Cl RCU T ARRANGEMENTS AND METHODS OF OPERATI NG THE SAME

CROSS- REFERENCE TO RELATED APPLI CATIONS [1] This application clains
the benefit of priority of SG application No. 201204010-1 filed May
31, 2012, the contents of it being hereby incorporated by reference
inits entirety for all purposes. TECHNICAL FIELD [2] Various
aspects of this disclosure relate to circuit arrangenents and net hods
of operating the same. BACKGROUND [3] Vol tage scaling has been used
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BACKGROUND

[003] Voltage scaling has been used to reduce the power consumption of digital
and analog circuits. It has been found that minimal energy may be achieved when the
supply voltage is lowered below threshold voltage and the leakage energy balances
the active energy.

[004] However, aggressive reduction of the supply voltage may significantly
degrade the performance as well as increase variations of circuits. Compared to deep
sub-threshold operation, around-threshold or near-threshold operation has been
considered to be more practical as energy reduction may be achieved at the same time
with substantially improved performance as well as reduction in variation.

[005] Future low power systems on chips (SOCs) are likely to include many
components operating at around-threshold or near-threshold voltages to super
-threshold voltages. This requires level shifters that are able to perform fast and
energy efficient level shifting for a wide range of supply voltages from

around-threshold or near-threshold voltages to super -threshold regions.




2 [6] FIGS. | A and 1B show schematics two | evel shifters for
super-threshold operations. FIG |A shows a schematic 100a of a |evel
shifter based on the cross-coupled p-channel netal oxide field effect
sem conductor (PMOS) transistors configuration. The |level shifters

i nclude two n-channel netal oxide field effect sem conductor (NMOS)
transistors 102, 104 and two p-channel netal oxide field effect
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t hreshol d voltage since the drop across PMOS transistor 310 is nearly
constant. As such, this level shifter may not be suitable for
applications which require dynam c voltage scaling (DVS). Al so, the
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6 addition, the circuit arrangenment nay include a bypass circuit
el ement connected in parallel to the | oad The bypass circuit el enent
may have a first end and a second end, the first end coupled to the
| evel shifting stage and a second end for coupling to the second
reference voltage. The first input voltage may be configured to
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S al so include coupling a feedback circuit with the level shifting
stage, an output electrode and a second reference voltage. The out put
el ectrode nmay be in electrical connection with the level shifting
stage. The method may further include applying a first input voltage
to a first input electrode in electrical connection with the |evel
shifting stage, the first input voltage sw tching between a first
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reverse body-bias to reduce standby leakage out of transitions. However, this requires
triple well technology and large area overhead caused by well separation, body
bias-control and output detection. In addition, forward body-bias itself consumes

leakage power.

SUMMARY
[014] In various embodiments, a circuit arrangement may be provided. The
circuit arrangement may include a level shifting stage configured to be coupled to a
first reference voltage, the level shifting stage having an output node. The circuit
arrangement may further include a first input electrode in electrical connection with
the level shifting stage for coupling a first input voltage. The circuit arrangement may
also include a second input electrode in electrical connection with the level shifting
stage for coupling a second input voltage. The circuit arrangement may further
include a load having a first end and a second end, the first end coupled té the level

shifting stage and the second end for coupling to a second reference voltage. In



9 FIG 5 shows a schematic of a level shifter; FIG 6 shows a
schematic of a level shifter; FIG 7 shows a schematic of a circuit
arrangenent according to various enbodi nents; FIG 8 shows a
schematic of a circuit arrangenent according to various enbodi nents;
FIG 9 shows a schematic of a nmethod of operating a circuit
arrangenent according to various enbodinents; FIG 10A is a graph of
vol t age a3dditienythe risenibprrangemenhay ibcludea bypissicaeuit iskamant eomnegted in
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time show ng the transient behaviour of the first input voltage at a
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refer enceth%%!:éo%%qoéi}:/?t% . ;Thg?ec\i/el shifiing stage may be configured to generate a second
output voltage at the output node when the first input voltage is in the second logic
state and the second input voltage is in the first logic state. The bypass circuit element
may be configured to allow current to flow through upon application of an external
voltage for bypassing the load.
[015] In various embodiments, a method may be provided. The method may
include coupling a level shifting stage to a first reference voltage. The method may
also include coupling a first end of a load to the level shifting stage and a second end
of the load to a second reference voltage. The method may additionally include
coupling a first end of a bypass circuit element to the level shifting stage and a second
end of the bypass circuit element to a second reference voltage such that the circuit
clement is in parallel to the load. The method may further include applying a first
input voltage to a first input electrode in electrical connection with the level shifting
stage, the first input voltage configured to switch between a first logic state and a
second logic state. The method may also include applying a second input voltage to a
second input electrode in electrical connection with the level shifting stage, the
second input voltage configured to switch between the second logic state and the first
logic state. The level shifting stage may be configured to generate a first output

voltage at an output node of the level shifting stage when the first input voltage is in

the first logic state and the second input voltage is in the second logic state. The level



FIG 15B is a graph of delay against the third reference voltage
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second out put voltage at the output node 706 when the first

may be configured to generate the first output voltage when the first input voltage is
in the first logic state and the second input voltage is in the second logic state. The
level shifting stage may be configured to generate the second output voltage when the
first input voltage is in the second logic state and the second input voltage is in the
first Jogic state. The feedback circuit may be configured to maintain the first output
voltage at the output electrode above a predetermined level when the first input
voltage is in the first logic state and the second input voltage is in the second logic
state.

[017] In various embodiments, a method may be provided. The method may

include coupling a level shifting stage to a first reference voltage. The method may



11 input voltage is in the second |logic state and the second i nput
voltage is in the first logic state. The bypass circuit el enent 716
may be configured to allow current to flow through upon application
of an external voltage for bypassing the load 712. [022]In ot her
words, the circuit arrangenent may incJude a |l evel shifting stage
702. The level shifting stage 702 may be connected to a first input

el ect r odealrpgnglide Logplawna iepfhack adisitrsidle tha devel shifting stageusn vaitpuge
may be a i nput ode 708 and _a second i nput

pp)Jied to the first | ec
vol t age ng{?"tﬁ%deam R S6PNd TERESTSE YalEes: B8 ONEEISeHags Ty Dorecleothey
i nput vol tage ma i ol S representi first logic,state and
2"Second FageeiRY utl Relitel Ppe TR TR BN mot e dR S e
vol tages gapr Wdlﬂag? o Tl i3t iR efecitb@d & g[%@tr%af ‘E&S}Iégti(%ﬁ)%& Ak
Wen a first i'nput voltage representing a first logic stateis
appl i ed t ghifilig stdgeSthe fARUApRWBRAZONALICARE, beAwSRCPRR I0BRWat¥ 9hd 89€cond
representing a second logic state may be applied to the second i nput
el ect r odelogidstateoNveemetioyl mayheiditionkily fichideppplyigd 4 agend apueseitigenga
the second logic state is applied to the first input electrode 708, a
second i npaeond ahputgecetaicemeslectnigalt berectiont Withgite bvelt ehifting bage, the
applied to the second input electrode 710. The |evel shifting stage
702 may f eAPRMONaREIiDRIE syiching patvasn dee seoend Ipsie statg end Hiiffrst lngicstaiye
R AR T A BT
out put no [
| ogic sta i i f.irst input .electrode.708 an he
second" | npap EePREide thertuk 2 i el eRblsJf 4 F BEP 1y 3P difSreon

to the segppdyoiils & BelstQHR 14 Q-stact‘@.nﬁﬁarh%%%hifgﬂ% sﬂag% ?’Ja();sbt%i Jo‘hh@gred

stage 702 may be configured to generate a secon ut ol t age~at

t he out puto gﬁh@ﬁﬂ@ﬁawﬁ@ﬁut})ﬁﬁv&iag@ht the Bltpuy SleétAdR WIRRIES BRE irgmt {Heuge
second logic state is applied to the first input electrode 708 an

t he second inrtpetsesontitiagie statpned et firsg irtpe vbitagetis linghecfist ddgic state. The
applied to the second input electrode 710. The level shifting stage
702 may beedonskednced may e ¢onfiguradetoanaintién thsl firsgeutpavaliage at theaoityit
ref erence voltage 714 whjch may .act as supply.voltages. The circuit
arr angerreﬁlFCtﬁ%@ 3%8?’? ﬁé’FCdeFf‘élP‘Wé level gdgn 711623{%1%%01 388 1§ BVIBE fuHilegieng
stage and_the cond reference vol.tage 714, 1In dition, the circuit
arr angeneﬁtf‘%r?ﬁé%?eusref% lnpﬁtc‘fqit&geé‘?lﬂi%a?go%q Pglﬁs?a ®l ement 716 between
the level shifting stage 702 and the 12 second reference voltage
714, i.e. in parallel to the |oad 712. The bypass circuit elenment 716
may be configured to RRIEW SESCRIPTION OPYIHETHVAWVIARGY application
of an external voltage for bypassing the load 712. [23] In various
enbodi menf® 8] a f Ch&tindnkioni willebertefttr and@kieed noide referapbe t6 alpl Rethiled a
second circuit element or electrode or end nmay refer to the first
circuit eflexdptiorowhen eonsidated or cayundtioneligir the wal-limitmpeetanmyhest andt the
second circuit element or electrode or end wi thout any intervening
circuit efeRBwAnYipadrayfings ibwhiéhanges the direction of current flow
between the first circuit elenent or el ectrode or end and the second
circuit elenent or electrode or end. "Couple", "couples", "coupling"
may have respendi n ani ngs, LN vari o enbodi nent s, .a
[yt ot r it PRRBREL A% PEBMCH s eyl MigkhogiRh oB e SEBTHPETR) §iophnel
second ci it t erpnt 0 - e fkfst
circuit e elrr#l\er?tX ?dc?r ﬁgpe%fﬁcggéerﬁ%?ﬁ&e%%gori ﬁ)hg?g%:{ﬁ? ?{%%ﬁltscéor?%{aﬁgﬁ’ H)é't H‘Dé
second Ci Eigtsta RheMEBRG oo 10EIQRIHTP B8se@lon@REl citdnb Bifro AEbhTighiaBibN NI NY
circuit element that stops or changes the direction of Current flow
bet ween t REG.f2 shwivsai schethdtiosd fertewd] shiftegl ectrode or end and the second
circuit elenment or electrode or end or causes a voltage drop between
t he first FEi.ricshotvsel sehematioonf adbed shidide or end and the second circuit

FIG. 4 shows a schematic of a level shifter;



[25] In various enbodi ments, "activated" nmay have the sane neaning as
"turned on" or "switched on" or "enabled". When a circuit elenent is
"activated" or "turned on" or "switched on" or "enabled", the circuit
el enent may aIIOM/a substantial current to flow through. In various
errbodi ment s, deactlvat ed" may have thg sane nmeaning as "turned of f'
or "sw tched off' or "disabled". Wen a circuit eI ement i s

"deact i vaFKaS showstasehempatio ofgrlevedwhifiehied of f* or "di sabl ed”. the

i it t al I t to fl th h ||
onl v 5 SnEIG-O BPRan TR B ShiBEBunt of current o {1 ow thr ough.
o {ﬁ‘#hédﬁ%n Db T DRUE o difeRls anincdl Bcirdind Jva@é%%wbp@a}eﬁ%
state %ws\aastcﬁanat&rof 0({Fcultgﬁan%éﬁ'iéﬁ?ﬁccgﬁc{m%ﬁfvarﬁ)W's %@BS&%H%B

or "di sab . The current ow ng throug rrcult ement | h
the first Fl@g; shoSlsat Rhérfatdy &R BEtho@bF BPerbiitd EirGatdrtangerhbarhctdiging to
current flowi ng through the circuit el errent in the second |logic
state. [ 26]oukrmbadinounss;enbodi ments, a "circuit” may be understood as
any kind of a logic inplenenting entity, whi ch may be special purpose
ci rcui t r yFi§r. i@Apisaregpoof exltagstas mgiugaianei tene sloveidg ithe tanseanb byhaviour
f| rmnar e, or._any copbinatiaon thereof Thus, in variqus enbodi nents, a

"circuit' atrﬁhﬁeltﬁat BOde8 08 Thg F1Eit rgngeaet agearding ta VBHOgY ARbRtmEtS: I Ce

! ot el fihist adok R CAET TReE RURSS tffsf%éycep\“ﬂ@ggg\gbﬁéﬁp L oheduoed &9
nstruct i SO CRRVLETCBLSED. B G°EH00) arfacRERC Uekora Y 181 SRifE 2

processor executln prrogr any €.

a conput egmps AR u5| ng a VI rtual machl ne code such as e.g. Java.
Any ot her kind of i mpl enent ati on of the respective functions which

wi |l be deggrilbeghéws norheab@d lofbel ewciieyarddngembost lﬁﬂ@&ﬂﬁltgow Pdrics
“circuit" in accordance with alternative enbodi nents. [27]

vari ous eebbolimentss, a transistor may include a netal oxide

sem conductor field effect transistor (MOSFET). In various alternate
embodi menFK. 13hshows greshemalic ey methad efeopsraing @ qiricujt arvengesment pecesdisg or
(BJT). [28] In va us enbodi nents, the control electrode of a
transi st of© YEPU$ ﬁ@F’Qfg@"’Pﬁe gate el ectrode of a MOSFET. The first

of o NOSFE iR 51 fant 8?3%3&6‘%34%?#1?%%&?’ o 6t Mg RS
may i ncl Ugﬁthé[fﬁstsigﬁt%ltﬁ cstd ﬁ? J&Ju El@&ré@%ﬂheb A g@ ai"hateecfu'ﬂ?atte

enmbodi nent s st C ectro e of a transis
i ncl ude t hectsgiel sTohE LRGN At geiert MG Whidigud Bebs&aRAL a@qmr 5& fhed

el ectrode of the transistor may include the drain el ectrode of the

MOSFET.  p2pht doltagaot poenventiondil tevel shift¢rhBIE ddBriela gehptcdfrdethsy (phinst the
transi stor may include the base electrode of a BJT. The first

cont r ol | ethirdlrefetensdaolddged Vil2nki st or may i ncl ude the col | ector

el ectrode_of a BJT while the second controlled el ectrode of the

transi st of IGrey 4 i@ grarh efvctizgienergy pey Easitisgas grfupeiiongyfthe fhirdsgfarengs
alternate elrrbo 'BIBES, dthe first 14
voltage ); an

FIG. 15B is a graph of delay against the third reference voltage (VDDL).

DETAILED DESCRIPTION
[019] The following detailed description refers to the accompanying drawings
that show, by way of illustration, specific details and embodiments in which the

invention may be practiced. These embodiments are described in sufficient detail to



controlled el ectrode of a transistor may include the emtter

el ectrode of a BJT while the second controlled el ectrode of the
transi stor may include the collector electrode of the BJT. [30] In
various enbodi ments, the logic state of the second input voltage nmay
different fromthe Ioglc state of the,first input voltage. The |ogic
state of the second input voltage may different fromthe |logic state
of the fifuabls ek 5193?‘5) Hytheart g{grg@gcestﬁlgtl@venpﬁn OPHEF eWb@@}ﬁlentSH@a}' b8i ¢

ot et i POEee Ry R e R Rty %@Pabp}% Sl fom Bhe,
3171 |

Lime | iR e RS, ool B e, o St e RrB ) fefly
state t0 g$REANdad Qi %fn%&n?cﬂﬁs tcgl?rst ﬁﬂnﬁéap%tthinfea% mdfel GRRS

fromthe second logic state to t oglc state. A transition

my al so émb&dimeftsdo R v @hbédifentsn whi ch the second i nput vol tage
swtches froma first logic state to a second |ogic state and the

first inpifR0yol t bgerdemihticthe snviention triag bsecalily undgiswodtantl @ut mtd prarctical St
logic state. [32] The circuit arrangenent may be configured such

t hat wheneffecti pasticulapembaedimeatgevillnnavh defdesgibel dyi way tadtesamglcamptined
to the first input electrode 708 a second input voltage in the
second | o]g‘intta%‘fr&t %“q with siprenes todhg Agir§cond i nput el ectrode 710.

Co | t f th t wh
2 i rst i R "ol IS eie B N arout At S i oo 5 Yopns

first in 7 t r I C
state | sp%%%?’**ﬁéﬁ o e euiC aR SRR IR HELAETT SV bl (e 762
arr angen'ewnf%ﬁb{edftﬁrﬁe%ﬁ pleB &b Hqﬁstar@féré}ﬁgtvolt%‘m@ "thé"l%\’fél'lﬂlfﬁnéI kfagt 702
el ectrode and a second el ectrode. The first el eétrode e rnput

i nvert er)hdviyg Sreocpuphett 106. The clrédisirraniphienehey tirdide 117@lﬁieaenﬂrs1t et
second el ectrode (of the input inverter) nmay be coupled to the second

i nput el edtstode 7P80n elewidahgumettimnewitle thengyeli shiféng stage 70D firccosplidgea of
the first input voltage applied to the first |n{)ut el ectrode 708 and
gener at esfisshipgbrefagei Rigtgiraus) argeement ndyoyscingivde @ sgpdriddnpiitelgoiiods

he | f. the f hi gh
vortage | Wt ‘?F&ac%loc%méé%h@% Fel P88 Giree 708, B Rannliig cecond
i t t th d th t
vert o) APHEERReSpheUR, EMEaThyl PR B8R Rl b b e
I d f
el ect r odegpglf), Q‘%Q&b‘i’lﬂf@e}’fhﬁ‘éﬁxﬁpeﬁd LOWINPY otgr%elebeﬁ s%ﬁﬁh%%&\gEQOEfﬁd tbéSt

i nput el ectro e 708 i nverter produces a ol tage a

the secongkceh®ehd dslecdupling e al sepsdd feweﬁéeevalta%ednapm h&gtibhaniceBuit
vol tage to the second input el ectrode 710 I'n various

enbodi mendreangement mag tincdudepa bypadst digeit rebgyment eréamnﬁedtétbm‘ parslell toghe
state and the second out put voltage nmay represent the second |ogic
state. [®ad 7TheThd bypabs cisquitashgaensiitl 6 meay heyea firsy edd s 4 se@ondendietiie be
a part of _.a level shjfter, L‘35l1 I n various enbodinents, the first
out put voftishged aeplesktodhe fesiek i F‘lgoﬁﬁ"l&eh@zfqnfjs@t Seﬁﬁlﬁhﬁndlfﬂrtoa‘gﬁﬂ{%tﬁdhér

vol tage niyon] SeRlSd votfisbcle Mng iRt FORes et O P %’ afﬁamph

ol tage nay BEPHFEAIe Rt BB 108 R Ay SOBR0 it R iy

state andpOtodper&eeRfichdked Mk Second logic state and the first logic state. The
level shifting stage 702 may be configured to generate a first output voltage at the
output node 706 when the first input voltage is in the first logic state and the second
input voltage is in the second logic state. The level shifting stage 702 may be

configured to generate a second output voltage at the output node 706 when the first




[36] The voltage of the first input voltage in the first logic state
may be substantially equal to the voltage of the second input voltage
inthe first logic state. The voltage of the first input voltage in
the second logic state may be substantially equal to the voltage of
the second input voltage in the second,logic state. [37] The first
out put voltage may be substantjally equal or below the second

r ef er encelnpdf velipge 7y in thegseconklogifciaterand the pecond impiitvoliess isge thafirse
substantially e | to the second r rence voltage syptracted by the
Vol tage. g Ao Die HRass S FIGh A Y 06 paRan el il Gt to How
deacti vat il St he substantially,equal to

t he secon@g%g%gﬁg%g'ﬁ@%ﬁ?%gg&%%ggﬁﬁgﬁﬂgﬁéﬁﬁﬁ?ﬁ?@”@ﬁﬁ% Fg7¥%6 i's
activated 38] 14, i £t if -4l

i nput vol {ogéi (m gﬁ? ’% ?’éfdsl g‘%i ‘%ltdél?ab‘t fe%@%lgerﬁqﬁ?ﬁﬁ%lr‘ﬁe& 1%‘5%@(‘?‘?5 Sfaee
out put vordRdRelSRI SEaHg BEeF0D inibd Rahéotsd Bietirst Pht dIBHHABTOS afd a
first input voltage of about 1V (representing "high" state) may be
appl i ed tsecoh ifput Slectrngel71@1 Acfinso dgu? @8ltagEnmay hpudpplied es tier firsaynput
generate a second input voltage (representing "low' state) to the
second i ngattrasiec’dBrande seaand iMpus violegd mepbé applied ¢ Gresteagral iNPEt aleoproidn

el ectrical  connection to a second reference voltage %l.e._suggly
vol t age) 7hd Tde fsbinputyoliaeg majehavearpltages tepepsentingw iy dogis stats and @

716. The | evel . shifti S e, 702 nerate a first.output voltage
i gh st at SOHRC 1R S I RS RSP of sEeaTaY by oUgE geresenting
represent| “hi.ght i i fd LSt | 08
and whon & 1o ORE NS hR § sl a8l Rt WhHEs i Shple e | TRl 4
to the segandodibRtie & 86iIIead® thtMrst Tt kbR DY ¥Rl 3HFu BN RE
substantial | y about 5V When the bypass circuit 716 1s activated. Th
first outptesymidgagecoray 18t Stabsmanticadppyic@ o te o giput BRcBYRAER).
circuit 716 is deactivated. The |level shifting stage 702 may be
conf i gur eGon@rsedhiwheh adirsi inpuit voltal¢ sepecseitirg the senondbapic stadds applipd to
about 1V) to_an output voltage of a higher nmagnitude (e.g. about 4V
or about W¢)first Ry clggieode 708 a seqonddnpd KpbRgatRPreReRingaiic fustadogigraiaind

(about . Afirst_ input voltage qf abo (representing "I ow
state) %’%ﬁ%@%ﬁﬁ%&? serandrinpu 3?%99”@98@% level sinfingriaee Hpumay
i nverter enerate a seco ' t .vol t.age epresenti.ng "hi gh"
state) oh P BERER A oRmaE RERele Btk 1 YRRe SR D2 By kg Peitgao
702 may g j.al t

102 Y BARHAL S AeESHONL, MR HELLAGERSHPTIENIER! Y (AT lage
first inprproé@ltindORe BB RERNEtRs dpphked 3¢ Mefils ifRR|dQ@dolo 70Ranki thet
i nput el ectrode 708 and when a second input voltage representing
"hi gh: stsdcend mpappbliagd réppedehting teaacbrdipgic seltektapptied 618¢ secbhé input
second out put voltage may be substantially equal to ground when the
bypass ci ¢lecirade716. Conversely; dbeltvelrshiftiog stage 703 prydeciontigired 7d geriesate
deactivated. [40] The load 712 may cause propagation delay to not

track vol# aeond Qg Wakiege absthecowpyty nogre /06 hwhew ghe \firsho i evqliage.
th d ref | t 714) .is rai to th - hal
g on bOERIFSETSE T sERathgio CBitb inamplighra ted Tt DR Cepokade 8 ouge
712. Th ' per .o f 1he Cikeu
A angonetiONL i TB¥ads R Hicberl e RS RLR SR TRTEA 36 b SecPhd it

super -t hr gshldd 7TROIBR RAd gmﬂinggéff%etm ﬁiag%’ Lor %Et@ﬁ‘ggrﬁeﬂhtg@fep&ce

unsui table for dynamc voltage Scaling (DVS) applications.

voltage 704 and a second reference voltage 714 which may act as supply voltages.

e

The circuit arrangement may further include a load 712 between the level shifting stage
and the second reference voltage 714. In addition, the circuit arrangement may further

include a bypass circuit element 716 between the level shifting stage 702 and the



[41] Coupling a bypass circuit elenment 716 in parallel to the |oad
712 may at least partially inprove performance of the circuit
arrangenent and allow for faster operation. [42] The bypass circuit
el enent 716 nmay allow the circuit arrangenent according to various
embodi ments to be used for supply voltages in the around threshold
and the super threshold re?ions_to be used. Wen the supply voltage

is at ar offfaR¢ FfRERe Wliagy T bhi ctippamliplde thedpadcliiZ: The bynass civerd glepcrie
di sabl ed k th | - th in the | | shifti st 02.
Then the 2lbpry GoieaGeREe G ielp srrer, bolioy dhiaughorpon: APGBRIagE o1
d i i tant, which int

rop acrogﬁﬁﬁQF¥&8%gggﬁ§?%$ﬂ%h§eE%hgg¥'cons an ich may in turn

| ead to propagatio pass ' circuit elenent 716 nay be

confi gur eg)nztsif al Pt etModirRertd, %Vﬁr%l}r"((i@;t}ﬂ@le(iﬁen‘f or @fethlr&?et 7 S%@ﬁlgd

applicati an external voltage passing the | oad

circuit afdAneenEbircibdleRent dtddrabds onéddanieibiéGo ARPH¥%t EikGiictbabMdr
voltage to the bypass circuit elenment 716 when the supply vol tage

exceeds aelpctestizt@ramdrie dldearical confoetian toahit tecand @irg@iieRinennyr éledtidderor
include a conparator circuit coupled to the second reference voltage
and the bgphadthent eny intervempg tcirggis . clenmat dhatpdomt o cleingeuthe divgetibe of
further coupled . to_a voltage fixed at a constant predeterm ned |evel.
The conpaf#tat Tlav bgiveehde fastcoiruityelpmant; o els ox prd B¢ dhry second
reference wvoltage and the voltage fixed at, the predeternined | eve
and gener%?%gtF%@“@Ef’r Qﬁ“ﬁ%l?gﬁg&mhgﬂqﬁﬁe §8@@ﬁﬂ’ré?593ﬁ%emﬁbﬂﬁﬁﬁe
equal s or(ﬁﬁgﬁﬁﬂg %HﬁaMH%;age at the predeterm ned | evel. The bypass
f g may De

circuit elene € activated upon application of the externa

vol tage. [d243] | Va{duRmbBaRAd RSt cildlf i8NSl of 'aiet:&b&wo%ﬁgcﬁre%g%
may include a first set of sequentially coupled pull-up and pull-down

sub- ci r cutduplEar PSS seoHP lcBbuit Bletref608dctERte dfendafisieriféradol e R4 MR
pul | ed-up and pul | -down sub-circuits to generate a positive feedback
| oop. [ 4dpmEhieompelbdtrade o idnddi rebagirical poreetidri tosthe setondrgircuitadlenlent ar
first pull-up transistor. The pull-down sub-circuit in the first set
may i ncl ulectepdei ersendowithoefosiry interMering gircuil glestent thatustaps  ort dhangdsr e
set of Segilggcrt]i%il%lf chrrgr(l)t c!v? getevlélell‘l -tﬁjepﬁres‘tn grc%Lljtl glélggr\llw orse e%ir(o:(iié 81EJ é:r&dsandlt%e
second circuit element or electrode or end or causes a voltage drop between the first
circuit element or electrode or end and the second circuit element or electrode or end.
“Directly couple™, “directly couples”, “direct coupling” may have corresponding
meanings.
[025] In various embodiments, “activated” may have the same meaning as
“turned on” or "switched on" or "enabled". When a circuit element is “activated” or
“turned on” or "switched on" or "enabled", the circuit element may allow a substantial
current to flow through. In various embodiments, “deactivated” may have the same
meaning as “turned off” or "switched off" or "disabled". When a circuit element is
“deactivated” or “turn off” or "switched off" or "disabled", the circuit element may not
allow a current to flow through or may allow only a small, often insubstantial, amount

of current to flow through. A circuit element may have a first logic state (“activated”

or “on” or “turned on” or "switched on" or "enabled".) and a second logic state



may include the first pull-up transistor and the first pull-down
transistor. The first pull-up transistor may include a control

el ectrode, a first controlled el ectrode and a second control | ed

el ectrode. The first pull-down transistor may include a control

el ectrode, a first controlled electrode and a second controll ed

el ectrode, The first pull-up transjstor n&¥ be sequential |y coupl ed

Lo the fiFSeamiyriods onmoty #REERE oy Ob Guichadofth er [disabledsdrThe Fheent
| trod f.t fi t [ ] - t i tot fi t trolled

Sl oot odongivinalfrchish Be BifisesliPopiol e el ladif stales bashlony B iy,

Sranct o1 ofHanifl GG RGN BhalThe dildfili iy RO UeboRN Ideidare, | o

second pu {dzﬁﬁj oWNT ¥ A3k 8tBbdirdeRtsOf Nfen it d$ be %ﬁ&r&@@@&ddnzgndgf alogic

sequenti all y coupl ed pull-up and pull-down” sub-circuits y I nclude
t he seconginplementify diitity)Si1EEOMagDE shéreal FRERRE cRbilitry G0 Whrddesdds eséiing
The second pull-up transistor may 1 nclude a control electrode, a
first consafobdredtoaddantarmelnognirmwsesonchyomnibimdtioadhabect The in Vdridus
second pull-down transistor may include a control electrode, a first
cont r ol | eemep@rERsde "eiFeiith aasclma hewinwired fagic eiratt eoiproglavemslele dogic
pul | -up transistor may be sequentially coupled to the second

pul | - down ¥ TUan84e8: &y a FOFBWHIAHYPIONESSPT: 18- & SHFTOBIACEsFor (@8t A deemplex

(1 SoCon e AR 3, L5 ISy B LSl el

sequenti a Ulpl : - Cl i -C ed

o the sonong) Beprl i o e s s poR R leE iR e 4Ry ¢

. Sub- Ci I CUk#ng oBYmpie} pdGran0 ). hREmbIRr bidesdm GQH% h ArhBUnALGAL EQHSeh
the first pull-down transistor to the control electrode of the second

pul | -up tasagilavar Anjhehdrikisd ofSaipl@hertaipnerfithatesyectos finetdomukhicki pridnd

pul | -down sub-circuits cross-coupled to the second set of

sequent i ab¢ gescobigsl mdnpreldetallbetnvd maylalsodewndsistpodias edcirenittay ateorddnee

i ncl ude couﬁling the first controlled el ectrode of the second

pul | - downWithgaHeinat vy erpbpdimentsont rol el ectrode of the first pul | -up

transisto [47] The first end of the |load 712 may be coupled to the
second cotgzr7 bi i el eyatiops oﬁ@b?ﬁﬂmteﬂ@ £9 r CROSKHIAT 1Ry t’%gﬂg‘?’ st ofmetgh gpifie

h f ul |- i. .a.Th
first end srctihely BGRRE AaNR ORI Rt el SBREI B me ne
second Coﬂéﬂs@ttl)rerﬁaffn%ﬁl@ég@‘ﬁ)o@%’ gﬁmoﬁiﬁagis@yLmP transistor and/or

t he second controlled el ectrodé of the seco ull -up transistor.
[48] The meepnd GovHrioab biaBodihRaks! 86 Sotfol elt@trbdd Sita tRinkistod @ include the
transi stor and/or the second controlled el ectrode of the second

pul | - downgite alesiredecsf atd(DSHFETc Thgp st comirdlled eldctrode o aminte mo} nakyde
[49] The load 712 may include a diode or a transistor The circuit

ar r angemnethe draiy elgetr iaddPSHES ivdhletthgecombeaittotied ¢lsctfasiewd the-tsinsistod .
The transistor (which may al so_be called a | oad transistor) may have

2 cont r or maY RS o elerirade idhe MIPPEET elncerioy aliamee smbegisias,
cont | gur cltegSE Siaies ISgoRBR adlrsitony iBSNGs B bntS blertgaf of
| ectrod [ ' :
¢ ot T odeVRISe BN Bl & 3fd SIRELE. AP AT Bhe e
el ect r odegeftrddae rikapeitiegr (1 oad transistor) nay be coupled to the

second reference voltage 7i4. The second control |l ed el ectrode of the

transi st ofo29py b weiepk edbbdintehr, the ventrd Biektrbdo S tA@SisttR ay Thdude the
transistor (load transistor) may be a NMOS transi stor. The di ode or

t ransi st obasecidcirgde efla BITaThié ficke comtyolled|cjecabli@wf & tmnestor mbhpwdudenthe he

second reference voltage 714 to the level shifting stage 702. [50]
The bypaséeoliscios glectredectfs ] TrwBilery seevnd wdetrellddygieptrode phiths ittansistor Mg

include the emitter electrode of the BJT. In various alternate embodiments, the first



[ 51] The bypass circuit elenment 716 may instead include any
sub-circuit arrangenent that allows current to flow through for
bypassing the |l oad 714 upon application of an external voltage. The
external voltage may be a low signal or a high signal. [52] In
various alternate enbodi nents, the bypass circuit element 716 may 20
i nstead be configured such that current flows through the bypass

circuit ef¥Haied alﬁlsﬁmif‘ecrfrﬁt%zﬂsmrr@wilaﬂu@%mfrer@lﬁff?weqf a B lovhide theh
ds, th . ]
e oot PR PO B9GBTS O R R

fl ows thrg?gh the circuit elenent for bypassing the |load 714. [53]
The circurt arrangenment may further include a del ay bal ancer

sub- ci r cujd3of ouPke JaridhsP@htdigkntk Othens 'gfstatté" ef tihd SdcoRd! lngpﬁu‘fl QMtage may

transi stor or second pull-down transistor. The circult arrangenent

may furt heifferdie IGeae tti 1dgicayath alf #cHFst Sipat Gbltapdl The Mg adtel 3T tR@k@dohe!
to the first pull-down transistor. The circuit arrangenent nay be

conf i gur ethpstugbltdgeanaywddieredierdm rtbe lgmid ktatowhtHer fims irpubroltaze at steady
deactivated (switched off) and before the second pull-down transistor
i s activastelg. [saiher weedsothe logisestete |0 yhe sdcand érput ivelaget may gliffezenti from
activated, The ci rcutjg ?rrangement may additionally or alternatively
be confi gifedesis s eirhs fiphaput ¥eltage out ol TANSLHQBSAT REIWARD EASHIONS] ¢ he

del bal b- ci ' [ .ed i.tched b .t he.
Second pultl Bownt FaieeF Spbpienfic Ry Bon Y abfet B B ladt of iy
del bal Sub- ¢l ks L el . '
The- ol ay oa Sragn GsBLbvuliY 1aFLilR RerS Y ARl s i St

inverter. sebhRq ﬂﬁiu@)&oﬁ@%eaﬁ@i%heﬁ HRRS it REofPMgid16hieds (Be %%tlsgb state. A
electrode, a first controlled el ectrode and a second controll ed

el ect r odetrarsitéorf ifagt als®nefeolid edpeli®@r bf atee 6 wiich ded ascobaliapmetoltage
transi stor may be coupled to the first controlled el ectrode of the
first pul$widikhes fromarsiisst dogic Thte tesoacbndoogicoltitedind| tbe tiirgidiapatf vellge
del ay bal ancer transistor nmay be coupled to the second controlled
el ect r odesitchep &ofm the seqond logie faterte dlsfist logic ste del ay bal ancer

i i de.a fi | d d d_ el de. Th
et ol elBehao hh Sisfut alipnesidl maebe gg%ﬁ%r?sc}em%@?l @ﬁegﬁﬂtﬁééeﬁlﬁfign%ﬁd
ot ay bal oigied i pHstTBYc e BLUBDEE tal B B LR GACHIS, Raeal IS,
i ncl ude ay§ubseguant séc@ﬂ@llgéibi gtﬁtienﬂl é%})gilgg tﬁa?l%agz%gn& Gn lﬂeelle&ﬁoglle 710.

shifting stage 702. The subSequent I shifting stage may
coupl ed oCoherstly,afié kitc@io uRh@@nicat hidg Hd EonlfighrRlieen et Wl ehad Brst @dprand

the second reference voltage 714. I n various enbodi nents, the | evel
shifting stltage i G2 semynddogi@dtate is applied to the first input electrode 708, a second
input voltage in the first logic state is applied to the second input electrode 710. The
circuit arrangement may further include an input inverter having a first electrode and
a second electrode. The first-electrode (of the input inverter) may be coupled to the
first input electrode 708 and the second electrode (of the input inverter) may be
coupled to the second input electrode 710. The input inverter may invert the logic
state of the first input voltage applied to the first input electrode 708 and generates the
second input voltage in a logic state different from the logic state of the first input

voltage. For example, when a high voltage is applied to the first input electrode 708,

the input inverter produces a low voltage at the second electrode (of the input inverter)



connected to the load 712 to weaken the pull-up path while the

subsequent shifting stage may be directly connected to the first

reference voltage 704 and the second reference voltage 714 (w t hout

any intervening circuit elenents) to achieve full output voltage

swing. [56] In various enbodi nents, the subsequent |evel shifting

stage may include a third set of sequentially coupled puII-ug and
[0

pul T - down2 appdies thgilew vekpsedo dhggscerf inputeledipde {14 <fonyerselygdian p 20w y
| ed |l ed-. | -.d - Ci i t t b t
Eg;f)i e TRl it EPI?%@&B%T éiﬁ?\é\%%%ﬁﬁ’éiiz?iﬁki E}@E?ﬁ%ﬁt?ﬁp&%@%ﬁsﬁeﬁgﬁ _nt
i - . . ul t.- .SuUp-,Cl Ul
Th the e Pl e ot BdodiRof B IEnRliene bl sl o fief B0

wor ds, thgetsBidnd isgli eRicrs@OtgNti al ly coupled pull-up and pul | -down
sub-circuits nélylﬁlﬁileugé the third pull-up transistor and the third

pul | - down{assynsi B Q#rioukh@nbduimentdUthl-filigt bhpas W&kl MRY répiedeutl ere first
control electrode, a first controlled el ectrode and a second

cont r ol | elbged satt andithe sEtvmdtduitpud vpltdde-monmeptasan shedcoondipgid staxb.ude a
control electrode, a first controlled el ectrode and a second

cont r ol | el3é] ect Theleircutharrangemgniompy bag leyad sbifier or mayybebaepart of a level
sequentially coupled to the third pull-down transistor by coupling

t he firstﬁﬁéﬁ%rolled el ectrode of the third pull-up transistor to the

L S M SR b

pul | -up t j | .= i KUt d I t
Picl ude aPouPh e (ot speifpduniiya) il A8 DR ol SR,
of sequenwealfgle){na@oam 1ddiPidtdnt BBmARS fiRd ipud Qm@a%%l{slﬁ&bf b iR voltage)
include the fourth pull-up transistor and the Tourth pull-down
transi st oin thélkecdndudgie sae. Thepfitst aplisvdltagtyay e higtler taf @R filk input
electrode, a first controlled el ectrode and a second control |l ed
el ect r odevolfge iif dgrfirst lpgik Istatkoand/drtbmsscendlogesfate.ncl ude a contro
electrode, a first controlled electrode and a second control | ed
el ect rodel03%he fBhe tvolipgs Iof (e thirathinpet oioltags) ibdhe diysiefagicalstaje smypbed
to the fourth | -do ransi stor. by coupling the first _controlled
el ectr odeSL@FtaPﬁéer Sl fp ﬁﬁl ‘fojfage F theeesenst mpu veliaeeiin dhe B5hdosie piat
el ectrode

oo

2ot LT el 1B RIS FRYE i BB Pl S b Jfobteny
1 05S- COURfcl fic LBieade At itd Ledlitd MbuSRREN BE LekofiRiedagut! | - up and
ub- clu ir

pul | - down circurts may iIn coupring the controlled

el ect r odeaf7) t heThdifitdl duahdt-Be I3 SiRfantiflly Beuat R tyeRlw eheLsdchrde
of the fourth pull-up transistor. The third set of sequentially

coupl ed preffdrente vaitdggpil4. Fdoimstaacd) tled firstodtputondiage may pt esbstamtibie equal
fourth set of sequentially coupled pull-up and pull-down sub-circuits
may furt hierthersetanderedesensie vigtage sulitiactad o titer wiltagel dedre etrossdthedpad A2
fourth pull-down transistor to the contraol electrode of the third

pul | -up t Vhesithe drypasy gupuithe Os i deasiivated) bl Tissi ouipwg velizgge may be
ded to th | shifti t i ncl yd ling the. first
Cont rol | ethosiBRHbaEab ik se<Ds SRR ltsa L SR PV SR o

electrodemgamkge third pull-down transistor. The subsequent |eve
shifting stage cascaded to the level shifting stage nay alternatively

or addi tieng| !y, ThORUASEANRIEEF03 By shitbihe FRRLAM: 'v%g%%, @t Efﬁ%%@é

t he second pull-down transiStor to the control electr

fourth puthtepl@va HiglRRSORAQY (first Qibput Madta Shefiie & MHirbttlop sitage FaRy
further include a.%%rther out put %Iectr%ﬁgﬁﬁThe é%tput eF%ctrgge may
be coupl ethstaocd, aefirki inptit vaitage of hisaht dVegtprogiating "high" ttaie) chayuld apgtivd
transistor. [62] Advantageously, the subsequent |evel shifting stage
coupl ed tto theefirst dgput red¢atiodnciBy dihe aigputainy ettéremep cganerate & eveemoe input

voltage (representing "low" state) to the second input electrode 710. The level shifting




[63] In various enbodi nents, the pull-down transistors nay be
configured according to mnimumw dth finger sizing nethod for
reduci ng threshold voltages to increase driving current. By applying
the m ninumw dth sizing nmethod, the inverse narrow wi dth effect
(INVE) is utilized. Due to the inversgsnarrow width effect (INWE)
the threshold_voltages of the transistors are_ increased as the
transi st oftagh dfh maeln glecisak gonesihahia antpspndviciersnegyoltagsd(iee supply

reduced driyin rrent. €. CLrGui rapnge t may .i nclude

o |~ Gownvilagngy B bF Sbois i §ianieiinaih 5 GEAOE e mamrieifiois The lovel
achi evi ng_. I 0 | t [ R curren or
reduci ng ﬂéﬁ%ﬁs?a\ggggglﬁg Iéfq%r;é aﬁ/@ﬁ%@%&%@ﬁé@%ﬁ? Fagér’]éé;ﬁlll%)&q’lﬁémg?;g% of
the pull - r i dl i e Vi
curront ) . S e e Bl s R Sk R o BRI AR heChist
consunpt i gletrodectAR ahdewlihl 4 setomd idpudRSltfleqesret@yinR €100 Ntate W 8blied to
according to mnimumw dth finger sizing nethod. The pull-down

t ransi st othe seeondhiapetoeiédtopdedtd Oaciier fish gutpot voltuigommwbatubsfantigey about

si zing nethod by fol ding each transistor into nmultiple fol ded

transi st ob¥ whtmdhediypess citquilgdi€"iy detivitndg dhe dipal wuipshtvotage ermy be
drive as the transistor_when connected prgpenly i n conbination. Each
of the fofups@ntizlingiovt 4Vswherythedyeass GigHlicdd inerctvatednfheglay ¢lrigifing h
transi stor, na urt her include shar.i,ng drajin.and/ ar source el ectrodes
between ¢ HHEES ST A aroRgpist do "o i, b BL T BRE o BT ERel i b ®
pul | - down i st - 01 de 1 fyeld
Gt ect v 170 R Qi e N endth Bni L 5 AU RPRIRREY 51 0
transi st ofgsofr e Phé NARRELreABE 011281708 AN MGG PLabbheh ). of fiRgt
transistogs MOSFETS) . [%6] Flé§%8 shoﬁgba schenaF%c 88@ of gﬁ mput
circuit avslauggefesioun O30 (dpitgertidgV'aoivd Utat&mbrdi e Rpslicd Tiaethei firgtl ikput
arrangenent may include a level shifting stage configured to be

coupl ed teectrdderi9f. r #he mpmut mveser maye g&(®fate alsecdndvisputshithgd (rgpretenting
havi ng an_out put node 806. The circuit arranggnent may further

i ncl ude a'high'sstateh b tthe pesond darutsdertiode &118¢ tihe davel sbifheg staga Tt may he

| evel shiftiﬁg stage for cowﬂling g fi%ﬁt i nput volégge. The, ci[cujt
ar r angenmePiNCHES 2A°ENG APRG¥Olase suBsientiatly Aaual e eroypR Uispesseniing “low

el ectrica n tion. wth evel.shifting stage for. cqupl, a
second | rit? BOME:sRc O 0BTy S i3 lneht At UeioPhint “HRv Te s

| oad 812 gl f 4 - :

to the | el oaRs e o e A EaegbRE ok e daiguplife
second r efiggienefe KOodgphige to e Rded inPds elb&iodel 710 Theaeree&{m&rfﬁﬁlﬁ vd]ﬁge

i nclude a bypass circuit elenent connected in parallel to the |oa
812. The igpas sulsiantially eqiat regiouid Ghomyheltaypassacifctit §16 enuttiamed ar sdeond
end, the first end coupled to the |evel shifting stage and a second
end for chaplypasg cirouit Akd seleasitvatedf er ence vol tage 814. The first input
24 voltage may be configured to swtch between a first |ogic state
and a sectl | ogile @@ét732 Sy PR HepasIHon dplay ta/eottiegk vaHsgessaling well,

A AR R TR B S Rl M
first out fﬂlétsHHf?l-tﬁl% ol&%eﬁ%&?b&ﬂﬁ%u(%f {1 98 I 0@0&5‘@3&%&% T:lfor Sa;[cr sn%llje;[ load
voltage i§'i he Tirs 0gl ¢ state an he Secon nput” voltage.Ts

|0 the sesondHeOBhd 185ahay rehiR ih BraddlipktbRflartl AAANTRYCRE ORI o0

to generate a second output voltag he out put node _
first in paﬁcpmh%]@g@ﬂoas ERbbHitheHRCAG d_alpmtﬁlgs{hath@ sape-thREnci€ G856 iaRdut
voltage is in the first logic state. The bypass circuit el enent 816
may be comby giake thd drcaitlaoangament nd bé onsuitable férdugihicypdngapgling gDVEN

of an external voltage for bypassing the |oad 812.
applications.




[067]1n other words, the circuit arrangenent may include a |evel
shifting stage. The level shifting stage may be connected to a first
i nput el ectrode 808 and a second i nput el ectrode 810. A first input
voltage nay be applied to the first input el ectrode 808 and a second
i nput voltage may be applied to the sggond input electrode 810. The

first input voltage my have voltages representing a first |ogic
state andl%ltecoR@uplEg & bypass eircajt gqmgnf 3 16 tl%@a@aglomthp Apast 71 may g
may have yol tages, representing a fir | ogi.c state and ecaond .l ogi c
Stat o WnSREPR R, FRRBHR POPTIGEs O& e SeRti NGB MRoEn BT 1% ZBT] <
appl i ed tgtggﬁnjirst i nput el ectrode 808, a second input voltage
representl%g a Second logic state may be applied to the second input
el ectrode . Cofiyer : ik SH1d t age '

t he secon%&%ggi C sté:ltbé’%ias}sé gl\pi‘%ﬁ?eegenﬁ%ﬁtﬁed fi staM?Vkpg% gilrrglg{ %gggé%%%l,t a
second i ngitbrdify tRgerib@PERBEdlieng fohBe fusédtol oGty SloRthgesTRY tHee around
applied to the second input electrode 810. The level shifting stage
may f urt héwresholkd ardetharsupert threshaid degi8i6to Hdesdde Weliensthe stippiyg veltagreisrmy
be configured to generate a first output voltage at the output node
806 when #meend-thresholdhpngiony dhe bpasy eisewt elamienty’ khmay ibeglisablagl to weaken
is applied to Lhe first jnput electrode 808 and the second i nput,

vol t age r&‘ﬁr%“sl sHR i3 dmdhe devh Phige stageat ¥ | When dhe sypply Yoliweede diid

i nput electr

configureﬂngﬂggﬁéggvéﬁggg%%%#%QSEQ%h%§§§4@égéig%ggﬁ%£%aﬁ%ggyﬂ§§@n%06

when the §i I % . i i i
appl i ed t Sttt Bhd RobARNIER BOR\E Ak 15pRg Wint ORI Py be
vol t age rgRfiRafiat fonglldwRuirkhtSo QY tRrovkR(Ee.| &tioRPh) 8sbrt SppilReiSEE02H
i nput el ectrode 810. The |l evel shifting stage nmay be connected to a
first refetengevoleist dgebiddsinn theloa FODATHeEiBuitng Ringaht@gaaBbé finktieg h
may act as supply voltages. The circuit arrangenent may further

i ncl ude acdrduregli? dpptytherextdrrall witege shibettipgssstimyd edendertt (v 6 selramnitie
reference volta%e 814. In addition, the circuit arrangenment nay
further ifPPBHEClREE\Axsels @ predetermaingddoel. sl gruifesTingpracntapay Turther

shifting stage and the second reference voltage 814, i.e. i.n rall el
Co the Lol Bes SormertypSLei v Bl e atrnd aekrens oluitam b st o

For by pasSrou e 286" oThY & tnttor ARBIG BB A 168 Plea Bt
shifting st AQendiBy nRBadtMndd &kl PRld cOQWald AR ﬁ%&%coﬁﬁ%@%ﬁq éo

pul | -up transistor 820, second pull-down transistor 8 nd s

pul | - downcdrhpuis tietseEorftiéfered @ Yolthge Mlrthe vsltHRIRAH AR Nepredef@miradil6vel
state of the second input voltage may different fromthe logic state
of the fiast gempates \thd teatpenal Todtape giiensthat eecofid réferenee onttagea pyhals or
voltage may different fromthe logic state of the first input voltage
at st eadyexreedsehe voltagersé thopsedpsermimeg Ipve)i Eheshypass afcuit igbensent @ Hamiap bat
voltage may. different fromthe logic state of the first input voltage
out of tr@%%?FﬂdﬁgnBWdH@PQ%@ﬁﬂ?Pé%ﬁﬁgW%W@?- [70] In various

enbodi nen atransition . may refer to.a period of tine.i ich the
Frret i motPobol « Rl BRnagd G e 1ol oo feeod AF indhdtit fifese?

| ogic sta I volt e ] e

ogi 0. ot ap AR5 BEFRR AR ISR SRS chd:EblglEa REERREnY |
a period g of kdRehtihIMtiotPlel PANSLEH AR Fﬁ‘l@ﬁbwﬂ@hﬁ—%ﬁﬁlﬁ% ?Eﬁ@a?tefar&@?ti%e
first logic state to"a second logic state and the first 1 nput voltage
swi t ches fdea@tackheosecond logic state to the first logic state. [71]
The circuit arrangenent may be configured such that when a first

i nput vol [Egeé i nThépulf-up stiblcoguit irsthatfiestisst mpypirichdletacfitshpuli-up stangistpit
el ectrode 808, a second input voltage in the second logic state is
appl i ed t &he hell-dewsrsbicisutt e thecirsbeki nemincloda wdirstepull-dewe trehsigtar. tin

other words, the first set of sequentially coupled pull-up and pull-down sub-circuits



26 input voltage in the first logic state is applied to the second

i nput el ectrode 810. The circuit arrangenent may further include an

i nput inverter 826 having an first electrode and a second el ectrode.
The first electrode may be coupled to the first input electrode 808
and the second el ectrode nay be couplgd to the second input electrode
810. The input jinvert |nvert the logic state of the first

i nput vol MRYenepe |ﬂ§°d%f% PPHéle %F‘lﬁ“@rnﬁlﬁlt thg| fast P’é‘&éo‘%gr@ﬁ’c&tho@e}ﬁ@ dirds
h d te ff t f
Stat e of WP tautSlch Y ipbhagecbubf SBileds o Sanemedl B siretaid ke <
liedt f 8 826
o bduces. eepaf, hhffled @‘%?&?‘ﬁeel?ef:ﬁ%ﬁ ﬁedé’t“’rnoﬁaﬁ%ﬁ?} rhd e 4 EY s
826) and gRpkd®sS al ﬁFst | comryRdt agar&dap%r{ae 61ﬁ1F?)HTed eél&%HQth@ KOst

Conversely, wheh a |ow voltage is a to t eflrst I nput

el ectr odep@@8p tideision AHdy bbeqitialy QEUSIES t& the Gifst It &8 &landiftbr by
second el ectrode (of the input inverter 826) and applles t he high

vol t age t couphagsthe ofidt icoptudllel eletiradte 08kBe firht7Bhlldup trarsistarsto the first
enbodi ments, the first out put voltage may represent the first logic
state andcartiellsdelsatodaeffhe fivss puliesedoray transistersent t he second | ogi ¢
state. [73 The_circuit arrangenent may be a |l evel shifter or nay be
a part of L33 evellhe potley sub- ‘f“?%‘}t Hnntl'\‘f’asreF‘é‘J‘tFE seibaniingrds a sepnds P‘Flk‘llp

Cocon | nBte oy eflrdontie SPH-ricp S i Be sidipht ' S3hdtay RagiiiE o aetond”
vol tage ma.aban dissdho! i sk Lo | hlfgeseu,r{ﬂet Ut A 95 Pl

second i nput vo e second [ S

vol tage nayg pal- bb@ﬂ%ﬁbicl}aﬂtst a8y frldhde the ewonuqiui1aq)etraﬂsls&$}eanhltﬁé edoB@i C

state and/or the second logic state. [75] vol t age of first

i nput vol palirdown tiahsistor.'BHe deogidcpsl-ap &aﬁﬁi&torblﬁaﬁ ulesidend ¢cﬁ1h’ol/ el@étﬁﬁie, ho
the voltage of the second input voltage in the first logic state. The
vol tage ofirst entiolicgit cleetmde andl a agenireontrellekeleridodeodihe sstatdeputhyowr
substantially equal to the voltage of the second input voltage in the
second | o@ﬁ@l%(?ralﬁlé}’ inqlydy) 2 TaRrglj dlegtroggs pdirstvaonirakied lggirasie and a second

oo mace. Cangoned dergde ﬁﬁe%wggﬁe%‘é’rﬁ%?éﬁé& % Eﬁ%&tg% ¥ caanied e
h

Lhe T oo a Srht BLERG S RARNE S BMEARE T R hfndifi A8Gde iR AT DR

out put vo{im mﬁen tﬁéﬁ%yﬁé’%}@%ﬁt?’dﬂeﬁ eféagahe LOmE B@coﬁggeﬁéh-&&m&m?&or.

vol tage 814 pass circult IS activate
[046] The first set of sequentially coupled pull-up and pull-down sub-circuits

cross-coupled to the second set of sequentially coupled pull-up and pull-down
sub-circuits may include coupling the first controlled electrode of the first pull-down
transistor to the control electrode of the second pull-up transistor. The first set of
sequentially coupled pull-up and pull-down sub-circuits cross-coupled to the second
set of sequentially coupled pull-up and pull-down sub-circuits may further include
coupling the first controlled electrode of the second pull-down transistor to the control
electrode of the first pull-up transistor.

[047] The first end of the load 712 may be coupled to the second controlled
electrode of the first pull-up transistor and/or the second controlled electrode of the

second pull-up transistor. The first end of the bypass circuit element 716 may be



[77] The level shifting stage shifts the first input voltage (in a
first logic state e.g. "high" state) to a higher voltage (first

out put voltage representing a first logic state e.g. "high" state).
For instance, a first input voltage of about 1V (representing "high"
state) may be applied to the first inpyt electrode 808. The i nput
inverter may generate a second input voltage (representing "l ow

state) toceuedstocthspererslicomradled ogda @f thth &rst epltups ipasistergansk ergiee
b | t d t i.e. | | t
b copler s st prenee vt (e, om0l lage)
| t "M.gh" t 06 first i
ol e NG 8L e BN PHE. RS B AR e Db

el ectrode i i " y
State s Sppl oot RBEC e sRula B ARAS CEERIFRRY bOFoul AN the
vol t age mHkt RFeghbstangeal |y about 5V when the bypass circuit 816 is
activated. The first output voltage may be substantially about 4V
when the [DAP&ss The taadt718hbay mcilelect divat erla trhhdsthevle Slufttanaggahage
may be configured to "shift" an input voltage of a | ower nagnitude
(e.g. abowmeyby)conbgamd suelptinat thsl diadreisoforwarditydsed. Hegytransintier (whigh may
about 4V or about 5 I n varjous enbodinents, the first
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r ef er encedkd |bP§@He%\e/Zl0$ds [raﬁs]iﬁ%m have g sentil clectigdelanpd gt fitst eopdrolled
d ref | t 814_is at, V. d | t
574y | HEVE arbPeand CRvil driBrie, fPESRBNGOr dgroteon e vor e
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first input electrode 808. The input inverter may generate second

i nput vol tagelled epcasénbl /g hirghtdt (@ad) trdngistdie nag MeneuplRaub thé eedoh@de
810. The level shifting stage may generate a second output voltage
subst ant i edf¢rgneequealtageo? . olired s§ooap reeaenliéd glettrodd' of tthd djansistot heay B8
out put node 806 (when a first input voltage representing "low' state
i s appl i eePupled: tretle lexel shifing #hge FPddEhaOBnwsiar Weadh tensisieonhal dsus

(e et o B b S BB e
' it 816, i .
o oun D YO D L b D

pull-up p [ el ; ' ay
o not tr Ao vol Fag e RRE R dfie 28 s nle ERYSR; RERRAGE eByffsCY
(i.e. theyseeeatni e aRorebl Aeerodd 4hd h Firstaba@sl1dd14dh@de and a second
super-threshol d regi on because of the nearly constant voltage drop
acr oss t heonto#dd &ltrodtiETheo ficht datroltad ¢lestdde dfnthd dypadahnRiidranipbee
of the circuit arrangenment when operating in the super-threshold

regi on anchupied teaklee s¢pondinctanérnceavalitaggebatsecandbeontmdled teddsirodé mf the
dynam c voltage scaling (DVS) applications. [82] Coupling a bypass
circuit eb¥ishiiragsistor yiaw he cawled tonihe) lsyel shiftinggytage 702askhe second

For 1 ast rorbpUPLEIeBiodc paT Biws ByRSaEt P elipbeananento BEavieg Za Pow
t he C|rcub%%%§€%&%%pﬂﬁy%ﬁhﬁg gﬁg@sq%kﬁagpply vol tages in the around

t hreshol d € ‘super res regions to be used. Wen the supply

vol t age (Loesﬁ?%yse?ﬁé‘%}?ﬁés%ﬁ&ﬁﬁ d9hiR991 8 14dy iiﬁsé@atd g@g&%ﬁﬁ;&g&%ﬂﬁe

region, t pass ci'rcuit el enent 816 may "be disa aken t

pul I - up padihgdemmehhehat @UEHs hirbhd ROfsWaGoughRr wgﬁs@&g Ak 1bAE 734 GHOA
controlled electrode of the pull-up transistors 820, 824 may be

decr easedajpficafiven vfodrt @ganalraptage Tiesxtdmeal vobialce3h2y beé a dow Sinainet a high
reference voltage subtracted by voltage drop across |oad 812). Wien

t he suppl §igeal t age (second reference vol tage 814) increases above the

[052] In various alternate embodiments, the bypass circuit element 716 may



29 816 when the supply voltage exceeds a predeterm ned | evel. The
bypass circuit elenent 816 nay at |east partially inprove performance
of the circuit arrangenent and allow for faster operation when the
supply voltage (i.e. second reference voltage 814) is at
super-threshol d regi on. Wen operating,in the about-threshold or

near-thresholg regi on, the bﬁgass circuit elenment 816 may he disable
so that tHetcrdhe confieured susk thatcyrert Hgakdrrushdh bynasy pirgisk lemertappn | n
vari ous enbodi pents, the | eyel shifti sta i ncl ude.a first set
of sequentTRITYOR ol i BXisTRY ValiRethdn el HOM: Jeib exPel Psee prevents
Cross-cou t d of;. .S i I - n
pul | - down Srge%f ci??l'@uiﬁ@g&gothg@%lr glteeaga%g{;éfleﬁe\% %grgbtgg k&réc%ag%qﬁﬁg]lg
The pul | - y4py fRACUrFdk Hlols thrBfeH ik SresitblemRNt P 6ipdang e - up
transi stor 820. The puIP-domn %Lb-cf?cuif in tﬂeh#grg? se?éi%gy_
include a[(BY st Phé kirgnarrhlgnsens ity SiEBer Indh@thedelwp bakncdrhebldirceik
set of sequentially coupled pull-up and pull-down sub-circuits may

i ncl ude t ¢tmplddr st pprallel tp ohe aofsthst st $R0-domch triwesidtor st spednkd- pudivdown
transistor 818. The first pull-up transistor 820 may include a
control elrasistgde,Tha cirepis arraegement may forteertindude addlag bgloogrdub-circuit
controll ed el ectrode, The fi rst“l?ul | -down, transi stor 818 may i ncl ude

a cont r ol c@pkd ngeEallel 1g fhestirst pridgndepnsicwet FRrieir BiRrEngemeRgmay be

Co o P AERRER ol Oieh b SR AR Bt o
coupling Lhe B%fo{'es tthtfl g&%ol}l? lsélﬁldd(ﬁlrl? Q{aﬁ‘lgigt%r % atcn‘g%éed g%ﬁtt(ﬁlgh :c (Iin g tthe delay

transistor 8 tot contro el ectro

pul | ed- doyaddeARRb Gt AayGtBain h@RhtclNThOWlrbait Brritbentnt Sty addRtidnldBy or
second set may include a second pull-up transistor 824. "The pul|>-down
sub- ci r cualterhativelyebes@nfigdredauciviint wheh tdefirdt fekduoh phhdist6loamd the delay
transi stor 822. In other words, the second set of sequentially

coupl ed pldléncepsubaerquiti are adivated {bwit¢hed winy beforpthe sedond pull flewsdrosistor
pul | -up transistor 824 and the second pull-down transistor 822. The
second pulsldﬁ%FﬁlVﬁWQr(EW%‘i}@ﬂ ogh4 may include a control electrode, a

Second b HownTEs Gt BRBRSER o3> Aigh Ry H0ds R BHICERG CRmie: The
fi I . - d || ed el de.. Th
cecond” pult BubT s Sy EeRELE 35S, RDHeCRRERT o PR bR der o FiR e

second pubdisfieiatd ﬁ&sféﬁ% ‘3{?01&1%2& BYntf WRlclDe tahfrars{) b‘%‘ﬁlteollg‘? r@ge{cﬁ‘bth@g'ld a

el ectrode of the secon | -up transistor 824 t

cont r ol | egcehe ebh@sleedotlcbiiedcs enen drdp WonaeH e \elecirb @ of $hO'deBE2balad@¥]
The first set of sequentially coupled pull-up and pull-down

sub- ci r culrarsistorosay deeupbupded o tine fise camttoHed chktrodrvénhé drstypudbdpied
pul | -up and pul | -down sub-circuits may include coupling the first
cont r ol | elansiséart Tbdscemndt eantrolled elastipdle dbire delan bpkanear temsiston magebe
control electrode of the second eger%lal -up_transi stor 824. The first set

of sequentquRladyto dg sncand pentrallsh odg, P thg Sirst il wapsiséor. The delay
cross-coupl.ed to the second, set sequenii al coup] ed pul | - nd
Ul - downbgtset FRierct Sageiie hdpe Rerte BuLE R Rleefiie R AR
controlle - | r t
cont o1 <S58 Pl 35 AP SRAL TIP3 8 kil
may be coupled to the control electrode of the delay balancer transistor.
[055] The circuit arrangement may further include a subsequent level shifting
stage cascaded to the level shifting stage 702. The subsequent level shifting stage may
be coupled or be directly coupled to the first reference voltage 704 and the second

reference voltage 714. In various embodiments, the level shifting stage 702 may be




[88] In various enbodi nents, the first input electrode 808 may be or
may be coupled to the control electrode of the first pull-down

transi stor 818. The second input el ectrode 810 nay be or may be
coupled to the control electrode of the second pull-down transistor
822. [89] The first end of the load §l2 nay be coupled to the second
controll ed el ectrode of the first pul ﬁ tran5|stor 820 and/or the

second cofRnnseteddo dreclopd Jdé t@quah@n e up pth- wpile ferbagayentsdiftinghe

circuit ed.to the

Cotond cofifs Mg P Pasiyctmmgred o T Rkt ToRramey yoinendlh 864 o ttond

and/or th u u

ransi st o aoke aey  HhLr BB HRTRIR alr'f BEPBH e crape
pul | - down 5 §h§%9r 818 and/or the second control |l ed el ectrode of

t he second I transi stor 822 may be coupled to the first
refer ence[ose t agm *Hbus ehdblinddies, liaash efiBdevelNBifHAL stigdpdandiidda
transistor. The circuit arrangenent may be configured such that the
di ode i s fhimiwer of deijeaeidlly Thepled puibup ind pliviowh sumyiraliscrds-apledé th a

| oad transistor) may have a control electrode and a first controlled
el ect r odefoard sat e%@an@tltmblmtqooplbé@uﬂttbup rod gullTewnt subredicgitoto gdnorte a
transistor) may be 31 conflgured as a diode, e.g. by connecting the
first conﬁﬁﬁﬂﬂﬁﬂt@ﬁéﬁﬁﬁgﬂ@ag$CPHe transi stor (Il oad transistor) to the

ESEEESQ e &r;?f' %@é}?ﬁgﬁ%@% tc%‘i’g? ?a%b%é??rzc i pt ﬁé{l?t‘ii‘f:);
coup’ € t‘l’h‘% hﬁgf'ﬁ’@ Tfb @l fRE i g E&%yﬁﬁé{lde—{ ?hlﬁfg@g o&ﬁ%{aﬁt £

electrode o ransi s cou

stage. Themby B&isStHarthivh @@ldoft deAbSiRhQ rc)::u;ﬂ@d’ Pﬁﬂ 1D MYRILIRNS !;I?ot-&fcults

[92] The bypass circuit el ement 816 may 1| nclude a bypass transistor.

The Dbypasmat figdtedesthe rthifdyull gl tbﬂiﬁls&)r(h(ﬁﬂtth@thlﬂ - d®0e trandstar. fTheshird
controll ed el ectrode and a second controlled el ectrode. The first
cont r ol | epulehpdtansister afayt ineluly pamatrol ekstisicorn firstycdmtrotied pleettodeoartche
second reference voltage 814. The second controlled el ectrode of the
bypass t r#a§end tcgntrcﬁw ectesigpTag tbtsdtmél -Jonre franfister ey igclide a qmdrol

second control | ectrodge .of th ass transi st
coupl ed t&e¢t ei 8 S%i%"tf#ﬁ@ %%ré’ & at“ dheyesp 60%91?‘7%53%%}%1%%”

o eub: obulky W’%ﬁlﬁtgﬁé@%@ﬁ? Soishitly oot it i NN RGeS By ©
bypassi ng.4hein 0:1"19 Pcfileﬁpéﬂeétﬁcﬁll 'anﬂ%f Bl gt ?énsYsF(g 45%9%] fihe

external volta ow signal or a | S|g

bypass Cl&ﬁﬁbne@hﬁﬁﬁﬁﬂeé¥ﬁ%tﬂﬁﬂﬂuﬂé&%@@nQﬁnﬁaﬂflgured such t hat
current flows through the bypass circuit elenent 816 upon term nation

of an extpsSBhl vOhd od-upl sutotiparit wortlds fourthe sexingy natlule lat fgethppelept S
current fromflow ng through the circuit element. \Wen the externa
vol t age i gansistori hhe pull-downrsebicirbnio s the Hoarthy bet ey ioclnde e fowthephdowor
bypassing the | oad 814.
transistor. [n other words, the fourth set of sequentially coupled pull-up and pull-down
sub-circuits may include the fourth pull-up transistor and the fourth pull-down
transistor. The fourth pull-up tramnsistor may include a control electrode, a first
controlled electrode and a second controlled electrode. The fourth pull-down
transistor may include a control electrode, a first controlled electrode and a second
controlled electrode. The fourth pull-up transistor may be sequentially coupled to the
fourth pull-down transistor by coupling the first controlled electrode of the fourth

pull-up transistor to the first controlled electrode of the fourth pulled-down transistor.



[95] One way to reduce fall delay is to balance the arrival tine of
the first input voltage and the second input voltage by del aying the
first input voltage to the control electrode of the first pull-down
transi stor 818. However, delaying the arrival tine of the first input
voltage may increase the rise delay dyg to reduced overlapped on tine
of the first pull-down transistor 818 and the second pull-down
transi st k03832, Thedhirdraet &f seauentiadlyrcovglederitll-mrgng putlidomn slb-cigraity
del ay bal ancer sub-ci rcui 2 coupled in parallel to the fir

pul | donncrsiruplith b g8 foym s rh puepPalt sRuried -t cetrbown
such t hat - fi. : ' i N

s ¢ choc B Ao b ha Lol g BASERM R0 ol ot BE T P town

acti vat edy8afstrSW tHeh&f 8N bleclrbife Q?hi%yfo??thaﬁlﬁﬁﬁp ‘&jaléﬁé‘tbf. %hﬁ &k R

activated. Advantageously, the transconduct'ance and/or the tall delay
of the ci sqgubritiallyr @RGRAEHHI-IFRYnd pull Aduseshb-cliRaite cfosstcbupdéd &NaRNMBGHh
may additionally or alternatively be configured such that when the
first pul $etddvaeqienainly soopled pallampdarichpuliidbay soblcimoies nmy futthercincludar e
activated (swtched on) before the second pull-down transistor 822 is
deact i vat eavplisgithechsticettfolled alesiredd ofrthe douidl pull-dawyn frawsigter. tolthe control
addition, the overl apping of the "on" tine of transistors 822, 828
during f aflFctiqdspdiths GHd pRY-UPHFANEISOE t he short current slightly.
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[97] Alte ' ; ' [ ineil y

bal ancer @g@hg:érglé%lﬁgt @gufgktre(gﬁlk nH%g%%Pt?(gc’?%th?ﬁ%ﬁs@glodnbg&pﬁﬁ%%%mﬁ the
transi st ogorfré? electr & of the t}ﬂﬂgﬁﬂl-&?&@ﬂﬁtﬁst% brhe kisseldeni Y el GfiHg Stae
del ay bal ancer transistor 828. The del ay bal ancer Sub-circuit may
further icstaddd tatitdeed shidlignaese moy eltdrativ@BPor abdéichallg\indlad@sngling
transi stor 828 may include a control electrode, a first controlled
el ect r odethgntirst satrolell etattrodt |oddthel sssconddeill-ddven ftransistoc dnt thel tadrol
el ectrode of the delay bal ancer transistor 828 nmay be coupled to the

first contlegrqdefheioprthgullwownrieansistost pul | - down transistor 818. The
second coptrolled el ectrode of. the del ay. bal ancer transistor 828 may
e coupl oD ¢ hohE BTSRRI B ReS Bea i B dngRs HETPRF SHPHA T agon
transi sto ancer jnverter. 830 i,ncl ude firs

el ect rOde{"}éeﬁéggugggegﬁgﬁegﬁggﬁeoa@plﬁgo ﬁ}el’ @fSt %P%%@?%d%le Otaebo @SL}B]Iréd

to the segand,kpRYhsighectrode 810 and the second el ectrode may be
coupled to the control electrode of the delay bal ancer transistor
828. [ 99]oe¥hen AH@aﬂt&g’e‘éhslgr,nﬁiét subgéduaseieswl SKERRg dth@Mcaupléd & tHeOodhE
state (e.g. a "high" state) to a second logic state (e.g. a "l ow
state), tiluferbngestoltppd hndlihensedondnsiesoe v8liferaipwba voitagew tef denerhted at

input inverter 826 causes a delay in switching the second input 33
the output electrode ranging from the first reference voltage to the second reference

voltage.

[063] In various embodiments, the pull-down transistors may be configured
according to minimum width finger sizing method for reducing threshold voltages to
increase driving current. By applying the minimum width sizing method, the inverse
narrow width effect (INWE) is utilized. Due to the inverse narrow width effect
(INWE), the threshold voltages of the transistors are increased as the transistor width
are increased from minimum, which may lead to reduced driving current. The circuit

arrangement may include pull-down transistors having minimum width transistors for



voltage fromthe second logic state (e.g. a "low' state) to the first
| ogic state (e.g. a "high" state). The first pull-down transistor 818
may be switched off before the second pull-down transistor 822 is

swi tched on. The transconductance nay be reduced for sw tching and
the fall delay may increase. V\hen the Sfirst input voltage swtches
froma second_lo ic state (e.q. Iow state) to a first logic state
(e.g. a "Afevingihglay hp‘i§hq>lddf@%ﬁg€t5raalﬁ§n@?eﬁ devangneryrask fargedncingodelay,
However, due tg t de capsed b np inverter 826, the
Second puftbeally of fokvelecs S50 Homall B Bdm P gbbi opaistory sy be
pul | - down L C and
i'se dol oy OuESiigat 36 incFesS At B NRE RN AP FEER YRS a8
coupl ed i goRar@nkghpdsh.the first pull -dovvn transi stor 818. The del ay
bal ancer I nverter causes a delay in switching the voltage at the
control efosaf r odghebull ewaatayistoad ﬁﬂ?% cohBAFES b&dordi e nfififnink wdth

i nput voltage switches froma first [ogic state (e.g. a "high" state)
t o a secofidgdrogzingsmeathed.( €hg.pull-ddwawtrasdisibr) may e tonfRturqiu htcodding to
transistor 818 nay be turned off before the second pul|-down

transi st omigamm idhhj fingke sizing, method bhidolden sagach dranpistor into ameliipkeciolded
parallel to the first pull-down transistor, 818 may remai n turned, on.
The del aytrﬁlaﬁl%%é?ls‘e Fé‘ﬁ%q sftraﬁer%rhya‘{%%\?auwlaws%m&é{l&%éﬂeth&rreanﬁemce
fall dela n t.he fi i nput vo e froma second

| ogi ¢ st a%'«]é‘ 8016“30?(1 Herys]ﬁla Oél&l?%log FP&EPPWSJ rdeatt’é?f‘éls oL ay jave a
“high” st glifled W, d&g@égu% ae@&lﬂra{%&%&shﬁ%%rtﬁéq D L] 'Jrél jand/or

pul | -dovvn tran5| stor SW tC ore e secon

t ransi st oggBelelbSiraalds Bga,egﬂ HefroldENEaflgliay, transi stor 828 is SWI t ched
on before the second pull-down transistor 822 is switched off because

of the de[@$] bal Bﬂﬁ/&ﬁoumb!mbb@fneﬁ&Q.thJ hallaeem apfiedo@nart i iFEh4RYl metal
i ncrease the short current, but switching energy nay remain simlar

si nce del axide semedudstor fedd egcT hransistosyM ORI E By garmanibusraypbddinichisy the

i ncl ude a subsequent | evel shifti ngg stage cascaded to the |evel

shi fting Bilhyp tgosistoryaresprishagk metyl e snicondigtost el offggt pansistors
coupl ed OEMBS]FEE ectly coupled to the first reference voltage 804 and
t he secon &hce voltage 814. The subsequent |evel shifting stage

e ansi st ol S68a, B9 e e RN YA G Babdtudr By Ryvarions
ubsequent Taus H@h?ﬁ??ﬁ%‘ﬁﬁ%‘[g&i@g@y’p?“ﬁ??hﬂﬁa FRBEUHTR g Stadk ¥onfigured

sequent i ald be cRprRIas aFitht reféPerB 6o Rald SOAOWMR 18+HD sKilftirfplkitAge lﬁirﬁhgsan%ﬂﬁited
to a fourth set of sequentially coupled pulled-up and pull

sub- ci r cunede 805. Jhnelatie arrasgHnsst uesyt fupthad inchide hefasbimpit dloamde 808 in

[0103] The pul | -up sub-circuit in the third set may include a third

pul | - up t elgetsicalt epnnection with the level shifting stage for coupling a first input voltage.
The circuit arrangement may also include a second input electrode 810 in electrical
connection with the level shifting stage for coupling a second input voltage. The
circuit arrangement may further include a load 812 having a first end and a second
end, the first end coupled to the level shifting stage and the second end for coupling to
a second reference voltage. In addition, the circuit arrangement may include a bypass
circuit element connected in parallel to the load 812. The bypass circuit element 816

may have a first end and a second end, the first end coupled to the level shifting stage

and a second end for coupling to the second reference voltage 814. The first input



834. The pull-down sub-circuit in the third set may include a third
pul | -down transistor 832. In other words, the third set of
sequentially coupled pull-up and pull-down sub-circuits may include
the third pull-up transistor and the third pull-down transistor. The
third pull-up transistor 834 may inclyge a control electrode, a first
controll ed el ectrode and a second controll ed elegtrode. The third
pul | - downVveliagssnay be cgnbewad to switely detavesn @ fuist legiestatcomd a seqonddegic

controlled el ect rode a d a second control led electro The hi rd
Sul - up. € PaRSTTEr BF S B R TR e st I S Ch Ceieepypg gecond

bf the 1t nidEf Bl f’%‘ﬁg.y &SRl A 1) g SO0 ‘?!ﬂ%?’?eﬁ" BEYED e
of the t hgé&rﬁyhlfﬁ"ﬁ o@ﬂ%ﬁ' vblt t%ﬁeoéutﬁ.ﬁ%gdé @é@%@ﬁaﬁkjﬁ inpi volta ¢ is in

sub-circuit in the fourth se nay I nc ourt p. tra si st or

838. The fhelfirstlopie stidad theskéondInfiterofltasy fshin SR sebB loBi! sede Bheflowdlt h
pul | -down transistor 836. In other words, the fourth set of

sequent i ashiftingosigdecaiap el configared tp Lgehendmvm sewhd ciutmiivioltagmyt ihe alutisle
the fourth pull-up transistor 838 and the fourth pull-down transistor
836. The Reda§06 wign tha firstinpysiveltege i8 38thewpcanddpgidetate ashthe gécond input

el ect r ode, a first _caontrolled electrode and a second controll ed

el ect r odeVorage is By fhe ﬁr%S Pgic gaten The Byrass eissuisdementys lorpay Rrecontigaradrte|
el ectrode,,,a first led electr de and.a secon

el ect r odelloPh &Y ?Blﬂrtf’ ?rfr FP%@? 130Tl eﬁ@%@%ﬁ,ﬁf gyﬁ’a}?smg
coupl ed tgl Fﬁi purth puII-domn tranS|stor 836 by coupling the first
controlle ctrode of the fourth pull-up transistor 838 to the

first confggal! edneb@et worR, ol &J&eltfa% éﬂné?iﬂhﬁa?ydingl‘ﬁﬁ@ atlé@éﬁhlﬁﬁaﬂg StRg0-
[0105] The third set of sequential |y coupled pull-up and pul own

sub- ci r cuThs levebssfiidguplge dndyobd behnkoed tda Fedt input et Bag hid & eedphed
pul | -up and pull-down 35 sub-circuits may include coupling the first
control | ethpet elettratte® 16f At finst fripiut crolvagel maiphe applagdsiosthe fir@3@putceledumde
control electrode of the fourth pull transi stor 838. The third set
of sequenBP&hnda sesapd Bpupvieltags manke mﬁ)lr:d thoths sseanddnpetglecgrode 810. The

Cross-cou fourth set of sequentia cou | ed uII- and
oul | - down! eﬁﬂwﬁf@&gﬁe%w YPIaESs roFR RS %htﬁ% {tgtgand £psggond logic

Comtr ol itafe; SETARP et sebdiit inGHE blcaBl! blap ARNE b %%E'é%ﬁsrep@%%méogw
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pul | - downistapphed ®tthe fifst Srfud elebRodeBUB! §kecdh@ aifu I8l réfi8sdnfihg @ second
pul | -down transistor 832. The subsequent | evel shi tlng st age

cascaded logid dtate neayeie iplitd tnthestagd inpmyt cddctred®&10. \(Ernye@ély, when a first
addi tionally, include coupling the first controlled el ectrode of the
second puinputiveliage repredesting te2ecersl lobis staseis aiplied éx theditet inputt dlectrode

fourth pull-down transistor 836.
808, a second input voltage representing the first logic state may be applied to the

second input electrode 810. The level shifting stage may further include an output
node 806. The level shifting stage may be configured to generate a first output voltage
at the output node 806 when the first input voltage representing the first logic state is
applied to the first input electrode 808 and the second input voltage representing the
second logic state is applied to the second input electrode 810. Conversely, the level
shifting stage may be configured to generate a second output voltage at the output

node 806 when the first input voltage representing the second logic state is applied to



[ 0107] The subsequent shifting stage may further include a further
out put el ectrode 840. The output el ectrode 840 may be coupled to the
first controlled electrode of the third pull-down transistor 832.

[ 0108] Advant ageousl y, the subsequent |evel shifting stage coupled to
the first reference voltage 804 and the second reference voltage 814
(wthout any_intervening circuit elenments) allows a voltage to be .
gener at edhgtfilshimpyi elgeirods) §98and dhe serond amigt gltageoreprasentmg,the first logic

. . h d. ref .814. i
rbods mente bty Uierond SR Siskhdt E 0L Tl ng o mohke"
X ) . 1 Lo
may be dr comerpddo Rt Yol Sod MR FURRRE MRS Db 5,388
the secongayefehe @ﬁﬁpl¥ w@@% Bhé Wil NPAgeRRNL lina{v g&lrg%f :ir{bgucfé' d 12

el enents) to achieve out put vol tage "sw ng. n vari ous
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836 may be reduced (due to increased driving current), which may

further readliweotephdlrdasn wandistassz@ower consunption. [0110] The

pul | -down transistors 818, 822, 832, 836 may be configured accordi ng
[069] In various embodiments, the logic state of the second input voltage may
different from the logic state of the first input voltage. The logic state of the second
input voltage may different from the logic state of the first input voltage at steady
state. In other words, the logic state of the second input voltage may different from
the logic state of the first input voltage out of transitions or between transitions.
[070] In various embodiments, a transition may refer to a period of time in which
the first input voltage switches from a first logic state to a second logic state and the
second input voltage switches from the second logic state to the first logic state. A
transition may also refer to a period of time in which the second input voltage
switches from a first logic state to a second logic state and the first input voltage
switches from the second logic state to the first logic state.
[071] The circuit arrangement may be configured such that when a first input
voltage in the first logic state is applied to the first input electrode 808, a second input
voltage in the second logic state is applied to the second input electrode §10.

Conversely, the circuit arrangement may be configured such that when a first input

voltage in the second logic state is applied to the first input electrode 808, a second



to mnimumw dth finger sizing nethod. The pull-down transistors 818,
822, 832, 836 may be configured according to m nimumw dth finger

si zing nmethod by folding each transistor into multiple fol ded
transistors (also called "fingers") having an equival ent current
drive as the transistor when connecteg, properly in conbination. Each
of the folded transistors may have a reduced wi dth, Configuring each
t r ansi st ofPHaYOHagE dmdie fifst logifestalgds pprjicdrtaithe saeandupyb aleetEods @2% Ab8es

e e Rk SRR A TR e
o cencupkek LA e i 1S ShBESsLRBE Tl BN 900 et

met al oxi giey ﬁﬁfﬁh@%@%ﬁt&éctlfohsln@aﬁéc%ﬁjlefdrt@'?ﬁé SdeBhd i BEfSde §10. The
[0112] The second reference voltage 814 may 1 ncl ude voltage I n the

super - t hr gpholfef@RBBmEY ivertoht ageic istaitd SEthe Rkt inphteed1Rke apFIKdo 8s
about -t hreshold region. [0113]1n various enbodi nents, the Inverters

826, 830 fimy ilyantpaledtrodd 3D and kgenatates files sawadvinpttagat(geObL) login state
various enbodi ments, the third reference voltage may be |ower than

t he secondiffeesné feone éhey ligic glate( vDibe. firsb inpuh yplggse For krampler wherfadrighce
vol t age may be,atlﬁbout 0. 35V.. The secqond reference voltggg may be at

about 1. 2YP1t428 13 ApREied; toghe istidnpptslerdivds iS0S.0be Bt dnyrsten §d6 groduces a
et hod et Felkdade (58697 Cairpft Ky Geriat iy R, SR B ghg 1o
first ref FIRBE % WR GGt inEQ@elQ&foﬁ@%lWoﬂe?&ly, when a low voltage is applied
to the first input electrode 808, the input inverter produces a high voltage at the
second electrode (of the input inverter 826) and applies the high voltage to the second
input electrode 810.
[072] In various embodiments, the first output voltage may represent the first

logic state and the second output voltage may represent the second logic state.

[073] The circuit arrangement may be a level shifter or may be a part of a level
shifter.
[074] In various embodiments, the first output voltage may be different from the

first input voltage (and/or second input voltage) in the first logic state. The first output
voltage may also be different from the first input voltage (and/or second input voltage)
in the second logic state. The first output voltage may be higher than the first input
voltage in the first logic state and/or the second logic state.

[075] The voltage of the first input voltage in the first logic state may be
substantially equal to the voltage of the second input voltage in the first logic state.
The voltage of the first input voltage in the second logic state may be substantially
equal to the voltage of the second input voltage in the second logic state.

[076] The first output voltage may be substantially equal or below the second

reference voltage 814. For instance, the first output voltage may be substantially equal




37 include, in 904, coupling a first end of a load to the |evel
shifting stage and a second end of the load to a second reference

vol tage. The nmethod nay additionally include, in 906, coupling a
first end of a bypass circuit elenment to the level shifting stage and
a second end of the bypass circuit elgpent to a second reference

vol tage such that the circuit elenent |s in parallel to the | oad. The
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el ectrodegdialyectri cal connection with the level shifting stage, the
second i nput voltage configured to switch between the second |ogic
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| ogic state and the second input voltage is in the second | ogic
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state of the second input voltage nay different fromthe logic state
of the fimssappligduto \the tfage igutt elfcttadan808 i ads wiken betsseen timansvdliagas.

[0116] I n various enbodi ments, a transition may refer to a period of
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| ogic state. [0117] The circul rang
t hat wheno®a fdwes indghittide (e.g. about 1V) to an output voitage of a higher magnitude (e.g.
about 4V or about 5V).
[078] In various embodiments, the first reference voltage 804 is at ground. In
various embodiments, the second reference voltage 814 is at VDD. The second
reference voltage 814 may include a voltage in the super-threshold region or a voltage
in the near-threshold or about-threshold region.
[079] The first reference voltage 804 may be at ground (about 0V). A first input
voltage of about OV (representing "low" state) may be applied to the first input
electrode 808. The input inverter may generate a second input voltage (representing

high state) to the second input electrode 810. The level shifting stage may generate a

second output voltage substantially equal to ground (representing "low" state) at the




voltage in the first logic state is applied to the first input

el ectrode, a second input voltage in the second logic state is
applied to the second input electrode. Conversely, the circuit
arrangenment nmay be configured such that when a first input voltage in
the second logic state is applied to tbhe first input electrode, a
-second input voltage the first ?IC state is applied to the
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appl i ed t ¥FaHRGWE r%Spe?lﬁl&mheql Hersrpely, voitage Glﬁpféaf: spaopd referenps beltnee $19
seco of th i

nonl i os. Ao JBs BGEE s HARE et ntSiun OF e Bl fS S higgier o
various ephodi a%l gih ‘Thra héRi s %Qgﬁ?s\ﬁﬁl ih %ggr ér?o@ﬁfaﬁ?«ﬁ be {hgecnfcg{t st

|Og| c state an e second out put age nma

| ogi c st ahﬁanée%a%hal Mﬁérh&;gsnﬁfﬁecgqpmeﬁhom %Bh had Pt Rte ¥Rl 4RAR

may be different fromthe first input voltage {and/or Second I nput
vol t age) amartgemehi thdic unegtablesioatl gnanlib&oftagesdcaling (MNSv:ppliegnsBy al so
be different fromthe first input voltage (and/or second i nput
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[083] The bypass circuit element 816 may allow the circuit arrangement to be
used for supply voltages in the around threshold and the super threshold regions to be
used. When the supply voltage (i.e. second reference voltage 814) is at
around-threshold region, the bypass circuit element 816 may be disabled to weaken
the pull-up path in the level shifting stage. The voltage at the second controlled
electrode of the pull-up transistors 820, 824 may be decreased by the voltage drop
across the load 812 (i.e. second reference voltage subtracted by voltage drop across
load 812). When the supply voltage (second reference voltage 814) increases above
the super-threshold region, the voltage drop across the load may remain fairly
constant. The voltage drop may in turn lead to propagation delays. The bypass circuit
element 816 may be configured to allow current to flow through (i.e. activated) upon
application of an external voltage for bypassing the load 812. The circuit arrangement

may be further configured to apply the external voltage to the bypass circuit element



substantially equal to the voltage of the second input voltage in the
first logic state. The voltage of the first input voltage in the
second |l ogic state nmay be substantially equal to the voltage of the
second input voltage in the second logic state. [0122] The first

out put voltage may be substantially eggal or bel ow the second

reference | tage. For |nstance, the first output voltage may
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suppl y vol@84fe) bf vasgtemppdingemds, Itb%&qulswlﬁmgr’ﬁgﬁg@tIE@emWe t sgtefa
first out ut volta h state a he o t put . node (when_ a first
i nput vol § ent}%rcggaﬁé%ua-%%ﬂmﬁaéw 5 a%fﬂuitéar%%%ec% forasgecpRepet
el ectrode a_se put v e repyesen | ow, state.is
appl | eq ¢ 8 T LBy neruB Al SR el R dGwh SPh BEENR Roerothst e SRy
be subst apLjjlkYo@Pout 5V when the bypass CI rcuit is actl vated. The

first output voltage nmay be substantially about 4V when the bypass
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"shift" an |nput voltage of a |ower magnitude (e.g. about 1V) to an
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[0124] The first reference voltage may be at ground (about OV). A
first inp&is.viol otage vofrdabbetfirdysitr epsapentiallygciupleds peli-ep amsly pide-down
applied to the first |nput el ectrode, The input inverter may generate
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The second out put voltage may be substantially equ to ground
t he Dbypassortiolledielect:8d@ ClHevise fuldhip Wiasistoh 820 Yiasie Sdgientidllyl dupled to

deactivated. [0125] The | oad nmay cause propagation delay to not track

vol t age stwlfirsigpulleddwn transistor 818 by coupling the first controlled electrode of the first
pull-up transistor 820 to the first confrolled electrode of the first pulled-down
transistor 818.
[086] The pull-up sub-circuit in the second set may include a second pull-up
transistor 824. The pﬁll-down sub-circuit in the second set may include a second
pull-down transistor 822. In other words, the second set of sequentially coupled
pull-up and pull-down sub-circuits may include the second pull-up transistor 824 and
the second pull-down transistor 8§22. The second pull-up transistor 824 may include a

control electrode, a first controlled electrode and a second controlled electrode. The

second pull-down transistor 822 may include a control electrode, a first controlled



especially when the supply voltage (i.e. the second reference
voltage) is raised to the super-threshold regi on because of the
nearly constant voltage drop across the load. The load may result in
degraded performance of the circuit arrangenent when operating in the
super-threshol d region and may nmake the circuit arrangenment to be
unsui tabl e for, dynam c vol tage scaling (DVS) applications.
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| evel and generates the external voltage when the second reference
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a positive feedback | oop.
electrode of the first pull-up transistor 820 and/or the second controlled electrode of
the second pull-up transistor 824. The first end of the bypass circuit element 816 may
be coupled to the second controlled electrode of the first pull-up transistor 820 and/or
the second controlled electrode of the second pull-up transistor 824.
[090] The second controlled electrode of the first pull-down transistor 818 and/or
the second controlled electrode of the second pull-down transistor 8§22 may be
coupled to the first reference voltage 804.
[091] The load 812 may include a diode or a transistor. The circuit arrangement
may be configured such that the diode is forward-biased. The transistor {(which may

also be called a load transistor) may have a control electrode and a first controlled

electrode and a second controlled electrode. The transistor (load transistor) may be




[0129] The pul |l -up sub-circuit in the first set may include a first
pul | -up transistor. The pull-down sub-circuit in the first set may
include a first pull-down transistor. In other words, the first set
of sequentially coupled pull-up and pull-down sub-circuits my
include the first pull-up transistor gpnd the first pull-down

transistor. The first pull-up transistor_may include a control
el ect r odeSoigurgdsas aHinds, 612 by capnceting the fipdoatrekedoplectiodaof 819 teapsistor
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second puirhnstkbon transi stor. In other words, the second set of
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t he secon®9glil | - Whe bypass tiseuat clementt8ié nsaycioelddpa biypase twangistan Jihe bypass
The second pull-up transistor may include a control el ectrode, a
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to the second set of sequentially coupled pull-up and pul | -down

sub- ci r cufrarsisteymaynincinde a PdIPREitragsistoe first controll ed el ectrode of
the first pull-down transistor to the control electrode of the second
pul | -up tI04Aki st bre bpmasst cireyit wdemeytt Skquent iiegi¢ad dwlisiee any ub=alnguiand

pul | -down sub-circyits. cross-coupled to th econd set of
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transi st 0fio,10132] I n vari ous enbodi ments, the nethod may include
cross-coup??ng the first set of sequentially coupled pull-up and
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pul | -up and pull-down sub-circuits to generate a positive feedback

| oop. flows through the bypass circuit element 816 upon termination of an external voltage.
In other words, the external voltage prevents current from flowing through the circuit
element. When the external voltage is terminated, current flows through the circuit
element for bypassing the load 814.
[095] One way to reduce fall delay is to balance the arrival time of the first input
voltage and the second input voltage by delaying the first input voltage to the control
electrode of the first pull-down transistor 818. However, delaying the arrival time of
the first input voltage may increase the rise delay due to reduced overlapped on time

of the first pull-down transistor 818 and the second pull-down transistor 822.

[096] The circuit arrangement may further include a delay balancer sub-circuit




[0133] I n various enbodi nents, the nmethod may include coupling the
first controlled electrode of the first pull-up transistor to the
first controlled electrode of the first pull-down transistor. The

met hod may al so include coupling the first controlled el ectrode of
the second pull-up transistor to the first controlled el ectrode of

t he second pTII;domnB%ransi tor. %5134]The met hod may further include
coupl i ng EoHPled ingarglichic theifust Rlkbdawn Hansyion §iS. tine sirowh prrangsywent may
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However, switching energy may remain substantially the same as without the delay
balancer sub-circuit since the delay is reduced.
[097] Alternatively, the circuit arrangement may include a delay balancer
sub-circuit coupled in parallel to the second pull-down transistor 822.
[098] The delay balancer sub-circuit may include a delay balancer transistor 828.
The delay balancer sub-circuit may further include a delay balancer inverter 830. The
delay balancer transistor 828 may include a control electrode, a first controlled
electrode and a second controlled electrode. The first controlled electrode of the delay
balancer transistor 828 may be coupled to the first controlled electrode of the first
pull-down transistor 818. The second controlled electrode of the delay balancer
transistor 828 may be coupled to the second centrolled electrode of the first pull-down
transistor 818. The delay balancer inverter 830 may include a first electrode and a
second electrode. The first electrode may be coupled to the second input electrode 810
and the second electrode may be coupled to the control electrode of the delay balancer
transistor 828.
[099] When the first input voltage switches from a first logic state (e.g. a "high"
state) to a second logic state (e.g. a "low" state), the first pull-down transistor 818 may

be turned off. The input inverter 826 causes a delay in switching the second input



[0137] The | oad may include a diode or a transistor. The circuit
arrangenment may be configured such that the diode is forward-biased.
The transistor (which may al so be called a | oad transistor) may have
a control electrode and a first controlled el ectrode and a second
control l ed el ectrode. The transistor (ioad transistor) may be
configured as a, di ode connecting the first controlled
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the transistor (load transistor). The transistor (load transistor)
may be a NMBBtorHBINSt wrturded b8 S dWev dpydmss thei debayi chuseld dyeind inpatyinverter
include a bypass transistor. The bypass transistor may include a
control eFe(thosoah Uk dpRRSEvesSnERS R boathed o wied e Fsbpwirdown
controlled el ectrode. The first controlled el ectrode of the bypass
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circuit elenment may include the first controlled el ectrode of the

bypass t resisigswitchebnhy st dodic sati(8lgos "High" dtare) tadeseorfdNEEic state (e.g.
transi stor. [0139] The bypass circuit el enent may instead include any
sub- ci r cud {'loar"rtatgle thenfirst puli-dawh dmassistor B ehmaty beftlumad ofif aforie thesecond
bypassi ng the | oad upon_ 44 application of an external voltage. The

ext ernal DYi-fays tispgisteed?? isswihethen, byt the delaytbalangerdransistyr sppamidel to

bypass ci {h%Lﬂrgt pei\lllle-'\grc!ev% trgr?SYSt(i)rrhSltSerggy rbe?na(l:r? anllng crmef\ d[‘h% Lé%ﬂytbg a%ce(i'l{ltarngirs]%or
may improve transconductance and reduce fall delay. . When the first input voltage
switches from a second logic state (e.g. a "low" state) to a first logic state (¢.g. a "high"
state), the delay balancer transistor 828 and the first pull-down transistor 818 are
switched on before the second pull-down transistor 822 is switched off. The delay
transistor 828 is switched on before the second pull-down transistor 822 is switched off
because of the delay balancer inverter 830. The overlapped on time may increase the
short current, but switching energy may remain similar since delay is reduced.
[0101]  The circuit arrangement may further include a subsequent level shifting
stage cascaded to the level shifting stage 802. The subsequent level shifting stage may
be coupled or be directly coupled to the first reference voltage 804 and the second
reference voltage 814. The subsequent level shifting stage may include a third
pull-down transistor 832, a third pull-up transistor 834, a fourth pull-down transistor

836 and a fourth pull-up transistor §38.



fl ows through the bypass circuit el enment upon term nation of an
external voltage. In other words, the external voltage prevents
current fromflow ng through the circuit elenent. Wen the external
voltage is termnated, current flows through the circuit elenment for
bypassing the |oad. [0141] The method npy further include coupling a
del ay balancer sub-circuit in parallel to the first pull-down
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and the second reference voltage. In various enbodi nents, the [evel

shifting sim@iedBlecheds m&hﬁ&®ullmptﬁwsisﬂﬁ$3t4ﬁna@€'@é<@dllubﬂftﬁlﬁ'uddupléﬂ to
path while the subsequent shifting stage may be directly connected to

t he fir st theethwd gtledoral tragestand3 by cepbngl theefiest enuteolicd ¢legeodevaft theut
any |nterven| circuit elenments) to achieve full output voltage
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shlftlng sta q% include a third set of sequentially coupled
pul | -up a.ﬁpéﬁﬁq own sub- circuits cross coupled to a fourth set of
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the thirdysgistsy3d. "Phd!Sen Aok g&b Bl Pl ARSHSLRTmay include a fourth
pull-down transistor 836. In other words, the fourth set of sequentially coupled
pull-up and pull-down sub-circuits may include the fourth pull-up transistor 838 and
the fourth pull-down transistor 836. The fourth pull-up transistor 838 may include a
control electrode, a first controlled electrode and a second controlled electrode. The
fourth pull-down transistor 836 may include a control electrode, a first controlled
electrode and a second controlled electrode. The fourth pull-up transistor 838 may be
sequentially coupled to the fourth pull-down transistor 836 by coupling the first
controlled electrode of the fourth pull-up transistor 838 to the first controlled
electrode of the fourth pulled-down transistor 836.
[0105]  The third set of sequentially coupled pull-up and puli-down sub-circuits

cross-coupled to the fourth set of sequentially coupled pull-up and pull-down



The pul | -down sub-circuit in the third set may include a third
pul | -down transistor. In other words, the third set of sequentially
coupled pull-up and pull-down sub-circuits may include the third
pull -up transistor and the third pull-down transistor. The third
pul | -up transistor may include a contppl electrode, a first

controll ed el ectrode and a second controlled electrode. The third
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pul | -up and pull-down sub-circuits cross-coupled to the fourth set of

sequent i afol tite conitpll etcpodd ofithe ovgthpulil dokavearBiskor@3ecui ts may i ncl ude
coupling the first controlled electrode of the third pull-down
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sub-cir cu$‘l(5 The syt slepirede 840 miar besavp!pd %ﬁeﬁrskmﬁﬁd gleryodecnfghed
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controll efi‘rs? Iretcerence vo?tage 804 and the second reference voltage 814 (without any

intervening circuit elements) to achieve full output voltage swing.

[0109] In various embodiments, the pull-down transistors 818, 822, 832, 836 may
be configured according to minimum width finger sizing method for reducing
threshold voltages to increase driving current. By applying the minimum width sizing
method, the inverse narrow width effect (INWE) is utilized. Due to the inverse narrow

width effect (INWE), the threshold voltages of the transistors are increased as the




the third pull-down transistor to the control electrode of the fourth
pull up transistor. The nmethod may additionally include coupling the
first controlled electrode of the fourth pull-down transistor to the
control electrode of the third pull-up transistor. [0151] Cascading a
subsequent level shifting stage to thg,level shifting stage nmay

i ncl ude coupling the first controlled electrode of the first .
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[ 0153] Advant ageousl y, the subsequent |evel shifting stage coupled to

t he fir st inceherdedaeingokktaes), awtichhenage fiotidr rrefwereedeley vasl tatle agl goows a
voltage to be generated at 47 the output el ectrode ranging fromthe
first refeMmsn@plionltage to the second reference voltage.

[0110] The pull-down transistors 818, 822, 832, 836 may be configured according
to minimum width finger sizing method. The pull-down transistors 818, 822, 832, 836
may be configured according to minimum width finger sizing method by folding each
transistor into multiple folded transistors (also called “fingers”) having an equivalent.
current drive as the transistor when connected properly in combination. Each of the
folded transistors may have a reduced width. Configuring each transistor may further
include sharing drain and/or source electrodes between the folded transistors.

[0111]  In various embodiments, the pull-down transistors 8§18, 822, 832, 836 are
n-channel metal oxide semiconductor field effect transistors (MOSFETS). In various
embodiments, the pull-up transistors 820, 824, 834, 838 are p-channel metal oxide
semiconductor field effect transistors (MOSFETS).

[0112] The second reference voltage 814 may include a voltage in the
super-threshold region or a voltage in the near-threshold region or about-threshold
region.

[0113]  In various embodiments, the inverters 826, 830 may be powered by a third
reference voltage (VDDL). In various embodiments, the third reference voltage may
be lower than the second reference voltage (VDD). For instance, the third reference
voltage may be at about 0.35V. The second reference voltage may be at about 1.2V.
[0114] FIG. 9 shows a schematic 900 of a method of operating a circuit
arrangement according to various embodiments. The method may include, in 902,

coupling a level shifting stage to a first reference voltage. The method may also




[0154] I n various enbodi nents, the pull-down transistors may be

configured according to mnimumw dth finger sizing nethod for

reduci ng threshold voltages to increase driving current. The nethod

may i nclude configuring the pull-down transistors according to

m ni mum w dth finger sizing nmethod. By,;applying the mnimumw dth
the inverse narrow ( is utilized.
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(0116] In various embodiments, a transition may refer to a period of time in which

the first input voltage switches from a first logic state to a second logic state and the
second input voltage switches from the second logic state to the first logic state. A

transition may also refer to a period of time in which the second input voltage



[0158] FIG 10B is a graph 1000b of delay against the third reference
voltage (VDDL). Lines 1012 and 1014 indicate the rise delay and fal
del ay respectively for the circuit arrangenent according to various
enbodi ments. Lines 1016 and 1018 indicate the rise delay and the fall
del ay respectively for a conventional j;tevel shifter. The circuit
arrangenent1§%§o di ng_to various enbodi nents have sggller and nore
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voltage may also be different from the first input voltage (and/or second input voltage)

in the second logic state. The first output voltage may be higher than the first input

voltage in the first logic state and/or the second logic state.




t he second input voltage may have voltages representing a first logic
state and a second logic state. Wen a first input voltage
representing a first logic state is applied to the first input

el ectrode 1108, a second input voltage representing a second |ogic
state may be applied to the second ingyt electrode 1110. Conversely,
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representi t first.lqqgic.state may be.a i ta the_second | nput
G et r ode Pha e bR g0 R orpP of et T8B! il O ifiE APIRRG ol 1E
out put el 1308 v, i £ tal . gg{ .
configuregﬁéggg.eerat8fgaﬁpbg{&gﬁggﬁ%h&%%?@gggg%égﬁé 0 .ngu%% é?EXOG
when the Eduasto thepurtagéQtht@%céﬁpfnﬁﬁ@muaggiﬂ {8 sédoh@llodiOftfe, State is
applied to the first 1nput electrode 1108 and the second I nput

vol t age r geepenThadiritheitmecatdet agiyChs batisantisllppghdl e Below ke s€waad

i nput el ectrode 1110. Conversely, the level shifting stage 1102 nmay
be confi grefegdndeovaj@pe rfar engarpecte dirstudyput volthgeagey bt stbstargiatlpeyualade
1106 when the first input voltage representing the second logic state

i s appl i ethetsecamdarefarence volpan subfraeted by dhe YOG gasdon arrossctBe hekd) wian the

vol tage representing .the fir | ogic state is applied to the second
i nput el BTHStIg eIt deapheatetls ths fr%%ﬁ%wgy@ mﬁﬁge FRStoRBAIY Frea iuing
feedback ¢ircuit. 1112 -The feedback circuit 1106 may be coupl ed

et weon ¢ E0RterPaa e RE nhES RS TR BIPAGTY  Thg” ot age 1102,
The feedbggksti r ¢Hi tovds ; Y LAaEAl £,

e L CSORAESE T oHE exdA BN aE SERRUOHIE A TRRO RIS R o
| evel wheghidner Voitagk (ﬁﬂpu@tpMWdlﬁ%@ répseseﬂﬁﬁ%@ ﬁfrétﬂ&%ic k@) C BédihStamdida
the second input voltage is in the second Togic state. The feedback
circuit nfsst eput wolthge oftshopt é¥ (repraseneiaghiigh sthe) emuyebes apilizd eo A first
[0161] In various enbodinments, the logic state of the second input
vol t age nmapubdediddeeTh inpiit miverterempy génsrate atsecanid inpie voltage (represanting
vol tage. The Iogic state of the second input voltage may different
from t he loggstatelioathe sgeondrapytiglectrode plhe lgwel shifdng stage waypesedpled tq 4

AT ot e PR Eh oAl e g BRI B PR s TG Biping ptace
Tyt ¢ iy HendEUPRRe LA Wb iTigh Shd AHE bbbl RESOHMATD A TR
vol t age 5%1%&%9%@%&?@[1@ Hibk Statd @giagpﬁéda{oetﬁeomt ﬁxﬁﬁf@e&‘agé Gndt@h& ﬁgd

t he second input voltage Switches fromthe seco ogic state to t
first |ogéeosd alpat véltdgeadsietdnOng 1By seks B dpplied td BeaeBid iaputodledtiods). i n
whi ch the second i nput voltage switches froma first logic state to a
second | ofhe fistt atudp nabltape nfayrist subspntiaNy labages s witeahtbe Hypass ditveit is
second logic state to the first logic state. [0163] The circuit

ar r angenmedfttivated. Bae dissifouiptew!iege mayhba swistantially pbatt 4Vhpidenibe bapessi n
the first logic state is | i to the first input electrode 1108, a
second | R B Ao Tﬁ@%ﬁ%ﬁl%ﬂ% ey ecpgﬁagsqi fedshis” e dnput
pe. cont 1 gurisgtoioh B Ml I B A5 0D B i, U EC SR e

| ogic staje &ﬁw@Rg%iﬁQu{@kaﬁb&h%ﬁi.inp“t el ectrode 1108, a second

i nput voltage In e first Togic state is applied to the second input

el ectrode[gh2dD. The fRitr ©ErEnRI VARYE TR bEBY dritdddBholinNOVYAR BRt ifRKT
inverter having an first electrode and a second electrode. The first

. el ect r odevsirige b€ alsan PVe@erresehtigg fow sthte) maybe epgitddriode: firdOiBpandediidae.
second el ectrode may be coupled to the second i nput el ectrode 1110.
The i nput Theinpnt ievemerymayngeaectatd heccond inpus veltage Gfeptdsentinigrisgh stagelito the
voltage applied to the first input electrode 1108 and generates the
second i njpepnd dipnhglectratieaThe lavel shifiing stise feayegrnefateonpached peipitvatage e

substantially equal to ground (representing low state) at the output node (when a first




| ogic state and the second output voltage may represent the second

| ogic state. [0165] The circuit arrangenent nmay be a |l evel shifter or
may be a part of a level shifter. 52 [0166]1n various enbodi nents,
the first output voltage may be different fromthe first input
voltage (and/or second input voltage) 4yn the first logic state. The
first output voltage may al so be dlfferent fromthe first input

vol t age (HWH! ¥9 ta@ééﬁ?{&Sﬁﬂﬁﬁ&ﬂO%tﬂfé‘a@@ppW fortke §1é%dﬁwt|eéfgrred% ﬁ%ﬁ whemrpe
first out ol t age, may be hi n.the firs ut vol t

the ri vt Sitbey Bref SFUAER fapareniife Plar AR i iied o e tboti ML Kl
the first o) econd
| ogi ¢ st a?}é@fgg&’ﬁi‘}é‘ ol ﬁ\éﬁ#ﬂg?%{d}oh gul{sltd’n%l% lg%ghaﬁ[té %Ei?? n%g%flg ypass

enbodi nen&?culltlgﬁcti\fa?ém%&ﬂtﬁ@H&ﬂasé&;&lf@ﬁe%v%@f igured to maintain
the first output voltage at the output el ectrode 1106 above a

predet er njoled] | eVat ldddChidg&gudehsrobSRHbA el a8 toCht ttraklk l%lﬁ@é‘%éﬂHF%II 0
mai ntain the first output voltage at a substantially constant [evel

[0168] | n especiollp wieh dlitk supptysyoltage (e ehkeseeond refereheyvedltapa)isheisedtoethe

than 80% super-threshold region because of the nearly constant voltage drop across the load.
The load may result in degraded performance of the circuit arrangement when
operating in the super-threshold region and may make the circuit arrangement to be
unsuitable for dynamic voltage scaling (DVS) applications.
[0126]  Coupling a first end of the bypass circuit element to the level shifting stage
and a second end of the bypass circuit element to the second reference voltage such
that the bypass circuit element is in parallel to the load may at least partially improve
performance of the circuit arrangement and allow for faster operation.
[0127] The bypass circuit element may allow the circuit arrangement to be used
for supply voltages in the around threshold and the super threshold regions to be used.
When the supply voltage is at around-threshold region, the bypass circuit element
may be disabled to weaken the pull-up path in the level shifting stage. When the
supply voltage is at super-threshold region, the voltage drop across the load may
remain fairly constant, which may in turn lead to propagation delays. The bypass
circuit element may be configured to allow current to flow through (i.e. activated)
upon application of an external voltage for bypassing the load. The method may
further include applying the external voltage to the bypass circuit element when the
supply voltage (i.e. second reference voltage) exceeds a predetermined level, such as
the threshold voltage. The method may include coupling a comparator circuit with the
second reference voltage and the bypass circuit element. The comparator circuit may

be configured to compare the second reference voltage and a voltage fixed at the

predetermined level and generates the external voltage when the second reference




e.g. nore than 90% e.g. nore than 95% e.g. nore than 99% of the
second reference voltage. [0169]In various enbodi nents, the |evel
shifting stage 1102 may include a current mrror. [0170]In various
enbodi ments, the current mirror may include a first set of
sequentially coupled pull-up and pul | ydown sub-circuits. The current
mrror may further include a second set of sequentially coupled

pul | -up akltagals cHBhAT sxaseds the ypitage attle predeigpmiogd lfaﬁel.l @g@éﬁ@asﬁwﬁ
| ed | ] - d 1] -d b-ci It ] to t
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in the figshndeiredBW ﬂe?EJn,Ude a first pull-down transistor. In other
words, the first set of sequentially coupled pull-up and pul | -down
sub- ci r cuja1g8rayIn Vuridud @nibld@inhdntss ttheplevbl- it age Shay indhde tahfrsf &t S
pul | -down transistor. The first pull-up transistor may have a control
el ect r odegeqaeitiallytcouplrd polliupding Ipatl tdosdesubnmircaits eoesycoupdatt toal deechd set
el ectrode. The first pull-down transistor may have a control 53

el ect r odeof geaupntiallycconpled] nudledepeandr pkden sab-sewisdiocgsneratsl b @gsitive
el ectrode he first controlled el ectrode of the first pull-down
transi st o#be;%‘fkﬁ‘éopcoupl ed to the first controlled el ectrode of the

first pul fO_lEB] trang 1')1?1&-8{) ‘sub-circuit in the first set may include a first pull-up transistor.
The pull-down sub-circuit in the first set may include a first pull-down transistor. In
other words, the first set of sequentially coupled pull-up and pull-down sub-circuits
may include the first pull-up transistor and the first pull-down transistor. The first
pull-up transistor may include a control electrode, a first controlled electrode and a
second controiled electrode. The first pull-down transistor may include a control
electrode, a first controlled electrode and a second controlled electrode. The first
pull-up transistor may be sequentially coupled to the first pull-down transistor by
coupling the first controlled electrode of the first pull-up transistor to the first
controlled electrode of the first pulled-down transistor.
[0130]  The pull-up sub-circuit in the second set may include a second pull-up
transistor. The pull-down sub-circuit in the second set may include a second
pull-down transistor. In other words, the second set of sequentially coupled pull-up
and pull-down sub-circuits may include the second pull-up transistor and the second
pull-down transistor. The second pull-up transistor may include a control electrode, a
first controlled electrode and a second controlled electrode. The second pull-down
transistor may include a control electrode, a first controlled electrode and a second
controlled electrode. The second pull-up transistor may be sequentially coupled to the
second pull-down transistor by coupling the first controlled electrode of the second

pull-up transistor to the first controlled electrode of the second pulled-down transistor.



[0172] The pul | -up sub-circuit in the second set nmay include a second
pul | -up transistor. The pull-down sub-circuit in the second set may

i nclude a second pull-down transistor. The pull-up sub-circuit in the
second set may further include a current limter sub-circuit having a
first end and a second end. In other yprds, the second set of

sequenti al | oupl ed. pul | -up and pul | -down sub-circuits may include
the secontf] ééf| (DEBC tthstngst & o%equ%@ﬁgé@aaladmﬂﬂrumm D oSS FE-clgrts
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second pull-down transistor may be coupl ed e first end o

current | sdutstiallyudoupled gl tupame piledbwh stb-eablhitsodrbedeipRAt thade seza‘ona he
second puII-up transistor nmay be coupled to the second end of the

current | satidfesequantially rcoupled pulldhip3ind pvlddbwnsubldirenita myefivithel inehids,
the second set of sequentially coupled pull-up and pull-down

sub- ci r cupauplingyhe fist @mvéroilnrée eleedecp g secomd pulkdeiva tiensistato the cedodnd
pul | - down tran | t or flrst controll ed el ectrode of the second

pul | - down®lff ﬁ%ﬁﬁﬁ% bBPBBﬁﬁﬁéﬁ to the first controlled el ectrode
e curr

f h T.
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el ectrode of the current limter transistor. The second end of the
current | feilbaek lsaph-circuit may include the second controlled

el ectrode of the current limter transistor. The control el ectrode of
t he currelft3B] mi rervatipen simbodimentyy  the UmﬂmﬂedmwohmhdcsaquMgiﬁpuﬁmt
el ectrode 1110. The current lLimter transistor may be a PMOS

transi st ofontoged S]QCHO%Pf HhesfishBaldiupdransistor fe t&%ﬁ@hﬁo%téﬁtneéfdecmde of
sequent | a! eyﬁrs?upﬁlllle-}((ijoﬁn transnstor ci"he method may also include coupling the first

controlled electrode of the second pull-up transistor to the first controlled electrode of
the second pull-down transistor.

[0134]  The method may further include coupling the first controlled electrode of
the first pull-down transistor to the control electrode of the second pull up transistor.
The method may additionally include coupling the first controlled electrode of the
second pull-down transistor to the control electrode of the first pull-up transistor.
[0135] Coupling the first end of the load to the level shifting stage may include
coupling the first end of the load to the second controlled electrode of the first pull-up
transistor and/or the second controlled electrode of the second pull-up transistor.
Coupling the first end of the bypass circuit element to the level shifting stage may
include coupling the first end of the bypass circuit element to the second controlled
electrode of the first pull-up transistor and/or the second controlled electrode of the

second pull-up transistor.



pul | -down sub-circuits coupled to the first set of sequentially

coupl ed pull-up and pull-down sub-circuits to formthe current mrror
may i nclude the control electrode of the first pull-up transistor
coupled to the control electrode of the second pull-up transistor.
The control electrode of the first puld-up transistor may be further

coupled to the first controlled electrode of the first pull-up,
tr agsi st ofo 1361 1 ofRTRINE i devehehifing Bree tpdher 679t refskenes volinegana melude
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sequential Ty coup -up an ik
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The second set of sequentially coupled pull-up and pull-down

sub- ci r cujd187]ray The| tdaddRaydincluda stdiedS@CONEnsHd. THP clrEdn Sir&igemeaNtha R
second pull-down transistor. The controlled el ectrode of the first

pul | -up t banwifeod swely thaethealipdead fdrevabbbiasddn &he oatgigbr @théch maylelsobe
the first pull-up transistor and the control el ectrode of the second
pul | -up t paliediashoad tepyisten mahevieHrecwtiiol elsctredmand a fiost Zehtmitedcaleatrede
limter sub-circuit may be conflgﬁred to reduce current flow n
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| evel shifting stage 1102. The second controlled electrode of the

f eedback taf@resdestaitageaPhdosechbud chttolRdudctdde oftikhe trasand(loLf BHRixte)
vol tage 1114. The control el ectrode of the feedback transistor nay be
coupl ed tmayibe couplpdito tiederal slifinglOgge. In other words, the second end of the load

may include the second controlled electrode of the transistor (load transistor). The
first end of the load may include the first controlled electrode of the transistor (load
transistor). The transistor (load transistor) may be a NMOS transistor.

[0138]  The bypass circuit element may include a bypass transistor. The bypass
transistor may include a control electrode and a first controlled electrode and a second
controlled electrode. The first controlled electrode of the bypass transistor may be
coupled to the second reference voltage. The second controlled electrode of the
bypass transistor may be coupled to the level shifting stage. The second controlled
electrode of the bypass transistor may also be coupled to the load. In other words, the
first end of the bypass circuit element may include the second controlled electrode of
the bypass transistor. The second end of the bypass circuit element may include the
first controlled electrode of the bypass transistor. The bypass transistor may include a
PMOS transistor.

[0139] The bypass circuit element may instead include any sub-circuit

arrangement that allows current to flow through for bypassing the load upon



[0180] I n various enbodi nents, the pull-down transistors may be
n-channel netal 55 oxide sem conductor field effect transistors
(MOSFETs). I n various enbodi nents, the pull-up transistors may be

p- channel netal oxide sem conductor field effect transistors
(MOSFETs). [0181] I n various enbodi nentyg, the first reference voltage

may be atﬂground. %0182 FIG 12 sgoms a schematic 1200 of ,a circujt
ar r angere APPLICEHS} Bt HySHtemahyelees i olagermay of adeiy sicgal arigint
may i ncl ude a | evel shifting stage coupled to a first reference

vol t age 1264* The circuit arrangenent may further include a first
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with the level shifting stage for coupling a second input voltage.

The ci r cubthenmoadyy eieattemmal veltite tprovantd yurtdne fkoete flatvig s ghethe cdifcard e
1206 in electrical connection with the |evel shifting stage for

provi di ngelemenbfWherf hesexternalputlitagelis tgminets, susetobavotrgugh thol dmge.
The circuit arrangenent may further include a feedback circuit 1212

coupl ed welemepHgr brrassing fifleathg st age, the output el ectrode 1206 and

ot 1 gur elTTAET ¢ fie Hiosiatbibak Thrther, Beluit o iplingcy delih palnes oheHeulin
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first input 'vol'tage I's In the first gic state a e second I nput

vol t age i p14D] t hehs aga Balaf@r GuistRbgt mhhendi@iea] dghy bithngr §hRgRor M a¥ebe
configured to generate the second out put voltage when the first input

vol t age i delay bhlaeces enbwitchibgnay Airthee ivhdict hdelag bahdcérnpudrteroOThadelay s
inthe first logic state. The feedback circuit 1212 may be configured
t o mai nt ab#andge trengiger may putludeot cemfeol #lectrhde, gufipst cordtodled rebattrod ol a
above a predeterm ned | evel when the first input voltal%g is in the
first |ogPeony sPairalled ¢lpdradec dhe methrd may ipglyde icqupling the fysteemirallsdi ¢
state. [0183]] er r.d the circuit, arrange t i ncl.yde .a
level shi éﬁ?‘@gs%a‘g‘é di@%é’%‘é‘ﬁﬁ Eapsisiot o the &t SHRE Ik eledde £ 3*?‘1 508
The | evel [y ] Y ’ . i.r [
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el ectrode a second 1 nput efectro
electrode of the delay balancer transistor to the second controlled electrode of the first

pull-down transistor. The delay balancer inverter may include a first electrode and a
second electrode. The method may also include coupling the first electrode of the
delay balancer inverter to the second input electrode and the second electrode to the
control electrode of the delay balancer transistor.

[0143]  The method may include cascading a subsequent level shifting stage to the
level shifting stage. The method may include coupling or directly coupling the
subsequent level shifting stage to the first reference voltage and the second reference
voltage. In various embodiments, the level shifting stage may be connected to the load
to weaken the pull-up path while the subsequent shifting stage may be directly
connected to the first reference voltage and the second reference voltage (without any

intervening circuit elements) to achieve full output voltage swing.



56 input voltage may be applied to the first input electrode 1208 and
a second input voltage nmay be applied to the second input el ectrode
1210. The first input voltage nay have voltages representing a first

| ogic state and a second logic state. Simlarly, the second input
voltage may have voltages representingsa first logic state and a
second logic state. Wien a first input voltage representing a first

| ogi ¢ st at@4k aBpyareys eghodungnty, dac sybsequeat uel shefing sge maysaelgaa
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state WYSMegﬁH{Z%@sﬁiJe%éch%c@%ﬁﬂd i nput el ectrode 1210. The | evel
shifting stage 1202 may further i1 nclude an output electrode 1206. The

I evel shif14pp STREEuILAPZubreirclieincBo tHifiWeethay tncBeiRes @irg pallfip tidnsistor.
out put voltage at the output node 1206 when the first input voltage

r epr esent Thgpulhdownseb-clrogi o $iedhied st nagypihclade b chitchpulf-dowh tiangstbr. In
el ectrode 1208 and the second input voltage representing the second
| ogi ¢ st aet@ey wordspthicahird get ¢fesequertially icappled phlaprandgrulizdapyn sub-circuits
Conversely, the |eyel shifting stage 1202 may be configured to i
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feedback geéifdde! a ¥2dL conthftlch egehaak Hlir £ ddond 2061rHMd DecteisPTed third
bet ween the out put el ectrode 1206 and the |l evel shifting stage 1202.

The feedbpakupitfagsisior h2d2berayqueatislpntougledetd the tild rpudl-dovwh erahdistet by
out put voltage at the output electrode 1206 above a predeterm ned

| evel wheepuphiegfthe Sfirst npuitolled| ¢lagfeodesofl thet Herdf puldupl ogisctat it ereaficst
t he second inglut voltage is in the second |ogic state. The feedback

circuit nespteded gleetrede ofdhpihird mfedrdewe disgsistef.er ence vol t age 1214,
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transition nay refer to a period of tine in which

transistor, The fourth pull-up transistor may include a control electrode, a first
controlled electrode and a second controlled electrode. The fourth pull-down
transistor may include a control electrode, a first controlled electrode and a second
controlled electrode. The fourth pull-up transistor may be sequentially coupled to the
fourth pull-down transistor by coupling the first controlled electrode of the fourth
pull-up transistor to the first controlled electrode of the fourth pulled-down transistor,

[0147]  The third set of sequentially coupled pull-up and pull-down sub-circuits
cross-coupled to the fourth set of sequentially coupled pull-up and pull-down

sub-circuits may include coupling the first controlled electrode of the third pull-down

transistor to the control electrode of the fourth pull-up transistor. The third set of




the first input voltage switches froma first logic state to a second
| ogic state and the second input voltage switches fromthe second

| ogic state to the first logic state. Atransition nay also refer to
a period of tine in which the second input voltage switches froma
first logic state to a second logic state and the first input voltage
switches fromthe second |ogic state to the first logic state.
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vol tage i ae&me%Milh%ghglp%}ﬁgﬁtdhs applied to the first input
el ectrode 1208, a second input voltage in the first logic state is

applied tWUBE SECOEdbus pHodBh&@ed, tae thellidliOmay R hider Golstcobplidh SRNBRE
may further include an input inverter 1226 having an first el ectrode

and a secsatafet@rhtigtie couphel pull-sp aed pollrdoda subycitveits otthl thel fowatt fee of
first input electrode 1208 and the second el ectrode may be coupled to
t he seconstauapiilyetapiadopel-up 1apd mHkdowppubicirgeits &r generaenmpubsgqesnt
the logic state . of the input first voltage applied to the first input
el ect rodepﬂ%‘@fﬁi‘&aﬁ%ﬁé’%t es the second input voltage in a |ogic
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applied to the first input electrode 1208, the input inverter

produces eordofibd ¥ektragieofithe thetisgabogl trehgabr Rdb@e Gedt cohgollgdpdléctrode of
inverter) and applies the high voltage to the second input el ectrode

1210. [ 01@@]fourthvpull-dossn éxbosioment s, the first output voltage may
represent the first logic state and the second out put voltage nma
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the The method may additionally include coupling the first controlled electrode of the
fourth pull-down transistor to the control electrode of the third pull-up transistor.
[0151] Cascading a subsequent level shifting stage to the level shifting stage may
include coupling the first controlled electrode of the first pull-down transistor to the
control electrode of the third pull-down transistor. The subsequent level shifting stage
cascaded to the level shifting stage may alternatively or additionally, include coupling
the first controlled electrode of the second pull-down transistor to the control
electrode of the fourth pull-down transistor.

[0152]  The subsequent shifting stage may further include a further output electrode.
The method may include coupling the output electrode to the first controlled electrode
of the third pull-down transistor.

[0153] Advantageously, the subsequent level shifting stage coupled to the first

reference voltage and the second reference voltage allows a voltage to be generated at



first input voltage (and/or second input voltage) in the first logic
state. The first output voltage may also be different fromthe first
I nput voltage (and/or second input voltage) in the second |ogic
state. The first output voltage may be higher than the first input
voltage in the first logic state and/ @t the second logic state. In
ot her words, the first input oIt%V at hboth the first logic state
and the s cﬂ’rﬂm}tc?éﬁcérog? AR lC ggﬁrﬂvye RCE VP HRBOIG: hE SeqmdtrgtpEcnce
[0190] I n varioqus enbodi nents, the feedback circuit 1212 may be
configure&oz§ehaintain the first output voltage at the out put
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[0192] I n various enbodi nents, the |level shifting stage 1202 nmay
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include a first pu p transistor
pull-down transistors having minimum width transistors for achieving the low

threshold voltages and increasing driving current for reducing delay, especially at low
voltages. Additionally, the size of the pull-down transistors may be reduced (due to
increased driving current), which may further reduce delay as well as power
consumption.

[0155] The pull-down transistors may be configured according to minimum width
finger sizing method. The pull-down transistors may be configured according to
minimum width finger sizing method by folding each transistor into multiple folded
transistors (also called “fingers™) having an equivalent current drive as the transistor
when connected properly in combination. Each of the folded transistors may have a
reduced width. Configuring each transistor may further include sharing drain and/or
source electrodes between the folded transistors,

[0156] In various embodiments, the pull-down transistors are n-channel metal
oxide semiconductor field effect transistors (MOSFETs). In various embodiments, the
pull-up transistors are p-channel metal oxide semiconductor field effect transistors
(MOSFETs).

[0157] FIG. 10A is a graph 1000a of voltage as a function of time showing the

transient behaviour at different nodes of the circuit arrangement according to various



1220. The pull-down sub-circuit in the first set may include a first
pul | -down transistor 1218. In other words, the first set of
sequentially coupled pull-up and pull-down sub-circuits may include
the first pull-up transistor 1220 and the first 59 pull-down
transistor 1218. The first pull-up tragsistor 1220 may have a control

el ectrode, drst controll ed el ectraode and a second controll ed
em%mﬁpﬁsfhepaqaph %%ﬁlw%gwgs GroomadME pregess dechyatogy and

el ectrode:
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may further include a current limter sub-circuit 1228 having a first
end and atleefpenhthpehdlectrodeo e 10Er adicateh ¢hes swond] ingeit voltageeajuba sty
coupl ed pull-up and pull-down sub-circuits may include the second
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el ectrode of the second pull-up transistor 1224 may be coupled to the

second en8 nefTlcheedappedrhighi’ iatesrat ghalfirel inputi dlectid@8 (or[thd Sfitdoh eleatidd) S
al ternate enbodi nents, the second set of sequentially coupled pull-up
and pul | - aisihwt tBeibecond owiut elestsgdeimay gaé ta inercaseddradsgpuidhctapcet fonbethsiser
1224 and the_ second pull-down transistor 1222. The first controlled
el ect r odeask fatl{engitionh d hg dall angige trangition srayybeicdoss tagymmetryoupl ed t o
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(VDDL). Lines 1012 and 1014 indicate the rise delay and fall delay respectively for
the circuit arrangement according to various embodiments. Lines 1016 and 1018
indicate the rise delay and the fall delay respectively for a conventional level shifter.
The circuit arrangement according to various embodiments have smaller and more
symmetric rise and fall delays compared to the conventional level shifter across all
VDDLs from 0.35 V to 1 V. At 0.35 V, the average delay of the circuit arrangement
according to various embodiments is around 2.8 ns while the conventional level
shifter fails to operate below 0.4 V (for fair comparison the conventional level shifter
is sized to have a similar area as that of the circuit arrangement according to various
embodiments). At 0.4 V, the circuit arrangement according to various embodiments
has a average delay of about 2.5 ns and is about 12 times faster than the conventionatl

level shifter (which is about 30 ns).



[0197] The current limter sub-circuit 1228 may include a current
limter transistor. The current limter transistor may have a control
el ectrode, a first controlled el ectrode and a second controlled

el ectrode. The first end of the current limter sub-circuit may
include the first controlled el ectrodggof the current limter

' F ., the 60 d f th t limter
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coupled pull-up and pull-down sub-circuits to formthe current. m nor
may i ncl ufte cobglimon fiew linmit @cttiged @hotirtlieadringeneptinhy UBotifidlidd $b&ond
1220 coupled to the control electrode of the second pull-up

t ransi st ompapglctrddeel Eldhinr electakadotomoddionf witlhehd lavslt shpfiing-sigge 1102 for
transi stor 1220 may be further coupled to the first controlled
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providing one of a first output voltage and a second output voltage. The circuit
arrangement may further include a feedback circuit 1112 coupled with the level
shifting stage 1102, the output electrode 1106 and a second reference voltage 1114.
The first input voltage may be configured to switch between a first logic state and a
second logic state. The second input voltage may be configured to switch between the
second logic state and the first logic state. The level shifting stage 1102 may be
configured to generate the first output voltage when the first input voltage is in the
first logic state and the second input voltage is in the second logic state. The level
shifting stage 1102 may be configured to generate the second output voltage when the
first input voltage is in the second logic state and the second input voltage is in the
first logic state. The feedback circuit 1112 may be configured to maintain the first
output voltage at the output electrode 1106 above a predetermined level when the first
input voltage is in the first logic state and the second input voltage is in the second
logic state.

[0160] In other words, the circuit arrangement may include a level shifting stage
1102 coupled to a first reference voltage 1104. The level shifting stage 1102 may be
connected to a first input electrode 1108 and a second input electrode 1110. A first
input voltage may be applied to the first input electrode 1108 and a second input
voltage may be applied to the second input electrode 1110. The first input voltage

may have voltages representing a first logic state and a second logic state. Similarly,



coupl ed pull-up and pull-down sub-circuits and the second set of
sequentially coupled pull-up and pull-down sub-circuits. The first
set of sequentially coupled pull-up and pull-down sub-circuits may
include at least a first pull-up transistor 1220 and a first
pul | -down transistor 1218. The second5§et of sequentially coupl ed

ull-up a ul | - down s b-circ i ncl ude at st a.second
Bm | -uB tﬁ“&n%cglﬂ%ﬂn%ﬂ’ gy may SnYr}H g¢9 re@mﬁﬁnttr}gaﬁ gt [gic) state and,a
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pul | -up transistor 24 when the output electrode 1206 isS at the

second ouinput voltigt agesehiZ® el secoral logitsstaeriogppiied ts thetiliet ihpiitSdlectrode
reference voltage 1204 may be at "low' state e.g. at ground. In
vari ous ehlfifdiarssnersl inphevdtage mepresehting theefinso lagag statt2hdy baypppléedato the
"hi gh" state e.g. at VDD. The second reference voltage 1214 nay be at
a vol t ageSscand F\@)% L?ﬁf‘é?fﬁil%rlé%onw lexeli dnftiog sageal M) may duithertindude an
about - thr g&tﬂﬁt‘ gectrodeeﬁ{)Gt reel cflsglftlng stagg 1 P& may be configured to generate a
first output voltage at the output node 1106 when the first input voltage representing
the first logic state is applied to the first input electrode 1108 and the second input
voltage representing the second logic state is applied to the second input electrode
1110. Conversely, the level shifting stage 1102 may be configured to generate a
second output voltage at the output node 1106 when the first input voltage
representing the second logic state is applied to the first input electrode 1108 and the
second input voltage representing the first logic state is applied to the second input
electrode 1110. The circuit arrangement may further include a feedback circuit 1112.
The feedback circuit 1106 may be coupled between the output electrode 1106 and the
level shifting stage 1102. The feedback circuit 1112 may be configured to maintain
the first output voltage at the output electrode 1106 above a predetermined level when
the first mput voltage is in the first logic state and the second input voltage is in the
second logic state. The feedback circuit may be further coupled to a second reference
voltage 1114.
[0161]  In various embodiments, the logic state of the second input voltage may be
different from the logic state of the first input voltage. The logic state of the second
input voltage may different from the logic state of the first input voltage at steady

state. In other words, the logic state of the second input voltage may different from

the logic state of the first input voltage out of transitions or between transitions.



[ 0202] When a first input voltage having a second logic state (e.g. a
"l ow' state) is applied to the first input electrode 1208 and a
second input voltage having a first logic state (e.g. a "high" state)
is applied to the second input electrode 1210, the first pull-down
transi stor 1218 may be swi tched off while the second pul|-down

transi sto be swi tche 1222. The contro| el ectrode of the
current [Orﬁ%?ﬁr fw‘éﬁmuge ﬁwnbsea@aaw%nwée%%wnq@pqﬁtﬂm Bcvhishe
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controlled eIectrode of the current limter transistor may decrease

The strengiiiclel ffone apfifst 1ogic patdtoayetimddegicease dndnte tiig hpht velglkay
may be i nproved. When the second output voltage is generated at the
out put el seitechgd fotP(h6 sedoné lagie statstto thanfitselogtaorstaisi st or may be fully
turned off. The current limter transistor nmay be fully deactivated
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transi stor may be coupled to the output electrode 1206. [0205] When a

first inpipuvedltaggén tievirsgogicistatsis dppljed tosthatsecohd igput @lectiogh! 11sX The)
is applied to the first ut el ectrode 1208 and a second i nput

vol t age h@mmﬁgaramgemeﬁdna}oglﬁbelsimahlée fe input mvettenhiaviigand]rsi decirpd iand
to the second input electrode 1210, the first pull-down transistor
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e.g. the tpi ﬂﬂ)u‘c ﬁ'fv@I’tS) mH?Yn\Fé?t #E qgél@ts&ge 8¢ the%st input voltage applied to the
first input electrode 1108 and generates the second input voltage in a logic state
different from the logic state of the first input voltage. For example, when a high
voltage 1s applied to the first input electrode 1108, the input inverter produces a low
voltage at the second electrode (of the input inverter) and applies the low voltage to
the second input electrode 1110. Conversely, when a low voltage is applied to the first
input electrode 1108, the input inverter produces a high voltage at the second
electrode (of the input inverter) and applies the high voltage to the second input
electrode 1110.
[0164] In various embodiments, the first output voltage may represent the first
logic state and the second output voltage may represent the second logic state.

[0165]  The circuit arrangement may be a level shifter or may be a part of a level

shifter.



the output el ectrode 1206. The feedback transistor may be configured
to be turned off or be deactivated when the control term nal of the
feedback transistor is at the first logic state (e.g. the "high"
state). The voltage at the control electrodes of both the first

pul | -up and the second pull-up transi §5 ors 1220, 1224 may remain at
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S ki Sl
Cransi st orangabane 553060y ORISRHY ouplcr vl 1 10 B Brfiet e
may be Wel%l@@mﬁ@lu?%g e %ééhkac@%ln"aﬁlt TRY. P&Hg%f’éa%gnanlit%%é Fifkt éﬁt?kp%ﬁtage

enbodi ments, 1nc Ing the current I m ter sub-circult

f eedback gidfMkthntldZofBntiesdice the standby | eakage for bot h the
first output voltage and the second output voltage with inproved
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enbodi ments nay have i nproved energy efficiency and/or snmall area. In
various efouprrethen 20%he.gemorwithan §pYarge mene thenPoPnef thd secondiroference
transistors (including output buffer which is not shown). The circuit
arr angenefR't%8€cor di ng to vari ous enbodl ments may possess benefis in
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vol tage (VDDL). In various enbodi nents, the third reference voltage

may be | ofwethet hadutddea secomtl seef & sapentialy agepleDPyLl-ubornd nstlhdeen
the third reference voltage nay be at about 0.35V. The second
r ef er enceSupotitcaie iy tsecoad spfowd sequentially coupled pull-up and pull-down

sub-circuits may be coupled to the first set of sequentially coupled pull-up and
pull-down sub-circuits to form the current mirror.

[0171]  The pull-up sub-circuit in the first set may include a first pull-up transistor.
The pull-down sub-circuit in the first set may include a first pull-down transistor. In
other words, the first set of sequentially coupled pull-up and pull-down sub-circuits
may include the first pull-up transistor and the first pull-down transistor. The  first
pull-up transistor may have a control electrode, a first controlled electrode and a

second controlled electrode. The first pull-down transistor may have a control



[0210] FIG 13 shows a schematic 1300 of a nethod of operating a
circuit arrangenent according to various enbodi nents. The net hod

i ncludes, in 1302, coupling a level shifting stage to a first

ref erence voltage. The nethod may al so include, in 1304, coupling a
feedback circuit with the level shiftisag stage, an output el ectrode
and a second ref nce volﬁage. The ouf put el ectrode may be i
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| ogic state. The level shifting stage may be configured to generate a
first out puli-dowhttrgeistar. Thepdlitpstb-eiradt mothe sedved sehealyifogheri ingude a
voltage is in the first logic state and the second i nput voltage is
in the setWrPt gl syb=ireuil hawing e st ¢nd fand mgsesendyendrdy atherowirds, the
configured to.generate a second output voltage at the output,
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i nput voltage may different fromthe logic state of the first input
vol t age agondtodlgd glecadss (Thedirst eontroled elpefratie, oftthesdcond puldawe tofsistoe
second input voltage may different fromthe logic state of the first
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froma first Togic state to a second logic state and t _ t
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state. [0213] The nethod may i nclude applying the first input voltage

at the fisebnd pgilclown fransistor. The first controlled electrode of the second pull-down
transistor may be coupled to the first controlled electrode of the second pull-up
transistor.
[0174]  The current limiter sub-circuit may include a current limiter transistor. The
current limiter transistor may have a control electrode, a first controlled electrode and
a second controlled electrode. The first end of the current limiter sub-circuit may
include the first controlled electrode of the current limiter transistor, The second end
of the current limiter sub-circuit may include the second controlled electrode of the

current limiter transistor. The control electrode of the current limiter transistor may be

coupled to the second input electrode 1110. The current limiter transistor may be a




state to the first input electrode when applying the second i nput
voltage at the second logic state to the second input el ectrode. The
nmet hod may additionally or alternatively include applying the first

i nput voltage at the second logic state to the first input electrode
when appl yi ng the second i nput voltagesat the first logic state to

t he secon§m§ftrode. [0214] The method may further include coupling
an i nput TaRSIFY-t he | evel shifting stage. The input inverter nay
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state. [0216]1n various enbodi nents, the first output voltage may be

di f fer ent tHer first tphi-vp tratsistopuduplal tadge cantl] wledwdond thepetondobtlngs)
in the first logic state. The first output voltage nay al so be

di f f er ent trimsasion Abe fcpntgel dlegotde wé theafirst pelhdp tansisoomdy ibefuttharalouplgé)
in the second |ogic state. The first output voltage may be higher
than the f9 fhst ﬁﬁ%ﬁﬂfﬂriﬂéﬁdt glgetrode ohéher fipss tpuflow Erangiyere tafleroithe perrent
second |l ogi.c state. In other words, the first input voltage at both
the first™%ic state and the second logic state may be bel ow t he
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coupled pull-up and pull-down sub-circuits and the second set of sequentially coupled
pull-up and pull-down sub-circuits. The first set of sequentially coupled pull-up and
pull-down sub-circuits may include at least a first pull-up transistor and a first
pull-down transistor. The second set of sequentially coupled pull-up and pull-down
sub-circuits may include at least a second pull-up transistor and a second pull-down
transistor. The controlled electrode of the first pull-up transistor may be coupled to
both the control electrode of the first pull-up transistor and the control electrode of the
second pull-up transistor for forming the current mirror.

[0177]  The current limiter sub-circuit may be configured to reduce current flowing
through the second pull-up transistor when the output electrode is at the second output
voltage.

[0178]  In various embodiments, the feedback circuit 1112 may include a feedback
transistor. The feedback transistor 1112 may include a control electrode, a first
controlled electrode and a second controlled electrode.

[0179]  The first controlled electrode of the feedback transistor may be coupled to
the level shifting stage 1102. The second controlled electrode of the feedback
transistor may be further coupled to the second reference voltage 1114. The control

electrode of the feedback transistor may be coupled to the output electrode 1106.

[0180]  In various embodiments, the pull-down transistors may be n-channel metal



maintain the first output voltage at the output el ectrode above a
predeterm ned | evel includes the feedback circuit configured to

mai ntain the first output voltage at a substantially constant |evel.
[0218] I n various enbodi nents, the level shifting stage nmay include a
current mrror. [0219]1n various enbodinments, the current m nor may

i nclude a _f..rst set.of entially co \I-up_.and | ].- down
sub- ci r cuP¥ide Sel‘ﬂlgoﬁq}}c}(gﬁﬁeﬂﬁ?tﬁw %ﬁﬁiﬁ?ﬁﬂ%@&%& I&dpémau%@}ég‘?ddm%@ be
sequent i /. : - up - CI T CUist s,
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coupl ed tgwb@pEﬁgIst set of sequentially coupled pull-up and

pul | -down sub-circuits to formthe current mnor. [0220] The pull-up
sub-ci rcuf(t18ih t hevdrious tmbedin¥as, theGirstdefepenict kekageuhdy Beatlpfadl st or .
The pull-down sub-circuit in the first set may includg a first

pul | - down[G182hsi El(ar 12 shows heschewatils 1 20heffa cistuits etrargemsatuantdiag Ity
coupl ed pull-up and pull-down sub-circuits may include the first

pul | -up t vaiss ssehodaments.hEhg icirewit porngegesm maamsiudeor leveheshifiing stage
pul | -up transistor_may_have a _control _electrode, a first control]ed
ol ect 1 odeC PRI St eRere rait Bkl AHie The St Fraesmpampfurtheoipplude
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transi stor. The pull-down sub-circuit in the second set nmay i nclud
second pui kecdadrinputandiagé. ofhe difw@itpaitangeestubay hdditibhaliynintlnge a8 @ofsht
set may further include a current limter sub-circuit having a first
end and aelserasied 28Adn clentrisahemnewiodsyith the lsed shiftisestage fos popading ahé y
coupl ed pull-up and pull-down sub-circuits may include the second
pul | -up tohahdirdtaiputiieliagearha sgeand- Bprt Yoltags| Eheosiramdarangement mAY
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output electrode 1206 and a second reference voltage 1214. The first input voltage
may be configured to switch between a first logic state and a second logic state. The
second input voltage may be configured to switch between the second logic state and
the first logic state. The level shifting stage may be configured to generate the first
output voltage when the first input voltage is in the first logic state and the second
input voltage is in the second logic state. The level shifting stage may be configured
to generate the second output voltage when the first input voltage is in the second
logic state and the second input voltage is in the first logic state. The feedback circuit
1212 may be configured to maintain the first output voltage at the output electrode
1206 above a predetermined level when the first input voltage is in the first logic state
and the second input voltage is in the second logic state.
[0183] In other words, the circuit arrangement may include a level shifting stage

1202 coupled to a first reference voltage 1204. The level shifting stage 1202 may be

connected to a first input electrode 1208 and a second input electrode 1210. A first
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66 controlled electrode and a second controll ed el ectrode. The
second pull-down transistor may include a control electrode, a first
controlled el ectrode and a second controlled el ectrode. The first
controll ed el ectrode of the second pull-down transistor nay be
coupled to the first end of the currenf limter sub-circuit and the

first controlled electrode of the second pull-up transistor nag_be
coupl ed t BIPPh¥okagcomay dscrnplied ke thefird dapyt steqtiede 268 @ngd caypgcond input
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transistor. [0223] The current " limter Sub-Circuit” may iIn

current | jtbac®logid el Wheh a fibEinfut Vo ke tdphast@tingtd ARE10BIOH I8y afplés 2
control electrode, a first controlled el ectrode and a second

control | et Bkdostrindat cldttedei 1268, encconfl ihpre voltage rdprdsemtiriges second logic
sub-circuit may include the first controlled el ectrode of the current
limter t#atesnay be applied sedinsrcend ingfut hastrede d . Conviersely, sdisna Fiswi t
may i ncl ude EI’P@ second cqntrolled el ectrode of the current limter

t r ansi st ofiPutryRitage menretcnting thersseendologicrdate i nplied fq thelast inpeirleciiode

b d to th d i t electrpd Th t lim
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control electrode of the first pull-up transistor coupled to the
control efiscbupdeveiagehe tixonape fodk 1200 wheanlsd fiso inpul Reltape@t@senting

el ectrode of the first pull-up transistor may be further coupled to
t he fir stthedist loilcedatelieepplisdetoothe tihret hputseleqtupidt -13P8 tanditisd s¢cond timput
formthe current ninqr.t£0225]lq vari?u5 enbodi nents, the nmethod may
i ncl ude cerlpee Agprasanfipg tthe serond |lpgig state iy prrbied g thesedond dapys alectigdon
transi st O{thO(.) éorll'l%erfsglry?tthec er\]fté{ glllilft?rgg gtlagg t15896f‘nz%f be configured to generate a
second output voltage at the output node 1206 when the first input voltage
representing the second logic state is applied to the first input electrode 1208 and the
second input voltage representing the first logic state is applied to the second input
electrode 1210. The circuit arrangement may further include a feedback circuit 1212.
The feedback circuit 1206 may be coupled between the output electrode 1206 and the
level shifting stage 1202. The feedback circuit 1212 may be configured to maintain
the first output voltage at the output electrode 1206 above a predetermined level when
the first input voltage is in the first logic state and the second input voltage is in the
second logic state. The feedback circuit may be further coupled to a second reference
voltage 1214.
[0184]  In various embodiments, the logic state of the second input voltage may

different from the logic state of the first input voltage. The logic state of the second

input voltage may different from the logic state of the first input voltage at steady



67 the first pull-up transistor. The nethod may further include
coupling a first controlled el ectrode of the second pull-down
transistor to the first end of the current |imter sub-circuit and
coupling the first controlled el ectrode of the second pull-up
transistor to the second end of the cyfrent limter sub circuit.

Alternatively, the netho y.include coupling a first controlled
el ect r odeState: {hather W@fé]spﬁrqnﬁ)ama@ 185 sgcond vt yeltage way dyfferens) fram
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transistor to the first controlled electrode of the first pull-up

transi st osechnd ifput Moltggd Seitehies fient the decond lophestart toate FRY 1848 Gtate. A

I ncl ude coupling the control electrode of the pull-up transistor to
t he cont r rhnsgtieec tmayd@dsofrefehdo sepeamsl pliltimain twiaclsitlst ecconfl GARE] Tdimge
met hod may further include configuring the current Iimter

sub- ci r cufWitehgs dey @efitstilogin statq Bwh secandrlogighstath eaind etbe fustpiapet vqltage
transi stor when_the_output electrode is at the second output voltage.
[0229] I n $%itshss froBhibs dronar desic state tf’é‘é“d@%&{?gkﬂ St nmay i nclude a

f eedback [0186] The circuit arrangement may be configured such that when a first input
voltage in the first logic state is applied to the first input electrode 1208, a second
input voltage in the second logic state is applied to the second input electrode 1210.
Conversely, the circuit arrangement may be configured such that when a first input
voltage in the second logic state is applied to the first input electrode 1208, a second
input voltage in the first logic state is applied to the second input electrode 1210. The
circuit arrangement may further include an input inverter 1226 having an first
electrode and a second electrode. The first electrode may be coupled to the first input
electrode 1208 and the second electrode may be coupled to the second input electrode
1210. The input inverter 1226 may invert the logic state of the input first voltage
applied to the first input electrode 1208 and generates the second input voltage in a
logic state different from the logic state of the first input voltage. For example, when a
high voltage is applied to the first input electrode 1208, the input inverter produces a
low voltage at the second electrode (of the input inverter) and applies the low voltage
to the second input electrode 1210. Conversely, when a low voltage is applied to the
first input electrode 1208, the input inverter produces a high voltage at the second
electrode (of the input inverter) and applies the high voltage to the second input
electrode 1210.

[0187] In vartous embodiments, the first output voltage may represent the first

logic state and the second output voltage may represent the second logic state.




transi stor. The feedback transistor may include a control electrode,
a first controlled electrode and a second control |l ed el ectrode.
[0230] The first controlled electrode of the feedback transistor may
be coupled to the | evel shifting stage. The second controll ed

el ectrode of the feedback transistor npy be further coupled to the
second reference_voltage. The control electrode of the feedback
transi st of0l§8) pdhe sipHbaringemsat Bay Heta levedchitlraor mayme1a paé ofdtlavl
may incluqf coupling the first controlled el ectrode of the feedback
transi st ot fd t he | evel shifting stage. The method may furt her
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transi stor to the output el ectrode. 0232] I'n vari ous enbo
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field effect transistors (MOSFETs). In various enbodi nents, the

pul | - up t mathsisstandslopiystdie Thectimhoelputredledgeanaydbe atiecthaduld Grst fimpit d
ef f ect transisporihéNCSFETs). [0233] I n various enbodi nents, the first
r ef er enceveltige ag shartigst begiastatgoanddor the second logic state. In other words, the first

input voltage at both the first logic state and the second logic state may be below the
first output voltage.

[0190] In various embodiments, the feedback circuit 1212 may be configured to
maintain the first output voltage at the output electrode 1206 above a predetermined
level includes the feedback circuit 1212 configured to maintain the first output voltage
at a substantially constant level.

[0191] In various embodiments, the predetermined level may be more than 80%,
e.g. more than 90%, e.g. more than 95%, e.g. more than 99% of the sécond reference
voltage.

[0192]  In various embodiments, the level shifting stage 1202 may include a current
mirror.

[0193] In various embodiments, the current mirror may include a first set of
sequentially coupled pull-up and pull-down sub-circuits. The current mirror may
further include a second set of sequentially coupled pull-up and pull-down
sub-circuits. The second set of sequentially coupled pull-up and pull-down
sub-circuits may be coupled to the first set of sequentially coupled pull-up and
pull-down sub-circuits to form the current mirror.

[0194]  The pull-up sub-circuit in the first set may include a first pull-up transistor
1220. The pull-down sub-circuit in the first set may include a first pull-down
transistor 1218. In other words, the first set of sequentially coupled pull-up and

pull-down sub-circuits may include the first pull-up transistor 1220 and the first



[0234]FIG 14A is a graph 1400a of voltage as a function of tinme
showi ng the transient behaviour of the first input voltage at a first
i nput el ectrode and the output voltage at the output el ectrode of the
circuit arrangenent according to various enbodi nents as well as the
out put voltage of a conventional |evelsgshifter. [0235] The graph is
si mul at ed i,ng a 65.inn prqcess _technol ogy and the threshold
vol t age i E‘Lﬁi‘ %at trgnsipler Fe- g tirst | Rul-um grapsister tlﬂaﬁén@hthaw e CaRtEol
set at 3 whi ch ks, equal..to the fan out of 4 (FO del at..0. 35 V.
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the output el ectrode. The output voltage may include the first out put

vol tage (ammdtorl1218Vnapmd dolpled asahel fiositqautroNal tre@odeldNtre 18 pull-up
i ndi cates the output voltage of the conventional |evel shifter. As
shown i n Em@istadl®20t he first output voltage generated by the circuit
arrangenment according to various enbodi nents may be substantialuﬁﬂ
P
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circuit arrangenment according to various ment s. e ot her

hand, |ingsrds4d@ sefshdlsRSf seqdémalio coligled pﬁﬁu?%haﬁuﬁ%vfnadub;dﬁ%hﬁé’may
respectively for the conventional |evel shifter. The circuit

ar r angeneincluae abe sécogd pollwpr transsteetid4dl the sé@nd pulltdoght fransish@ $120wad
than the conventional |evel shifter at 0.35 V with an average of
around 3. Gerpyrrenfimiter subiditcuit 422% rhersgeondrpilicem tramsistomEd24|reapeinclude a
shifter at nost oth&r vol tage | evels. &%237]FIG. 15A is a graph 1500a
of active® Gieehede, @ st Fonteiled slestrpde and 8 seesmdi qoatroled gleptardsr dhee

vol 29, (VRS b 55 0BT 300 LORLER Bl P RELLI S BB
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because the | arge delays in the around-threshold regi on cause

si gni f i casntb-cifwitt 1228 arinthe first b@rdliedhelvatddaast MOrsetedl phll-bp @rdnsek
shifters which dom nate the active energy consunption. As VDDL
i ncr easesliBwanaylbe bapdadierthe fecesh aidlofrtbgtwment linstea suli-viecveri@2§y nay
increase due to reduced hort current (due to reduced delay) in the
hi gh vol t E486} egltorariavg alisenaée saodinentyy thedsreond s¢trefr seguendiallp | conpled
in the | ow.yoltage ion.. Lines 1504 d 1508 are simlar and on
aver age, PP eREPYIP VB SHb S punan i fite heeroadpul e Yerisor | 274 and 02
has slighgly higher. active ener onpar to.lines, 1504 and 1508 but
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reduced dﬁ&lﬁﬁo@ﬁ RERLREr Y1228 1‘1’1&@ b@rc%ﬂﬂgﬂttgrﬂﬁ Rk cERMNRE- electrode of the
second pull-up transistor 1224,
[0197]  The current limiter sub-circuit 1228 may include a current limiter transistor.
The current limiter transistor may have a control electrode, a first controlled electrode

and a second controlled electrode. The first end of the current limiter sub-circuit may

include the first controlled electrode of the current limiter transistor. Further, the



[0238] FIG 15B is a graph 1500b of average standby | eakage power as a
function of the third reference voltage (VDDL). Lines 1512 and 1514

I ndi cate the average standby | eakage power of two circuit
arrangenents according to various enbodi nents. Lines 1516 and 1518

i ndi cate the average standby | eakage ppwer of two conventional |evel
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vol tage domai ns scal able from around-threshold region to

super -t hr geBg] d Tregirons enBadidieit the stdundi sevefdegentially cbgRed pull-up and
particularly shown and described with 70 reference to specific
enbodi menpw]-down shbgirduibe cauplial &t thedfifsty s¢thafS seqekntiallydeoupletl hmpillaeg atdat
various changes in formand detail rmay be nmade therein w thout
departi ngP‘-fll'gﬁW{l Feb-sisgutstto feren the spEcwmirtes maniapluile thepontel ¢leptpdppf

th | ains. Th of the invention is thys indicated by
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further coupled to the first controlled electrode of the first pull-up transistor 1218 to
form the current mirror.

[0199]  In other words, the current mirror may include the first set of sequentially
coupled pull-up and pull-down sub-circuits and the second set of sequentially coupled
pull-up and pull-down sub-circuits. The first set of sequentially coupled pull-up and
pull-down sub-circuits may include at least a first pull-up transistor 1220 and a first
pull-down transistor 1218. The second set of sequentially coupled pull-up and
pull-down sub-circuits may include at least a second pull-up transistor 1224 and a
second pull-down transistor 1222. The controlled electrode of the first pull-up
transistor 1218 may be coupled to both the control electrode of the first pull-up
transistor 1220 and the control electrode of the second pull-up transistor 1224 for
forming the current mirror.

[0200] The current limiter sub-circuit 1228 may be configured to reduce current
flowing through the second pull-up transistor 1224 when the output electrode 1206 is
at the second output voltage.

[0201] In various embodiments, the first reference voltage 1204 may be at "low"
state e.g. at ground. In various embodiments, the second reference voltage 1214 may be

at "high" state e.g. at VDD. The second reference voltage 1214 may be at a voltage in

the super-threshold region or at a voltage in the about-threshold or near-threshold



CLAIMS 1. Acircuit arrangenent conprising a |level shifting stage
configured to be coupled to a first reference voltage, the |evel
shifting stage having an output node; a first input electrode in

el ectrical connection with the level shifting stage for coupling a
first input voltage;, a second input elgectrode in electrical
connection wth the level shifting stage for coupling a second input
vol tage; EH¥¥ad having a first end and a second end, the first end
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wherein the first input voltage is configured to swtch between

first | ogpell-dbaheraasicton 13 MAY bkegitchad affeviaRAhé Beofi€ paANoiwhPttnsistor
voltage is configured to switch between the second |ogic state and

t he fir st mapdgesvwitchedken Wbzl dihe doneol dvatodehiffthe ogreatt digeter srangstb giayed
to generate a first output voltage at the output node when the first
i nput vol bagepled the seqpad finpus eleciode] Hi0aFertaidthe isarrens dismicer itrapsistor may
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circuit age@P@RMEA thaCkesil Béhtidlcal @édiode of the current limiter transistor may
decrease. The strength of the pull-up path may be decreased and the fall delay may be
improved. When the second output voltage is generated at the output electrode 1206,
the current limiter transistor may be fully tumed off. The current limiter transistor
may be fully deactivated (i.e. turned off) for reducing the standby leakage.
[0203] In various embodiments, the feedback circuit 1212 may include a feedback
transistor. The feedback transistor may include a control electrode, a first controlled
electrode and a second controlled electrode.
[0204]  The first controlled electrode of the feedback transistor may be coupled to
the level shifting stage. The second controlled electrode of the feedback transistor
may be further coupled to the second reference voltage 1214. The control electrode of
the feedback transistor may be coupled to the output electrode 1206.
[0205]  When a first input voltage having a first logic state (e.g. a “high” state) is
applied to the first input electrode 1208 and a second input voltage having a second
logic state (e.g. a “low” state) is applied to the second input electrode 1210, the first
pull-down transistor 1218 may be activated (i.e. turned on). The first pull-up transistor

1220 and the second pull-up transistor 1224 may also be activated. The first output

voltage (e.g. representing the first logic state e.g. the “high” state) may be generated at



72 wherein the logic state of the second input voltage is different
fromthe logic state of the first input voltage at steady state. 3.
The circuit arrangenent according to claiml1, further conprising an
i nput inverter having a first electrode and a second el ectrode, the
first electrode coupled to the first igput electrode and the second
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sub-circuits conpri ses:
state (e.g. the "low" state) instead of being charged to the first logic state (substantially
equal to the second reference voltage 1214). This allows the second pull-up transistor
1224 to remain fully on. The first output voltage may be maintained closer to the
second reference voltage 1214 (compared to without the feedback transistor 1212).
This may eliminate or reduce the leakage current in the subsequent buffering circuit.
[0206] When a first input voltage having a second logic state (e.g. a “low” state) is
applied to the first input electrode 1208 and a second input voltage having a first logic
state (e.g. a “high” state) is applied to the second input electrode 1210, the feedback
transistor may be activated. The feedback transistor may be configured to be turned
on or be activated when the control terminal of the feedback transistor is at the second
logic state (e.g. a “low” state). Current may flow between the first controlled electrode
and the second controlled electrode of the feedback transistor. The first and second
pull-up transistors 1220, 1224 may be deactivated faster and the pull-up path may be
weakened. The fall delay may be reduced.
[0207]  In various embodiments, including the current limiter sub-circuit and the
feedback circuit 1212 may reduce the standby leakage for both the first output voltage
and the second output voltage with improved delay. Advantageously, the circuit
arrangement according to various embodiments may have improved energy efficiency
and/or small area. In various embodiments, the circuit arrangement may include twelve
transistors (including output buffer which is not shown). The circuit arrangement
according to various embodiments may possess benefis in terfacing bus signals.
[0208] In various embodiments, the pull-down transistors 1218, 1222 may be
n-channel metal oxide semiconductor field effect transistors (MOSFETs). In various

embodiments, the pull-up transistors 1220, 1224 may be p-channel metal oxide



a first pull-up transistor conprising a control electrode, a first
controll ed el ectrode and a second controll ed el ectrode; and a
first pull-down transistor conprising a control electrode, a first
controll ed el ectrode and a second controll ed el ectrode; wherein the
first pull-up transistor is sequentialgy coupled to the first

[1-d | trolled el ectrod f
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corrpr|S|ng a control eléctro e, aftirst ectrode an

second CoWDDIL) ek wkidat eMBEdinRAL, the thﬁcd&@t%ﬂdﬂ@e RélltdgedRN b AR tRdOthe
conprising a control electrode, a first controlled el éctrode and a

second cosdcond lrﬁelreﬁbcecmltagde{vnme Fei instanee, she didl pfréndepoltaph diagtherati s
sequential |y coupled to the second puII-domn transi stor by coupling
the firstabnt3eM dtic s¢agnd refeienes valtage swydedt podut 12y .t r ansi stor to

the first_control|ed electrode of the second pull-down transistor.
[0210]  FIG. 13 shows a schematic 1300 of a F1)nc;3thod of operating a circuit

arrangement according to various embodiments. The method includes, in 1302,
coupling a level shifting stage to a first reference voltage. The method may also include,
in 1304, coupling a feedback circuit with the level shifting stage, an output electrode
and a second reference voltage. The output electrode may be in electrical connection
with the level shifting stage. The method may further include, in 1306, applying a first
input voltage to a first input electrode in electrical connection with the level shifting
stage, the first input voltage switching between a first logic state and a second logic
state. The method may additionally include, in 1308, applying a second input voltage to
a second input electrode in electrical connection with the level shifting stage, the
second voltage input switching between the second logic state and the first logic state.
The level shifting stage may be configured to generate a first output voltage at the
output electrode when the first input voltage is in the first logic state and the second
input voltage is in the second logic state. The level shifting stage may also be
configured to generate a second output voltage at the output electrode when the first
input voltage is in the second logic state and the first input voltage is in the first logic
state. The feedback circuit may further be configured to maintain the first output
voltage at the output electrode above a predetermined level when the first input voltage
1s in the first logic state and the second input voltage is in the second logic state,

[0211]  In various embodiments, the logic state of the second input voltage may
different from the logic state of the first input voltage. The logic state of the second

input voltage may different from the logic state of the first input voltage at steady



7. The circuit arrangenent according to claim6, wherein a first set
of sequentially coupled pull-up and pull-down sub-circuits
cross-coupled to a second set of sequentially coupled pull-up and
pul | -down sub-circuits conpri ses: coupling the first controlled
el ectrode of the first pull-down transystor to the control el ectrode

o 1, SR 3l S0 2L e s o BBt St o
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e e JONGE GRS Ak bt et ke i),
the del ayteafirnegnt Galbgsistatdhds RO fiuSEREicAtAB @Y sBNGEL stA@RK feor
conprising a control electrode, a first controlled el ectrode and a
second costcood ligmit elobtege seitches Honf ithessecondlaght btatt to the first logic state. A
transition may also refer to a period of time in which the second input voltage
switches from a first logic state to a second logic state and the first input voltage
switches from the second logic state to the first logic state.
[0213]  The method may include applying the first input voltage at the first logic
state to the first input electrode when applying the second input voltage at the second
logic state to the second input electrode. The method may additionally or alternatively
include applying the first input voltage at the second logic state to the first input
electrode when applying the second input voltage at the first logic state to the second
electrode.
[0214]  The method may further include coupling an input inverter to the level
shifting stage. The input inverter may include a first electrode and a second electrode.
The first electrode may be coupled to the first input electrode and the second electrode
may be coupled to the second input electrode.
[0215]  In various embodiments, the first output voitage may represent the first
logic state and the second output voltage may represent the second logic state.
[0216]  In various embodiments, the first output voltage may be different from the
first input voltage (and/or second input voltage) in the first logic state. The first output
voltage may also be different from the first input voltage (and/or second input voltage)
in the second logic state. The first output voltage may be higher than the first input
voltage in the first logic state and/or the second logic state. In other words, the first

input voltage at both the first logic state and the second logic state may be below the

first output voltage.



74 el ectrode of the delay bal ancer transistor coupled with the first
controlled el ectrode of the first pull-down transistor and the second
controll ed el ectrode of the delay bal ancer transistor coupled with
the controlled electrode of the first pull-down transistor; and a
del ay bal ancer inverter having a firstsel ectrode and a second

rst el ectrode coupled _to the second i nput el ectrode

el ectrode f
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shifting sitagmtiallyconkh@t Rivelcui t arrangenent according to claim 11,
wherein the subsequent |evel shifting stage is coupled to the first
r ef er ence[02dB} agén aadowshembediomedts| @fecteenlc shiftitlpt e niay. inthde G &Gt
arrangenent according to claim1ll, wherein the subsequent | evel

shifting BY&E@e conprises a third set of sequentially coupled
pul | -up aﬂﬂqgﬂll-domn sub-circuits cross-coupled to a fourth set of
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subsequengqugl%atulyvgogp é%idggl(f-lﬁpl é)n%ppull-down sub-circuits. The current mirror may

further include a second set of sequentially coupled pull-up and pull-down
sub-circuits. The second set of sequentially coupled pull-up and pull-down
sub-circuits may be coupled to the first set of sequentially coupled pull-up and
pull-down sub-circuits to form the current mirror.

[0220]  The pull-up sub-circﬁit in the first set may include a first pull-up transistor.
The pull-down sub-circuit in the first set may include a first pull-down transistor. In
other words, the first set of sequentially coupled pull-up and pull-down sub-circuits
may include the first puli-up transistor and the first pull-down transistor. The  first
pull-up transistor may have a control electrode, a first controlled electrode and a
second controlled electrode. The first pull-down transistor may have a control
electrode, a first controlled electrode and a second controlled electrode. The first
controlled electrode of the first pull-down transistor may be coupled to the first
controlled electrode of the first pull-up transistor.

[0221]  The pull-up sub-circuit in the second set may include a second pull-up
transistor. The pull-down sub-circuit in the second set may include a second
pull-down transistor. The pull-up sub-circuit in the second set may further include a
current limiter sub-circuit having a first end and a second end. In other words, the
second set of sequentially coupled pull-up and pull-down sub-circuits may include the
second pull-up transistor, the second pull-down transistor and the current limiter

sub-circuit. The second pull-up transistor may include a control electrode, a first




14. The circuit arrangement according to claim13, wherein the third
set of sequentially coupled pull-up and pull-down sub-circuits

conprises: 75 a third pull-up transistor conprising a control
electrode, a first controlled el ectrode and a second control | ed

el ectrode; and a third pull-down tgansistor conprising a control
el ectrode, ed electroéé and a second controll ed
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circuit arrangenent accordi ng
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of the current limiter sub-circuit.
[0222]  In various alternate embodiments, the second set of sequentially coupled
pull-up and pull-down sub-circuits may include the second pull-up transistor and the
second pull-down transistor. The first controlled electrode of the second pull-down
transistor may be coupled to the first controlled electrode of the second pull-up
transistor.
[0223]  The current limiter sub-circuit may include a current limiter transistor. The
current limiter transistor may have a control electrode, a first controlled electrode and
a second controlled electrode. The first end of the current limiter sub-circuit may
include the first controlled electrode of the current limiter transistor. The second end
of the current limiter sub-circuit may include the second controlled electrode of the
current limiter transistor. The control electrode of the current limiter transistor may be
coupled to the second input electrode. The current limiter transistor may be a PMOS
transistor.
[0224]  In various embodiments, the second set of sequentially coupled pull-up and
pull-down sub-circuits coupled to the first set of sequentially coupled pull-up and
pull-down sub-circuits to form the current mirror may include the control electrode of
the first pull-up transistor coupled to the control electrode of the second pull-up
transistor. The control electrode of the first pull-up transistor may be further coupled
to the first controlled electrode of the first pull-up transistor to form the current
mirror.
[0225] In various embodiments, the method may include coupling a first

controlled electrode of the first pull-down transistor to the first controlled electrode of



a fourth pull-down transistor conprising a control electrode, a first
controlled el ectrode and a second controll ed el ectrode; wherein the
third pull-up transistor is sequentially coupled to the third
pul | -down transistor by coupling the first controlled el ectrode of
the second pull-up transistor to the fghrst controll ed el ectrode of
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sequenti al Ty coupl éd pulT-dp and pul I’-down sub-CiFcurts conpri ses.

coupl i ng &ihecitduisindc@rphiRd R8I EmkloNde cREtrddieoithl séboRH DN IQWimsistor

transistor to the control electrode of the fourth pull-dp transistor;
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pul | -down transistor to the control electrode of the third pull-up
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the pull-down transistors are configured according to m ni mumw dth
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driving CtHZngt " The current limiter sub-circuit may include a current limiter transistor. The
method may further include coupling the control electrode of the current limiter
transistor to the second input electrode.
[0227]  The method may include coupling the control electrode of the first pull-up
transistor to the first controlled electrode of the first pull-up transistor for forming the
current mirror. The method may also include coupling the control electrode of the
pull-up transistor to the control electrode of the second pull-up transistor.
[0228]  The method may further include configuring the current limiter sub-circuit
to reduce current flowing through the second pull-up transistor when the output
electrode is at the second output voltage.
[0229] In various embodiments, the feedback circuit may include a feedback
transistor. The feedback transistor may include a control electrode, a first controlled
electrode and a second controlled electrode.
[0230]  The first controlled electrode of the feedback transistor may be coupled to
the level shifting stage. The second controlled electrode of the feedback transistor
may be further coupled to the second reference voltage. The control electrode of the
feedback transistor may be coupled to the output electrode.
[0231]  The method may include coupling the first controlled electrode of the
feedback transistor to the level shifting stage. The method may further include
coupling the second controlled electrode of the feedback transistor to the second
reference voltage. The method may additionally include coupling the control

electrode of the feedback transistor to the output electrode.



18. The circuit arrangenent according to claimb5, wherein the

pul | -down transistors are n-channel netal oxide sem conductor field
effect transistors (MOSFETs). 19. The circuit arrangenent accordi ng
to claim5, wherein the pull-up transistors are p-channel netal oxide
sem conductor field effect transistorgg(MOSFETs). 20. A nethod of
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bypass circuit elenment to a second re erence voltage suc

circuit e(MOBFETs; in parallel to the load; applying a first input

voltage to a first input electrode in electrical connection with the
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between a first (9I c state and a second logic state; 77
[0234] 14A is a graph 1400a of voltage as a function of time showing the
transient behaviour of the first input voltage at a first input electrode and the output
voltage at the output electrode of the circuit arrangement according to various
embodiments as well as the output voltage of a conventional level shifter.
[0235]  The graph is simulated using a 65 nm CMOS process technology and the
threshold voltage is set at 0.4V. The input rise and fall transient time are set at 3 ns
which is equal to the fan out of 4 (FO4) delay at 0.35 V. The output load capacitance
is set to 100 fF. The third reference voltage (VDDL) is set at 0.35 V and the second
reference voltage (VDD) is set at 1.2 V. Line 1402 indicates the first input voltage at
the first input electrode. Line 1404 indicates the output voltage at the output elecirode.
The output voltage may include the first output voltage (about 1.2 V) and the second
output voltage. Line 1404 indicates the output voltage of the conventional level shifter.
As shown in FIG. 14A, the first output voltage generated by the circuit arrangement
according to various embodiments may be substantially equal to the second reference
voltage while the out put voltage of the conventional level shifter is able to reach only
around 1 V. The full output voltage swing may largely reduce the standby leakage
power in the subsequent buffering circuit.
[0236]  FIG. 14B is a graph 1400b of delay against the third reference voltage
(VDDL). Lines 1412 and 1414 indicate the rise delay and fall delay respectively for
the circuit arrangement according to various embodiments. On the other hand, lines

1416 and 1418 indicate the rise delay and fall delay respectively for the conventional

level shifter. The circuit arrangement according to various embodiments is slightly



appl ying a second input voltage to a second i nput electrode in

el ectrical connection with the level shifting stage, the second i nput
vol tage configured to switch between the second logic state and the
first logic state; wherein the level shifting stage is configured to
generate a first output voltage at angutput node of the |evel

hifti tage when the first inpyt_voltage is in the first logjc
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the load. 21. A circuit arrangenent conprising: a level shifting
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voltage is configured to switch between the second gic state
the firsttheegiite st e magifirease due to reduced short current (due to reduced delay) in

the high voltage region and increased energy (due to increased voltage) in the low
voltage region. Lines 1504 and 1508 are similar and on average, have the smallest
active energies across all VDDLs. Line 1502 has slightly higher active energy
compared to lines 1504 and 1508 but is still lower than line 1506, which may be due
to significantly reduced delay especially in the around-threshold region.

[0238]  FIG. 13B is a graph 1500b of average standby leakage power as a function
of the third reference voltage (VDDL). Lines 1512 and 1514 indicate the average
standby leakage power of two circuit arrangements according to various embodiments.
Lines 1516 and 1518 indicate the average standby leakage power of two conventional
level shifters. The two circuit arrangements according to various embodiments have
less leakage power than the level shifter indicated by line 1518.

[0239]  In various embodiments, the circuit arrangements are significantly better in
terms of performance than conventional level shifters in terms of performance (up to
12 times) and energy (up to 8 times) while consuming similar or less area. Various
embodimentsm may be suitable in low power systems with multiple voltage domains
scalable from around-threshold region to super-threshold region.

[0240] While the invention has been particularly shown and described with




wherein the |l evel shifting stage is configured to generate the first
out put voltage when the first input voltage is in the first logic
state and the second input voltage is in the second | ogic state and
the level shifting stage is 78 configured to generate the second
out put voltage when the first input vahtage is in the second |ogic
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arrangement according to claim 21, erein"the Togic staté o
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i nput voltage at steady state. 23. The circuit arrangenent accordi ng
to cl ai m @&hinf thetrheningoal iasgagf equivaigely dfnkeckhans hevhagioae fitesded to
el ectrode and a second electrode, the first electrode coupled to the
first inpbecmbweedode and the second el ectrode coupled to the second
i nput el ectrode.




24. The circuit arrangenent according to claim 21, wherein the |evel

shifting stage conprises a current m nor

25. The circuit arrangenent

according to claim24, wherein the current mrror conprises: a first

set of sequentially coupled pull-up and pull-down sub-circuits;

second set of sequentially coupled pulh-up and pul |l - down

sub-circu
pul | - down

icg(sfbm&ge second set of sequentially coupled pull-up and

rcuits coupled to the first set of sequentially

coupl ed pull-up and pull-down sub-circuits to formthe current

mrror.

79 26. The circuit arrangenent according to claim 25,

wherein the pgﬁﬁﬁﬂéﬁ%négnéﬁg&ﬁﬁﬁﬁgély coupl ed pull-up and pul |l -down

sub-circuits conpri ses.

a level shifting stage configured to be coupled to a first reference voltage, the
level shifting stage having an output node;

a first input electrode in electrical connection with the level shifting stage for
coupling a first input voltage;

a second input electrode in electrical connection with the level shifting stage
for coupling a second input voltage;

a load having a first end and a second end, the first end coupled to the level
shifting stage and the second end for coupling to a second reference voltage;
a bypass circuit element connected in parallel to the load, the by pass circuit
element having a first end and a second end, the first end coupled to the level
shifting stage and a second end for coupling to the second reference voltage;
wherein the first input voltage is configured to switch between a first logic
state and a second logic state and the second input voltage is configured to
switch between the second logic state and the first logic state;

wherein the level shifting stage is configured to generate a first output
voltage at the output node when the first input voltage is in the first logic
state and the second input voltage is in the second logic state and the level
shifting stage is configured to generate a second output voltage at the output
node when the first input voltage is in the second logic state and the second
input voltage is in the first logic state;

wherein the bypass circuit element is configured to allow current to flow

through upon application of an external voltage for bypassing the load.

2. The circuit arrangement according to claim 1,

and a



a first pull-up transistor having a control electrode, a first

controll ed el ectrode and a second control |l ed el ectrode; and a
first pull-down transistor having a control electrode, a first
controll ed el ectrode and a second control |l ed el ectrode; wher ei n

the first controlled electrode of the-irst pull-down transistor is

coupled to the first controlled el ectrode of the first pull-u .

transistor. 27. Wﬂi‘?@“b&‘?i‘fﬁl? stgfeof forireer %Eb‘fc@'ia%lst‘%&‘érleé'i 1261,?3 logic

wherein the sec&g@ shle 1%rst E%qu{aggé‘é Yo %out)?ked pul | -up and pul | -down
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sub-circuits conpris a sec ‘transi stor having a
control electrode, a first controlled el ectrode and a second
control |l ed el ectrode; a second pull-down transistor having a

control eBectrhedigcuitarfangsihe@aRtsdingad cRigqt r ode and a second
controll ed electrode; and a current limter sub-circuit having a

first end and afisthepomm@tuing an inphieinetrterheing iarfitt danvdohhedsebadt r ode
of the.second pull-down transistor is coupled to the first end of the
current |imiterelsendg thedirst etastrotdé eoupiledsto thofitst wiphtelestwletanddtle of t he
second pull-up transistor_is coupled to the second end of the current
limter sub-cir¥&GPpd elpgrodpreupied éq the sgeandriprutelectradeor di ng to clai m
27,

4. The circuit arrangement according to claim 1,
wherein the level shifiing stage comprises:
a first set of sequentially coupled pull-up and pull-down sub-circuits
cross-coupled to a second set of sequentially coupled pull-up and pull-down

sub-circuits to generate a positive feedback loop.

5. The circuit arrangement according to claim 4,

wherein the first set of sequentially coupled pull-up and pull-down
sub-circuits comprises:

a first pull-up transistor comprising a control electrode, a first controlled
electrode and a second controlled electrode; and

a first pull-down transistor comprising a control electrode, a first
controlled electrode and a second controlled electrode;
wherein the first pull-up transistor is sequentially coupled to the first
pull-down transistor by coupling the first controlled electrode of the first
pull-up transistor to the first controlled electrode of the first pull-down

transistor.

6. The circuit arrangement according to claim 5,



wherein the current limter sub-circuit conprises a current limter
transistor, the current limter transistor having a control
electrode, a first controlled el ectrode and a second control | ed

el ectrode; 80 wherein the first end of the current limter
sub-circuit conprises the first contragkl ed el ectrode of the current

I ter transistor; d wher.ein the s nd e of. t he cur nt limter
S:.I[)n circuit conpl efseé% ﬁ%coggé%#s%lfﬁl %‘H‘pgq Ir‘ﬂi?j%“do?u Rurrent

limter transis rcuit arrangenent according to claim
28, wherein thegg%%{&8$C&F§ f#ode of the current limter transistor
is coupled to the §§&%H§Ehm5ttraﬁél%¥ E&Hﬁl&Slé%a ca-liheol%lercﬁ‘Uﬂé wangenent

according to claim27 erein the seco sequentrally coupl ed

pul I -up and pul tord@ited slebtrédd fidi 4 ecerlign@dlltdelebtodet aif set of
sequential ly coupled pul | -up and pul | -down sub- circuits to formthe

current mirror conpsécers pullddewadrahsisior ebraptisingle coftrd] Riecirodsta fstl | - up
transi stor coupled to the control electrode of the second pull-up
transi st or. controlled electrode and a second controlled electrode;
wherein the second pull-up transistor is sequentially coupled to the second
pull-down transistor by coupling the first controlled electrode of the second
pull-up transistor to the first controlled electrode of the second pull-down

transistor.

7. The circuit arrangement according to claim 6,
wherein a first set of sequentially coupled pull-up and pull-down sub-circuits
cross-coupled to a second set of sequentially coupled pull-up and pull-down
sub-circuits comprises:
coupling the first controlled electrode of the first pull-down transistor to
the control electrode of the second pull-up transistor; and
coupling the first controlled electrode of the second pull-down transistor

to the control electrode of the first pull-up transistor.

8. The circuit arrangement according to claim 5, further comprising;

a delay balancer sub-circuit coupled in parallel to the first pull-down

transistor.

9. The circuit arrangement according to claim 8,
wherein the delay balancer sub-circuit comprises:
a delay balancer transistor comprising a control electrode, a first

controlled electrode and a second controlled electrode, the first controlled



31. The circuit arrangenent according to claim30, wherein the
control electrode of the first pull-up transistor is further coupled
to the first controlled electrode of the first pull-up transistor to
formthe current minor. 32. The circuit arrangenment according to
claim27, wherein the current limter ;,gub-circuit is configured to
nsi stor when the
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control |l ed el ectrode. clircult arrangenent accor 6 cli%ai m
33, wherei n thefifst pell-deRntfaabiked ;ahiect rode of the feedback transistor
is coupled to the Fevel shifting stage; and

a delay balancer inverter having a first electrode and a second electrode,

the first electrode coupled to the second input electrode and the second

electrode coupled to the control electrode of the delay balancer transistor.

10. The circuit arrangement according to claim 1,

wherein the load comprises a transistor configured as a diode.

11. The circuit arrangement according to claim 1, further comprising:

a subsequent level shifting stage cascaded to the level shifting stage.

12. The circuit arrangement according to claim 11,
wherein the subsequent level shifting stage is coupled to the first reference

voltage and the second reference voltage.

13. The circuit arrangement according to claim 11,
wherein the subsequent level shifting stage comprises
a third set of sequentially coupled pull-up and pull-down sub-circuits
cross-coupled to a fourth set of sequentially coupled pull-up and pull-down

sub-circuits to generate a subsequent positive feedback loop.

14. The circuit arrangement according to claim 13,
wherein the third set of sequentially coupled pull-up and pull-down

sub-circuits comprises:



wherein the second controlled el ectrode of the feedback transistor is

coupled to the second reference voltage. 35. The circuit arrangenent

according to claim33, wherein the control electrode of the feedback

transistor is coupled to the output electrode. 36. The circuit

arrangenent according to claim26, whegein the pull-down transistors

are n-channel netal ox'dq se ductor. field ef[ect transi stors
S

1 COn
( MOSFETs). 37. Thed %Pﬁ%ﬁ@mp%%%ﬁa elgcteqds; ""Tﬁ%FOWQ: 3
th Il -up trapsj r - t.al, oxi de sem conductor fie
ef?egg traﬁsistgggﬁ%ﬁ%éﬂ%fgﬁgﬂ%%Zfﬁﬁ%i%Fg§grtm5ErangenentOaCEfrggng
to claim2l, wherejm; i : :
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i nput vol tage ato@iled eleerddd &id 4 Rbsd SdnbfcdBdctdiR; second | ogic

state is below the first output voltage.
wherein the third pull-up transistor is sequentially coupled to the third
pull-down transistor by coupling the first controlled electrode of the second
pull-up transistor to the first controlled electrode of the third pull-down

transistor.

15. The circuit arrangement according to claim 14,
wherein the fourth set of sequentially coupled pull-up and pull-down
sub-circuits comprises:

a fourth pull-up transistor comprising a control electrode, a first
controlled electrode and a second controlled electrode; and

a fourth pull-down transistor comprising a control electrode, a first
controlled electrode and a second controlled electrode;
wherein the third pull-up transistor is sequentially coupled to the third
pull-down transistor by coupling the first controlléd electrode of the second
pull-up transistor to the first controlled electrode of the third pull-down

transistor.

16. The circuit arrangement according to claim 15,
wherein a third set of sequentially coupled pull-up and pull-down sub-circuits
cross-coupled to a fourth set of sequentially coupled puli-up and pull-down
sub-circuits comprises:
coupling the first controlled electrode of the third pull-down transistor to

the control electrode of the fourth pull-up transistor; and




82 40. A method of operating a circuit arrangenent, the nethod
conprising: coupling a level shifting stage to a first reference
vol tage; coupling a feedback circuit with the Ievel shifting stage,
an out put el ectrode and a second reference vol tage, the out put

el ectrode in electrical connection wth the | evel shifting stage;

| yi first i . | t t irst j t electrode i
lectrical connect FOIVRECH EREcagoled shitrodert tia fyah Pglﬁé]%ﬁnﬁéﬁnsis%ut
| t i t chi j ele]! t ; i
St o2 appl yi ng S SRURT M Shane Bl BB Souc el ecirode i

el ectrical connection with the Ievel shifting stage, the second
vol tage i nput swi tching between the second logic state and the first

| ogi ¢ st atig; Thbekaiitartdh@ememelccsidgttb RBigtsage is configured to
generate a first output voltage at the output el ectrode when the
first input vol whgein the ipollidoenftiansistokogt cosfigired anrdrdifietosfEAAGMI NPt
voltage is in the second |logic state and the level shifting stage is
configured to gwidh dngersizieg method foyngtusing thaegboll vdltagesttutiparease

el ectrode when the first input voltage is in the second |logic state
and the first i&%ﬂ?gﬁﬁmﬂﬁge isinthe first logic state; and wherein
the feedback circuit is configured to naintain the first out put

vol tage at the output el ectrode above a predeterm ned | evel when the

first inpyg ¥pl E%HﬁJd%nggp&ﬂ%c&h?ﬁ%é$9ﬁhﬁS?tate and the second i nput

voltage is in the secon ogic s
wherein the pull-down transistors are n-channe] metal oxide semiconductor

field effect transistors (MOSFETs).

19. The circuit arrangement according to claim 5,

wherein the pull-up transistors are p-channel metal oxide semiconductor field

effect transistors (MOSFETs).

20. A method of operating a circuit arrangement, the method comprising;
coupling a level shifting stage to a first reference voltage;
coupling a first end of a load to the level shifting stage and a second end of
the load to a second reference voltage;
coupling a first end of a bypass circuit element to the level shifting stage and
a second end of the bypass circuit element to a second reference voltage such
that the circuit element is in parallel to the load;
applying a first input voltage to a first input electrode in electrical connection
with the level shifting stage, the first input voltage configured to switch

between a first logic state and a second logic state;
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applying a second input voltage to a second input electrode in electrical

connection with the level shifting stage, the second input voltage configured
to switch between the second logic state and the first logic state;

wherein the level shifting stage is configured to gencrate a first output
voltage at an output node of the level shifting stage when the first input
voltage is in the first logic state and the second input voltage is in the second
logic state and the level shifting stage is configured to generate a second
output voltage at the output node when the first input voltage is in the second
logic state and the second input voltage is in the first logic state; and
applying an external voltage to the bypass circuit element to allow current to

flow through the circuit element for bypassing the load.

21. A circuit arrangement comprising;
a level shifting stage coupled to a first reference voltage;
a first input electrode in electrical connection with the level shifting stage for
coupling a first input voltage;
a second input electrode in electrical connection with the level shifting stage
for coupling a second input voltage;
an output electrode in electrical connection with the level shifting stage for
providing one of a first output voltage and a second output voltage; and
a feedback circuit coupled with the level shifting stage, the output electrode
and a second reference voltage;
wherein the first input voltage is configured to switch between a first logic
state and a second logic state and the second input voltage is configured to
switch between the second logic state and the first logic state; and
wherein the level shifting stage is configured to generate the first output
voltage when the first input voltage is in the first logic state and the second

input voltage is in the second logic state and the level shifting stage is
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configured to generate the second output voltage when the first input voltage

is in the second logic state and the second input voltage is in the first logic
state; and

wherein the feedback circuit is configured to maintain the first output voltage
at the output electrode above a predetermined level when the first input
voltage is in the first logic state and the second input voltage is in the second

logic state.

22. The circuit arrangement according to claim 21,
wherein the logic state of the second input voltage is different from the logic

state of the first input voltage at steady state.

23. The circuit arrangement according to claim 22,
further comprising an input inverter having a first electrode and a second
electrode, the first electrode coupled to the first input electrode and the

second electrode coupled to the second input electrode.

24. The circuit arrangement according to claim 21,

wherein the level shifting stage comprises a current mirror.

25. The circuit arrangement according to claim 24,
wherein the current mirror comprises:
a first set of sequentially coupled pull-up and pull-down sub-circuits; and
a second set of sequentially coupled pull-up and pull-down sub-circuits, the
second set of sequentially coupled pull-up and pull-down sub-circuits
coupled to the first set of sequentially coupled pull-up and pull-down

sub-circuits to form the current mirror.
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26. The circuit arrangement according to claim 25,

wherein the first set of sequentially coupled pull-up and pull-down
sub-circuits comprises:

a first pull-up transistor having a control electrode, a first controlled
electrode and a second controlled electrode; and

a first pull-down transistor having a control electrode, a first controlied
electrode and a second controlled electrode;

wherein the first controlled electrode of the first pull-down transistor is

coupled to the first controlled electrode of the first pull-up transistor.

27. The circuit arrangement according to claim 26,

wherein the second set of sequentially coupled pull-up and pull-down
sub-circuits comprises:

a second pull-up transistor having a control electrode, a first controlled
electrode and a second controlled electrode;

a second pull-down transistor having a control electrode, a first
controlled electrode and a second controlled electrode; and

a current limiter sub-circuit having a first end and a second end;

wherein the first controlled electrode of the second pull-down transistor
is coupled to the first end of the current limiter sub-circuit and the first
controlled electrode of the second pull-up transistor is coupled to the second

end of the current limiter sub-circuit.

28. The circuit arrangement according to claim 27,

wherein the current limiter sub-circuit comprises a current limiter transistor,
the current limiter transistor having a control electrode, a first controlled

electrode and a second controlled electrode;
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wherein the first end of the current limiter sub-circuit comprises the first
controlled electrode of the current limiter transistor; and
wherein the second end of the current limiter sub-circuit comprises the

second controlled electrode of the current limiter transistor.

29. The circuit arrangement according to claim 28,
wherein the control electrode of the current limiter transistor is coupled to the

second input electrode.

30. The circuit arrangement according to claim 27,
wherein the second set of sequentially coupled pull-up and pull-down
sub-circuits coupled to the first set of sequentially coupled pull-up and
pull-down sub-circuits to form the current mirror comprises:
the control electrode of the first pull-up transistor coupled to the control

electrode of the second pull-up transistor.

31. The circuit arrangement according to claim 30,
wherein the control electrode of the first pull-up transistor is further coupled
to the first controlled electrode of the first pull-up transistor to form the

current mirror.

32. The circuit arrangement according to claim 27,
wherein the current limiter sub-circuit is configured to reduce current flowing
through the second pull-up transistor when the output electrode is at the

second output voltage.

33. The circuit arrangement according to claim 21,
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wherein the feedback circuit comprises a feedback transistor, the feedback

transistor comprising a control electrode, a first controlled electrode and a

second controlled electrode.

34. The circuit arrangement according to claim 33,

35.

36.

37.

38.

39.

wherein the first controlled electrode of the feedback transistor is coupled to
the level shifting stage; and
wherein the second controlled electrode of the feedback transistor is coupled

to the second reference voltage.

The circuit arrangement according to claim 33,
wherein the control electrode of the feedback transistor is coupled to the

output electrode.

The circuit arrangement according to claim 26,
wherein the pull-down transistors are n-channel metal oxide semiconductor

field effect transistors (MOSFETs).

The circuit arrangement according to claim 26,
wherein the pull-up transistors are p-channel metal oxide semiconductor field

effect transistors (MOSFETs).

The circuit arrangement according to claim 21,

wherein the first reference voltage is at ground.

The circuit arrangement according to claim 21,
wherein the first input voltage at both the first logic state and the second

logic state is below the first output voltage.
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40. A method of operating a circuit arrangement, the method comprising:
coupling a level shifting stage to a first reference voltage;
coupling a feedback circuit with the level shifting stage, an output electrode
and a second reference voltage, the output electrode in electrical connection
with the level shifting stage;
applying a first input voltage to a first input electrode in electrical connection
with the level shifting stage, the first input voltage switching between a first
logic state and a second logic state;
applying a second input voltage to a second input electrode in electrical
connection with the level shifting stage, the second voltage input switching
between the second logic state and the first logic state;
wherein the level shifting stage is configured to generate a first output
voltage at the output electrode when the first input voltage is in the first logic
state and the second input voltage is in the second logic state and the level
shifting stage is configured to generate a second output voltage at the output
electrode when the first input voltage is in the second logic state and the first
input voltage is in the first logic state; and
wherein the feedback circuit is configured to maintain the first output voltage
at the output electrode above a predetermined level when the first input
voltage is in the first logic state and the second input voltage is in the second

logic state.



