystem a heat transfer squ'yséema d.a condensi ng.sybsyst em
The syst em f oiMitely Ulibzaf Withiaf BRNET PT eRCUPRIEHARYT S P] f%?l%%%ﬁ@i%@@ﬁ'

I ncong ng wor kgﬂﬁeé W&esihr&g{n I%blé@f’@é?&%l& BBphaaidnanss dellidindigieams from

heat derived directly or i ect rom an external heat source stream
pref erably anpexvanaate devicklappligatsorst rlagurtatde vehasddeibdevioa of ther mal

in the lean and rich st t bl e f to f
Spent” out goi ngPAUAGANG: PG 85 sel SaRnesraRabRiev R SeRle SBTEISMIRRor ki ng
flud stream Linb{PBuoReH LRERE, MusRédding cbhipickify!IbRAMIBRI ARG Fosust ! em

supports a thernodynam c energy extracti cycle’including two T nteracting
subcycl es. [ 00@8}a fdtenfiwresent i nventi on provi des a cascade power system
i ncludi ng_:an _energy extracti gn subsyst a separati,on subsystem .a heat
exchafge %Qﬂ]s]ystemﬁoé["%taﬁ ﬁ%@@@?@ﬁﬁ%&e@ﬁ\%ﬁ&e@e\gn _ s%rﬁ]evﬁﬂlﬁgﬁgn
where the SyS‘ir?g}édégg%é%oﬁowﬁ{é@@lxag@berréﬁ@éﬂmr@a-bﬁqﬁar@istgasq@s The

ns nc

energy extracti ubsystem udes a lean streamturbine, at |east one
ri ch stream t indreasedhaignitcantins Thevaforeh statid powentansiumptioredue ithisekagae

| t t bi i dapted t . f |
Lhe i ch' ot eSHIEDE HES S suar o OB ot 1SR e d PuifeR okl hEGTheRAe: ¢
the first thrQklibfs fQklifVIGH (VRnAOhidet Scale PhtegFatioh) desiyn. | AfoRbex@tingo

that of a pressure of the rich stream turbine, where a second throttle
cont ndl val ve technigues torpedscing éeaifagetie the nae of pewer 8pdorgredrd FEUEE t he

| ean streamturbine and optionally a.thir h I Y} justs a
pressure of a a@ﬁﬁ%@{ﬁgpr ?V%my'ggm%é%rhoﬁ%é@b%rage@%r’]gb?haa\égérn §%®eam The
separation sulgysd ¢ ARLEIS dAves) Whsiowd irP FIGr RhAd FIGH 2! ITiReseutps,
where the separation subsystemis adapted to forma | ean stream and a

make- up st r eatnanaistorg aredormesisoff toswiteleoffdhe pewes apgiatiarrend yo threodight as
Meast four hesteag s tutticaRPlugdle IERaoB SRR TRUIRERCRBL oS, o

| east four 1'z€ ri ¢ch " stream and heat

partbgl |y vapefinaptorsisoligas sspragteal mbodear stppressiay [salksystementndhuetes a
heat transfer fluid, a heat transfer fluid punp and two heat exchangerls?E

wher e t he heatoperating modeuichasestandbymgsies goutre iransiptors Aruturped Rifavhi

flue gas streamto t gr and then to transfer the
absor bed heat ?‘my ?Weﬁﬁggf%r'éﬁ@?@%@%@é@égZﬁrﬁ? O the | ean streamto vaporize
the | eanghogem Theteonsersabs ehoakdisy soesitéedacapfullg vilien designs are

af ul I ycondensedt he spentworking fluid stream and canbe a?ﬁycondens tion

subsystem [ 00mplenTertegruiiising SawentraBsisirel s manisr §8AS el lQdNMFSi xi ng
ot d ; . A . . q
i xed®st r oam RRAPLRS R Sibs UoblduatohraRiatohs dolle ot iR AIES e

or subst anti alphyintdrarearsf dagainfeirhalion, tand su forth. cool ed working fluid
stream The cool ed wor ki n% fluid streamis then brou .into a heat

. ht
exchange [0@08L i onsHt hawld heanagied dbatdip degignsdmpdemeniedl Wit sedrcs Y !ePream

and a heated | Ui lg‘amc L i i hen
brought into M‘%{a eéﬁéﬁgggeeét! at Pgﬁgﬁﬁ%ﬁ%ﬁjﬁﬁg{%ﬁgwmﬁ @Ar’lﬁo rggui%éol ed
spent | ean st remwistorsf drertumdtbodfeto varnidl ogefdtingdnstie ctive smutca traoeistars spent
| ean stream The hotter working fluid streaq? i S }hen brourgijht intp a heat
exchdfge rel atdaarkghpubiRet io Malipaction kegausedimsetfiadpower ang gquﬂﬁgori zed
wor ki ng f1l ui drP%ttém A first portion of the folly vaporized working fluid
streamis then pressure adjusted and forwarded to the rich stream turbine,
where the working fluid streamis a rich streamrelative to the |ean
stream The folly vaporized working fluid streamis then forwarded to the
rich streamturbine converting a portion of the thermal energy in the folly
vapori zed working fluid streaminto a fi2-st anount of useabl e form of
energy. A second portion of the folly vaporized working fluid streamis

t hen pressure- Aadj usted



and m xed with a partially vaporized | eaner streamto formthe | ean stream
The |l ean streamis then brought into a heat exchange relationship with a

ci rcul at estohlre@toseeansfer fluid to forma fully vapori ze#Craseoosismaasn where
the heat transfer fluid is heated by bringing the circulating heat transfer
fluid into a heat exchange relationship with hot fl ue, gas ,streamgoghe

fully vafie@10led | ednoiherdesigr issienVi} diesiseobspyIse d@nSHIArs s &eskl obf t he

porti on of t ndl EHERIEREARBREQREREc pafyy B0 bk StRRTBHIN T .12

second anount jfuffiseabperiddoot tirhedoerayde bGiver]salirgsprAs ardoniseyeandeaf
provides a nethod for efficient extraction Q{%_Ienergg froma hot flue Ogas
stream i ncl udichgraing agdejischarowgthgigale FaRAG AN CeRfdNe BTOR FOLESR IRDSIBI®® and

ener 9%} ﬁXt ract iii%%‘g:p%%er\q@gbﬁ%?é@aﬁ écﬁms‘dﬁﬂéc{jzes a multi-conmponent fluid

st ream havi ng concentration of a |low boiling conponent of the
nul ti - coppengnt fl didseshortdonsihgearige witdint 8RAM bizcuity/ahe tabilesserextent

mul ti-conmponent, fluid stream having a, hi gher concentration of a  high
boi | i ng conpoidttin gthereemary Pw%{]?(ﬁﬂ% 9? gﬁp@reﬁlg WIEYR NYMSEgHS ,'ntﬁg'%tue%t ream

bei ng derived L w ' ﬂ?{& ng mul ti-conmponent wor ki ng
fluid. The | egﬁ{egﬁ%eﬁ‘%}'{hﬁ??@#u“ ?’;e In the two interacting cycles are
di rect!y [aotl2]or i ndiacecdihglyvapeed exidtdiora systeraxaret methdd obreglusing statien
where a portion of the indjrect, heatjng, occurs vij heat transfer .cycle
utilil®ing a s@&%t“@ﬁ?umﬂt'@ﬁl'ﬁﬁ'ﬁtﬁ‘ AE W*r%l‘!%hf%%bﬁ@(‘dwﬁl%m#ec&m%rﬁa"ﬁﬁgori ze
the lean Stredgs ENEEeIARMa! Fibyrith MPELE Hedl dndothBRY 4R mBRRKtN the t he

| ean streamis extr turbine and a portion of the thermal
energy in the préesdntsmvergion, svhich oeercemesithatdeficksciasnef previouslyrdsvelopethe

spent lean streamis used to he nd vapori.ze the rich streamand is
f orwar ded to ée%a'@fmprsﬁﬂoeéﬁ%f“aaaﬁnd CYf®d to formthe I ean stream and
to supplement the rich stpeapF JgVeRYIOF THE ANVERMON forwarded to a
condensation unit, where 1t 1s fully condensed to formthe incom ng stream

[0012F THEO13jvent i dnmedhod @anbetrtparatus dwe siesodbed far areaiing:high speedrand low
foll ow ng detail ed description together. wththe a nded il lustratjve

drawi ngs i n WO IPWE C&th%rﬁ’k& @%ée Ra%maé& mﬁE‘OE‘Z??SY'CFBS*fﬁF %53%{#% 1
depicts a bl oGknQbRH@Bs8 mamBHEISRARY. BYRe4Y BEBkamiRY 4 Afkcrd archiifectureascade
power systemof this invention;” [0014] Figure 2 depicts a bl ock di agram of

as } mpl edcoprgd?eribe@ 0d1ish pm\@de%radu]geﬁistﬁrmbe{ Mheregtiag mawasfcoasspépn
i Var i | al . is .
Pivent i on: [ ogrsPekionad bRBhAEess Shaf SRRGT SR AN AR B Ml ity

enbodigment ,  Vag bpplicatile 1@ humeraas alftaPRYRY cantaingiy mftedgrb'téd tirogtatdrncar] 0017]
Figure 5 depicts a bl ock diagram of another preferred enbodi nent, Vari ant

2al, of acascddec@tigared ydthefd)oan eailsenableriauses trpoeist)r megis 0 8SYHBi cts a

pover syet em GFOPR! SrqU R AUeh SEORTOR TR ool SRinduyrigRiat ATEAC of
anot her pref enpegesnpydigrndisadlerdounte ansisfor insarcriasqueaprosyrddepadert hi s
i nvention; [0020] Figure 8 depicts a bl ock di agram of another preferred

enbodi nent, VaircHitopeeatiast despitesswitrhing Retwegfsheimarandstandby/icie mades; 0021)

Fi gure 9 depi l,oc [ . ; ¢ ' i ant
23 2 cascdabeRsTaPLyE B3R Bl AN bk REBIC I BRURERAUMEY pouer) 2T .
bl ock di agr am@@hsaniptiehe ahétbreapalisesiereé-tidsisPsthaeinartd reducd call current
condensation and t her mal conpressi on subsystens; [Q023] Figure 11 depicts a

bl ock di agr amlegkageot hee ipestioncaa kapwdtinedhwithithetrwentiyglamenisutiized
d i L. ' . - Ei . i
bl ock d agr am SPaRENEBL i SRR oA R RRKE R ECriba ibtoi SHY hatis kARl © 2

condensat i on apdneherdrdinaspgRillds sheoart switlsystdeparting from the teachings of the

30 present invention.

[0014] The circuits and methods provide reduced leakage operation while

‘maintaining proper device operation. When the inventive aspects are applied

-3-



[ 0025] Figure 13 depicts a block diagramof a preferred enbodi nent of CTCSS
Variant 2b of a condensation and thermal conpression subsystens; [0026]

Fi gure l4awdepicanszova bl ock di agram of a preferred enbodi memtuSedosCHEIS
Variant 3a of a condensation and thernmal conpression subsystens; [0027]
Figure 15 depicts a block diagramof_ a preferred enbodi nent

) of CSS
Variant 3b of taSEAMAenemonoaewaa crpditsie %rsﬁﬁ}fé%i"b@fne%%%%ﬁﬁgﬁ%‘%]
Figure 16 depi I i i t
Var ant da. of 80020 SO A RlrdespFy R R RdRE A ad=
Figure 17 depisducecaibpakodt e srderfof apagrfideed enbodi ment of CTCSS Vari ant
4b of a condensation and thernmal coppressjon subsystens; [003%]émFi gure 18
depi cts $0M&ck di d§edresentipyvenion @cﬂeé?ﬂbﬁaﬁérﬁ "@hﬁéggc‘lfﬁpl Pr5a of a
condepsati on | 0; : ; i IHiE B icts
abl ock di agr a%eﬂ’r’&ggéé ekra%(%{jw gﬁﬁ?&f @%%‘lg%;éséé%go[nvg%ﬁa tﬂ:}%? w%@téiﬁdp
condensati on autputkieivern! Onenganbedintentdisibsveat tova mado03athikeauresth20isdepi cts a

bl ock diagram of a new preferred enbodi nent, Variant 3a, of a cascade power
system of t hi Suplicatadvgiin Fé@éﬂ?thﬁ 5%'?%5%%%’@6%%%5 9&%@@'&1 of

anot her prefer L riant 4a, of a cascade power systemof this
R e A

i nvention; [ 00 I'’Cts a bl ock di agram of anot her preferred
enbodi magmme]ar i anft s beén appesiiatdd ip amiving atthenpresenhinyentiore thatowhe 0035]

Fi gure 23 depicts a bl ock dj r%m of . apot her pref.erred eqrg) dirrq i) Vari ant
4b, 8P a cascHGEIRRUKFS SPEPENIST OtQ‘?PEOP _e‘?ﬂ"i’%rr,’e"[‘_@é%fc E‘d’Y%UQ Cdepicts a
bl ock- di agr ampplieAllL RG BciAEaNE AUREDRANIBRE, o (RisKtbrS} priopto Aecirzade

power system invention; [003/7] Figure 25 depicts a block di agram of
anot her pr ef enoedakoperditiornsuch/as imamemocy actess @raa tagie operations yacoondivglyt hi s

invention; [0038] Figure 26 depicts. a bl.ock di agram.of another. preferred
enbodi ment  of ?Iae bﬁ‘é’@ 388%%?359gqr§ﬁ?%9#tﬁﬁ&aqs 8%?&1!0%%6%',& EUERUAS 27
depi cts a bl ogjpdi panRIMef MBOtNSRd MINIE Y el GErbast PEBho @l IR Setasaderdrever
system of this invention; and [0040] Figure 28 depicts a bl ock di agram of

anot er pr ef ethedhiprdrddiseommalfoperatingaddepower system of this invention.

DETAI LED | PTI CE THE | NVENTI [[0041] The i.nvento f that a
new syst Jﬁfﬁ? ext ré‘@t'f’ﬁﬁ%&'&ﬁ %mSHéy&JO?’FHiﬁ g@g&pg@'ﬁoq F‘H&@%ﬂgflwégs’gases
wi th higher efirﬁdl&diﬁg%utan?|iﬂﬁn@mo&wét@mindbés@rmfo%r ed systemof this

i nvention have at |east a 30% i nprovenent over a known prior art system

The i nverf6@t8lhas alGure eobedimpeat of the inesntiopszashbe genpaeadlyldessibed@staor

t ti the. h dinth i a f Ly |
heat val ue f uGEIE fRtpeRttenisdubS TgRERE it AaafteoBlen Hichleledleer |
nuni ehpal  wasidniidiry: 18y al RAsheAé svatceardrsidter, powirairafbiind bheomdiratiohi on

is carried out in fl ufgl zed bed conmbustors or conbustion zone. The term
bi omass is used pheesiandigronadeeonfigused farspletivelyaURRY NG EOYWEr AN of

course, the syste f.this inventj j

i ncl udi ng hi gﬁ’%ﬁggﬁﬁe@&frﬁﬁ‘t PS«XPS%#&’@':S’@@B%S?%% %&%&%‘%Aﬁ%’ggm{‘g@@
The present i AN&BtHtEdf BERPSBUICE @latsRIon i résPave tosorEryesiin ¢theldpaatingo
interacting thernodynam c different working fluid cycles and a heat

transfer cycl enodmef ther integyatad circutiydguicato lurn 8 said FeUcRdFaNSIRjoF PURrdo
stre a stream. hayin ' : centration of a | ow boiling conponent
of a%glll ti-co mf)nfﬂlq%?o(é?ég%ﬁ%g?qqﬁe other working fluid cycle utilizes a
| ean wor kppgof | ui d Teie 10@M trandibiors cah comprise d lageha(ieove portionasfrd menary), of

the | ow boili'ng conponent. The cfycl es_are adapted to be fully vaporized by
absor bi ng t herateoutpbtstggedand sl fpriindihsrsource transistor supplies power o an

output stage, or a latch, or a combination of latch and output stage within the

integrated circuit. The means for modulating the state of the source transistor
30 comprises a circuit configured for receiving a selection signal and

communicating the selection signal through a first path delay to the source

transistors prior to communicating the selection signal through a second path

-A-



indirectly froma hot flue gas stream and the convert a portion of their
thermal energy into a usable formof energy in separation energy conversion
subsyst erw0 20068053993t em al so i ncl udes a heat transfer cyelCe/sdasned’s o
indirectly transfer thermal energy fromthe hot flue gas streamtovapori ze
the |l ean streamprior to energy extraction. The rich stre mié@va orized by

thermal ener gyletRy fotbe legistansistrisawhereindhe At rath 85y 18838/ E@NttA8r ef or m

[ 0043] The pr i i ; em

el uti ng.an xepyy PAYT PeleDiTehSeRiiahd SOt boblr PrEFRF AL AR SIGE LT
exchange subsygingistord. i séleatiei eignalitery sbi@prisad chip setiehsablonk saldtyst em
The system produces a | ean streamcycle and a rich streamcycle, hi the

| ean stream cydN@l. a | ean streamis produced froman inconing streamin the
separat i bsyst [y ! A HESroP WS
aport?on(tgqf(ﬂher rra?mecr?}é@g tééﬂgﬁﬁr&g@gﬁgﬁghéﬁ%ean stef ro 2am poéﬁaotn}%rc?a%eh%f
ener gy extracth@Boatdesyaisisiof comprises wapuitzedfiyersud for usang thieitining ri ch

streamcycle, arich streamis produced froman incomng, sfire vapori zed
in the heat e%ﬁ%fﬁ@éewﬁ’g?%@ @ﬁy'g‘?moaoﬁb%?mjébfn _rof‘F?H?ﬁéﬂng"é%ﬁ? 6%['{23:1;635% acted
in arich streg éé’fréh&?rtr?‘i’é gheﬁtoef?@lggic%ﬁs@sqysc’&tﬁe%o%e%wﬁéomthe _
vapori zed rich stream e spent rich“streamtiromthe rich stream portion

of the energy syhchohoas siyrel srcorsfigunad farardealgmibrita thé syochrdanss signahin

and returned as the incomng stream '{he .S st&mf rnms,_a conti nuous .

t her fBdynani c TEBRPTFE @ﬁ?@?%y%ﬁeé’&?@ﬁ? VP]EV{?di FIHUNG R AR IRV | es.

[ 0044] The pr i 1,Q1Q; ; t b i % ng a
Uiy condensale P o T e o T e e el e
stream wher e ariethersyochrancsisrsigimal nodhprisesra glodk signehor Bignal iIsynehresized
substantially the same conposition to forma cool ed.working fluid,stream
The cool ed V\Dr"}@ph@ef‘lqg‘?‘& gﬁ?@ébﬂ’?@oﬁﬁ@ﬁ Stﬂ%ﬁ&ﬂ? %lerﬂqg'z dﬁ&&@"gé&%h% e

rel ati onship w ' HRM ' Tan

heat ed wor ki ngh%hl}u%é'r@ﬁ%é’?nﬂ : The hﬁgsétggi@m%d:lﬁ?ﬁggb ?ﬁ}?ﬁﬁggﬁtﬁg@?%n ®
brought i nto anuthe syxcheompeisrsignaliisadapieddior madulating thestateoef ssuree cool ed

spent lean streamto froma hotter working fluid streamand a cool er spent
| ean stream ff?é‘SFﬁS?ESeTIPFWQPHa’ Pl a?ﬂsgtﬁ%éﬁni%’slog'ﬁeq{gwbught into a heat
exchange [Psh? i onshigzoniihg t8 oheaRipléantatibhaRsnidaridfomndodwhling Hrpsthie et

wor ki ng f stream A frrst portion of the fully vaporized working fluid
stream i s therdhesesse tanslfios: camprises @ cikavitiéd coptroliBgrthetsosreep@Welr bi ne,

wh h i flud i Ny i
etream The r H9NeshaIPRIRGRaChaT ARt fRirdd RS AR AnotiBop el Syttt to
richogtream t Wipiobet FRRLEHEVRS FtifRY.t iPon@impleendmatiomthetiesycompiises aml |y

vapori zed working fluid streaminto a first anmount of useable form of
energy. A secaitbrpanplifien wifoseheutput leyeliasontrobed g aisierencaivetagecid i s

Lo form che | oo i Yl Eietblied VR Ao e YREERAN R F MR oo

exchange rel atdefswstidntsighdlh a circul ated heat transfer fluid to forma fully
vapori zed | ean stream where the heat transfer fluid is heated by bringing
the circyd8R2hg hedn anexerebedinmentiaimeans is PrrvdedinchgdeuitdPhMEIHINING wi t h

a hot__flue gas,str l V. i - éf%g ure
adj uffed to astBééggﬁ(f@et%Qgﬁ?z '+ égr&gﬁr{é@?ﬁh utqg%:}%é%aélogéﬁmq\%ar eghﬂ)@ie | ean
st ream t ur bi nargterd arguendghoffi dn agirefdired dabodimentehgperiodtdfdinielid y
vaporized | ean streaminto a second anmount of useable from of ener

[0045] The pr esiicientiodrovide asiditiena) poulessavings by limpifing dhe HP“@??Srsé’i?'ﬁ’nt
extraction of : f 1 i t

est abl i shi ng tf\s\%ﬂ%gmgmngg&\c}h%g#ﬁ?ﬁ%égt%?%%ﬁ@(ta 9333?0?“‘%9@?@‘;3,
where one cyclfer mdihtaitfing thersibiiicedramsistenin dr on donditieancivacompriseta cjtoait
concentration of a |low boiling conponent of the nmulti-conponent fluid (a
rich®tream danfigneedicactivgingtha $eUree fragsisinyrALReEHM an BGHYe st r eam
having a hi ghe{el\?@ﬂﬁgﬂéﬁé‘lt LAY fof dé\a%@%@@'e'abﬁ%t&?\ R&¥oyRie erﬁsi?tor fora
mul ti-conponen Ul a lean strealm, each stream being derive roma
fully condensedksiredqserivg ofitirhé -eftemtomselectian kigngl fdtwing. indtiive. earorend ri ch
streamutilized in the two interacting cycles are directly and/or
indirectly vaporized by a hot external flue gas stream where a portion of
the indirect heating occurs via a heat t¥ansfer cycle utilizing a
separately circulating heat transfer fluid to heat and vaporize the | ean
stream Once vaporized, a portion of the thermal energy in the | ean stream
is extracted in a | ean turbine and a portion of



the thermal energy in the rich streamis extracted in at |east one rich
turbine. The spent |lean streamis used to heat and vaporize the rich stream
and i s fovoarded299e a scrubber and separator designed t@ecrarspoosherdrean
stream and to supplenment the rich stream The spent rich streamis
forwarded to a condensation unit, where it is ful Ié_congenseg@:ﬁ f?rmthe
i ncomi ng st r eembqaimest theneelgetiaresignal eambeeMRERE @ GHP SRIECS 5 e84 s
i nvention areSHn%h ef ficiency systens and high efficiency nmethods that
preferably uti zé‘ heat produced in a single stage fluidized bed conbust or
or conbuggdzs] zone Osiembudiment bictht ipverdioveshrblye geperatty tedctibed agener at es
a hot flue gas_effluent stream [0047] The _systerp of t(gis i.ﬂéenti on uses as
i ts working flciiFditicagirolinggouren fangieiops Wihin an iiegiated ShHIYhERYISS: where t he
conpopent s have di f.fer. L ] ' i i ng
o s o mterisshiahal BpEFone BoicqirariIREF BoWetor oo oF cpifhniick
CO”E-Onen]E I apg oapﬁb\@ﬁgtngcgmgh@,}/mnf@méd fay sceheqmaw;supnlyia? p@wegtbmaongnt l
wor ki ng ui d, the higher boil|ing conponent i.s often erred. to s as
the high boil ilmtggtaiﬁé&ﬁémt,demeﬂ@vmgenggmn%%hoﬁr?@dc@ﬁﬁb‘??e'}ﬁfoiré"?ﬁ%q% 9
referred to si P A it i
u&@gyatém@gsWalgéleglrédsmopw%epﬁnéet FARAShItheRpRtating.

t hemul ti conponent Wo I's varile rougho systemw
ener gybei ng exhode bethd integratadctirauitrdevig fol twiml oartbe solecentrawsigtiongnéll ui d,

wh ich  that the fluid h i gh trati .of the |
Boi | 1Ag comporEADta R4 BAUCEHIARSRtAL AP HEad [t BPd BEHREHHEY: hat ¢ he
fluid h I i : o th th

uid has a %}@ﬁgd??ﬂggﬁe{%gﬁarﬁstbh%t'uﬂWscPBff. Ie@oFiApeNBRE than the

i n-com ng wor e working fluid used in the systens of
this inventi onmplemantatibhithe defayreeriod ik setiat & suffiientrdustiomfordher boi |l i ng
point material - the |ow boiling conponent. - and a higher boiling point
material - t hE@PRIGRIYYIQ Fadiice SRNSUBPLPR R%?R?%@‘?‘iet?ﬁa@’ i ncl ude,

Wt hout |1 m t afidBaticils @bﬁsfﬁ?tfﬁfm%Mr’éh@en?cﬁﬂrgjtr\‘grﬁwwﬂisbﬁﬁrgwig BPIHe

hydr ocarbons, a nm xture of two o nore freons, a mxture of hydrocarbons
and fiseons, orgatdeapacgitandes ajéhesalrcettrangistarsd can conprise m xtures of any

nb f d ith f | h d i h i St.i d
ol ubi 1 PEEAT " Qe emaRE G R T R b e e NS P T 8 i ses a
m xture of watdtufRsh W¥® sbEed Ubltyd WilkireaR aRtbgidtea efredit tievicds i ncl ude,

Wi thout limtation, netal fluids such as lithium sodium or other netal
used as hi gh tconmuensingir(@) Rdatchtairglt having atileast twiprdegisttransistorsagqrided jor

derived high t ture h bon heat _t f i gh
Ferper at ur o ndSE PRSP EAN FERGETET Gt o eher entor (ol or WihEdR &t P20 o
for uyge with hplebl wodaIprhl lHsNéns boG@E donpaciion)| eiteiipesicron groundices,
where the fuel includes bionmass, agricultural waste gsuch as bagasse,)

nuni ci pal wasttBroughcwhigh a vigup! saiirce peigniiehrag e maimtainad: and )2 Meanso]

m SratoUa : ; . : -
i1 ves a1 dhr rBEE F ks GTERRO S AdpW AR b Ul Tl e b
boi | i ng conponepbmansbcels voltaes Ikt nligutddzies sappeaingwisrkiahdeticairdatiavi ng

a |l ower concentration of the |ow boiling conponent. [0051] The system of
this inventi oraridsweiissagpass, priokiomeesaingphe hegipti@ansigierscan be enbodied in

several Lants I.C . I € I L or
compaentB028F of or BT BRLBHEIRE PElRPONE PerSe s B oMb RE e,
power system Gltahdisy 6F Ri%eRoderpmentddswith e aithedt datafiegantnl. InTOre system
shown in Figure 1 may operate with a sinple condenser as shown in Figaresf

or may oper at eemboedimentdhe tatehcraprisas: (@Rt Lash e SNESInKertsist B yhie

Ui exprase mitPyGgane Rl §FgRGeReRGo AR F Rl e soochd IMEIRRTEP (S Y
appl i cation, itAe@upstasfade Rycord venee iscshrested t the inpuFobieesecbBdl9,

herein. [0053] One preferred enbodi nent of the s stgm oft this invention is
t he é@fbodi nmentinkeréam (¢)iheisgureesiofithe kMOGrarsistots phike firgt 2B §860RG at es as

follows. Ari ‘%Hﬁ@é#%ﬂé%d%%&% {4 B fﬁ‘sﬁ’iéc?ea@n@a@ B g?mcge of BE RIMOSL i on

of the | ow boi corponent avi ng par aret er
transistors of the first and second inverter are connected to a given second

B-



a point 29 enters the systemfromeither a sinple condenser of Figure 2 or
a Condensation Thernmal Conpression Subsystem (CTCSS) of Figures 10-19. The
st ream SIW02e06/453992he condenser or CTCSS at a hi gh presgarasand/ohavs ng a
tenperature close to anbient. Thereafter, the stream Sl OO having the

paranmeters as at the point 29 is mxed wwth a stream SI 02 of working fluid
havi ng at par aedeerls e modg gidhistenapodimenhihe seyeeopaeaHen i cQupled {Q eam

S102 at point 92i.s.e I t r int. 29,
and the corrpoyi‘? ?@% Og;é%f;ﬁhg&opga%@?@%@p Q%o”o%'%négé ﬁgg%’%%gﬁéee@dégsm | ar
to the conposichupledoo 4 pewet s6areeSGRpeaivepsounice2fansiston orés obhnedted o a

m xi ng, a stream S104 having paraneters as at a point 91 is forned.
Thereafter, tI@s0Wd 8QHICS oAl IFRHAARPUTRR tiBRBISIRt ers as at the point 91
passes t h afi ﬁ.ﬁ%ﬁ 1 i i~ 145 i

count grfﬁ@%n a fié%ioré}ggﬁog’égna ge %}r{%(lt:lgiisth y aéhcéo]‘r?ég?\lglmﬁghg%#ggcrﬁ S106 of
ri ch working fdowhdctisry lsneonfryumet: fanargiag dte soladenpo@tiaf of thierfystnade mam
S108 having paraneters as at a point 101, where a te .era*ture of the stream
S108 is suffi ceehrnsestogntegiataskCiFquili peratemMoges A¢CrdingrloQleyr at ed | i qui d.
[ 0054] The str : i | £ 1 U i par ; t
the poi nt 95 JRBBsieRRNEh fe Fikdt bk Bryngth sopted iR At dead
cool ed and f uldnyplifiendegs estrorr dateaisorm glifferentialo comiparator sincheaforéychange
process, formng _a stream Sl QO havin ar angt er at a point 98. .
Therdatier . tIReMghiey GoraBHOBAOLN? JAHNGS PORIR) Ao as SRENEHONE at (e

poi nt 98 enterrésd%cgfs%t%r{e'-ﬁ%ﬁ;érgggbrréfgréﬁ%é‘ﬁlf&é‘@ Iﬁlér?f)ré@ﬁ‘éﬁ fédtutStHMped to a

hi gh pressure € ssure o e stream S| OO havi ng the

par anet er s as raferéhee poitage ROJyrfamnicalhgot $taticallygznog&iromedavi ng t he
paranmeters as at the point 92. The stream Sl .02 having the.par ters as at
Phe poi nilD83TE o i ARAOING 1o e TSP SEGRN IRt e GEOHE SprSHiBERr B TR ot 't he
point 29, forryg rf‘@dﬁ i Gi6F tREKRSEheESe@dr alsdcBRdRRcBSs 91
as descri bed a@g‘%\@/g% B?HB%S I\/begn ’Ich‘@\é C{LE% stream S108 h%\'/i _{lgsthe par anet ers
as at1st he poi mati @lcornetited dethe autput obtheudenondangerger, op adirst @nd sacangyi ng
paraneters as at points 104 and. k1 respectivel The stream having S114
havi ng t he para&?@g%Péhhgrea?o'?rP\%pt%g?%hel PHéggﬁ@yfifﬁF %ﬁ%ﬁeﬁowﬂﬂvﬁﬁﬁ&at _
exchanger HE2QesMbgHRIY. t AbSorRfRf RbrRNfhpaRRhtARk dMtheUbY e drhesdiiend thd nt h
heat exchange process by a steam S116 of flue gas having initial paraneters
as at a poi nt s@@@sspatlf isneintpiiedr address salectiopslrayitrgoghiek tures &ff thed

bel - f i S118 i : . i .
cor respondi ng 2geSt paltinesbesticy of odse Fbihaudt chodel RhBhotfat st
meansot hat  t hge gl RIdR Which ke nét & ABFMAN fcolisk thadaicslt pd¥eplona ik, i n a

state of saturated vapor. [0056] The stream SI 12 having the paraneters as
at the point X0 safuty. throsndingdo ssedmplaraantadion e gecesepath igfemnediaff | s

heat ed and vaporized in counterflow in ec e I by a
st ream S120 of"‘(ﬂl‘adhﬁ‘@rﬁgﬁao FHyCT9NES e:{\ﬁ ﬁ@gB;brezfggf%fﬁEﬁggggt ! g%?nt
206, form ng p&or@ingtebhe ikplemeniaionTRé 80BraSc@inattiphs re 30Atrolled

corresponding or cloSe to a state of saturated vapor, where close to neans
that the pararsscerdingfto the state ohihesaecagstidth. about 5% of being in a state

of satur apor ., [ 0057] , Ther eaf s r ; aving the
par a te?[bsgé at tHQ0&9‘F.%“?OQEES’S%éggﬁﬁﬁgﬁé@bﬁfﬁq@@ﬁ 'S/S]‘ﬁ%'?@g‘ég#ﬁﬁ%%d to form
a vapor st r eandoptigfirdthidrigody ao@iess snformatiopientthd tcebs puttpiertumiadestf
S124 having the GEaramst ers as at the point 300 is then divided into two

subst reams S12hckid retReringvaddiepainiaiation iamdhislafet when the agcegspath
respectively. Tage.sErea o 126 having the paraneters as at the point 321
t hen passes t 1 ﬁé% YUYy heat exchanger HE13, where it is heated in
counter f Ijgo2d a t hdnre hetsddinerhangr iyertidreean berdoregaly déstrivetessna S130
havi ng paraneters as at a 316, formng a stream S132 havi ng, paraneters as
at pdidnt 320. rmathosk efcontwolling luypewet preraHeRs it R intggrated CleuibEEWES 322

passes through I r I . At NP flowin a
si xt h heat exc%ozﬁ%ﬂég]%go 2??%%}“513??@ %gﬂéé@'gﬁaﬂﬁgsg r“}eé;'r%%%é‘%avi ng
paraneters as tpdnsistbfs foir stibBlyirigppowentosars butpanstis ldtakj ogcqabmatoeos as at
apoi nt 323. The stream S134 having the paraneters as at the point 323 is
then m xed with the stream S132 having the paranmeters as at the point 320,
forming a rich working fluid stream S1387-havi ng paraneters as at a point
301.



[ 0058] The | ean working fluid stream S130 havi ng the paraneters as at the
point 316 exiting a |l ow concentration turbine LCT as descri bed bel ow,
passes t hwougbs/asbke2t hi rd heat exchanger HEL3, where it PETaSed0SA4047&€] easi ng
heat in the third heat exchange process as descri be above, form ng the
stream S140 havi ng paraneters as_at a point 205, carresponding or close to
a state of satlaichtvdth ouipuit stageewiship|the éntegrate sifsuit. HarespRNSICIREEIHE 8 Bre t he

stream are w tj % of i i : 7

ot eesur o of |t HROTsSREE 9HEY ARG EPacthaling G oShe RS AR i RREgrallE
subst anti al | y direwaftehastizatiigeihewcures trahsistors;(dvavhdrein d buffidiesit detayniS124
at point 300, but because the stream S140 having the paraneters as at the

. . par al
poi nt 205 has RE0¥dBd bafvean Petivaing thesinuesr rapsistpreandrretivaling e logis
conpoRpent, it 1 t e t
poi nt 5205, whitT Lo §aABIEERBYRY iant HEPEO@LLHANRISi, Ohe ERBaRlAGNE ,
wor ki ng fl ui d faitheacorbpadeddeaciivdting thasamesecransistoss within fheiintegédted whi ch
has a substantially higher pressure. [0059] The returni qg | ean wor ki ng

fluid stream s&wg'tra&t@rH@am‘éﬂfmrtaﬁé%ipéraé@l%?mt HACGOBHIRY N s then di vi ded

into two subst; A I r; L A d
207, respect VAP epEEOp FLLfiiesy DRty MereRlig BRoiiey BEndéoLRcfAR] R
206 passes t hrlogighransistscanddeaetivating libhe geurddiiansisterseta prevenplssiodl | y

par aiff or s as RRVE SEPNEALTIAIGNERCT ol féktveoARBRURY BANSTTRSRSALR e
paraneters as : L ; I REsk i tigkic t he

| ean wor ki ng ff%?@efépfgg%ﬁﬁoﬁdﬁﬁgﬂ%e pa%%?g?[gggggg?t%gp@%iIﬁ?wl% is
conbi ned wi t h teansigiors aid Hwes@ir46 tremsistiorsfaradetce operadingt pawgrdossesiadging

form ng a conmbi ned vapor-1igqui d mxed stream S148 havi araneters as at a
poi nt %10. A Jfﬂmg@qugﬁﬁs\yftglf”ﬁg é}}té%épr\"@fiéa °'é§n°%9@ﬁq?1'gher

concentr étggﬁﬁjaOT t hné @AM ineRY of MEPATEMort iéaélhrghesgée%rwrdw pewet SRAM
stream SI ving the paraneters as at the point 300. The stream S148
havi rigt he par anatrerarchitecttire havipgiaarlyirable kte-cisabled soursedrangisioacontrdl O

wh it ted intq. sat t ed t . S150 havi t
at a poi nt 1111CHRY- AP NGO iR TP IETEBIAH0S 55 RV FhGHar Sty o o

poi nt 112. Theybaligdnaldobidl RhRdishA\iftts dtAe e PlcSaisid *trBPoWer112 is then
divided into two substreans S154 and S156 having paranmeters as at points

113 and 114, reasysuotdtioaldue {olbeqjenttieansifionsrin starsloyt meden suwerdiagtmgnehe
paraneters as .at  .the int, 114 is conbined with the vapor sir I

Sohavi ng the daPlmEraRReRdngE ey R neq e ate dpfilfg® PkAns b Batarione

havi ng the pariﬁé‘@h?éﬁal@lﬁwgaéfﬂl‘n_@esdwbé‘tr_aﬁ@istdﬁmycé"cﬁi@%e@e&mﬁhéuiﬁ%cﬁ%la| or
close to the conposition of rich working fluid stream S124 having the

par aneters as rapdehécpording sponeimelemerdatiosifgscinewing inaludepeavans Bigs as at

futly condensdieang st Cyitlg e AR IR N 430 82 | e’
poi nt 98, and \Rjit8\h €& ofier Adeerdihg %6 oh€ahpRméaagen phi®egssitrasncludes

descri bed above. [0062] The |iquid stream S154 having the paraneters as at
t he poi nt 113 repars forigarty-enalde o the pewigedfansisteuiwiih Biming yiargd intagtyepunped

to a pressure suffigient.to lift..i f . i is a
dire cont act®M&at /&?cq{ég@ t@xé&%ﬂ{é‘g?%%f’g?tﬁﬁ?ﬁtagac@y ﬁ@éﬁ?@%’eﬁ%ﬁ%@é‘“@é?&e

paranmeters as @atleRFité sdlfve tHawistoraftdi ddlayo It bAciraed@bf tHie eatbodirhent, SC2,
stream S158 havi ng the paraneters as at the point 105 obtains paraneters as

at a point 10zhesletpy peiiodaf theslaterdiseble wranpds etsuffsient npth tharqvesh vapor

onters a | ower gt BoRRl W Bl SadmdlfintelsBbnse fo i SAEHEAME 0V
transfer bet maﬁgc@rgm@r@ctﬁé@&t@@dpgdi@cbavi ng the paraneters as at the

poi nt 102 and 207, respectively, a hot and lean |iquid stream S160 havi ng
par ardt er[0033] at a @be embedimest ghthecipvertian isa Bight hacsk anh oW pPYBHERAM? .

Meanwhi | e, the I ' . St j : as
At the poi nt 1960 SePARGER B PRENICD'S SaFeS eI, RmHIRPERERR SO U o
stream S160 haysalinghtepviurcetransistsr affer ahgiverotslayt63viokd extrapsthere of
saturated liquid which is close to equilibriumw th the vapor stream S142
having the paraneters as at the point 207, whereas the vapor stream S146
havi ng the parameters as at the point 108 is in a state of a saturated
vapor close to equilibrium



with the liquid stream S158 having the paraneters as at the point 102. The
vapor stream S146 having the paraneters as at the point 109 is conbi ned
wi t h t he wore@mssi9244 having the paraneters as at the pecmusi@8/04G408 m ng
the stream SI 48 having the paraneters as at the point 110 as descri bed
above. [0063] The liquid stream S160 having the paraneters as at the point
103 enters i ncanauresenduei tediaaenh goWeRfapsiion,imakand med%m'af&a?%]safm

necessary hig r | f j: t ; i : a
poi nt 205, Thde R iBEbins sRaPiRaP AL, FASieldt gy g oY SHEL R sighafih

t hepoi nt's 103 aetive AHer Acsartiigatotors inyplementationhameadres ikemovided fomg f 1 ui d
streans S140, S120, S144 and S142. %%064 The ri crb )Q,or&i gg fl uig.stream
S138 havi ng t heopting Aatityal spures nede by Approxamatel¥ O b yelts X8 Z¥RIFdN i s t hen
separ at ed int %téﬁ%fﬂga{ar eans S164 and S166 havi ng paraneters as at points
307 and 309, respectively. The weight flow rate of the stream S166 at point
309 is eqo@d2]t o t h@nekegibiodihent ofdthe inventionts wonigh et indislost pawen SROUI
entering the systemat the point 29 fromthe CSS, whereas. the fl o¥v rate
of the streamnea®2 aehifrstiie foneonYoling & SQUICE HaNFISIYn FOMPHRINIANEBF e
stream S| 06 i | ¥h ti ”ﬁ% i TReIN] .
illustrating %tg}’l&ﬁ}a%ﬁ’éapf th’%ﬁ?@ﬁ?&%%ﬁ@%ﬁﬁﬁnf t he 'Ba”rqg:rrdg?grc gdg’sag? t he
poi nt 301 i s moedarspfartiaterdisallamf thbsourartsansistor akerdelayl |Accbrding éaons| 38
is vaporized and forwarded to the throttle cqontrpl valve TVIl. To correct
the @Bnposi | GAPIIMENSD ALBRAES S6F Aisoi RIGVER ARk bepEinga yitlal sogeriods 6
the stream S1 } i is split into two
substreans Slg)g ﬁgb%%agélp{g&?tr\{gﬁ%;élghzg%%ﬁégﬁasggg@ypﬁte s 337 and 338,
respect i [8033] The sImeambstidfentof thevavetdidntis a methashior epatralipgra s@ree

energing as the stre 180 havin he para rs as at the poi.nt 413. The
stream S194 hé‘(ﬁ%{f@%@@ﬁhﬁ@r @ﬁ%LD‘%PgYVﬁé%ﬁWtOp%%t'qré "Hi%ked with
the stream S130,hairger HRBLRRG MELSIReatrRistdNRitR BbRe 4By tOBTbRIGesrept r eam
S196 havi ng par anet grs as at a point 339 which is then forwarded to the
heat 18xchangempoMErToasempyioasiuchie frrquenttrangitionan istandhyenpdeaard pravidisg at
the point 321.. [0065] The stream 64 havi.ng the parapnete ]

poi nt 307 paséf%ét qrﬁf%‘@&rﬁﬁgntahﬁ?%of O§qqr8e\;r %gtqr\ﬁ _,a &ﬂ?@%ﬁﬁl@n %Pégﬁn S168
having par ametgfige Afodd. AcBSdiHg #06he mgﬁemmrﬁm_el reQeisd I5ibs aaprovideiPio
having the parameters as at the point 203 as describe above, passes through
a sevent h heatbosst batirieal seErce7nogd by @pproXimatan Octvalifitar 02 yoltigdpsfanddy i n
counterflow in_a, seventh heat exchange process by the stream S116 of flue
gas having i niM?%f paraneter as at the point 601 and final paraneters as at

the pgi ngo_@@ﬂ as de3s ehsbdrakaver therinvértion ista @RENCILIE ddatolliagraseureser s
as at a point” 303, corresponding, or close to, a state of saturated vapor,

where cl ose t dransigier fonigh sreqshandiave pewer SRAManesaliom comprsingeatbut 5%

of being in a state sat ur o L r.eaf t. e m Sl 70
havi ng the pareﬁ?ﬁﬁeepgghgs&éﬁcéh@ﬂﬁ%lﬁﬁs&'%@%@@g@ﬁH@%C&ﬁ ﬁyélgéa@? !aggm Sl 68
havi ng the parfgeieos s s@lirckRfark@tort afféitdelapr Mcogrding td eaanirbplenibriatiormng
paranmeters as at apoint 308. The conposition and nass flow rate of stream

S172 at the pdhetresyseibiag kerrovidedder borsttgnpyisival sPUEEANARASRY f 1 ow rate of

stre S140 at_.t he .pai Il "E‘:Q?d‘rﬁ- re the conposition
corrpag]ses t he a]p@éﬁxﬁlﬂl‘%&r%?gp@?&o%?g%%qﬂﬁwe rl crrqwawcg)'r king fluid stream S166
havi ng t hgopsy anet edgscrbedtwitiie tiRotaHchif ¢fihe gsedentuglertion dreha hemiber of
exchanger HEIS5, where it is heated in counterflow in a fifth heat exchange

step by a strdavertivemspertss inglyging wb aphnesessqei limitech {9 te tolewindhavi ng
initial ters i . an j ; f |t 502
as descrﬁﬁé el ow, 8?@7‘? (ﬁgoqghé;h\%gkogrﬁgﬁﬁgi ﬁ%ggg%t%?@aegbgﬁ (%guﬁt a
409. Ther eaf t &perafish b fe@pon&E TG mwallatgt dwrpatraneistorsstate at t he poi nt 409
passes through an adm ssion valve TVII, _form’gg ? ric wgékin fluid sliream
S178 3ﬁavi[ﬁg3%hr anetAnathasasped of dheninvemtion isihad pt BFVIGIRG "&l?ﬁqﬁ}gepqoé‘é@ure
turbi ne HPT, wh i , i r t ream S134
naving t he pardgelis pRTHEARUS wREREHR bRl ot on ApfalifeBRRed cieuls 0%)

havi ng t he pariasiatizgsogie, aterhdry, stiotmahanpaysamic hrevngly, hd seifetth. heat
exchanger HE16, where it is cooled, releasing heat in the sixth heat

exchange process,
-0-



form ng a stream S180 havi ng paraneters as at a point 413. The rich working
fluid stream S180 having the paraneters as at the point 413 enters into the
| ow pr esswioeotanskione LPT, where it expands, producing peeens2ess4daecones a
stream S182 having paraneters as at apoint 138. The stream S182 havi ng

paraneters as at point 138, which in the preferred enbodi nent shall be in,
or cl ose[0@38] st at &nsithenasnest of thaaipyentigisi Rrovidég Qé}'ﬂh'ﬁﬁ?%é {qyEPeess.

[ 0068] The le rKi i eam S172 having the paraneters as at the
poi nt 308 paswhrfég%ng'?m%ﬁ@% heat exchanger HE14, where it is heated
in count goh3gqw i N Arfodhert dspgentiof thecingsgkorpistare SRAM aaclsiteotenm iB1iEh of t he
hi gh tenperature heat transfer agent having initial paraneters at. a

poi nt 503 and SPHFRE transisiass are disabled rgspensive 192 @axa&emvsaéa@ﬁew
formpg a str i.ng paraneters as at a point 408. The stream S184
havi ng t he pa?);wg?ér%fs%sg@\b;'% he point 408 passes through a second adm ssion
val ve TV'[@MGEOF m n@riotheaaspent lof tre nventibrs tsr aa BRAM &ficthitacturg ipaviddeter s as
at a point 411, and enters into the | ow con(%ent r.at EH?R" war ki, ,ng .sol ution
turbine LCT aSOHEE-iranuigtosnehgansisiers: is activated pHAG ,%Q'Wc'?(' Iﬁﬁr'?ﬂ)ﬂgwaland
becones the St %?éﬂﬁ%%d@a"i ng the paraneters as at the point 316. The
stream S130 having e parfanmeters as at the point 316 then passes through
the thirdodgrt exchardher &t ottes imventiors iscarm SEAMrazthitesiturg presidifgr t he
third heat exchange praces form t he stream S140 having the paraneters
as at'%t he poi rﬁﬁvezfgg Q&%S'BQQZW%@”&S \%é”rc?@@égf' |f a pressure of the

| ow conc tion i i iRg; R t the
poi nt 4116601{ an in}ﬁg{&?gg?#eéq %&vﬁi%ﬁgghﬁ'g% %n Ié]raﬁlhr}ghfg?ﬁlgd turrang?rECT as
descri bed aboggound sequea tramsistory thas arecaiftrolled adasdingriridifferentipperatingam
S178 having the paraneters as at the point 410 at an inlet to the high
pressure turbiM@UEPT, then the pressure of stream 307 does not change when
it passe ugh t j I iNeisl: i i i rapedrer s of
the ot r o300 El5 "o REhg BepdclsBic BuERLE I ioulo BPau Ran o R

st ream S164 atgroiwed pourde tBaTsistpeOth@] alheonrtcelladshy thensametieputs iyt widchsgret em

of this invention curs nmostly |n the superheaterheat exchangers HE14 and
HE15, where tﬁé‘%ﬁ?ﬁ? ﬁa‘gﬁrﬁﬂfﬂa%sd%%erheat ed. In the process of
super heat[b@ﬂ«gt the fAddthBEaspddtNMLVERESH isch filic birslilRaling dreiabutsighainger

tubes isreldtively low, and as a result, if these tubes were to be
directly exposdich ¢ achid tisablgsignaliosbladkedisablgl sigmal. over heat ed and woul d

f f d . Ther ef heat... : .
3116 of “AbASLae T SR SRehoE 1 RIBGRE AR Lt BIEST R whish G M et o
agentygi s i npl @WI@C@W%NE@Q@ e BBcRYIaIE sitplalf | ue gas fromthe

conbustion zone or conbustion reactor, having initial paraneters as at a
poi nt 60q0p48kes t Hrnathar aspesteithe inventiexisnategie cieuibinghiehibasoricnanger

F/ HE19, where .t LS cooled, .and.obtai final s as at the point
601, transfer rtfarfﬁ"ﬁig%?o%gtwagfsr %@ﬁ?éﬁt?é @%QF E@éﬁ‘lﬂg%ﬁg"errper ature heat
transfer pagpf haviAubth8i hsgéctRAkRERINToRS alogic pRtuit irbARichtHefsonade
paranmeters as at a point 500 as described bel ow. Thereafter, the stream

S174 havi ng t Heansiatanerdransisiorst istEngsbeff bysming thedimingelifferansetiriwvern
substreans Sl174a and S174 i s as at the points 501 and 503,
resp@éti vel y. alsdagl[i]ﬁonﬂlilé %J;%chgmcﬁfgﬁﬂgéaé'eat transfer agent can be liquid
metal s, by Sal tAnotAbr ashsct ofehé irveaton s sdgioeireuit mwhivh thelsoescd hat

follow, the high tenperature heat transfer aﬁent is referred to as, THERM
[0072] After ttransisteesaane crtetied i responsettp Ahe Aeynerranous signals auving and

Stream . S174a SR L Pa0R AYRToTRES sleheh (B €A MRS 1001, 1 504

are conbijpedo] r ef ormhdtaet hepsdtioFane Bléatibaid adogiachoeit a1 which the a poi nt
505. The stream S174 having the paraneters as at the g_oi |Eee§?[05 enters into
a t hé®m ci r culagynalranaws sianaligarchin dispblesigpalprikiocdisa ged- pressure

sufficie provi jebed: cire j : hgh

terper at APR5LS: 1 AT odp g R iflehtbh & AR TBulin MIBRIE" \  cam s
74 to the par afy@chfehas signaine aptoek sighsdl. or[D8ighal Smehsomizedn@hibclotk f | ue
gas having the paraneters as at the point 601 exiting fromthe furnace heat
exchanger F/ HE19 as descri bed above, has been cooled to a noderate

t emper at ur e, -10~



and is used further to transfer heat to the stream S162 and S114 in the
seventh and fourth heat exchange processes in heat exchangers HEl 7 and
HE20 as dwecnednsebsabove. The stream SI 16 of flue gas megThs2d603medies cool ed
in a CICSS that is nore conplex than a sinple condenser, providing nore
conplete utilization of available heat fromthe flue gas stream Sl 16.
[0074] A fl owsi@ir@yram of a sinple condenser for use in the systemof this

i nvention.is,.shown , i e . d S f al . o b ki ng
Flud st TRORIS"so AR oAt o FREPBREGH £ e Srodt fywil fREIR 4R L 20 1
a Condenser, whsreghbh one saetetransidtdrybl gne setiehsaurcertrarmistoe) f thewourden a
stream S188 of cooling water or air havi n% initial gara ters, as.at a point

51 at an inl etragsistors avsrarerred sHek thatihe T gaaeR i confrolled by theitket 52 at an

outl et of the f ! hayy f as at a

poi nt%27, cor Fggﬁ%ﬁ@ﬁﬁgstsgdaglgggﬁgé%S@ §ﬂ§&e‘§a%qn%”§.a%régg ter, the
fully condensegncliropbusaidnalg fluid stream S190 having the paraneters as at
form ng UG5k r camABateTesher of HEE Pupain b fosiS EHelibBrHd 2ot on

form ng ream A ichis
sent back int aJ; i Yﬁ,&i q utations
for Variant I%,s&\aﬁ%@égﬁgg gdrfa?%@nggggfegs t g{eh@gfs@gcfﬁrgggﬁﬁ@g ggd of flue
gas. Thi J0068] done Amsthpuagmesstof te ywention izatiginchedhosrtaiting waCM@$ have
casi 119 Subst | RORESTP do Wi Fior WPt P IhGIES coHpUE e CORcleer ohE i sBdes of
t hese conput atj : pPssy ki BAsd el re,
heat transfertsgggﬁg| }ﬁ%ﬁﬁgiﬁiggﬁﬂggf equa@gghﬁéngulgsﬁhtnsﬂgggbﬁ hg act ual
heat capaci ty igfutasfiths secohd inveirgh, arehiver saurces ohtra first and fsecond énvertasil d

h | i ght fl. te of t t in the high t t £Lui d
S om Y oo iransistos A1 eaencated E25 Gerlafh braf nRaduand MR SOMEES ot t8.
substi tuti on. fir%oe?rﬂ séétﬁn&mwéﬁvsmﬁsfwgé_t?ddsiéis& el t¥rineied hea Yarthmnt | a of

the system of this 1nvention, a sinple condenser, are presented in
Tabl @51. TABLEecoRdmnaaiet and aopowaeoiJpowansouss tranaistéer iniconngelgddpdhefirsig
Poi nt sHl GH SPEED AND ,LOW POAER SRAM, MACRO ARCHI. TECTURE AND E/Eg,{%d)

7 Hon s

CROSS- REFERENAPIeoARE 2rga NARHIITORRY BRI EHHRSSIPh SsCHBISaieh
priority fromddqa provisional application serial number 60/626,120, filed

on Novenber 8, 2004, incorporated herein by reference in its entirety.
STATEMENTOGSEGARDI NAREDERAS pect SPINSDREDLRESEARBHOSRoDR\GHATHNEMI¢DHE2]  Not
Appl i cabl e | NCORPQRATI Y- REFERENCE . OF VATERI AL T ON A COVPACT
DI SC [ 0003] NA©t 'i°é§b\£? rﬁﬁ@?f’éé’aéﬁsﬂﬂﬁeéﬂ%feéﬁﬁi’gﬁ' YRIGHT

PROTEGTI %bkgfgml ARShEF 88p&dt Jfiee [MEATibRIS & rccm@'@lopfd SrduitdossreRnthel s
subj ect t0o copyright protection under the copyright [aws of the United
States and of pmiénmiialofdine firssnodeHe laverdhanin haemabppdegwile inghiedgaihen
objection to the facsi rodicti on by anyone of the patent document or

[n' le re
the patent di SERBSGFDa ggerﬁt'nﬁﬂa% 's in the United States Patent and

Trademar “{106?6]' ce puybhdtpby adyéiticibheirviehBoRis 4 EMOSSloghitiraitiamtiiceniaziesr ves
all copyright” rights whatsoever. The copyright owner does not hereby waive

any of its rigither thanmumal sicsepnmade indludenstandhy eort idlend@dewiiel pey |
ek R o e TR it EoL VPR R PHRBlghO 2 © PR 12
[0057] Another aspect of the invention is a CMOS logic circuit in which the
potential of the second node varies in response to operating mode.
[0058] Another aspect of the invention is a CMOS logic circuit in which the
potential of the second node is higher than in normal mode while in modes
30 other than the normal mode.
[0059] Another aspect of the invention is a CMOS logic circuit in which the

power source transistor is PMOS, NMOS, or a combination of PMOS and
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[ 0005] This invention pertains generally to sem conductor logic circuits,
and nore particularly, to | ow power static random access nenory circuits. 2.
Descri pt iwo 2066/0R249at ed Art [0006] Static Random Access PemmISRo0sSRARKY is a
formof electronic data storage which retains data as |ong as power is
supplied. Static RAMs are widely utilized within all manner of electronic
devi ces, and MMOﬁahramsjaﬂoml y wellsuited for use in portable or hand-held

PPl R 5. e A e B R BT R RIS oGRS
provi de st abl grél@idiso@icentaryister ISTPMOS,WNIMOS, ofia @cbmbmtlbhuf PO syl

conplexity | ow while providing robust data retenti on. [0007] However, as
t he tran5| st oNMS arsisiotl ed down due to advancenents in process

technol ggg?q&{)e 'eal‘j@g)g?g#égqégt oPthd INBREsRI Jah‘l\ﬁ@%‘ @éf&rarc@ﬁ%nwm deared

si gni The I'C power consunp to 1 eakage current

repr esent s a |g%"tél@bteﬁﬁlhl bbtheqbowert @durp@\tﬁhssmrsu matledm sgsbdmsedoise a
serious issue In VLS (Very Large Scale Integration) design. Among existing

t echni ques f oropesating M@deeakage is the use of power and/or ground source
t i st
LSt 363arT SUPRlofhEaBUTrifk BRERIRT, A0S S dRuigMcRiE"

The source tr@mdzﬁbwmlaabﬁtﬁeummbﬁ@bWeireoamettwnmﬁbrishblgbemnahd/or ground
to the output stage to thus significantly reduce | eakage current. The use
of sd@rce tramstedtial i pPoVARECCES RAL] i cal method for suppressing | eakage

current. 1bBgdy" OPCIAUING: SR A ke AReRtidn Y CIRAS logRUEIRS JtGVUH’%}%Irﬁ grs are

turned o e they are on I'n normal opératfng no Yet
sonme i ssues sfgaﬂd;dotmmt@bufsﬂ@NNm&@Dmeulsbwodmamﬁmrgneqlmlémomlﬂasnthaned

utilizing source transistors IS nner, SO as nduce rob ens
such as speed th@é@‘@égf?cﬁ?rtaé&&?é@ué\?é tga t&Z Pm%’[e ‘gé‘!eemn@f’ FRidlde of
dat a i nf or mat Itﬁﬁ” n%ﬂﬂals Je%%trhodéooog] |t shoul d be noted that in designs

i npl enented wi sour ce ransi stors, when the chip operating node is
changed {006}t andb@notbelleammmtrwhweetmm i3 iGMOSslogicecitawitnggieredif thet o

nor mal operatin the source transistors,can be subject to,malfunction
because of unéB ‘P%H Wegn Qﬁﬂnakmsﬁﬂ?‘iﬁch{% Tt@ﬁgg}'(’hﬁﬁ?ﬁ@d%@’gf’&ﬁ
issue W th the:HifitdhtsRtERGor ansi stors is a result of frequently

swi tching the source transistors, thus turning themoff for insufficient

peri ods q0065e to Mcoihedasweqi@m}ne foventig is a@MO&lng&mmmfanhldhﬁlﬁgl ng

and di scharging.the a ce of . the | ource transi

ai'qni 1 cant _pdide PO eLEESAMTS SEai heoe it e igohinatuet R abfid Jave
ari sggwi thin %‘M‘rﬁbfﬁé&és’% ABdet 0 a |l esser extent within other nmenory
circuits and nore generally w thin nunerous int e%r ated circuits containing

di gi tal [[0966] el enshathef aspet q&ctra@rrmengony ima (e Sehegin grquirwhereysthem and

SRAM i hout SARBPEIE AGTEE WS SEAIRLE ks rte l=FHLbE MobBhEtaars

others are metyyhfidvdl BE aRicR&ii leveNMighkt tHan that 6hneiealaABES viilé the circuit
deficiencies of previously devel oped I'eakage suppre55|on met hods and

circuits. BRI E§|lsdeeR\OthFrfhaE nomElecepsy 00H8] A nmet hod and apparatus are
0 d0P8 Thorer ABRIRL SEo SR 5 thd Mehfih ROAEMOR oG hfereftlthe™" ©
modes other than normal access mode include standby or idle mode with or
without data retention.
[0068] Another aspect of the invention is a CMOS logic circuit wherein the
gate potential of the NMOS power source transistor is controlled by a
30 reference voltage and an error detection amplifier.
[0069] Another aspect of the invention is a CMOS logic circuit having a

reference voltage which is either dynamically or statically programmed.
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random access nenory (SRAM. By way of exanple a macro architecture is
descri bed whi ch provi des reduced standby and operating power consunption
per cell wono@mmns2geven access speed w thin SRAM devi ces PCThiS2005/0&0478
circuitry is applicable to numerous digital |ogic containing integrated
circuits and can be configured wth; -enapl e squrce Irt%rési stor

; 1), an earl
means to[8@&Ure pr dpwather asnadt obha @Néeﬁp@&_%ﬁl\@wswwﬁme_«@%
standby/i dl e gﬁ‘i‘e BBidHtal BPAESPICA pBuwbPLSn e uiBP ChhildIBESha rigeans
to assure proper [ow power circuit operafion despite swtching between
normal and st gotdntial df therfidenodé 3 loevdardhan tigattdiearmek apesssomodé, whige in

| at e- di sable to reduce switchin ower copsunption, and/or (4) a VSB

rever se- bi asi MPRhetRer than EG’EEE%' %gepsgm &nt | eakage. The invention can be
practice bi the 4 i b | Vi Wal

ot Bat 1007 Tt b wiaiFEF afeck o TR neHfion IO giatitbui tndrtin the,

ordi nary ski | Igaite potentiat of thei PMQ8 pdepasourng tfarsistohis highehihagdn aormak
present invention. LI'(I)C’%M] The circuits and net hods provi de reduced | eakage
oper ati on whi [A3CHa$ i ng proper device operation. Wen the inventive
aspects pplie %A%%é‘@m ! t y { 1R8I @R fROr Y
can be ri?ﬂ:@d by g:t)rf)bl}t 20% mmé;m\gsgg%ﬁgﬂﬁgﬁggdagﬁ%ggﬁﬁ\Zl\;Sdejand t he

| eakage curr emgate pdterdicl bf/thabPMO S pewer deurceftrangistor isdentiadieddly ahe present
invention is deﬁairi bed ?s a rr&t hod ara%aci [ cui ”Yf'f or controlling |Ieakage

wi thilh an i nt &5e5eRee ¥PiagR and GRETHiGREHNYNPINET cui t and out put dri ver.
One enboggmﬂgt s %r?d‘tﬂertﬁsﬁed%ﬂﬁé B AtidE & 4 CMOBAbgicSciFbuR|ih WHiEHItHY t hi n
each of e cells of a nmenory device, such as a static random access
merory. [ 0016]gate phtentiadofthepMES apwer sauener trangigioais cordrqlieddwi@ i nventi on
t hat, when usi n%&sourcel transistors tscg%cqntrol @ihe power being sourced, it
woul d be pref SPEBPRCE ¥oliage gad ANGIEOrASic O IR or - or transistors,
prior to r{‘jmh' Ng NEfRfurte _pEEIbf thE Ghvettion ISTIRFNIAS BRIA0ES ofrdd@iry
operation. Accordingly, the power and ground potentials of the transistors
of a1tbogic ci rstatic poweceorsunypion whichian e implereniad usigiconvente®l 1 and 2

, shoul d be settle efore.the chi nt.ers. nornmal operating node. [0017]
The inventi pn'?@géﬂgaﬁpgﬁtf%brbcé 'HBQE%B‘SF%% in a nunber of ways, including
but not Ipgy4Ed t o Ruithdr@lshewisns tHe stdnbibhatik belHOLGht Stanend eslioveng of the
i nvention can be generally described as a circuit for controlling source

transi stors wiportiensaef thetspacificationi wheiein the deleiled deseriptionyis foaihaat | east

one source transistor OV ! r j ' f ound,
conf i gur ed f opiaepecet R SReSIngPRE st TRELRR BEu Rl REEn B8 uC,
havi ng | ogi ¢ tyladiag ihftasiongittereédh. means for nodul ating the state of said
source transistor 1n response to changes in the operating node of the
integrated circuit device to turPREF PEICRBENEON t ransi stor prior to
turning on the logic I 40 T i h&t\Ors can conpri se
a latch (i.e., a port%‘ﬁ?ﬁﬁsgg{r{gﬁoélygﬁyns Qﬁttﬁ? @5&3@@@ so forth. The

source tIegpept or SKHEINVERtIGOWHN bé tncrs follil puderstagkby meferericatioltheor a
conbi nation of |atch and, output stag& Wthin the integrated circuit. The
means for nmoddpRwing drawingsavkichiare fr ibesirateRUuiRgPes BRlVconpri ses a circuit

conf i u[ ﬁﬁ%ﬁgﬁ r ecqilq qqsa%g ﬁg&d@&%k%@ém%ﬁ% B etdUihd i ?gdtﬁﬂi on

Si gn§ a fir pat ay to € source transistors prior

communi cat i ng dritesaetetidneisteisFortedutinpstandby kxakadepat hdel ay to the | ogic

transistors; wherein the first path delay is, | efs %han th%_ . .
[0078] FIG. 2 is a schematic of a conventional self-reverse biasing circuit

having ground and source transistors for reducing standby leakage.

[0079] FIG. 3 is a schematic of a CMOS latch circuit having ground and
30 source transistors for reducing standby leakage.
[0080] FIG. 4 is a schematic of a circuit using source transistors according to

an aspect of the present invention, shown providing a combination of early-
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second path delay for stabilizing source power prior to activating the

| ogi c transistors. The selection signal can conprise a chip select or block
sel ect siwoabo6/s@¥20] According to one inplenentation tREeTNS2008/0f@78

nodul ating the state of the source transistor conprises a circuit
configured for using the timng difference between asynchronous and
synchronous sieakiesand laetdisakle of heiseyigrdeansisiAs st ors prior to the | ogic
transi st f the VizCe. Sl IS [ r

arrivar SPBY ot G StiEia DHEGERIER BP S oRB oy sPEI S StairEf o, an,
setup tinme. Acgpedi sithepresent inpéstient ati on the asynchronous signa
conprises a chip select signal or_ block select si and the chr onous

: . ; nal S 8
signal cdfPB2ses a FdBobids & gpamatic of & pigeial U%Qﬂ@ﬁgfﬁﬁ Q’@BSlﬁﬁotr%aP‘Fé' %k .

The agynchr ongliss et B tfEBrdlentinvehfiGs, SHOUH HLIRG dPNMUS IRIGH SG8ceOr

nodul ating the's rce transist’ors tor a“first I c group, and the
synchronous sitgmglistbis adapted for nodul ating the state of source

transistors for a second, or any subsequent, .|ogic group. J]0021] .According
to one i MBP3ent at iFdE- t'HE Wat&rofrﬁ)emlatwag%ﬁéf%sﬁﬁﬂa FORRURIBYr ce

| owe power hon-REPIGE0 (3 pideetof e ESSHOhterttort SROAMA iy BRI ctieueeer @

| ow- power non-active vo l"eve a volt t to
support nor malbell®ytomtraltdd.vity. In one inplenmentation the circuit conprises

and viose ativity ot SDETAIL BB RERERE TN DGR BERGIoNn s gna | Cor
plock seggEAPn S| mbérh{[gﬁﬂ%% spBcrBsPBRAIGTRRING, FRANSSHiatVBIAAb R the t he

circuit f intainin e source tr stor 1 nTan on condit[on for a
peri od of ti mpresemrinvéridroigiembodiadiirsthe appraratusugersrally shown imFpeeBer r ed

nbodi t th [ ft] ' ffici t id ddi ti |
avi ngs by |1 APESG TG TarlsSRbeS aPPISP P dheHReHRAASg B VPREAS Sy o
transistors b%\‘\ﬁgﬂra‘?i'&n% 85 to détifis AN phiAs, AR tHakithe RbthEE f%rr? as

transistor in an on condition, can conprise a circuit configure

act i viat i ng t hdodloaispecific stepssand seguenaes wdtheuhdepartiagtfrare the basiciagmcepignal |
and for del ayi ng .tge deacti.vati on of the source transistor for a desired
period of tim@SAip PS‘F‘E €&Mection signal returns inactive. In

oneenbodijgggk] t he I8¢ iiQsrAtbs bRk EPRCEOMPE! ifferidinivEigheBlrd rahdstors
sel ect signal”. [0023] One enbodi nent of the invention can be gener al |

descri bed as areiutiized faronodolating ghe paweesuppliast toracenventional M@St@gf\’/lat ed
circuit devic conprising:, (a). at |east.one s C r i.st . r
ground or COTTS/IV REP;B% SBW%O“%’?Q%%GS groarye: E*b%%}h?%@ s?cg; %&0 '@gﬂ?‘%ﬁﬁﬁg
supplagi ng povRkichdaBibni THrEBleALEart bfisé! Howkidr CRhBAtiMehd efitke koamel st or s;

and (b) neans for nodulating the state of the source transistor in response
to changes i n transisipesr bedausenpdeany applicatinne griadegirabledbat thedatcheshasild ur n

e e TR

of f. Accor di ngnjéntRitedéstvibeahiéitiots andhsrcaits for amitiaithg thessthteadf the source
sufficient duration for the application to reduce power consunption and

prevent unnecdmansisiors wdaishes omenariesagndIegie sicritoin 9eRerAk equent  char gi ng
one oo BRERT e RS oA RS e et IR QRS A PRl P a 9%
control l'ing sasiece wahsieess\é bbhefickl towbrDawsighgrlbyeuditcuttenalfienction. The
teachings herein describe embodiments and methods to provide early
enabling of the source transistors and other related methods. In certain
embodiments different delays are provided, such as in the signal and circuit
30 path, as well as the use of different control signals, and so forth.
[0087] FIG. 4 illustrates by way of example an embodiment in which the

address path has a different signal delay, with FIG. 5 depicting the signal

-14-



conprising: (a) a latch circuit having at least two logic transistors
coupled for retaining a binary state which can be accessed for reading or
writing iwoaniese®mss node; (b) at | east one source connecriusagos@iddner power
or ground, through which a virtual source potential can be maintained; and
(c) a neans for driving the source connection froma | ow power non-active
vol tage | evel timjng. nornal access voltage | evel, configured for supporting

nor mal dey; read W C : Or, j ; i :
Fransi st SR8} oos CHSHIENBEGRAE o™k bik BSAEReU RetiFel 8Ny p o
conprises a stsaBfy t®highdeakage euirapiseaein iy pivalli neuchniatderthaddhe devices
retention. In one enbodiment the | atch conprises: ) at least two CMOS

t
inverters in ipiestaliadhe intparated CFﬁét-fAM@VW@FQ%T&QF%‘S%MB@?%@ pdded o
i t _.of th i ter. i i
connedted 1o hedonsPUfi fansiset of W8I dhpttest IEaRRRA ey H oridid B,

transistors ofapphecibigasthagard emeisedichentcan bercraatedoeitintvs BOS sougteven fir st

node; and (d) the sources of the NMJS transjstors of %Qe first aE& econd
inverter are d@nsisteeas sBowWN i G- S@0NRdAbEhama grw seiaeticn SigRA IS

enbodi ment th 1 i f ode,
ona whor o1 n- ae B flofi EHRERhG Yaridl aS APl hEFIC ) Addy Alossaghiind
source or a pewtivatesyturas ionjssurdeoiransistor MR$8hected to a ground source or
a ground source transistor. [0026]. According to o i npl enentati on_t he
e d0r odOBBO g TSR0 Selacion, et s, ancdas e PHRbIS SANEcR FURES to

vol tage pot entibaly gl AesJel! ABIIAIRELINEP RANRSSE oFdbRALREEded Bhd Yiotle C

operati ng node.” According to one ‘i npl enentation t ans for driving
sour ce connectgoes todrgit aftpr ssmedimaniplayt i & préchagge sggnab(PlERER it disabled

Vol t age. pot entHePIRIIoISE Sk loa g inelyEe tpts ureat Belty Rbeblgats
reference vol t{ge,s bﬁm@sﬁfmtgé afngau%gg%&ggg% ﬁgﬁpﬁsdw lsi§chatged

dynami cally or static y programme Ing to one _
i npl esent at i oranuff gddeetoalbow T lmartoyd potemtiaboff noda Davoessen e PMQ@Sdramsistoreef t o

t he out put of first inverter r S ccess path is connected to
t he out put of |&&§1ﬁ5€mkﬁﬁ$@?l"é‘mﬁ6\"%§ (ﬁwﬂ ( 05%%8 raccess path are
connect egtobgo];he oyt g%mefbet Astelithat berBrE AEGOTHgbEY RM 8hd tiIRERACHEVEIDS
According t ne inplenmentation of the above enbodi nent the access path is

control | ed by teatsistesobN\&xt, itbe poiwet line of INMB ¢ Ishouldise settledranch orgpat h
irrespective address informatjo es n_oper at i in at~l east one
oo nhi ch 1 s N POMeRaPHiSE BRaRsloT MEaST st BETHRBRAGE hiefetel T mic®S,
forth). AccordbRg Iﬁ%i@%ﬁchﬁﬂh?@ﬁérﬂbﬁ@rﬁ‘, dihes BRCESFePSdUrce Irdneisied MP$3 hen

there is no address change after a given period of tinme has el apsed.

Accordi ng to dseontrplleshand gnabled heusivg tee semensignaldng sabied dadiftsirertd

Saat onan | P artnal iy Giey SorfSERaAHRMIS P € Ehn kR, o6 8RH T apias,
address i nf or It !té’@a%‘@@n?hﬁalﬁ%&i@ﬁ dAateries cirsainal\Va 1., Agslolvarin FEGo8BEer | ng
address information fromthis |atch when the access path gate is turned on.

[0029] One entibeienisra timing margin @M 1) hetwaan signgbAcand signabGdeicoatiobiiea
met hog of controlli ﬁ% | oW power fper ations in an integrated circuit device,
corrprzi si ng: (zf)oua%et F?'ﬁg&zi)r???@ " selection signal; (b) activating source

transi st qpegdpr SURRAhBENRENG dbScrisedohiéreir fostcaatrollihgtsdurcotransistornat i on
of latch with output stage within the integrate circuit, in response to

recei pt of thedtivitgis dizing differentgaems obpignals)omthe chipi f@riexgMple.rsome st or s
V\,ithintheintes(g/raﬁed . . . .
asynchronous signals such as chip selection (CS) enter the chip before the
clock with set-up time margin. Therefore, information associated with the
30 early arrival of an asynchronous signal, such as chip select, can be used to
turn on the source transistor even though other inputs, such as addresses, are

captured at a rising or a falling edge of a synchronous signal, such as the
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circuit after activating the source transistors; (d) wherein a sufficient
delay is provided between activating the source transistors and activating
t he | ogi cwonraswsiss49ers to stabilize power fromthe sourcecrnsee@sstors. One
enbodi ment further conprises deactivating the source transistors within the
integrated circuit after deactivating the logic transistors. According to
one inplement &e@dn a sufficient delay period is provided between

deact i vatyj he | qgjc ist ivat | : istors
o br everPBF3L o o 9654 ARV B £ SR BTGRP i8R
Accordi ng to wmblinglapaedisatlingnofahe Wdwerisprcaltrhasistoes.i tdvill e mited dhated
bet ween the deactivation of the logic transistors and the source

transistors t HNAGRAV AP ﬁ@”ﬁ'ém@ﬂ whansthe grqud; E?f&‘h"‘?%ﬁi’?' rd&ﬁﬁ’éﬁ?ﬁ the
SH1CBING Of SRR RIS AWAR ALl b OTOL SPBSTRE N O

the invention's a Speed a 0 macro architecture having
earl y- enabl e |ssiuecaltrapbists s deactivated betweert saquaitiat accessasy . Additiomali ng
to one inplenentation the circuitry can 'hncl u?e nmeans for disabling the

source transi SRENP CANSWHETdaresPansedpdha (o3 freaUpBhaeactiyalon it [sPoase 0o
frequent transiyy ' g’raq ; j 0 one inplenentation the
circuitry cansqhﬁggﬁgérngt%g%ﬁ] es %Aﬁ@ﬁ%agia?ggﬁs. and instant enabling of
the sour ([B?%]ansi stTo oh?ircan_tdlims_. smmm?gaahg’tmbcﬁ mfthgjtihmtimﬂamy%sdodi ng
to one inpleneptatjon the circujtry jnc es reverse biag neans fo
boost'®ng a vi rC{'ﬁé?“”Qcﬁfrtbﬁ SRYHE E?n%{B HRIFRIYNG (%.""ly 2l g‘qL@%@ §'S\?E9llecs in
st andby node. rdi ne Lppl I Ci i hprel udes neans
y | ijé’tbﬁfg/é@d e, bt;ﬁgns‘ésj@&stf@weqﬁﬂ&t&%% Ith B8 EkdmpRF

for early-enab source't Wi ng margin I n active
cycl e. Accor diemgbodinmen of FpGedepetart thoughtbe chipcselectjon sighatlé3S ngeesshipbr

| at edi sabl f th t istor. aft del ay. , |. d f, thi
enbodi ment , ¢ HBSAISHHA)SF NBHS & 09 hiohkafter & destschaiane! delapr (-eur10ci ent

I th t (AT i ! th
ength to pregﬁfé}?%@étfanﬁspg@éq ﬁgwresfgo%bb@!arwelspeﬁ%wgg?]wkeee% f Esthe

chargi ng and char gi ng e gate capacitance. One enbodi nent of
t he i1Avent i on 4)oraotheégmeapeed irdratiucinvg p suéficiesRAlg ned detayatocdsstuee pawer f or

CPansi st or Cat (g ARS spUiF b SRR L REE §hen tiatte B sttt ogRy" °©
frequent powvergdsiAatsia 8k s6utbantiistoRSienddifl JFERAS it ﬁg??csq aRer ihesdrmt

enabling of the source transistor by a chip selection sighal in active
nmode. Accor di raplect sigreal retornstimactive.o@ndy desng aipsriodaafirgiadive dnadivdytasg a

virtual source, node. by .approxi nmat gl .1 volts ta 0.2 volts |0, stangdby
mode. [0032]  GRSEBEHIHERE St sk bE el E Teslewr orY S ERETB Power
SRAMagBCr 0 ar gRi§ eeduting try ﬁswei [03k|dsaBciat&Pith @aphaifige Tharging @REr i Si ng
means for early-enable of the source transistor with timng margin in
active cycl e; dischargitngs for | ate-di sable of the source transistor after

booot | ng 1098} aal 1557k BR AP R Blod st RO Wtk BRp 86t 1585a e et ,
standby node. J|@Aa31 td ¥ yBafichE cudent fLloghveirduite NtHespswarsdrslingstion

controlling a source transistor for high speed and | ow power SRAM

operation, corfud i ehargingvandl digchaiging ohits oale capacianee sanbena significant t h

StandBy mude: BHR oGSO eusS I REl e han Mk R Vil " '
transistor by fafihPniRleasihéd TSShastd gone RE forehadeRy el 86 agonditioneof
i npl ementation the reverse bias is provided to boost a virtual source node

by appr oxi mat edwitahing o the sewrog tpangi$tes i n st andby
[0095] The delay can be generated in any desired manner, whether static,
programmable or less preferably in response to variables or receipt of other
30 signals, and the like. It will be appreciated that the optimum duration of the
delay depends on the circuit, its application and use, so as to minimize power

consumption. One aspect of the present invention provides a programmable
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node. [0034] One enbodi nent of the invention is a nethod for controlling a
source transistor for high speed and | ow power SRAM operation, conpri sing
ear | yenabWe 20d6/ask®2sour ce transi stor with tim ng nmargi nPCH/Useaswen4cy cl e;
and | atedi sabl e of the source transistor after delay. According to one

i npl ementation the reverse bias is provided for boosting a virtual source
node by appr oxlelgit Begod tawaisl allowing thepuse tontimize shribsPadtie. [ 0035]

Descri bed wi thj f

Cnvent i ve aspdtPlSERERRE! HPRar or SR BIC 68 el R b S BrdiEnfn e BEFhedlis,
[0036] An aspQﬁuomhmgrfgseg\ventl on is that of providing | ow | eakage | og| C
circuit oseratl on in response to nodul ati ng source transistor state [0037]

Anot her 40096} of tln&nofverraspsst pEthenavertionplegkpae symephcar ARA§EUCHHINT 3|
d I
circuipts an 'rgécn rpg,ﬁcgmﬁéh 588 é%%vaht.éﬁaﬁgfy%\rqgjr@n, %k%tégragp@gggaegg@ﬁs%&u' ts

|nclu8|ng | ogi I'cC nenory, orth.[0038]

Anot her aspectaref cdr’itf:bllvﬂtmjm imroduging @epded detayhi BiG. péestribed- GMD S SRAM
macr o archltecture [ 0039] Anot her aspect of the ipvention is an SRAM

architecture ilatchwithaa NMES P?‘Hﬁ%$%l!r6?§ra£'rs@t‘€f anhPMOPHEPBHS SOR o a del ay
to prevent addifiangl AHEH dMGR ihdhe AMBEIANGEOhoRREaFlo 08 L Ne

invention is cture in the source transistor,
transistors, irnaintdingdtiesh the sourte ttamsistonsceuch astMiNEA@nUVIRPE2 loﬂhe at ing
node. [0041] Anot her aspect qf H@Q\eﬂ i nLantl on i s, an SRAM architecture

provildi ng r evePSERILaSRHEESWIEC Imingie IeakagR 88t 0042] Anot her
f I
aspect o bgﬂsf[ nveqq?l\ﬁgvérs irftHeOH e ﬁh%&%éta%&ﬂe@%@ﬂiﬁfﬂ\@?‘% |4Eh $hedRtbe

source trans ors t are control according to nt operating
nodes. [ 0043] mMaiotdired aihpadhe sbutdectramsisiots canmat ke sw'tyrthecbofrf c Ui acterdiwith

pat s but whilEi 2508 Sc?etﬁwﬁwrvé‘ﬁ?c'ms esaRPatine of MAOST A SolaE
aspect of the Pdh‘é“?é’cb &@ANgg rL 'céﬁtuetcmvcm&a tag;rbmeetdlﬁér@ﬂa{/olmgech s

a chip dlsable Sl gna I sa Ie signal. [0045] Another aspect of the
i nvensi on i s devalgiticare thrase presentahiroty mtbrmaqumraﬂnrgnay way oftaniple athiee

| bl k di bl 0046] A h t of th t
Cooe ot eut ¢ g wrana oL R8RS sotoe hanSly TS AT o chffodd LB a0t 16 o
I onger path d%o’b‘ét%e()gl‘?e?de MRRNNE lgréstee tHart¥nd twsdy\r@@t\;dnagta%ta/nloog&\%o)

circuit in which sour ce tran5|stor or transistors, is turned off

by
using the ti niargl thef jaieqrotentiat RMOB smwmtraoa@tm (MRS%M&fhal@mh@sCI'&aWI S.

0048] Anot h f th { h th
Sourcb tranc dione Boested vofiaus i niRRn s sy 300 Vas Gk niBRIRIER gral s
arri viong ear | igfichiiANelde of (REPSHIISIHANIY cbh afd \Vias: Ifecemaé Lol evet up

tinme). [0049] Anot her aspect of the inventionis a Ic circuit in which
the asynchr ondMNS2pand Vies(MPSR), pesastivel, smgr@}\/mdl\/ll‘ﬂ;g%)catndws:dbd%s%h YRal .

[ 0050] Anot her, aspe t he 0
| 0050 ot et BsheRdvdfadditel ONSRAARIVISZ BB, P4 ol Bt
cl ocksi gnal . [|8@éé]ofW66}%fnoavn%§5 ca irfdigadeeashaela voltaged 6HCMOSateht i n
which if there are nore than one source transistor (or one set of source
transi stors), transisios.cleor example, a bulk-to-source voltage of MPL21 and MPL22 is
25 lowered by Vin (MNS2) and a source-to-bulk voltage of MNL21 and MNL22 is
increased by Vi, (MPS2), respectively. Utilizing the methods of these voltage
changes can result in increased threshold voltages for CMOS latch transistors
and therefore, the leakage current flowing through the CMOS latch can be
suppressed.
30 [0098] FIG. 6 illustrates another example embodiment of a logic circuit with
NMOS ground source transistor (MNS51) in a SRAM (Static Random Access

Memory) cell. It should be appreciated that similar circuits can be utilized with
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transi stors are grouped such that the first group is controlled by the
first asynchronous signal and the second group is controlled by the first
synchr onowe 280632492 [ 0052] Anot her aspect of the invent iPom/US2008/0kw@gs$ C
circuit having a first asynchronous signal arriving earlier than the first
synchronous signal . [0053] Another aspect of the jnventiaon |s a logic
circuit contairggag todbe § AORIS aMP f‘WSM|W%@mGt i %@W??%t

inverter is c ut
of the second%%v(egrr@érlhﬁgfsg&énecFH@%P {F\r‘:e\ﬁﬁﬁgl[ﬁjrohﬁﬁﬁ?tt@ﬁnali\?gslgirz\e;:eaﬁﬁe%)
and the sour cesbitfariyheontrslRid iand refecermse Valtegret (é/rasF) ﬂd}@ntarmmhestmm ag e
connected to a certain first node, and the sour first and second

inverters' NvaErardaigstianhamplifier GiiRakt te 959‘5“’2%?‘@&?'?\ '§ZE%8WH8 ] and a
power or pov"erbeg\%éﬁ%nté?ﬂ/%' e?ﬁdD(na'cﬁwg ReG&R: @Bdéhﬁ' rééﬂcﬂserlg%’agggg %054]

groun or ground source transistor |s onnected to the seco
Anot her aspectthefdevive modentcr@xarrqolaaéimﬁﬁ‘edte@bq aseleafion srgn%smrth ada ch|p

otential of theflrs varies .in onse to o rat node 5]
Rnot her aspectSefctifs |°ﬁ%$‘?ﬁ'ﬁ Rlestsign %Irg enge v Bﬁ?ge SFN Pﬁg ?B
otential of t n rdgﬁ,la fg& de

gt her than nordn}g Jég‘i@?e&ﬁ?ﬂ@s%@g@‘*ﬁ% é@?&"f‘no? gr asBec %m'zéhgcml\?gﬁ??on i's
at glr\]/c[i)g I ggl cdlcngmnmﬂlablhty c;f[]mgir:lalrgrdeiacel dﬂ\keadag\c/i‘t/lgeat) toshnoauId ae(a}x:s'eﬁrgt?i ﬁg:::gude

S y i i i i

ret ent9 on. [0(?3"?' \A‘/ﬂlé?e 8%'?)5@@%%(”%&/@ Y 90 &R @Ha& pﬁ)ﬁyﬁg { Pt circuit
in which the %n%’illr@'th%fvnttlh"ﬁ \&foh%eﬁiénf'él(i@twé‘ldt% in response to operatl ng

node. [0058] Anot her “aspec Invention 1s a CMOS logic circuit in
whi ch t hqopesknt i aIIndheﬂMO&b&iﬂdmﬂ@edsn HIGh8y thehrfuahpowemnand gradmdwhi | e

d th 1 1 ) 05 t he i ti
0 OO ooilevels Ak ARtdIRTiiRd BH thishbBRiageS A MR AR PfOs S “Mhos.
or a conbi nat'tpéhs@étofém éF@NUF&)ﬁtF&I@%IeStSG& @@Pﬁ&ﬂe LEHIRRY toasHgct of the

invention is a ogic circurt 1n which e ground source transistor is
PMOS, 15NMOS,  oropeeratimgp cnnadutlons tke mvmserawet\lmatmgnmlt@ger and soderth andarger
aspect of the inventio

ST he power ik S odling 14 AP Bt0R Prdes S yarialinht EOr ERambfe, 368 TrBRASHL 2

[0062] Anot herygiagedf MOS! thendistee BbtrAsks wheAMemperatfe dhdretsds. WITRE @ dre! he
gate potential of "the NMOS power source transistor is higher than the

potential in mdﬁfﬁrembewvmtuﬁmylﬂﬂﬁbpmer aRpgceunst levpls depreasason i s

Cransistor | s Wi iorpiomfdobrasty ThoS) S0k topdl ebadt ROt han
that f nor malmprdseNdld &t hl?h ﬂ&%@érﬂﬁf@ﬂeél@@@ dippression easso @fdet of 0064]

Anot her aspect of the inventionis a l ogic circuit wherein the nodes
ot her than northeshatdveliagminereass bﬁt@%@%ﬁ%ﬁy or idle node with or without

ciroutt OSAPLR ¢ HE tafiashdfls APERE bt e bRl BN RS e e T or 1
| ower than gr @uyﬁ)ré@;@h as represented by FIG. 6 since the virtual power and ground
levels can be controlled in response to the Vet level. Any of a number of
25 technigues can be adopted for controlling and programming reference levels
appropriately. The state of the ground source transistor (MNS51) can be
controlled by the circuit in order that it is turned on prior to enabling of the
word line (WL) to prevent access (i.e., read) speed degradation. In addition
the ground source transistor can be turned off after a certain delay by using
30 control signals such as chip selection (CS) as described in relation to FIG. 4.
[00101] The level of Vi is set for a given application in response to intended

operating temperature, voltage and circuit process characteristics. When the
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in normal access node. [0066] Another aspect of the invention is a CMOS
|l ogic circuit wherein the gate potential of the PMOS ground source
transi st owoizsoeage®mk to or hi gher than ground | evel or aPrcentsasos/ohevel

hi gher than that of normal node while the circuit is in nodes ot her t han

normal access node. [0067] Anot her as&gct of the invention is a CMOS |ogic
circuit wher eighin pelegtiersigpehrS )9%@#" lowainoge Ak gaesito high @a rk!@'&?’(dby or

di de with
vent o 15 yolkptalf o 881 ieatEfte QilrortiiRa CARIGRL AR R faffer
power source tréa@%péé@ramditmﬂstdeI\BMby\Mnemaﬁrerrdelmee(Wb) tege tahighaa ke r or

detection anplifier. [0069] Another aspect of the invention i le()S | ogi c
circuit havi nd'né (Béf@r'%lﬁ@@r)\lﬁldﬂ%@rgﬁﬂ apcqrding tprf@ta&W%'eéW ?@@ fch

statigally pr | Qﬁ)(égr hyy is a CMoS

| ogi cgcr rcui t er ern %ﬁe;ga @1@%{‘%& I ﬁ]n IE:%ﬁ:I\/Bg power source

transi st qoo4@2jcont riid eéelaged Bbatoéﬂrmgmtbedéaeﬁvaﬂbntdwebt ofsthenndenucm tawer

than that of normal access node, while in nodes. ofher tFan nof%f fcess
Seloi R F'FEUY

\Arrzde [Oozl] Reoselestivelapplies iniesPppgeif therchir bgingels
erein the gare potentd ghgpF%@&}gﬁtP 3 ﬁﬁé‘%‘iroﬁo':\*h“eelreh?ﬁgéfﬂe?erloﬂ SHipheT

than in normal” access no er aspect o invention is a
CMOS | ogi ¢ ci roani be consitiecda sufficigat whenute'etluees uhnétes RN upning rofkther ce

transistor is controlled by a reference d an error detectijon
Aol TP er. [ OGPICaTBRSISIOr fepuian Bpgdnol fireTaB G & ROWS SRaIds wITRt ¢

in which the %c?ue?%r%i‘ﬁéﬁ\hs Baémowgé@nearr@r 2RQ' e?atrdr%sreabe potver

controlled by a ref'erence vo tage an error de ection anplifier. [0074]
A still furt heronaspmtrbnaformpmednmﬁntaseer ilmetp:erprdevr de net hods of reducing

i al
“ht eor ar SU0A0SEy 1 FosKRIe ot cDRdneeD Cob s dtorbred ke Boodtas afe
i nvention willy, ere@ﬁb&a@?@eraﬁrdnh%e EHIb%Iétﬂroﬁ%réh&Q@S)fdde@ﬁtgo to high

speci fication, tailed description is for the purpose of fully
di scl16si ng pr efrer thedvendt o nmmrssehableei |In\1bnstalt@|atlmm$roqe the wordtine is

limtations ther BRI EF G:THE

DRAW NG& S) [08‘7@] Q[[I]'ﬁe?aisﬁ\gétu‘? stqrp [ag f 5 Xlr'@te by reference
to the foll OWA&o%ﬁ@fynﬁa”‘ak\é@e%r@n‘?ﬂ%ﬁ{ aibit linel 1badl (M6t sHevieRere)adltie pLRO77]
FIG 1 is a schemati¢c of a conventional MICMOS circuit havin round and

source transi s:tawrstraosIS’tOedMNhfgj o MAUIS?) bEthieaGRAM colf & adueg] tngt esleakage

h t f bi.asj.ng..ci[.cui d
Sour co. 1 ansi UG Poihe CIRETEl: A e R e Sifihsh, dnqt e B "
schergtic of %réﬁgfaﬁebets@btérrﬁmeutbg@grgmr 6f QéBFhbMNELiGHOOr Signalsatte W hd or
reduci ng standby [ eakage is a schematic of a clrcuit usi ng

source transi slemlérm&mrtﬂgower‘@ldn&xﬁ@élpnder theewmdelmcan hesteredrat shown
provi ding a caonhi pation na e
transistors. [G981 SR ﬂ'?ﬁ ?%qﬁgtr%ﬁgékojW$ 0?@ ?‘?%‘ﬁg%&, Y FG
3 according t pAdnAREGItR gFAhP\EFES). VWivenhireiv ob@r%i&h sh_'zhlﬁ the ipdtential
schematic of a circuit using source transistors according t
levels of node A52 and A53 can be refreshed and restored back to a previous
25 state by turning on the word line and controlling the source transistor.
[00104] The embodiment represented by FIG. 6 shows a circuit containing two
CMOS inverters in which the output of the first inverter is connected to the
input of the second inverter, and the output of the second inverter is
connected to the input of the second inverter. The sources of the first and
30 second inverters’ PMOS transistors are connected to a certain first node, and
the sources of the first and second inverters’ NMOS transistors are connected

to a certain second node. A power or power source transistor is connected to
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an aspect of the present invention, shown using an NMOS ground source
transistor. [0083] FIG 7 is a schematic of a circuit using source

transi st owogo@useeyg accordi ng to an aspect of the preseRrCTiUse@S#@ING

showi ng two groups of | ogic being controlled. DETAILED DESCRI PTI ON OF THE

| NVENTI ON [ 0084] Referring nore specifically to the draw ngs, for
il lustrative pbe fisstawdenangcegionndi hHALNE SOHECSIRIRISION S ¢ORNGSeG it us

general ly sho N~ . tal i ; i t he
appar at us my‘@\}g?@dﬁé)((}teoglélj(i)&nﬁr%ggpcé%s%atg\n(gdés?’%ég ﬁ%@?gg g@ﬁcgg%g] S, and
t hat the met helitpwyofmhe firstdntertéhandfoethd secsitic pscenschathsieoneected tih dhe

departing fromthe basic concepts as disclosed herein. [0085] FIG 3

i |l ustrates orditRuiRfdhe sEcORG INVEFEAti on in which source transistors are
utilized dul agy i RS | at ch.
When the [Es)gmi trgmelng(t"%%g %méﬁgg%dlfﬁéhﬁaﬁgﬁe@an st'%F3 géfgn mai nt ai n
dat a i nf or nat icontroffed blyehs ciranit@rmamtaihimgethe rad dnésninfermration, afiletima raodece
transi stors because in nmany agpl icati oBs it is desirable that_the |atch
shoul d mai nt aidihehibaddhg NeIrmMak aceesgNREe pliReACaess SFIHIS e Ol HESIRRATVE.
The present | e LARrERSAIRRRAICATNAAGE At dddibdSintOimARH saeldifigd the
state of the source transistors 1 n |atches, nenories, and logic circuits in
general . [008&Isewmieerel Ihlomepmodeithé escess path iprtewedtoff whentthere isia hat

I bl i t ' S ,benefi ci al d i di. | ogi
Cir ot mal  orsireRs CHARaE EGSSHEAR Rer Brn 10GEERNAte U BRTPaR NI AR nods

to provide eardff/wﬁaﬁ%%glsQni{gn%it?ﬁ?g%éﬁ%% ?ﬂﬁb@&ﬁh%@m, ahb8he HabAdRd

met hods. In certain e fere ays are provided, such as in
t he signal andnformation ipatoned efsewmdldre aand tie pewenandfiof Seursettransistor in

signals, and forth. 1008 FIG 4 illustrates b y of exanple an
enbodi ment | niaﬁicgﬁwwg%&?mggst Saﬁoﬁeﬁ%g’aﬁ‘ ﬁﬁt_l“é'?%%f’ﬁgi gnal delay, with
FIG 5 dgﬁb%qﬂg t hR cHeddAbbaimdle thé GRRRdssGARSThilfiohnd stdied @idcimtidre@ind™ G 4
, It is assumed that inverter INV31 is subject to high | eakage currents as

it idg5typical Ithemschss pathegatercan heturded ioficaftara eentain detay arin nespgnse tal

[ it. A . ansj S31 i d tq a P
Cransi stor of 3 KYaD 4L BaRaLs TeARIZE BAErALS! e TLfITF SIoUBHTLE! at ed
that an erfbodigm afRING Be e MR Of Wolal Ao G Wirfebthe! vilgiga! sute ftfal PROWN
in FIG2 (MNST2). Wen a chip selection signal (CS) is enabled (low

enabl i ng si gnahesecdepincdeds raised By sgivandrvelagove thalwfnedmat aceegsevodeur ns
on) source transistor MPS31 .. [.0089] ,The chip.sel i i n er
path to enabl e?ﬁﬁtﬂ"g?gs BHﬁ} g ip urrn%geqq/lay 385W£§§§§*@ﬁ%@%‘%§é’82@8§* Shd
addr egses ar e {pE HoleRl of fitt @naakeoRd dRestdte teglorad tethestorndliateessel ay. A
precharge signal (PPRE) is disabled before node C goes to high to elimnate

a static currenedgdavel. Imene anodejthecacaassfiath gatavRicentroligfiby irghErnnnich

beconme hi gh, nqde D js dischar 0 . bt ent | of
node D turns d"ﬂS(? ﬁB”@éé"W%{f?éﬁ’Z%ﬁ%gf‘g%@ﬁe g%ﬁ&%%%@l{w%ﬁglrgﬁ}ep%dr%de
(OUT31) beconmgyrdiisidtord &@¥Pbdlilatsd iiledpbAsa @ gt $tas obelicters paitiPgaresinl ow
and turns on the PMOS transistor of INV31l, the power line of INv31l should

be settled andnendogdedhe poweas aneirirarebnd seutGealiansistors presines) off when thened
on bggore node gﬁggﬁégﬁ’ﬁe i\l:,rfurtr@dsof'f:.i rcuit inplementation, since the power

sour transi st
[00107] In one embodiment the circuitry contains a latch that stores the address

information when the access path gate is turned off, and the address
information is recovered from this latch when the access path gate is turned
on. In one mode, other than normal access mode, the access path is turned

30 off earlier than in normal mode and the address is stored elsewhere, and
when the access path gate is turned on by a certain control signal or

command the stored address information is used.
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is controlled and enabl ed by using the sanme signal but subject to different
signal delay (i.e., short signal delay), MPS31 can be turned on earlier so
as not towvoausasaeyg nmal function of inverter circuit, | NV8TI/US2088/0803G8\N | N
FIG 5, thereis atimng margin (TM 1) between signal A and signal Cto
control the source transistor properly. [0091] Another nethod described
herei n fdP0tO3) r ol IFIfy 7sibusteates pareiasnple enelpodiment of squlice; transdstar f f er ent

s ohi p sol cortaHPes) sk e of e AR AT pRUET L R BBRTE P s REg G "

mar gi n.  Ther efdicait tinithgrsdethaPBveéras ponalr edeWanbd Fedluedl witlgutiivteddudingin
asynchronous signal, such as chip select, can be used to turn on the source

transi stor evenstehiitigintecifevit pppiaion. Hicwayof gyamplste empadiegdfiigtéd at a
i Si fallli i > 0092
Fla Y and Fi anosRnBIRE 8 G rRERERAROAE s Hcious UaRaRTol B ARG, | 100

di sabling of tdRir@@wansisis e the aspestias groups. Wt Stholld becamsietiatdd, undue
power can be consuned when the circuit enables and di sabl es the power

transistors tdWWeVEubRE iheriReetRMiEySs £ANRE vidizeg anprrirolien the\gowser ce
transistors ang, deaghd Pé%%)%gt[i\ﬁegfo‘t’\@@ﬂpf(g. .,2%%2%5&6@?}6%?@@[3 gl gﬂ&?ﬂonBBE’er

i's consuned in Tesponse Fon 1 n response to
CEar ging and @WMWGM?Muhs signalspahd taghie)t ?ﬁrsftﬂ(ﬁlj]@_@}od’pl)i_saeprmmef 6 dhis
shortcomi ng, an aspect of the invention provides for di ing of the
sour d® transi With §°W4F3WrWWEM$rWﬁebam 5&5@%9@9&’&‘1 gaurce)
activated (i. i I SMB) 4 i ment of
PG e even THATHOIEER RbuRR I MACIR 1 i Resplfis 4G BB RIBRGI,
potential of nnftematignesdivrodordfd eignalsieAiseedndilagiabralel Byrepféseated Mih

3 or ot hor  mSBNECRHanREISR MNAG 2o POuRr SoHER) MRS ETdr e SRR Espover

stability frOfe&nta%||éawgg§?¢]r§t@r§c}{ﬁﬁdmmuh@ imieépshyee §3ﬂ§§lﬁ6‘ﬁ@u§ Aformation

sufficient delay assur e source transistor(s) renmain on for a

shor t1speri od adrdéor chretrallsignael brihissigpié exemplenthe first tagiegroDpl recdivesray a
period of relative.inactivity, as determ,ned by the de does, t he source
transi stor getNRYF'gRP Q@){gﬂa?e,s ?'P\GE{%H‘&E?mé Qrﬁgagﬁ%gﬁr/thf the35508 e d
wi th capacitiVvg Egﬁg)gb_ng and di scharging. [0094] It should be appreciated

t hat since the %o rce transistor is of a size that allows it to supply

suf fi ci erf00809} ent ®pe lbegetit fromcusing asymehrpoors sigoatsuanpivingreatlier thanchar gi ng

and discharging of its gate capacitance can _be.a signjificant factor
Therefore. ¢ helRoRragio oI & RepichRESror Fant SeteBT R the Filree Bah§irors
standly node %Mﬁe?@o?@%?é\iidélaﬁﬁnih?%é@ﬁn tdt9ogi8 loperaner. o sRsul seondi tion
of swtching off the source transistor. [0095] The del ay can be generated

in any desiredpmedated thiaéthearryehof asynshoeneusmsipnals@annet be predietesbendi n
response to vari,gbles. or receipt of other signals, apnd the like 1t w,l| be
hppreci ated ¢ nrnehbagee RS abpafrerionfis RaaR Bpv S5uadEveh Wien telith .
its applicatiqgifife bf8tara®vatod® M ni m ze power consunption. One aspect of
the present invention provi ges a programrabl edel ay period toward all ow ng

the user [00180} i ni Zeonanisagic grnei .ec logipigeonmil dn it figwie) wdjchbis enabied eriot he
el aysoan be RpotSITIEd S BEANS. B YRS 4R TP P PR e Pt
a convent i onalydAdifiolstih dsOVIRGE £aHE MPSGANaIS hiduilated by a control circuit
(i.e., source control circuit 1) subject to control from asynchronous information
for fast enabling. The arrangement of the circuit provides additional timing
margin for the second logic group, wherein the source transistors can be
30 activated in response to the combination of synchronous information and/or
control signals. In this example the source transistors supply power to the

second stage logic only in response to the chip commencing to perform a
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and control w thout introducing a speed delay. FIG 3 described a CMOS

|l atch with an NMOS power source transistor and PMOS ground source

transi st owo 2Wwans2eat a stored in the CMOS | at ch does not pogA2606/0ke78

mai nt ai ned then the source transistors, such as MNS2 and MPS2 in the

exanpl e, can be switched off to elimnnate | eakage paths. [0097] However, in
the case wher &valitapesationed on the CMOS | atch shoul d be maintained, then the

Fource LIBBTATE o1 ERASS Al kbR fidkon AnSRERS ot b SR F RSSO
and MPS2) can than eRoigrelipsdnt Qh@trmenrdethddﬁé enmrablofdrage Wit singld smrcehose
pr esent durlng[ nor mal operation. of exanple, the gate potent

r

NMOS sour ce t riEgisisioesy ag WIQ@?)S t@&rﬂl{?é P@W&ﬁ@@@ QF?WﬁI SoMss anpisters %%)ﬁl!‘%i‘ch
VI ;
:ogt ga%?;ﬁbgh/@]so%lehw nsi's @SCY'PWZ%“Z%%% ins \élayhda‘tﬁgﬂegdw@som a %cr)]gtt ed

vol tage | ower Béﬁabhs\t’&aac(afé/ﬁsﬁtlrtgjth\ésgbobe\&ihe m'KAwMehmwaspnem pajwdnegrel s of

(Vi rtual Volta NNx) WDD2 and VVss2 bec DD - Wt } {}g‘ éI\/PSZ)
respectively, | Iovsmf(smy HieProppn W §rr@¢@m KOO r%'agé tQst

MNS2 and MPS2, Ve V, NN VVss?2
can increase tﬁbggﬂg% tv‘@l”%bae €s o?% atc %é%h&rgétgﬂre;?eﬁfig]r ex aﬁﬂﬂg

bul k-t o- sourceenumlrﬂmeefothﬁLémbadnlnéMBMmIsMawmc&ﬂnby)b\/torms(ttvlm«e skltlbda
source-to-bul k volta e 8 21 and L22 is increased b\é Vt P@I\/{DS@%
respeltively. '[‘JttlfP?Etr A9 tth%t O8RS ?ﬁé‘%ﬁ?"\;m ends aREREMANIG B UIt in
i ncreased thr r %}y% tar t he
| eakage curr eﬁtﬁﬁﬁogv\yﬁr?gﬂ?ﬁ?%mﬁ th ClV[gﬁf él?gipﬁ @ "Zﬂg’g?eeﬁ%&f%%%]
FIG 6 ill ust reémenaimthessingulanyd mtenlmdedﬁmmeﬁn 'éorie)gnd omiyr@m&‘tun,lew NMOS

d t t S SRAM St Ve
Qe 11t shoul Gty Sortetesh B4t tatler g oo+ Al A BEOUETIOE.
W thregard to é@&éﬁtsltbnﬁe%en@mlthé la%b§esafesaﬁieé@ bRYBAHGMIodRERCCESS

Menory). In thi | ementation, the virtual ground potential (VVsss) can
be artsitraril ythabarterIoidvemitduﬂwoser@‘fcnrdmmesmﬂann ﬁr@ear(tw&ra)(pmlyancarrmrateﬂer

h d | f A d
Sw tohed bet weiSeEb e e and P aerdgite SheitpaSerstly 1 plssbhce ¢
changes in the g, CI@IoF@cW%r ft‘i%fn@%?éﬁé‘s@a@sfof afdesfdecdr Ritifod ) 84dress esicanal

such as a chip select (CS) or block select signal. The reference voltage
| evel s can be ayet evsrydirbblenesoughitthduessalvethby &pwwfbm\(ﬂﬁ%lond%ltdd\b@nt age

of this techni ue i s contro Iab|I|t of Vi oun ey
shoul d be appr 5‘?@?5?% SR PY C'ém%cfﬂﬁﬁe@g‘?{ebeg ?@gh %cﬁ?en&
addi tggonal 1y, drREgisRINte .ﬁ«ﬂﬁe Emyern@msu&uw% intdridedl to\B&d e@itateidi talthéo t he

| atch. [0099] In the | atch described in FIG 3, the virtual power and
ground | evel s m:kéICdegélfdl@Sraadf wpemwm@bmeml eapeenent, RVIEthed skavos source

operat i ng condtEbie evie PLg ARt NSRSy BRI B R b bEn ud"ana

are al so Susce\mcjebltﬁeB&xf@bhsweﬁmmoq@sw \Aﬁatag@aph iflessigement e
t hreshol d vol tage of transi stor decreases en tenperature increases.

Therefore, a difpresslyceciiest uiing the pheaseameansfetal power and ground | evel s
decre es when tenperature increases. Thus, even though | eakage current
beco nore serious at high tenperature, Ieakage suppression due to effect
of threshold vol t age i ncrease becones | ess.
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[00100] In contrast, this aspect of the invention provides effective
| eakage suppression as represented by FIG 6 since the virtual power and
ground | ewel2sossmobe controlled in response to the Vrbf pcexmskooshmprof a
nunber of techni ques can be adopted for controlling and progranmm ng
reference |l evels appropriately. The state of the ground source transistor
(IMNS51) can be controlled by the ci rcULAIMS order that it is turned on
prior to i Q. the word line (W) to prevent access (i.e., read)
speed de&&gﬁgh‘ggmﬂ%%'saddi tion the ground source transi stor can be turned
off after a certain delay by using control signals such as chip selection
(CS) as described inrelation to FIG 4 . [00101] The level of Vref |s set
for a given apblicd ceuit forreenyeing syrestransisters paiin aRdniegried SirgHi,
vol t age clreut. cess characteristics. Wien thechip selection signal
(CS) Oe%@é&,g&ﬂ%é‘rgﬁ{g‘?%l goes to high (or a higher voltage than VDD to
i ncrease the atregdtiond solrog tangston, bbweobr NSt drocorhbisiation iof pdwepaed) and
turns on MNS51 . When word |ine EV\L) g?o_es to high, .a bit, line (BL or
BL- bar) i#ound.cerifigeh il SERGYCoSURENG PaVEH 1¢ (PAH HACRISESTS XM 8Rd a
nor mal rqﬁ% 0LQtdelit HeGRSS afger ation can be perforned. [00102] The del ayed
source transiator deacti vat ron aspect of the invention can be selectively
appl i ed in respeasefdranbdelatihg phéetatg of dhiel Sourca transistariirmesporisenty peri od
of time after conpleting an operation, The |ength of the period of tine can
e 5 i davice tafuf

be cdfsi ddrangesin fhePreratingdncde of theinteoratackd gUiGe 1Q,IUAD QF ST spwee

sour ce rpnicthPhrd ARG HAIREISGic Hankishers! rom whi ch a pover savings wil |
not accrue, or otherw se sed on application and operation to reduce power
consunption conpared with |lesser tinme periods. [00103] For exanple, after

the nmenory cell is pot accessed for a long tine after. performng a read
operation. ¢ hé-chi dh SEFELas SRS WhBtEh s AIyBoIc A IO COTRESS A ¢
l'ine remifs &W&g@gt kﬁ%ehl s situation, since the word line is high, the

pass gate transi st 3 and MNL54 are turned on. Accordingly, |eakage
curremt froma bit line |load (not shown here) to the pull down transistor

(MNL51 or MNL52) of, the SRAM cel].is added, to.the. | eakage current of. the
VOB T atch. Thot of dh Ecyihas Rpates e, whetein STLSTHEP Fenslslyy T4ARIgDI r es
as det er e BarfodthtNlage! ofatEh! Bk cBmiatrinds@keoh AHE ouRyil stdgee | evel
transitions to low and Information for the word Iine can be stored at

r egi st er syitkindhe indegpadedhdirswitirce transi stor (MNS51) is controlled to boost
a potential of virtual ground (VVsss). Wen a new operation starts, the
potential |evels of node A52 and A53 can be refreshed and restored back to
a preyi ous staje bya Lkt BY réditddm yaikel4! i ne and controlling the source

transistor. [00104] The enbodi nment regresent ed b%/ FIG 6 shows a circuit
cont ai ni ng t wovices saideneans farrmaedileting ke siate af saifl sowece fressisiaiverter is

connected to the input.of the second i.nverter nd_.th . second
inverter YEMRGHiveEt @-U{t&ophgugggg@trr ?e'Y'Hﬁ %%eé%?{[ r\ﬂb@?'t%ré B%Q?LL’H%%}&QS of
the firstszndereaondignay tirbags a f¥Bath ey & 84id sviuecs BANASIBIRE prier o certain
first node, and the sources Of the first and second inverters' NMOS

transi st cynmusicaing seiccseleetien signahihiouglt asecand @atmdplawde the Ig@der source
tran?:b_stgr istcor_mec ed tothe first node, and a ground or ground source
trangst of TS RGWE ed to the second node. The first access path (e.g.,

read or write)whsrefiPoaiaGirsichatd ddigy RUESSIthad sdil@ctbnd batndekldor stabilizivg t he
second access path is connected to the output of the second inverter.

[00105] Teeree pewsr paohta activaéingithe lngic fransisfossenbodi nent is preferably
controlled by the circuitry maintaining the address information, while in a
node

5. A circuit as recited in claim 4, wherein said selection signal comprises a

30 chip select or block select signal.

-23-



ot her than the normal access node, the access path is turned off
irrespective of the address information change and the address information
i s retai 0 2edcaEnd¥ere. | n one node the access path is tecmas2@o4bhen t here
is no address change for a certain period. In one node the access path is

turned off when there is no address change for a certain perigd, .and the
addr ess i nf or @at i orf Fiscuit as eeriteddp e, Whereimsaigdnganafrl/mpeddlgting éhe

transi stq int [ Lt [ he. - [ : ff.
[00106]  SIFtGAL seltbadieE iarNO R aa sl SRUCRE AR G i MR -

t he acceggfdrahbe betwesmaspechronogsiand isyatihrenoas sigriats o aetivaye eaid souresponse
to a given control signal. The voltage _potential of the first node is

| oner ed Aragisisdorsiaite ﬂb%IQSWJi"ﬁﬁ%lstﬁrsﬁf)&%ﬂe‘é@%ess node, and the vol tage
poten%ial of the second node is raised by a given | evel above that of

nor mal access node. The access path gate is turned on by another control
signal or comyand, Abilclihes paditentinalaiof 6 fwheteirasdidsssyochronodssigna is est or ed
to the normal access node level. In one node the access path 8a¥.e IS .

cont r ol | €@nfiguredfenafival RAPE kP HesynG FRW%{SSS'@@QE!? resRONSE 19rdDRRve dpuice
transi st QL pm%rei n the source transistors are nodulated in response to
the state o he access path gate. In one node the power and/or ground
source transistors are turned off when the access path gate is turned off.
[ 00107] I n one enbodi nent the .circui té{ﬁco taing a |atch that .stores the

addr d8s i nfor fat i orf Get 8% Eecliedda£lajnt 6, Wagrein the asynchroiqus sigpaking
address | i j f ' CEehRAdhHat e
is turne Bﬁééﬁ?h{ %Hgéﬁ%@{i@%?ﬁ%@t %Iﬁgﬁ?’ %@Pﬁg%%gﬁgéﬁgggpr%ﬁte&%he accessé]?)ath

i s turnedraf digearrdyinehrdrized imthribe wkdcknrode and the address is stored

el sewhere, and when the access path gate is turned on by a certain control
signal or command the stored address information is used.[00108] FIG 7
i1lustrates a@.exawkﬁcﬁngg%aré&in IaiﬁPG,r\ﬁﬁeFéiﬁgéi'dSéé?fnchdﬂbQ!s@?na'|l'_h'§ use of
grouping allows power to be applied in response to the circuit Timng so

t hat 16V eraldptembfermodealating the stadel of sedunsettransistorst foo afushlgglogroapi and gaidnt o

[ [ ion. f I he. di,ed ci ' h f
asynohr oSN SRU TR o BHP BP JHEME ki CRE ot Tl oben KBRE PR 1idr s i

the respeelcbMg dI'sRBRSquént lgggtgrgu@.e appreci ated, however, that other
mechani sns can be util'ized Tor controlling the source transistors

respective to group (e.g., delays, delay offsets from asynchronous and/or

synchronous sigpals, and the l.ike). A first |ogic. qr i with
source transi stbrs ME! ?ﬁé@\gt‘“@bﬁj%@} _ aWheWﬁgEﬁ'd?'ngﬁ%Egrs%gﬁg@ﬁﬁgﬁg

cont gl | egafRYorIRd S6uleRNFaristot, [corhdrisks A\ciF@RPRAEBN1rOllIAG YRS BbareUsower

i nformati on and/or control signals. A second logic group is represented

wi th sours=tweeamrsiostpowensGactiypweliagolevekandayoiipgeteveal suffieterddar ce) as
controlled by Source Control. Gircuit 2 in response to synchronous

i nf or mat isbwpéﬁd?%maggﬁf’\%la%'i"@%al s. Inthis sinple exanple the first logic
group receives an input signal and generates an output which is propagated
t hrough the second | ogic group. [00109] One benefit from using asynchronous
signals arrivitlg edhcireuit aaawbg&@mlajﬁbm@, whejied said<CifcyitOmPrEesf} erast

For 18g1 Arpuikorse St STRGSERLBIPLEY S BE EREE EIgUL g 2Ry 0! 1
asynchr ongaig i§ idafehsinéamye ddfcekeicaibaigrandr blockkeledtidatsig . st at e of
asynchronous signals may change even when the chip

12. A circuit as recited in claim 1, further comprising means for maintaining
the source transistor in an on condition for a period of time after the logic transistors

30 are turned off.
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isin idle or standby node. [00110] For a logic group (i.e., logic group 1
inthe figure) which is enabled prior to other logic groups (i.e., logic
group 2 iwothe/dfsegare) the state of the source transi st @cT/USsush4@zs MNSGL
and MPSGL , are nodul ated by a control circuit (i.e., source control
circuit 1) subject to control fromasynchronous information for fast
enabl i ng. The 13 r afyeirewit asreeited ipidlait 12,prbsiedesaiddarans R maintaiRgokRigi n

i espongiroreREctos Bt SRR el AR £ Er o CARMRT PR AR e o

si gnal s. gourddiransis®imipont leeeiiny st atthvinselstitorssignahlanddfondelaying the second
stage logic only in response to the chip comencing.to performavalid

) ! P g. L.
oper at i ofleactivation of thegqurce fragpisia fpha dgsirad pesied of dime afier tegtaledtign pe
grouped ik 1 groups and that the method is anenable for use
W th gi ngﬁﬁﬁen%gggtpg%é F%%H\é%t ors as well as the dual power and ground source
transi stors as shown. [00112] Although the description above contains nmany
details, these should not be construed as Iimting the scope of the

. no ) he .
invention but s neh 6irguibagveeiiasyniqlairs1 s avhefiedn sfidssection sigralfosaRiiRasy
preferre i LS di ntion. Therefore, it wll be appreciated
t hat thedas@ﬁggg!)g%y%keésae%g éllﬁi(/%hti on fully enconpasses ot her enbodi nents
whi ch nmay become obvious to those skilled in the art, and that the scope of
the present invention is accordingly to be linted. not hi ng .ot her t han
Lhe dBponded cioal mA CITRUMATGPNTEDEGAECE BABHStATS NN PR IRRGIRPAGIPHE | o
not inte t :“one and only one" unless explicitly so stated, but
rat her " orb%g/%oet’ Bﬁoﬁﬁg&n Al structural and functional equivalents to the
el enents of t fut |edstonedemoce bhedsistatanfigdreshion detentivelyrsatpplying kooenta an

t hose of ordinary.skjll [n the art are expressly incorporated herein by
r ef er encdNRHEATGH SITCHEE QY ISe 'i%’"ﬂﬂaro&'fb% §£’é§i by the present clains.

Mor eover, it iﬁhé}emgae%%%ev}raﬁﬂs@fﬁ% REd BRIAEWLPsGitde AfhsRAG! 27N

every probl em soug to be solve resent 1 nvention, for it
encompas ggduty sbheeprassisior,odraa aesmbhativhef ibothe power eberoeriransistopanént , or
met hod step in the present disglosure is intended to be dedicated to the
public réljgﬁ“aﬂl gggrc&trm&%ramﬁe el enment, conponent, or nethod step is

explicitly reghégsk it rhbeulfahﬁgrﬂﬁe stite 6f 84 e ftanSiBtRIiR réspdriehls
construed under the provisions of 35 U S C 112, sixth paragraph, unless
t he el emaiiangss éxthreespénating snodel of thenigtagiateghsiesil davicemto tuon onGaid ssUrdRat

is claimed is: 1. Acircuit for controlljn ource, transistar it hin.an
| nt egr at dersrtenand ERINEN SalaeT hateisior e B8 OB RIE3RT 8 Pefipd At A
pOVern0r FiPlHt RansiefRiidairhed off power and ground, configured for

sel ectively supplying power to logic transistors within an integrated

circuit device; and neans for nodulating the state of said source

transi stor in respopse t.o.changes.in the operating. nod f .the integrated
circuit device®o t&uPHCWﬁf%raﬁod‘ ngpcsé’utr?ea}@?%&owﬂﬁllni%}ﬁ\t%gr?iﬁcﬁ?'hgj'@n t he
| ogi ¢ trapsic @bmprding® circuit as recited in claiml, wherein said |logic
transi stors conprise a latch or an output stage. 3. Acircuit as recited in

claim1, wherd latchtiscubhaveg @t least tvefogiefipnsistorp sagpleddonretaininge st age,
io:u Z&EE ﬁh%ri?/;sé%efa?n iczgt?ﬁgiu%d ?cfar I&é%& %cgggse%uilo‘? lﬂéa&h&%‘? V\‘Mtfngi iA att1h§ccess
mode;
at least one source connection, either power or ground, through which a
virtual source potential can be maintained; and
a means for driving said source connection from a low-power non-active
30 voltage level to a normal access voltage level; ;
wherein said normal access voltage level is configured for supporting normal

device read and write access in the device.
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4. Acircuit as recited in claim1: wherein said nmeans for nodul ating the

state of said source transistor, conprises: a circuit configured for

recei vi ngwe 8@l/iseg92on si gnal and conmuni cati ng sai d sel ecriusaosiogras

through a first path delay to said source transistors prior to

comuni cating said selection signal through a second path delay to the

| ogic transistors; and wherein said first path delay is |l ess than said

second path d y fo C r he

ogic t Fansi stdy e, AECTGHERS podleddn AT fo AP Lol ighbiier et otk

sel ecti Omnédegaéﬂnpﬁgé@hl staAdiby ohidie ardeavhich idimplensaited with gnaithdist data

circuit as recited in claiml, wherein said neans for nodul ating the state

of said dei@néentransi stor, conprises a circuit configured for using the

tim ng di fference between asynchronous and synchronous signals to activate

said Source transistors prior to the logic transistors of the device. 7. A

circuit as recig edAﬁlrcduaiamr@cﬁed/\mwairm&,ahlqiereaysalﬂrlaimhlmmp@&sl: is

configured for arrlval cFrlor to the s nchronoutsﬂlﬁ gnh in.response to a
Sl the, fi

positive devi @ WOS ngeﬂeg:‘, indihieh the py EStRVRET IS wher ei n
the asynchy, ﬂ@Bﬁéﬁ tB'tﬂQ%pdt%f%% Eoﬁcﬂrﬁl% eﬁ'mheoéutph%f(th%eé&%hdﬁh@é}?ér is and
t he synchronous Sl ac or a signal synchronized wth the
cI ock. 9. coﬁneciredubtthesnplﬁcrifttbel senond mverter,,anm’meesourses df teyRBOSnous

signal is adapted for nodul atin tate of so transi rs, for
{1 Poti0) ogransneras! thadnSana Sora DHete Segrnerted i o BrChRI A ng
t he Statq 8%05%@% Pﬁ ﬁséf&rrs 8f ﬁl%cﬁ?ﬁfjaﬁ’dl sSHOSE HiRMer LAY cEnSEA@E® 10 10.
A circuit as reC|te |n clalm wherein said neans for nodul ating the
st at e of zsgiven seoole nbdensi stor, conprises a circuit for controlling the
source power between a | ow power non-active voltage |evel and a voltage
level sufficient to support normal device activity. 11. Acircuit as
recited in claign 10y cibGt 8§ rﬂ?cﬁ%odmcdléﬁwé WS 8878 SHures e@hn@&wn' ibi er
whose out put level is contro by a reference voltage, d whose activity
st at &5 s adeiplachiorssid fiystaordeid secersl rode, andswheesin en aiilema(tesrm&:tﬁrsimrsu gnal .

f
Tai nt a niSREOPHaS SoUPLat 08 ROEF 5Pufte U BWEL ARIEE TP TOr 0k Das FOREHed e

after the |oghg d0iREs bf hYrdund Solikte®shgidtbr. 13. A circuit as recited in

claim12, erein sald méans for maintaining said source transistor in an
on condltlon, conprises a circuit configured for activating the source

transi stor up reC|V|n an_active sel ecti S | I o- j.ng the
deacti vati on é‘g%ﬁ‘r”ggstr?gfﬁg 0, Glgim igé "é{ﬁ%@E ggg 'BS?H%&‘E 4” Sin%ggf ter
the sgl ecfyupde ébrﬁﬁ@dtlorn% WoRGigLiRaCor VaryinktheAvdliage\p dteAtalrcfahé fiktinodeliai m
13, wherein said selection sirgnal conprises a chip select or block select

signal . IBspenss tociptagrated ciunitrenarating BW@ece transistors within an
integrated circuit device, conprising: at |east one source transistor
configured for selectively supplying power to an integrated circuit device

havi ng | ogi c txfansigtResit avhesitddinsddich 20urce transi stor is configured as a
power source transistor, a ground source transistor, or a conbinati on of

bot h power souwhesetry saidinseans faidiryingsrid SeUFcECaNNAoBCOMPrises aamep|ifief
modul ati ng, 86 e Ak SoffrofiRdns WitsGe hbMtiaPsLlail BolfcP80 ediiBn in response

to receiving a reference voltage; and

wherein said reference voltage is dynamically or statically programmed.

22. A circuit as recited in claim 16, wherein a first access path is connected
30 to the output of the first inverter, or a second access path is connected to the output
of the second inverter, or a first and second access path are connection to the output

of the first and second inverter, respectively.
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changes in the operating node of the integrated circuit device to turn on
said source transistor and maintain said source transistor in the on state
for a perwoado@fosedore after said |ogic transistor is turmeu/uskdosod@ss A
circuit for controlling source voltage within an integrated circuit device,
conprising: a latch circuit having at least two |logic transistors coupled
for retaining a binary state and configured for being accessed for reading
or witing in,gn agc : aals o : h Py i< @ ower
or ground. t ngugn AT ¥ (ol in SR ¥ GuapLiiF ARRES bath s o8l
a nmeans horaddréss seesRirtcisauitrg evhicintuens dffrsaid access pathpoespedive-adhe ve
voltage | evel to a normal access volta%e I_evﬂq; : V\h%r%%n z\aﬁid nor, nal
access vardeass infevmiatiog change Jriestoreatiag in 8t leashons mede WiiAs ot A8k
wite acggéésé' H]o'dﬁe device.1l7. Acircuit as recited in claim 16, wherein
sai d ?OW— power non-active node conprises a standby or idle node which is

i npl emented with or without data retention. 18. A circuit as recited in

claim 16, wherein said lLatch conprises:, at |east t CMOS i pverters, i

whi ch the out gdt of §iFaIaS Egeite \}%rcfaé’i“ 1@%ﬁ@c§%@0398€?§183{]m'ﬁﬁwn59 qfﬂe
second i It t f it i | ggcted to the
i nput of Qﬁ%@ t@é{:eo%% %@grref[% gro,Wétgﬁg atf{ég%s%ﬁéﬁggng?bf EE%PR/%%eﬁbgnsi stors of
the first and second inverter are connected to a given first node, and the
sources of the N transistors of the first and second inverter ar :
connélted to &2giv C'E‘éfﬁfcﬁﬁj_r‘?%t&_g;m 'mA{({ziVYS}ﬁIFW_ %ngHr%eea"ﬁ"?%cg'Pagr%?ﬁe,
wher ein_ 23hfloRGHEESRBthE MatbSortAuRlcelsd pamai d first or said second

node, an erein an ternate node, first or second, is coupled to a power
source or a power source transistor, or is connected to a ground source or

a ground sour trgnsistor. 20. A circujt .as, . recit | (e wherein
saigd means fo&%dri HEPUtRs religAda CPdeLéctfPﬁheﬁ %O'Bﬁﬁ?'f‘gd&&g Qppgglﬁ(yaryi ng the
vol tage I%Bhﬁ%\&ﬂea'fo%tofrihg_éddrégs HEnatiorT REER TS abeedsbatIis tethed dff; wind for
operating node. 2 1. ACircuit as recited in claim20: wherein said neans

for dsi virecpweaing axtsreseirfomatian tiamcibigletehewhan therpreessepatbgate dieaed or
controlling the voltage potential of said source connection in response to
recei ving@"a reference voltage; and wherein said reference voltage is

dynami cally or statically progranmmed. 22. A circuit as recited in claim1l6,
wherein a first access path is connected to the output of the first |
inverter, or 27secdnthelicedof conirelling layvpawer egetaiongdn aitipiadratediqieuéecond
inverter,, or a first.and second access path are connection to the output of
the firstdeYif§ SARIGOnverter, respectively.23. A circuit as recited in

cl ai By16, Vmerc%itébtﬁ-@iéiﬁﬁﬁ@@%%ﬁ@ﬁ@igﬂai; controll ed by address sel ection
circuitry which turns off said access path irrespective of the address

i nformation clestiyatinheourepdransisigrs for sUpplying:PVR tReitoylRut Ktags: REh Myr nal
access node. .24. A gircui cl kA is [ ' ss path
st ar nedoginniRihot R vt B SR de o Biring Mebfare R, B RBpOnSGRERS, P
has el apsrggeip»zéf sdid Girstadldctivh digealt @ddi n cl aim 16, wherein said source
connections are controlled according to the state of th acces%, path, 26. A
circuit as redctivatinglogiairangistors withinesaid intgeraied giredit ek aFtyating said

25  source transistors;

wherein a sufficient delay is provided between activating the source

transistors and activating the logic transistors to stabilize power from said source

transistors.

30 28. A method as recited in claim 27, further comprising, deactivating said
source transistors within said integrated circuit after deactivating said logic

transistors.
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configured for storing address information when the access path is turned
off, and for recovering address information fromthis |l atch when the access
pat h gat evo0eausee®d on. 27. A nethod of controlling | owPpowEsRooSpEr4at i onNs i n
an integrated circuit device, conprising: detecting a first selection
signal; activating source transistors for supplying power to an out put
stage, latch, or conbination of latch with output stage within the

integrate cirgyjt, in response o, regei of i.d_fi . Iy i gnal ;
andacti vati ngd ogiA ReBREAeTBPLSTT AR 281 PRy 5 slritieB &Rl S gt
activati iHprpabd deaetifdtig MeIb§icarhsisbersidid@astivating itedsodRIeatyandgistbroPd ded
between activating the source transistors and activating the logic

t ransi st qarevent lessipf power pi@hiizatioom sai d source transistors. 28. A met hod
as recited in claim?27, further conprising, deactivating said source
transi'stors within said integrated circuit after deactivating said |logic
transistors. 230 A RihstHodase6itéEmh ¢l8int R8I forthdr coRfrBiny mtrddltingient del ay
is provided between deactivating the |logic transistors and deactivating the
sour ce t reaiffidigntoielay pepipd betiweenthe deagiiation of g lagiatraasistoss and the net hod

por i od bevhlg e SlstRe el RopGRTTA pohsE I sbb I ot SierlsTinie,
transi st @fshé eoluRdUEEnSIPRFEbHh Bgdpsiiver | osses ari sing from frequent

switching of the source transistors on and off. 10
10
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