WD 01/ 65696 PCT/ USOL/ 06442 LEVEL- SH FTER FOR EXTREMELY LOW POAER SUPPLY
TECHNI CAL FIELD 5 This invention relates generally to |level shifter

circui trywantdesepore particularly, it relates to an inprovedriusmalesehi fter
circuit for use with an extrenely | ow power supply voltage. BACKGROUND ART
10 As is generally well-knoweyedigHiralerl BgRC circuits are widely wused in

the areas of electroni c?ﬁMﬁmg&eﬁoﬁé@o%ﬁgH&pmnt However, the various

digital logic circuits at” nust conmuni cate wth one another may have

di fferent power supply voltages. For exanple, a first «circuit that
operates wWith logic |evels betweertA ¥iekd and 2.0 V (H) 15 may need to
communi cate with a secaond ci rcwt that o erat es with o | evel s between

0 V L) and Fras\ApygntipRuEelahen SERErRStY diyittsyet 86?% ercFrlEﬁF%t’E)‘f Be
power suppkypaaditcagerly, riequeleted ao ahetfaceed Lavel stecoad dirgiatalfdrogi ¢

circuit of anpgther egc(gwgmen)gplpl“y \é% %gpthe@glté typically needed a

vol t age “ESnversion or tramslat he™ t 20 di fferent power
supplies so that they will be corrpatl ble with each other and not drain
static current. A level shifter circuit is provided to performthis
function. In Figure 1, there FA*SREWP £ chematic circuit diagramof a
priap art |ewel ishigkheraTiy cwell-kdowhi clidgatalbel dised ctlcacpeté oam avidBy

vol t age co version. Thelev shifter II‘CUIt 10|s corrprl
N- channel® ﬁ/&ltscr an8T 1% OfN‘ifeCtrO 1CS Cacﬁa e ?raqﬁlsf)s ors %fwe&%g and

pul | - dovalreN-eirannel dIWE:EtJr ahcsgls:t o¢ls-”d\14ts NShaThaubkr sompun tedreneti thr 2msi st or
Pl has 'atn%tﬁé’f”nfég ﬁ%%‘ﬂf?gr&& F;'B@ex?%l!{p%@ Ovoltt*&%essecﬁld eﬁaﬁﬁ@n@ first

transistor P2 and to a gh vol HV, IS 30t§|call
appr oxi IfefFERyt Vit opfea%‘f t"'é‘-thl'ﬂégél? ali%feéﬁ Pﬁ%we%nr &n .é%branndﬁ 4 CorHect ed
to tube g@tyen@éd tie cbintisd Siter wbeh antetond hei rcsur eRatfopehat@asa thr aagicst or

N1. The t he t tor i onnected to the dr in

transi st% %2 aettwﬁeﬁodqu}jm?ﬂ%ﬁ ?sé g{ﬁnne@’t’ed tzi)1 A ot rﬁgt rtr?lana?glﬁﬂ'
35 The peagsuitansistomwdwerhaspply drldiagecdnneetredrdd tan mmputaCQ erifima | N
for receée\élogg meﬁu&oéign@lrc%q(é 59 éﬁl?ch%@t sox9£r tsj?l%p@yu/olt%%%tfléfgsﬂsﬁ or

N5. The gate o transi st or I's connected to a first power supply
pot ent i &mve@llmqg@eﬁsat ycﬁ]_téaggq y:oayeq@lq_p \P*r fKanslation between the two

20 different power supplies so that they will be compatible with each
other and not drain static current. A level shifter circuit is
provided to perform this function.

In Figure 1, there is shown a schematic circuit diagram of a
prior art level shifter circuit 10 which may be used to perform a

25 voltage conversion. The level shifter circuit 10 is comprised of a
pass N-channel MOS transistor N1; pull-up P-channel MOS transistors P1,
P2; and pull-down N-channel MOS transistors N4, N5. The first P-
channel transistor Pl has its source connected to the source of the
second P-channel transistor P2 and to a high voltage HV, which is

30 typically at approximately VCC - +10 wvolts. The drain of the
transistor Pl is connected to the gate of the transistor P2 and to the
source of the pass transistor N1. The gate of the transistor P1l is
connected to the drain of the transistor P2 at a node A, which is
connected to an output terminal OUT.

35 The pass transistor N1 has its drain connected to an input
terminal IN for receiving an input signal and to the gate of the pull-
down transistor N5. The gate of the transistor N1 is connected to a

first power supply potential VCC, which is typically at +2.0 V. The



1 WD 01/65696 PCT/US01/06442 pull-down transistor N4 has its drain
connected also to the node A and to the output termnal OUT. The pull-down
transi st awONb6¥sas its drain connected to the source of theTUsansHet or N4
and its source connected to a second power supply or ground potential VSS
(zero volts). The n 5 type substrate of the P-channel transjistors Pl P2 is

tied tobud duByteanahit o Menkami Yif FORPLRARPGtEN s &Pi B ORABA
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P2 will be turn d the tors bot h be_turned
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thetran istors and th be turned ON and transi st or
W || be stoyraeda¥ro tiRuBioh eolitagel Hehifter circuit 10 will provide a

vol t age |evethEpQraéﬁxNOME§naﬁhéhﬁmﬁMIQyénéfﬂéﬂ Rak ghgﬁthﬂﬂﬁﬁﬁél hiis
existing prior art level shifter circuit 10 suffers fromthe NP ))R_Lal

di sadvartfagt YHHtS i ths PPlJfa‘fEI’ bF aBtS toperth eV inhienPe t FETPBMe s
vol t age t¥&ehsi stdredra eand o wid1 ato e bee tetryed @WF vodd ageessuch t:as Béyeﬂ

vol whi ¢ equi val t he threshol 20 | t.a he P- I\/DS
trarrllél storgtﬁi %f e gﬁl\f' ﬁv&:’é diun vi ewlqof]e % 1r g’%dﬂ? g (feép m cron
CMOS t eclimerobogyut It@mnnahdoﬂhmepnpoherot@pphydA/mhtea!gébe\ﬁG@Ué;r él@mhgﬁtused.

Thus, aschfehgnp@eﬂeaex%qﬂghyxmst ageve¥Ch s ,made §owehat 0rBes QAL sOks heglow
t he threshold voltage of the P- channel transistors Pl, P2 and the hi h

vol t age BIVwid 1 aeleh tRe BaregdaPN2and othen& ranspP i Reentildl Pocturred (T
the pul lrhug, tﬁlaélSieS;teqr shPit&F ciRZuaicl ho bei able ot-adbea twsedeONeasd of 0

consequen node A or ou ermnal OQUT wll be left floating.
Fur tRer Y ;L§¥t?1 e‘}hel é’k‘%@%‘é rqﬂ%%ggfy “oxides for formng the CMOS

transistors ageber ng-hiwdexidtiimgepraod atrhi bererl ishifter CVMBSuitedidnehbiprs 30
such as f@%gﬁ\%ﬁ% F&ﬂcq 104: DEd W 2B VOLL TR Qmefaqricgrhw@e;pet_cge@ Aheut

+2.4 V - across the gate and the bulk of the "transistor
devi ce Willel rewgse S&pﬁiéaxﬁbwﬁ? nVéReigatredesq@Hedd: ot ur® SXHEFRHY ch®ati ng

a failureitkee, eéaepl 8s \Mﬁ!eo tvla@tgnwacﬁl gpaleqivAlemol & tBe applésiblia the
gate of the tran tor in Fi ure 1, the 35 le ezl Sglftel‘ ‘Fclcl‘cylt 10 will

enéPat &°2 08Pt % et e\llaeF gy oS Fraggistors P view

of the trend for deep- submlcron CMOS technology, lower and lower power

supply voltages VCC are being used. Thus, as the power supply voltage

VCC is made lower to be near or below the threshold voltage of the P-

channel transistors P1l, P2 and the high voltage BV is made to be equal

25 to the supply potential VCC, neither of the pull-up transistors Pl or

P2 will be able to be turned ON and consequently, the node A or output
terminal OUT will be left floating.

Further, as the thickness of the gate oxides for forming the CMOS

transistors are being made thinner and thinner in the CMOS technology,

30 such as 60 A (angstrom) or below, a voltage difference higher than

about +2.4 V - +2.5 V applied across the gate and the bulk of the

transistor device will cause a breakdown in the gate oxide to occur,

thereby creating a failure. For example, when the input signal of 0

volts is applied to the gate of the transistor P2 in Figure 1, the

35 level shifter circuit 10 will generate a voltage level of HV volts at

the output terminal OUT. As will be noted, there will be created a

voltage difference of HV between the drains and the gates of the P-



the output termnal QUT. As wll be noted, there will be created a voltage
difference of HV between the drains and the gates of the P- 2 WD 01/ 65696
PCT/ USOLM@ 41dies69channel transistors P11, P2. If the transi BCDUSOIRGB442P2 wer e
made of thin oxide, this will cause a breakdown of the thinner gate

oxi des. Therefore, i.t woul d be desirable to provide i oproved | evel

shi f t er CBFPRTE tt‘vaﬁséﬁt%sdg’sﬁ difed ¢ gg‘ecgﬁ%%flst S0 Sdeot
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ext r enekiihoxipnethsapplyl welusage. bfeskdogn, of t thwuihd nber expedicerideshat t he
| evel shifter,ci ' | 8§ 4t QP t r Qun . af s Lhe, gate,x%i de
in all of thghtg!rcéﬁcg]ilés’t %&s%ﬁggé&ﬁ%§%ﬂ|%§hﬂpﬁg§qlo zcccl)r%ion\(,;ﬂ , It is a

gener al shéétel cdircadvanhage iof deRégpe@sentbe icapahis oif (@ eprbiRde’dh an

i mpr ovedyl eygd1shidd §lowek! Sbd1f Qfo14sgeW t BuatheXtiteRRLYdl BYW PANETi SPP! Y
vol t age which has been traditionall unavailable. It is a technical

advant ag§é2bfthndeyrésermtGeny et Tt )téS PPYVi P PrEBHN ':ihﬁ“p]P’E)‘?Féi‘iﬂof”@v‘@:‘%71 i fter
circuit gabkchxice deskhgnedr ttheoperatestddsh an  extrenely | ow power supply
voltage. It is another technical advantage of the present invention to
provi de an inproved | evel shifter circuit which prevents the breakdown of
the gate oxide in all of DINELOPERKSICF GNSENPIONt is still another technical

advapt age of ﬁ,t:lasr%&es 1t i NYent i Qerh® PLOVide 12050 ARE QYed d euel psdidder

circuit which inc a secondary path circuit for passing a high voltage
to an odRPERtIWY FonBFOVHEN aphEPHIVEH VeYehgdif§er oteiwd tt Eohasequiafh 38 a
power suppl¥nmyO}tagR YPowst. Guppdht Sro12agkn vhiphefedd edeembedhaeaionfliyhe
present invention, there is provided a |evel shifter circuit for use with
an extr 8RBV ¥ W power supply vol tage which includes an input termnal for
recei ving aniItnpsta tsémdkahasydreghtiagestt atite secerdt| evedrs: izmd tanpoertigist

ter gk nal oo RLAVI 00 A (UL P /i 0NGh; RN G Lhidh RBdo{ U, L BY s,
There is 3 If)row ded a first power supply voﬁtage aving the extrenely | ow
power s#ppeyelrlltcageowar ssupid powerdsuppl y vol t age having a ground

potential, arg 3st RhbEnOPVEEcHIHRBLY aMOLL @R Nowine Jlisght VohtadsionTher e is
provided first and second PMOS transistors., The first PMOS tr%n5|]§ or has
i ts souPEEVEShIRECLBATPESY HEVELUTRIE t6F FHECWdcshigch prevents the breakdown

of the gate oxide in all of the transistors.

20 It is still another technical advantage of the present invention
to provide an improved level shifter circuit which includes a secondary
path circuit for passing a high voltage to an output terminal when the
high voltage is lowered to be equal to a power supply voltage of +1.0
volts.

25 In a preferred embodiment of the present invention, there is
provided a level shifter circuit for use with an extremely low power
supply voltage which includes an input terminal for receiving an input
signal having first and second levels and an output terminal for
providing an output signal having third and fourth levels. There is

30 provided a first power supply voltage having the extremely low power
supply voltage, a second power supply voltage having a ground
potential, and a third power supply voltage having a high voltage.

There is provided first and second PMOS transistors. The first
PMOS transistor has its source connected to the source of the second

35 PMOS transistor, 1its drain connected to the gate of the second PMOS

transistor at an internal node, and ité gate connected to the drain of

the second PMOS transistor and to the output terminal.



35 PMOS transistor, its drain connected to the gate of the second PMOS
transistor at an internal node, and its gate connected to the drain of the
second PM3®ot/6spsi stor and to the output termnal. 3 WO ORCEHDSABI6442

PCT/ USOL/ 06442 There are provided first and second NMOS transistors. The

first NMOS transistor has its drain connected to the drain of the second
PMOS transi ST6Fe #FF PEOYHEDIHEPEE 24 MsaPd MRS rAREIIIES ‘t r ARSI S5 has
i ts Soukmescarnectest hast hes dralin ednridieedecOnteNMI i baENShS ts@onAdeMdss 5

gate connected to the first wer supply .vol tage.. The nd N

transi stOPPRESE9% §0Gat e %%%%@P&B ?%P'E aéLi’ve&}f‘%eflirﬁﬁu cgsf;%r:]:a Sg/%orl £
source deansatree tonrdetedrioundthepdtain icdl thé\ ddviond WMES trpassststropndaigs its
drai n conpec tq the | t terp [ gctegyto Mot
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the hi gh upl agenterthe PuhRUG & @dR_REnNEN t Rechd gh nve! ¢8R ik8ot QiR ed
to be equal to the first _power su,ppl\t/ vol t age. The secondar\r:tg th circuit
t )

i ncl udedts FHEH IFORNEETER Ay i S PPYt RPTRETENDS T 18 93 SiO8PGFEant 41 ft h
NMOS t r @agkst PswsroRReel edvd It s, @aadants sdirerc ooneetadl het weenitteerrlgh
vol wge and the output termnal and an inverter. BRI EF DESCRI PTI ON OF

DRAW NG8°28° These and ot her objects and advantages of the present invention
will beconme mosecbuddny aErdr entrchiioms hesbohbbwe nitp déteaiibedt desgrd ptficen
when re%ﬁah@f&¥¥ﬂﬂ£“¥ﬂ P%i?htQo&@§g§0€9”P@QYAJHbd@r%@kﬂgﬁaﬁﬂ%ﬂbﬂ'éﬁé high
reference nuneral s i ndi cat | ng correspondi ntg_ parts throughout, wherein:

Fi gure Yol&age sichéruered dior 881 eTet ladrahfof fi Shr PeVea s PPLY eYol t2geshi Thcer

cih_r ]gui t jse@BHddHIWaeh2ciSA tSehen®ids ag EbGrHEH _l\ﬂlﬁagﬁﬁdﬁsﬁstaﬁ, :a’r[tm@;t&dlér’]ﬂc&a\ld
shifter circuit, construct n accordance wth the i nci.pl es _of the
present SAVENEFUN. BES ’%ﬁ%E% Cﬁ?&?ﬁﬁﬁéoﬁfo?ﬁﬁgFﬁ@Eﬁ% A REFerFiong
now t 0 Engareortheafetihieetdregni s, hidlevelisgsrmdnthe suiratatéguigiadcand an

di agram.of _ap_inmproved |evel shifter circuit 110 constructed in accordance
with the principles of the present invention. The level shifter circuit 110
is used to convert logic signals froma

BRIEF DESCRIPTION OF DRAWINGS

20 These and other objects and advantages of the present invention
will become more fully apparent from the following detailed description
when read in conjunction with the accompanying drawings with like
reference numerals indicating corresponding parts throughout, wherein:
Figure 1 is a schematic circuit diagram of a prior art level

25 shifter circuit; and
Figure 2 is a schematic circuit diagram of an improved level
shifter circuit, constructed in accordance with the principles of the

present invention.

30 BEST MODE FOR CARRYING OUT THE INVENTION
Referring now to Figure 2 of the drawings, there is shown a
schematic circuit diagram of an improved level shifter circuit 110
constructed in accordance with the principles of the present invention.
The level shifter circuit 110 is used to convert logic signals from a
35 core device (e.g., microprocessor) having voltage levels of low and
high (0 V and VCC = +1.0 V) to higher input/output (I/0) voltage levels
of a high voltage HV (e.g., VCC - +10 V) and 0 V. The inverting level

shifter 110 represents an improvement over the level shifter 10 of



35 core device (e.g., mcroprocessor) having voltage | evels of |ow and

high (0 V and VCC.= +1.0 V) to higher input/output (I1/0O voltage |levels of
a high vawoagesebd/ (e.g., VCC - +10 V) and 0 V. The invertrayukevmshs2 shifter
110 represents an irrproverrent over the level shifter 10 of 4 WD 01/65696
PCT/ USOl/ 06442 Figure 1 is stil] funt?ltlonal at tHe extremel Ilow
power sEpPise hoterti af %t'fl llfﬁmﬁBf‘?%al'ﬁ% &y EF T EHIF e r O¥i PRYFY s
conpri S@dt&ﬁt:&hlp@ffsﬂ}_\l-chﬁﬂrt%l MOS transi stor N101; pull-up P-channel MOS
transi stors 01, P102 e L St O 4,
N105. In par lElrllcu gyet Shhl% ? ‘I%é] tagL(r%\e@In é“?lgltéoer E?O% gggélsl\{rs&%éltlﬁl%ge
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drain o transi stor P101 is connected to the gate of _the transistor
P102 at faﬁsqd’wcﬁﬁénﬁhltWéSBorarPchohﬁﬁel%So@PeéC%fCCtIﬁJ@Cb%%stOt ERASTIHGE
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to the gubpulir tL£mParahs Ohicthespubinddawry thansi stPutNE@emh@ds) ouvrs drain
connected to the source of the transistor N104 and its source 20 connect ed

to a second PBReP2&BppFFoIstgrodHdIpdeantitsl HWaE: (F8PRPCRAS 159) 2PTHE RS ype
subst ratter@inatmanPfshafm@w&h@rm SIn@[lS Pﬂ;ﬁﬂa,l RBhB2to ithet etk tod khs mource
and o t.he high volta th CI’I e i ure
2 and t REMP tl%i erc%nngﬁqg(\)/n @r%e (?en |ca antsﬁgg%%yggﬁe#&%%éggéd éog
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level shhEtgl CldoeHl &éﬁlsqs%r ﬁftﬁ; RaES 8hs axra\i%nt;b&mecfaéat heso idactudas
secondary path circuit forned pass N-channel MOS transistors N102,

N103; p&dsamd cifarkhel onpret ttreéﬁgpéi'o?u'blogheaﬂ‘d“a dPstTIREEer TP Thve

NMOS tramsi &tdih MAZedtas 86 tHeS sdtadd) ofl $he CORMEtEesk tN108 hends dttsceowdcet he
tran istor P10l to receive.the high vo ta e HY and its ourcq,sqsonpzeecrtoed to

d t seécond power “su X roun oten 1al

t he*8oufEBRgfEed o = p pp d b
volts). The n-type substrate of the P-channel transistors P101, P102
is tied to its source and to the high voltage HV. As thus far

described, the elements of Figure 2 and their interconnection are
identical to the components in the level shifter circuit 10 of Figure
25 1.

In addition to these elements, the level shifter circuit 110 of
the present invention further includes a secondary path circuit formed
by pass N-channel MOS transistors N102, N103; pass P-channel MOS
transistor P103; and a CMOS inverter INV. The NMOS transistor N102 has

30 its drain also connected to the source of the transistor P10l to
receive the high voltage HV and its source connected to the source of
the PMOS transistor P103. The NMOS transistor N103 has its drain
connected to the drain of the PMOS transistor P103 and its source
connected also to the node Al. The gate of the transistor P103 is

35 connected to the drain of the transistor N101 and receives the input
signal IN. The gates of the transistors N102 and N103 are connected
together and to the output of the inverter INV. The input of the

inverter INV is connected also to the drain of the transistor N101 and



the PMOS transi stor P103. The NMOS transistor N103 has its drain connected
to the drain of the PMOS transi stor P103 and its source connected also to
t he node w 01/d¥se6 gat e of the transistor P103 is 35 connecpemusa/dshe drain

of the transistor N101 and receives the input signal IN The gates of the

t tors. NLO2 and N103 et h the outpur of th
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formed o transi stor and an N-channel ~transistor whose gates
are conndeseddtaiget hee defnsfiteg tegetputdedininghbse WtRAs are connected

t ogether defb@ﬂﬁgeléﬁ% iBY ar® éfﬂﬁlﬁﬁréhﬁ HeOn el Ofi Figukerduid haol evel
shifter circuit 110 of the present inventi on has _a secong puI | - g tI%th
ul

t hr ough Afheths rBFRTAtor EPYEI2OPPIPF afid SREOBY| At éatP o34 si Hgrrad
path thiradghstdias tmamsl SB103 P&ld)fnfo:«guh&t]aad&dfceatbenc_f;ueghpu/xﬂ]—tu@g@alﬁv is

appr oxi mat el ot th ran5| tors. N10 enPf; 2 10
t hi cker r%ﬁ%g%xf% 8n§1 Y %’ez a ?eﬁf% Wi tihst% nd a annreg% ngg vol'tage
of +10 VippFoxineeelytVes trabhgiwtless PO2ZranNi 8 caseNHeH étlioénaret ypde of a

traE§|S%%.%k@@oéﬁtgagy§§eogotgg Egr%§h%%QeVQ|t%ﬂﬁh¥EQnd'QCQQQHtholgg%ebOdy
effect, are equal to approximately O volts. The transi stor P103 is nade of

a t hi nneiclgase oii'dd Ve. gFUrtgiprA) the stipisistpEs HEAAZ oML Bherr e F?F@%?l‘bllcﬂl‘

vol t age t'y@eof:ﬂﬁ{s:.tsQoQQ Qﬂ@é@-t\}&lﬂl@s obuthe Whirksnela bes1capebirg, , of ndiatngng

the high_vo ggegc—tl\/ due to the OXI de breakdoxf/n. Thus, the transistor P103
8 G517 Yhe

i s sandif€h fecPed TR s &P BRPHRT WSS ‘transistors N102,
N103 whi ch f umet tnamstmtoprm@‘i:tlst hedgatfe aoxhilenef date bxadesi(stor, FOA)under

the si tugt Lon.3hele 20 Tie, NLANL 01 5 A0 Yo CKe als, L 08 dd Lakrdy il POYRS

suppl'y potenti Al Iute val ue of the threshold voltage Vt9,

i ncl udi mg1theobdery ca@ﬁbéetofﬂsaréﬂaag tle dpistovichhiees YO ribeh &Pf te Ct’ﬁéiefl r st
power smhxdomlenﬁﬂ@ Ve tThss ppeate1en ofF theadeurla ohi tbekedddcuyint 110

o e e Paeeubeal fed Toncthe condiionvpen 4he TuL5t, (Lowy pover,
to the fddosect (dewWgapewetideuppl yhe alrhagéstdhaenoBhendeypuhessgnaltiab whem
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The absolute value of the threshold voltage V.,, including the body
effect, is egual to approximately one-half of the first power supply
potential VCC.
The operation of the level shifter circuit 110 will now be
25 explained for the condition when the first (low) power supply potential
VCC is equal to +1.0 V and the high voltage HV is equal to the first
(low) power supply voltage. When the input signal at the input
terminal IN is high or at V€C, the pull-down transistor N105 will be
turned ON so as to pull the node Al to the ground potential. Thus, the
30 voltage level will be 0 volts at the output terminal OUT. It will be
noted that only the transistor P102 will be turned OFF since theA
transistors N102 and N103 are of the depletion-type .
When the input signal IN switches from VCC to 0 V, the transistor
N105 will be turned OFF and all of the transistors N102, P103, N103
35 will be turned ON. As a result, the high voltage HV will be passed via
these transistors to the node Al and the voltage of HV (VCC) will be
produced at the output terminal OUT.

From the foregoing detailed description, it can thus be seen that
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turned ON so as to pull the node Al to the ground potential. Thus, the 30
voltage level will be O volts at the output termnal QUT. It will be noted
t hat onl wehsseisp@nsi stor P102 will be turned OFF since theCTAUS@NSKEL Or S
N102 and N103 are of the depletion-type . Wen the input signal IN swtches
fromVCC to O V, the transistor.. N10O5 .w urned,OEE_and. al |, A
transi gt%él?spwt BIEE IR 0¥ V3555 Tt lB“f—:?r?urnegi R E5F SSHT tt‘ﬁthEL

vol t age iHV1wiéd abeepasd guhlvi-ap tirede for absATStEers it Qmeionodfetwg ahel M
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PCT/ usom@elm*zo txh@epgwegempnméfmltaﬁepro'k"hﬁjé@vah shiftredirevet hitteer
circgit gphikehe iRehtdss iRc368080 PdcondprPaidint @iréa@n%emémgs ar fourth
connectl the high voltage to the output term pal when he hi gh val t age

i s | oner®YSt brapeiséqhal 2t Ptk PEBﬁeFr f9Tvotthge F1FHR 1W]T’lEQ}:‘eItr ek
circuit c@hnédslﬁecﬁ mr@s&eﬁts amelnitﬂe@aommdtudelsetaﬂ@ﬁcemlan)ghpabhtacger and ttifeor med
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Opeﬁétee%FQméﬂ? 1%9;"‘@5wéi-'%ql;§bl‘§0%§9§gé/%@ I,§  pegdyrced down to an 10

extrenely | ow power sup vol tag .0 volts. Wile there has been
illustrated &hdleestaneh élsvh’ﬁﬁn i 1%?trﬁ‘rt€§e?ﬁd degrsiRRS WB2E ol D@ AP 1 ed
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the invention wthout departing fromt central scope thereof. Therefore,
it is iimvendeen t hatn 3% tigkenitpon ’ﬁ@‘ﬂlfk?éialtllﬁflﬁeﬂaffo £ headrar 9 caflaRt 20
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CLAI M5 intended that this invention not be 1limited to the particular
20 embodiment disclosed as the best mode contemplated for carrying out the
invention, but that the invention will include all embodiments falling

within the scope of the appended claims.



1. Alevel shifter circuit for use with an extrenely | ow power supply
vol tage, said |level shifter circuit conprising: an input termnal (IN) for
recei vi ngvani/sssput signal having first 5 and second | evebeT/Uuao/@u2put
termnal (QUT) for providing an output signal having third and fourth
| evel s; a first power supply vol t%gg VCC) having the extrenely | ow power
supply voltage; 10 a second povvelC % ly voltage (VSS) having a ground
potential; a.thi ldvebverifepplyrvolt aye (V) whelviay extyiegllyol tagewefi r st

and secand BV, 11 5105 LR10Ly i PLO2)c; 305 d Lisls FMES L ransi stor

havi ng it §-s0urce connected to the source o seco PMOS transi stor,
its drain commedneet ttermhpalatTd) of o5 diagesEEhdnPMIS Y Bigpahdiastiss Hirsdn
i nt egnal,yRodeeod dicssgat e connected to the drain of said second PMOS
transi stor and to said output term nal ; first and second NMOS transistors

(NLO4, NLO5) 2Ns&PEPRF reqrmNmed (PPThsiet FENAFAY 71 Ul SE8RRect G o the
dr ai n oftnsabdas@cang tBEMSrelid ansi stor and to said output termnal, said

first NMOS transistor 20 havi onnected tq . the dr ai d
second NMOS t% ﬁ§?%tp°weraﬁ'dpﬁﬂtygv§%§ C(L)}E{%gctchea'lflgf e FI7s epo%er ééws}
vol t age,suppilgd selceape; NMOS transistor having its gate connected to recel ve

sai dyinput signal ., anghils o gw%&loaa@%cwgs { %am%gggomr@ptp%@ghaial a

third NMOS transi stor (N1O1) having its drain connected to said 25 |nput
termnal, its éﬁﬂédcmW?é'ctsélépib &k thori (BY) geveings gpplgh Wottédeial, and its

source Conneqtl%dtt nd f&do&aemgé NQGR s888s MEAIA,F @3pONSi e d (Iisai:dPl\id’sput
signal for passing said hl vol tage to said OL% ut termlgal dd

hi gh vol%t&g&FsCT oviered 115 béouﬁ‘fﬁua oGCEERatei st TOWE® Sappfy vo‘? 4ge. 30
2. Al e\miosslaréme‘fsuurr cuu:ts @saic] aiomeected (ﬁcaltmelgamhecpélsa:@alsecozfnﬂ reMos ow

pOV\@E SL{:Q%'n¥ Vi? %Q §§I {;\E&em 3én3119s v ttesco§n ébtelde‘égl t1§—:h|dpé% of
circuit as clainme erein said Ttage I's approxi mately
+8 - +1CGaid| sscoupd PMOEeVE¢in%#ﬁthtre|anél F%Lﬁatlda§uép‘a?— n‘ﬁfqua@] aim3, wherein

said 35 firsd;, aRdas@cndnlieuRbs @faﬁmﬁ%%@@gt (m4vohtlage | evied EEJ.QfstZIﬁlI(QS
volts and the | ow power, supply v 5. A level ter _circuit

cl ai med 55RReLaFn £aVaRer T €ara c‘iriﬂe%&eﬁn‘if’ O {jﬁ"’”rré\}3 §347 £5°6€8 e
vol t agexrehstibeohi i viod t &giel asidtput terminal, said first NMOS tran51stor

20 having its source connected to the drain of said second NMOS transistor
and its gate connected to the first power supply voltage, said second
NMOS transistor having its gate connected to receive said input signal
and its source connected to the ground potential;

a third NMOS transistor (N101l) having its drain connected to said

25 input terminal, its gate connected to said first power supply
potential, and its source connected to the internal node; and

means responsive to said input signal for passing said high
voltage to said output terminal when said high voltage is lowered to be
equal to said first power supply voltage.

30 2. A level shifter circuit as claimed in Claim 1, wherein said
first low power supply voltage is approximately +1.0 volts.

3. A level shifter circuit as c¢laimed in Claim 2, wherein said
high voltage is approximately +8 - +10 volts.
4. A level shifter circuit as claimed in Claim 3, wherein said

35 first and second levels are respective voltage levels of zero volts and
the low power supply voltage.

5. A level shifter circuit as claimed in Claim 4, wherein said

third and fourth levels are respective voltages of the high voltage and



8 WO 01/65696 PCT/ USQOL/ 06442 zero volts. 6. A level shifter circuit as
claimed in daiml, wherein said passing neans includes a fourth NMOS
transi stavoMi®29, a third PMOS transistor (P103), and ar€T/sé/aehiS

transi stor (N103) connected in 5 series and interconnected between said

hi gh vol t age d said output terminal, and an inverter (INV). 7. A level
shifter c?ffgcu(?f %s clained in Caim6, wherein said fourth NMOS transistor
has its drai$.cohnketeld shofsai dechiqpitvebt atpimed tis Shaprcel .comgseirdaid t he

source g{asg%g hdid<d 1 BMBRaLL ?%o%tr% g st ScGAL Avineat edi £ dhe

out put sald 1 nverter, sal transistor having its drain
connect édansister diRE3)of 284 @ LR NN;% LEIRFISOror(NAAR) | £enRRited in

connect ed tsSahd {MHutcohabht &l beSRled Ghflhhi dMID 1UaaBS balOEah@véuwtbuitt S
source connected to sai¢d output termnal and its gate connected to the

gate of T€&PE Rburdt RROBMYTfE dE8V) -said 15 inverter having its input
connected to7sai d L@qaau]t sﬂﬁlfﬁbﬂad:irc&ltAabeMBilmﬁi fihecleim cdui twhagsethasanigd in

Claimb5, vvh a Lncl udes u

(N102) , E fé”r‘]%{/%éanﬂ?aﬁs. stor 518§?“L é‘ne%%"ggt %(g I\ﬁ\%r g%g?é%%%g%z N103)
connect e-GtS| pouses j@nngated ntertdenreetred dfetsaedntisiziod PHPGhtnasistigger amidsai d
out pyt 1%‘; égw eahneéma R Ipeeiheput ! BMsalgd davel, sBhiserntid calids as

cl ai ned aim8, wherein said fourth NMOS transistor has_ its drain
connect é&af161§’éﬁ”d HevgRIVbFS f@in FP%“%%Rﬁdcéoc%%éﬂcﬁaéB Pb e LAEFRMET said

third PM2@nktanst setxmr ,1tangaté tsorgatecgonnestied 1h@utheeﬁuhmlt ehigafFth
inverter, said third transi stor havte its dolial nnect.ed to he

drain ofM85i Elra]‘risﬁf’ﬁoﬂl\?ﬁé(m?r]a?ms?f%?e andFts gattoes?:onne(t::Pe YRR § |nput
t er m nalitssahdef & étectNNMOBot thasgstorothadidg fotstls oINGE toemsésted. terighi d

out put Ll m pal fanﬂngl § 55 9ALSLCURNBEL B 1Q, 1Ra9RL 8, O SRl Haf ourth NVOS

tranS|stor sal verter aV|n Its |nput connected to said |nput
terminal . 30 8L0. AAlqewe@ﬂemf@rﬁtPfe@lmméu@ﬁ ataired ARdCLALT i MhgrewAeti®Eich

said f gabhingndeddd tiRcMYESs td attirshoRRoAr & AeRkebi ONioME br ansistmMas 9
transistor (P103), and a fifth NMOS transistor (N103) connected in
series and interconnected between said high voltage and said output

20 terminal, and an inverter (INV).

9. A level shifter circuit as claimed in Claim 8, wherein said
fourth NMOS transistor has its drain connected to said high wvoltage,
its source connected to the source of said third PMOS transistor, and
its gate connected to the output of said inverter, said third PMOS

25 transistor having its drain connected to the drain of said fifth NMOS
transistor and its gate connected to said input terminal, said fifth
NMOS transistor having its source connected to said output terminal and
its gate connected to the gate of said fourth NMOS transistor, said
inverter having its input connected to said input terminal.

30 10. A level shifter circuit as claimed in Claim 9, wherein said

fourth and fifth NMOS transistors are depletion-type transistors.



