RELI ABLE LEVEL SHI FTER OF ULTRA- H GH VOLTAGE DEVI CE
USED | N LON POWNER APPLI CATI ON BACKGROUND [0001] In
an integrated circuit (I1C, it is not uncomon for
both high and | ow vol tage devices to be included on
the same I C. For exanmple, the IC may include 1.5V
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supply voltages for suc devices are

(DVvDD) and 3.4V (VI RY 0002] Level
shifters are used }_%Owlggé*fe%élrﬁ(:‘% %&t al core device
or transistor digital omer supply (DVDD) voltage
signal to a high power éé&“%% éﬁﬁ?ran5|stor power
pply (VH voltage signal. Fig. 1 shows a
[0001] conlﬂeaﬂ inmgedted dvalt (Khi ftterotfuorommandéorath highan®yBDvoltage
vol tage signal to a VH voltage signal. As shown, the
deviced ®welindhidd @f thi: sahe iR SFarexhmply, tigtlagRalidivda (ﬂ.Sa/ndigital core device
out put stage 103. The input stage receives an input

and 6\/\’19}:15 298 devicdd) dT%Q:%ﬂE}B@tv%ﬁa@g UL RHY 50k aBe qMAcds-ard. f95\/’
, I's a DVDD voltage Signal having a voltage range o

(D\%Dﬁggﬁ§49(vﬂ8 %%y WiJe Vo't is a VH vol tage signal

age r‘ange of about 0 - 3.5 V. [0003] The

of the | hifter 6V hig
0002}y %V@islaéeﬁ%@é USif m{ag@&alpfroye SGhiect rapsiogdisial power
5§|call have a m ninmum "turn on' threshold voltage
supply (MVhp) witfagpsighal ta gdkahfpomies dsvippbytransistaagewet supply fop voltage

6V hi gh voltage devices, this equates to approxi mately
signal. BEi19M. shoAs aswwahentnal, Ee‘l'tdishiﬁboﬁir trandeonmeg gty grovodtaid fpnal to a Vi
on the 6V devices. Taking into consideration of

voltagd SHMEr Ab W@y, liMCleVashidRr aeludes hn aHubiLLeRs awadlh %hip@ﬂ&&ge 103.
such a snall margin can Iead to situations mhere
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eve Ifter opera romt
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vol tage.range signal
a voltage 1ang<90f abouqu - 5%

[0003] The various stages of the level shifter employ 6V high voltage devices with a Vi
supply source. Devices typically have a minimum ‘turn on” threshold voltage (Vth) of about
15% of the supply voltage, i.e., for 6V high voltage devices, this equates to approximately 0.9V,
As such, Vi, has about a 5% margin to switch on the 6V devices. Taking into consideration of
temperature fluctuation as well as process variations, such a small margin can lead to situations
where the high voltage devices fail to switch on, rendering the level shifter inoperable.

[0004] From the foregoing, it is desirable to provide an improved level shifter for

transforming a low voltage range signal to a high voltage range signal.




| SUMVARY 100051 The present invention relates to
| evel shifters used in integrated circuits. In one
aspect of the invention, an IC with an input stage for
receiving input signal with a first input voltage
range further conprises three stages for generating an
out put signal having a ﬂ? ol tage range. The
second stage in the aforenentioned three stages of

| C de reases t nitude of the first stage
10001, o) T Fept e il gL i e Kol 1o one
reliability. [0006] In another aspect of the
aspect philig Hrveshon an et aroinpigingedat feag) viagdemit signdluitlos first input
device is presented. The nethod includes providing an
voltagd mapgs fusthageoniprses tiee srageg fanzehaptng &i guipht sheavi Ingiaz a second
first voltage range, and an output stage for

voltaggangd. allictGe@ WafeH theSdfgRaleniditdBred s&8&ITALY O 1BGBases the
range. The input stage has three stages with the first

magjmﬁﬁ@(gfempﬁlé?gta%@&'&lta%g td 916%1&% &Q%é’f’dlévg 311113396‘\;001%11%({1& t he

hird st age pel ng cou e source and

0{)06]t heI %9%%%%%0r}{t€£ {ﬂgf?ntg{n:% gu,bj&% 053%’1 tcg? i{tg.'%selnﬂpgqﬂiuctor device is
voIt [ r reliability 00071 These

P*’ese“taiawd%g‘f ﬂl@ﬂmagﬁ@% s p?(g‘ﬂ AG A ONT Sagair aﬁéglw ippgsighakhaving a
of the present invention herein disclosed, wll

first vobegsonegapph e pttpphizgedhr gekomtisges ouput fiend bhyiogi mecond voltage
description and the acconpanying draw ngs.

range. Flhe irdyer sogehasithree stapes Wih unrdatisdaedeltraiouplbe td £algHORage
of the various enbodinments described herein are not

source AR thakhivd @X&d Bshy&udnd (a8 )@bﬁﬁgﬁ' BuMBLLOUR second or intermediate
conmbi nati ons and pernutatlons RI EF DESCRI PTI ON OF

stage dﬁ' evepﬁﬁ%\rx&gﬁitu&%@qggﬁﬁtgmgé sééi ﬂlé,fg?() {h%tt]t%sd &a$ CeovnYt%ge% %oolgiaplrove

| evel shifter in accordance to one enbodi nent of the
reliability.

[0007] These and other objects, along with advantages and features of the present invention
herein disclosed, will become apparent through reference to the following description and the
accompanying drawings. Furthermore, it is to be understood that the features of the various
embodiments described herein are not mutually exclusive and can exist in various combinations
and permutations.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] Fig. | illustrates a conventional level shifter:
{0009] Fig. 2 illustrates a robust level shifter in accordance to one embodiment of the
invention; and
[0010] Fig. 3 illustrates simulated waveform results in accordance to one embodiment of the

invention.
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i nvention; and 100101 Fig. 3 illustrates sinmulated
waveformresults in accordance to one enbodi nent of
the invention. 2 DESCRI PTION [0011 Enbodi nents
generally relate to I Cs. The I1Cs can be any type of
IC, for exanple dynamc or static random access

menories, signal procesHedsrpioRyStem on-chip
devices. The 1Cs can be incorporated into, for

[0011] exag}?llbgdlmcg& efqgm!lﬁ 155@% ﬁooftﬁﬁd Tglgﬁggﬁztg}s b%?@ﬁ?’g“? of IC, for example

ss stants Enbodi nents can also relate to
dynamigqg sfatie | yfﬁ]é‘gi(fkﬁoce%bwm% i %@ PRNESSeithITI AT o-ehigtdggices. The

to a level shifter. The level shifter, for exanple, is
ICs car} boigeproprateddniontas capmple, cqn@t@m@jlcleﬂqt@mcz)rgchm siarh as computers, cell
enbodi nent of a level shifter 200. As shown, the |evel
phoness imidf feesonalcdipipal iasestaits (RIDAGN Enchadphignts tagaso k@ @ndher types of
260. The input stage receives an input signal V;,,.

applicafibgs. | RUSmISIdBnaht 1SARRED 3RS eBshittdrS ThY AVePISREARIS IO is
for exanple, 0 - V1. The input stage generaies an

: al. In one enbodi nent, the output signa
“moqxggk@?#%g%gg second voltage range, for exanple, fromO

{{)012] I%éuQaf;il()th a%{]ﬁ%lb thn?E) evgigﬁ%c%'?oot 0 D}éé)%l*v]\tlgi lffgﬁk\?ﬁiifter

y for digital core devices or transistors of the
comprq;f@ m}wﬁ A owputdechd 19 prd Hwelrhesapisipee seceivieg An powesignal Vi,
devices or transistors. DVDD, for exanple, may be
The inpaigsighaltcomabeesta BrsO&Ntagn chnygblfrofig forexxamplee ) ey Tie iggualage
to about 3.4V. Ot her values for DVDD and VIl are also

generatdS &f otput[sROLB LinThe eritpUimeait, ageouthit DRI ENRAHERBEcond voltage
conprises first and second current paths 212 and 214

range, fP k @)Yin%lé‘ Gy Jnli‘ CERIU §1to;1‘1]9 %n'%e li'l}el(ﬁE gfefqu{x‘i%w Dgo\«(/hli:eu{/g ﬁ%ﬁual to

hs may al so be usef

V. DVDD, for example, may be the power supply for digital core devices or transistors of the [C
while V; may be the power supply for high power devices or transistors. DVpp, for example,
may be equal to about 0.95V and Vy, for example, may be equal to about 3.4V. Other values for
DVpp and Vy are also useful,

{0013] The input stage, in one embodiment, comprises first and second current paths 212 and
214, Providing the input stage with other number of current paths may also be useful. The first
and second current paths may be separated into first, second or intermediate and third stages 220,
230 and 240. In one embodiment, the first stage comprises first transistors M9 and M10. The
first transistors comprise high voltage transistors, for example, 6V transistors. In one
embodiment, the first transistors are p-type field effect transistors (pFETs). Other types of
transistors, such as n-type field effect transistors (nFETS) or a combination of pFETs and nFETs,

are also useful. As shown, the first transistors have a first terminal coupled to Vyy, the power




and second current paths may be separated into first,
second or internediate and third stages 220, 230 and
240. In one enbodi nent, the first stage conprises
first transistors M@ and M 10. The first transistors
conprise high voltage transistors, for exanple,

Supplytf&atﬂ%lit %ltjefé;%%trahggg&e ﬁtm?t t%gtgt'o d lpa%e fgdﬁg%%rétlﬁﬁfﬁ'ﬁg?m crossed

ffect transdi Stors

0 trans such as n-type field effect
Coumeéﬁg ?@{@Pgmeﬁﬁﬁ%sﬁé%r“%“@Bﬁﬁrnatron of pFETs and
are also useful. As shown, the first
[00 i4lt r a’rﬁé«t dirdrstngh s@prsasithisd trarsisiondl | eslidReatisposedvin the fitseand
power 3 supply for high voltage transistors. The first
secondtouarast stior $n havelaget eithenmembbdintehadf the evend@s @ third transistors
coupled to second termnals of the first transistors.

compri$®Rbdpowdierah ko, AAPOwWeOMRIthifeEadsikdrsl afcr iR SloRh QS §F vl
and M2 di sposed in the first and second curren

Howev@f"‘totfhccr t)léﬂs thﬁrﬂ{sgﬁtﬂg %u% Lo 908 &'I%%th%%n %ffpf:gf and nFET are also

i nvent i £t ans |stors
ansi stor,s. thi.rd trans ]
s, iR it et RGP B gt P tgﬁatﬁrd transistor
such as pFETs or a conbi nation of pFET and nFET, are
gate tepigg) in (ieeepnd quieahatenbbrrsrerd teuawalsmtérq trd sggsistars are
provided to invert V;,, (V,,,a) to the third
commantaegipttdde graggatdéVegrminal in the second current path.
The second termnals of the third transistors are
[0015] conmxinyereiodipleathglds gispesad bévasr) the[fRIDl TiR@stages. The first
internediate stage is disposed between the first and

termindl9bf fle %{t@tﬁ?eatatc %;ef drk SbuplE LM BB sQfe 4 hé Qéc%ﬁ ﬂta?s are

stage are coupled to the first stage an

couple& E%}Dt'l‘(]a ﬂﬁtdsstt@’e In Sl%jgrlngg 1r1 nt nte s%clr?%{dlsgaése nglglolﬁ(a, s&hd transistors in
at h
the ﬁlStl-ﬂ%n Sé@%ﬁc{ﬁrg#g@é Se r{;;srga%l@asg%@?sg&ggg)t%g{ c‘\re}gqn 1gdgltagsé received from
received from the first stage at the first termnals
the firssiagqit o fiebterniaals ead oswyidesithargduced volega thithelthidstpge at the
the second terminals. The second stage, in one
second eerbodtilsTeNte sereditas, iheovotodgeerit aeduves tiearoiegh @ta@ intermediate

voltage (Vim). Vi is equal to a voltage between Vy and DVpp. In one embodiment, Vi is
sufficiently reduced to improve reliability of the third transistors. For example, the intermediate
stage reduces the voltage to the third stage to below about 1.65V for 1.5V transistors.
Decreasing the voltage in the third stage to other values is also useful.

[6016] In onc embodiment, the intermediate stage comprises a combination of high and low
voltage transistors M3-MS in the first and second current paths. As shown, second transistors
M5-MS8 may be high voltage transistors configured in a diode connection. In one embodiment,
second transistors M7 and M8 have their gate terminals coupled to Vi while M5 and M6 have
their gate terminals coupled to respective first or drain terminals. In another embodiment,

second transistors M3 and M4 are low voltage transistors having their gate terminal coupled to
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voltage (V;,,,). V;,,, is equal to a voltage between
Vn and DVDD. In one enbodinent, V;," is sufficiently
reduced to inprove reliability of the third

transi stors. For exanple, the internediate stage
reduces the voltage to the third stage to belom1about

DVpp. ﬁﬁék/ﬁ&ﬂf)mhtilél oftsrcgtﬂﬁll tE 119{8?’017 Be a%fn% glpe% \yo age %Ot&ﬂ%]stage 18

s° a so AR
e enbo t he |ntermad| ate stage conprises a
also usgtho PG ?%fﬁe WL@}P%ﬁﬁduowo%P&eggénwgaé\ﬂé@aei Movpaxhe
in the first and second current paths. As shown,
increasebiggtidette 4P st bgsatensdnBianey tsescingtiovehalage
transi stors configured in a diode connection. In one
[0017] enbagdameninple, Secandiatd ansataiconosadifoand WBarRaves hes v £10%.
gate termnals coupled to Vpr while Mb and M6 have
This m&ﬁ@ kifat Qﬁ:tv%lt‘agé' éﬂ {Pl@ld%ilﬁ &k 8ns ﬁ)%sp%i{agé'ﬁagéigtglts sRbuld be

drain termnals. In ano enbo I ment

overct {RLREY Mgt e§?C8P‘#n?rﬁ%ﬁi‘St%r8 OBPOLFHE BB & o

nqlnatlon of second transistors to achieve
third staggg, H@déa%‘{"t“éé%ofi%“m trapsistoryy M7, aad Mg ag cerg)étfcmd fopgr. As such, the
_ exanﬁﬁf the nunber of di ode-connected transistors M

maximgn o Nzerrpodes N3 ask M seld be nqan treaboridVaehviby B Ga vdeeat dr DG is
reduction at the second termnal. (0017] As an

the thresixddpbkggctdidigt ahdgs devigre racombiraistaag®Ist ard M6 aM diode-connected
transistors is 1.5V 10% This neans that the voltage

transistOR WHIEh Aeaksl behmhdabBeowtge | QW MQJoTtQ&eszglﬁE \?ﬂtéﬁﬁ{ ®1S and

should be |owered down to 1.65V or |ess. Second

Mo. Tlﬂﬁ 21?@1‘11%!{1%(}.&% Mﬁtagg ﬁ_‘lhcﬁic%fgn& R R‘ffﬁigg o%r%lllgﬁledgaécﬁ%e\/ thh_DG -

tag e gate vo tage
si st or cted to VH. such,
vin D3RS et ﬁﬁﬁf%ﬁatt a@@tosﬁ P B RE a1 e St
to about Vu - h DG where Vth DGis the threshold

transisteus M hgied M+ g glﬁﬂ vesidita gelugethedevel sbedige prsing throvek Miband M4,
and Mo are di ode-connected transistors which are used

Thus tht makumthenlthglerel dometlcs N XN envdeN2$fwil ok D8R pEEs infig, where
through M6 and Ms. Thus the maxi num vol tage at node N
Vth_nfet iamd tNéshaild Volb@e bardvhesltdgedusied(d ©, Mlv-d¥i e RGhis case).
[0018] When V;,=0V and Vi, =DVpp, third transistor M1 is turned off and third transistor
M2 is turned on. The drain to source voltage (Vps) of second transistor M3 is equal to about Vy
- Vth_ DG x 2 - (DVpp — Vth_nfet), which is about 1V in current design at the worst case. The
Vps of second transistor M4 is zero. The drain to gate voltage | Vg | of second transistor M3 is
equal to about Vi — Vth_ DG x 2 — DVpp, which for example can be about 0.8V at the worst
case. The I Vo I of second transistor M4 can be equal to about DVpp. When Vi, =DVpp and
Ving =0V, third transistor M2 is turned off and third transistor M1 is turned on. The Vps of

second transistor M4 is Vi~ Vth_DG x 2 — (DVpyp - Vth nfet), which is about 1V in current

design at the worst case. The Vg of second transistor M3 is zero. The | Vg | of second




Vt h_DG The gates of second transistors M3 and M4 are
connected to DVDD. Second transistors M3 and M4 are
al so used to reduce the |level of voltage passing

through M3 and MA. Thus the maxi num vol tage | evel at
nodes NI X and N2X wi | | be DVDD - Vth nfet, where Vth

I I
transxs{&ﬁ %4 fss‘V S{Q//tll(ij'retg/@ 2{}0 E) tpﬁi \&/ﬁ%ﬁ fgy) cﬁa%{%ﬂjltk\?\%%ow %3‘,9 At the worst

c1 B=Dvnn, th|rd tran5|stor M1 is turned off and

case. ﬂfﬁ rVdJGt rd g seegnd trappistos My isde¥bon. The drain to source
vol tage (VD5) of second transistor M3 is equal to

[0019]abolt ongmbodihiént DEe xuput st{dOMoDprish4 dm infatdr civafit.cTihd Siverter
about 1 Vin current design at the worst case. The

circuit VESc@hpriREREvdlfagd hisiR6rs N | snd2en 0. [THR MRIdnéR, 98D omprises
voltage | VDG | of second transistor M3 is equal to

iy Wheftd i YR AR S B
to Vi Llr[()\?%%éozlfﬁlgérin\}??i%%qi‘%\) qw&}% ﬁéﬁl’giﬁrm{a%f Iw?tvﬂ}i}?etae second

and. third transistor is turned on The VDS of
teﬂmn@@é ot regrdlpd iy ssvd h%a‘\‘?i‘iﬂmwlﬁofj@i)l apd Mi2pyppemmonly coupled
Vthnfet), which is about 1 Vin current design at the
to the sgerrgl tegaigal. of THED WDBe 6 st smuiopdge.r@si sindipuiBonsofztbe output stage
The | Vnc | of second 5 transistor M4 is Vu - Vt hDG x
are als@usefldVDD, whi ch for exanple can be about 0.8V at the
worst case. The | VDG | of the second transistor M

[0020]1 S YD shdPOERLiakdl RN ERRAGH RN Fa (BN sﬂ%p?ﬁtac&ﬁg&e with one

conprises an i nverter CI rcuit. The inverter Cl rCUI

embodmt C?rEP([f'vaeshm& &fggnﬁﬂ%gd Etrcﬁ?f%ren te{nystgl/h{1'? 8?11§CP %?I}?r 'il&ﬁgﬁicular,

conpri ses
rises a n-typ The first

wavefogigs ﬁbh OBrolpes shyracgbiss QEa‘eﬁB‘f"i/Sh‘ﬁfﬁlé“s‘é(b bt veifomas 302

of M12 is coupled to the first termnal of MI 1
show vHageechametesisiéesad the leyelishidler aff M3'C. The Bdwplasd Vinoary/sst, changed for

The gate termnals of M | and M2 are comonly
both texpephed cortditi¢tte second terminal of M10 of the first

i nput stage. Other configurations of the output stage
[0021] In both cases, the voltage drop Vps across M3 (or M4) does not exceed the upper
limit of the operating range of the transistor which is 1.5V +10%, thus demonstrating robustness
of the present invention as well as the capability to work under ‘worst case’ situations. Worst
case refers to process parameters which are shifted to Fast-N-Fast-P corner. Under such
conditions, voltage stress on the drain & gate-oxide of M3 (or M4) is at its largest.
0022} In particular, the threshold voltage Vth changes with temperature. For example, Vth
increases as temperature is reduced. The extreme worst case is when Vy, is at ultra low voltage
with process parameters shifted to fast corner under low temperature. As process is shifted to
fast corner, Vth is increased. When temperature is reduced at fast corner, Vth is increased

further. Thus the margin to turn on the device becomes smaller and critical under such

conditions. In conventional level shifters, Vth can be higher than Vy,, causing turn on failure for
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are al so useful. [0020] Fig. 3 shows sinmulated vol tage
waveforns of a |level shifter in accordance with one
enbodi ment. The | evel shifter was sinul ated at
different tenperature conditions. In particular,

wavef ornms 301 shom1vo|tage characteristics of the

ngd 3
the e R T B0 AP S B YE PR 2 g SR Y B B
ed for both
apptic s %Iﬁie“ttlb’ﬁﬁ%* SV the RS ltytqﬁ”)\? b 3ot rinapishersbis Vi
across, M3 (or es, not, _exceed the upper |imt of
W“““?H@“@ﬁéEéV?ﬁémﬁgﬁéﬁeSfﬂ?ﬁgﬂﬁﬁ§ﬁ§Pstor which is |.5V
+10% thus denonstrating robustness of the present
[0023}i nvéappacaidrone Flg. dstht ecserd patintipe pravideso riiabiedevel shifter which
"worst case' situations. Wrst case refers to process

can be papnehed svidutthe aseobihitivt delvite, hastas brdsashidh Ha0E AQEgative or
Under such conditions, voltage stress on the drain &
ZEro Vﬁlat[ﬁrsQESéqut@ 119l€ed‘y§ed(1ﬁ£ndw()tur'ini &‘)tst k& Aoazfcﬂﬁﬁ)'ﬁal 1{193@%%] rdddss steps
particular, the threshold voltage Vth changes wi ﬁ
erature. For exanple Vt h |ncreases as
mﬂene‘%dgﬂ;erature is reduced. The extrenme worst case i s when

s at ultra,low voltage ocess rameters
1002411 Py HSPE T Moz dagees it Ffﬂ’é%?%?fé aad logring the voltage
process is shlfted to fast corner, Vth is increased.
across Ygdhird Bagsésters yesellts & ¢ bekes eperating witdoworln edditina, hhis darger operating
increased further. Thus the margin to turn on the
windowd évichevbe edirest istmalihghighndltegd dtieeabn thodedin st fuate oxide of the low
conditions. In conventional |level shifters, Vth can be

voltagd A @NRE, thraaking the lifG&pMsbNge tib¥iBeson failure for 6 the
device. This results in non operability of the I|evel

[0025] shi ’ffﬁ(,eﬁweﬂt[bnclﬂye Béiahb&cﬁccpﬂrb\ﬁ%ust)%’]ﬂé for@l %t{h&?ttdcgg%{}{p from the

he presen ntion prevents e possi bi
t hou ner ea stres
it o ﬁSSFIH@'? P%a%%ﬂ&é P L0 PSR St o be
present invention provides a reliable
conmdnplgql,é] algl}quqc@rdlm;aélﬁe rather than limiting the invention described herein. Scope
of the invention is thus indicated by the appended claims, rather than by the foregoing

description, and all changes that come within the meaning and range of the equivalency of the

claims are intended to be embraced therein.




can be inplenmented w thout the use of native devices,
such as those which have a negative or zero V,i,.
This results in reduced manufacturing cost since no
addi ti onal mask or process steps are needed. [0024]
Furt hernore, using | ow voltage devices as third

What id f13Rsiqgt.ors and lowering the voltage across the third
: ds:

range.

5.

ransistors results in a larger operating w ndow. In
addition, this |larger opeﬁﬁti g W ndow is achieved
wi t hout incurring high vo é&g stress on the drain and
ate oxide of the |low voltage devices, increasing the
%1¥’8%5FFdo‘f‘rCPHéICd)é%?F%l§kng[ 0025] The invention may be
enbodi ed in other specific forns without departing
fin omut sege Bpiredetving areiwpersigral Vehandact eri stics t hereof .
The foregoi ng enbodi nents, therefore, are to be
anpbsipdestae donprblo IRIPRS tsﬁlgéJthé@ﬁtE@ttsitz\g% deAdBRE ah Baut signal
limting the invention described herein. Scope of the
iayention is thus indicated by the appended cl ains,
rather than by the foregoing description, and al

changes . > Wi thin the neaning and range of the
equivgﬁg%giﬁﬁgﬁg?émé%F%ngmﬁre i ntended to be enbraced
therein. 7 Wat is %%aiqed is: CLAIM 1. An integrated
circuit (1&TESHRSE ALY HG:irgitags futoustcdde amegh vaiaas vauiep Vi
an input signal V;,,; and an output stage coupled to

the input 8segad stabe cowlgiip the Aybstgemendt es an out put
signal VouG wherein the input stage conprises a first
stage and therddtagtcosplade ihs scouplsedethe shikl Gpevalcddage v,
source VH

wherein the second stage reduces a magnitude of Vi to improve reliability.

The IC of claim | wherein Vj, comprises a voltage range and V comprises a voltage

The IC of claim 1 wherein the third stage is powered by a low voltage source DVpp.
The IC of claim | wherein Vj, has a magnitude less than or equal to DVpp.

The IC of claim | wherein the first stage comprises first transistors, the second stage

comprises second transistors and the third stage comprises third transistors.

6.

The IC of claim 1 wherein the first transistors comprise high voltage transistors and the

third transistors comprise low voltage transistors.




a second stage coupled to the first stage; and a third
stage coupled to the second stage, the third stage

receiving V;,,, wherein the second stage reduces a
magni tude of Vii to inprove reliability. 2. The |IC of
claim1 wherein V;,, conprises a voltage range and

7. VOE'ICCaRingesh@ecmahd &@6nd fradigfors JompAS 1{ &h Qkd BlaidRake
wherein the third stage is powered by a | ow vol t age

transis®purce DVDD. 4. The IC of claim| wherein V,,, has a
magni tude | ess than or equal to DVDD 5. The |IC of
claiml wherein the first stage conprises first
transistors the second stage conprises second
transi stors and the third stage conprlses third

R e o %ftc g 1 gherqifidhg quippt stiegicAnpripgsdpeiintransstgrp e fourth
transi stors conprise high voltage transistors and the

transistord ¢athprisa highstodinge tonpitarse | ow vol tage transistors. 8
7. The 1C of claim1 wherein the second transistors
conprise high and low voltage transistors. 8. The IC
of claiml| wherein the output stage conprises fourth

9. MRNSIFCHIR] ViRgeih o &hputtslf @‘ﬁ &tuﬁfea t& g{m{lg\z%llﬂgg Q(t)lﬁ'ge Vi

voltage transistors. 9. The 1C of claim1
out put stage is coupled to the high voltage source VH
10. The IC of claim1l wherein V.,,, has a nagnitude

l.ess -t han. o,V. 11. vel shifter

0. dERIF RN T P g i TEsuBd R ohar trisghebage
source VH, the first stage conprises first transistors
and the first transistors conprise high voltage
transi stors; a second stage coupled to the first

11. &% hyel shiflee caieposidg:st age conpri ses second transi stors;

a first stage coupled to a high voltage source Vy, the first stage comprises first transistors
and the first transistors comprise high voltage transistors;

a second stage coupled to the first stage, the second stage comprises second transistors;

a third stage coupled to the second stage for receiving an input signal V,, the third stage
comprises third transistors and the third transistors comprise low voltage transistors, wherein the

second stage reduces a magnitude of Vyy to improve reliability.

12. The level shifter of claim 11 wherein the third transistors are powered by a low voltage

source having a magnitude DVpp.

[3.  Thelevel shifter of claim 11 wherein the input signal has a magnitude less than or equal

to DVpp.




a third stage coupled to the second stage for
receiving an input signal V;,,, the third stage
conprises third transistors and the third transistors
conprise |l ow voltage transistors, wherein the second
stage reduces a magnitude of VH to inprove

14,  matiabl dHitir of BRim Thevk@dg kheshtdddaransfsiosd &!:H}Msclh[gh and low

wherein the third transistors are powered a |l ow
vok%p%ﬁx%@%% source having a magni tude DVDD. 13 The | eve
ter of claiml | wherein the input signal has a

magni tude | ess than or equal to DvDD. 9 14. The | evel
shifter of claiml 1 wherein the second transistors
S [ nd low voltage transistors. 15. The

LS. %B% %ﬁ???gﬁ g¢“dﬂéﬂﬁ¥@“l mﬁereln the first, second
and third transistors are nFETs; or the first, second
thedirsthsgognd pachdindttonsisarsearpFEREy; oor the first, second
and third transistors are a conbi nati on of nFETs and
fifeHirst, sdond dikthirdvehsisibid frepFRTs;0kai m 1 1 wherein
threshol d voltage of the first transistors can be

h'leqh 8 sdcBAM AR oW MRk REES 9 %1?@:11)9[\{(99% 14F7ETS’Aéxng‘f)tFﬁqg. of

orn1ng an integrated circuit
conprising the steps of. prOV|d|ng an input stage for
receiving an input signal V;,,; and providing an

6. 8l el el IR Bufpulionbes oBhY Apsimsiiigiican b

wherein the i nput stage conprises a first stage
higher thgyplasy) veléngs sitgh Diaint age source VF. | ;

7. A method of forming an integrated circuit (IC), the method comprising the steps of:
providing an input stage for receiving an input signal V,; and
providing an output stage for generating an output signal Vo, said output stage being
coupled to the input stage;
wherein the input stage comprises

a first stage coupled to a high voltage source Vyy;

a second stage coupled to the first stage; and
a third stage coupled to the second stage, the third stage for receiving Vi,

wherein the second stage reduces a magnitude of Vy, to improve reliability.

18, The method of claim 17 wherein the first stage comprises first transistors, the second
stage comprises second transistors, the third stage comprises third transistors and the fourth stage

comprises fourth transistors.




a second stage coupled to the first stage; and a third
stage coupled to the second stage, the third stage for
receiving V;,,, wherein the second stage reduces a
magni tude of VIl to inprove reliability. 18. The

nmet hod of claim 17 wherein the first stage conprises

19, fileshethé @OSUSLOI BwhérbR (B ERREanSitaERoMPARY ﬂligﬁ@oﬁ@g&qpﬂsistors,
transistors, the third stage conprises thir
hale ; I . . S
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first transistors conprise high voltage transistors,
““mg%%%“PHF%d transi stors conprise | ow voltage transistors
and the fourth transistors conprise high voltage
transi stors. 20. The nethod of claim 17 wherein the
i nput stage conprises a | ow vol tage source DVDD
20.  ddgphesbod of dlowm Volvhergie thdhinpdt stamneingtrisesa o2 volfElge source DVpp
nmet hod of claim 17 wherein the output stage is coupled
coupled @ ohevdilagbthval ttaagetosource VH, and V.... t has a
magni t ude | ess than or equal to Vu.

21.  The method of claim 17 wherein the output stage is coupled to the high voltage source

Vy, and Vu has a magnitude less than or equal to Vi




