RELIABLE LEVEL SHIFTER OF ULTRA-HIGH VOLTAGE DEVICE USED IN
LOW POWER APPLICATION BACKGROUND [0001]In an integrated circuit
(IC), it is not uncommon for both high and low voltage devices to be included
on the same IC. For example, the IC may include 1.5V digital core device and

6V hi volta e devices. The supply voltages for such 1.5V and 6V devices
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to transform a digital core device or transistor digital power supply (DVDD)
voltage signal to a high powg%‘g ek %ﬂp ower supply (VH) voltage
signal. Fig. 1 shows a conventio #{e&& for transforming a DVDD
voltage signal to a VH voltage signal. As shown, the level shifter includes an
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voltage V," and generates an output voltage Vout. V," is a DVDD voltage
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signal having a voltage range of about 0 - 3.5V. [0003]The various stages of
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Devices typically have a minimum 'turn on' threshold voltage (Vth) of about

(%80) ahthd U pYly. vedtegeydlg., for 6V high voltage devices, this equates to
approximately 0.9V. As such, V", has about a 5% margin to switch on the 6V
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variations, such a small margin can lead to situations where the high voltage
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voltage signal. As shown, the level shifter includes an input stage 101 and an output stage 103.
The input stage receives an input voltage V;, and generates an output voltage V. Vinisa DVpp
voltage signal having a voltage range of about 0 — 0.95V while V,, is a Vg voltage signal having
a voltage range of about 0 — 3.5V.

[0003] The various stages of the level shifter employ 6V high voltage devices with a Vg
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, Vj, has about a 5% margin to switch on the 6V devices. Taking into consideration
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.



SUMMARY [0005]The present invention relates to level 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 comprises
three stages for generating an output signal having a second voltage range.
The second stage in the aforementioned three stages of this IC decreases
the magnitude of the first stage voltAJ¥YH¥RE third stage voltage to improve

religbility, [0006]In another aspect of the inyention, a method of fabricating a
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tage for generating an output signal niaving a sec oltage range. The
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voltage source and the third stage being coupled to a low voltage source and
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voltage to the third stage voltage to improve reliability. [0007]These and other
mapenis; aldrghivitbiadvwaniagas andhiehiurgsvolitize presaotereanbitn herein
disclosed, will become apparent through reference to the following
[0906Lriptimrmegtbecths metontipamy img @rawirngs:difiereatng as¢sioopductor device is
understood that the features of the various embodiments described herein
prapentist mbeuasthedbickides aMYigHE axisPi vago (s esmpirtatip P Eriégenal having a
permutations. BRIEF DESCRIPTION OF THE DRAWINGS [0008]Fig. 1
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source and the third stage being coupled to a low voltage source and the second or intermediate
stage decreases the magnitude of the first stage voltage to the third stage voltage to improve
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. 1 illustrates a conventional level shifter;
[0009] Fig. 2 illustrates a robust level shifter in accordance with one embodiment of the
invention; and
[0010] Fig. 3 illustrates simulated waveform results in accordance with one embodiment of

the invention.



invention; and [0010]Fig. 3 illustrates simulated waveform results in
accordance with one embodiment of the invention. DESCRIPTION
[0011]Embodiments generally relate to ICs. The ICs can be any type of IC,
for example dynamic or static random access memories, signal processors,
or system-on-chip devices. The ICs can be incorporated into, for example,
consumer electronic products, su%%@@gmers, cell phones, and personal

igjital assistants (PDAS). Embodiments can also relate to other types of
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signal comprises a first voltage range from, for example, 0 - Vt. The input
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comprises a second voltage range, for example, from 0 - V2. VI in one

aghbodineohiseatiodl ieddMDRWwhilecV isiagtialhe Mitl MDD fdoe.exairpie,
may be the power supply for digital core devices or transistors of the IC while

iny@poayetdentherpl§wer supply for high power devices or transistors. DVDD, for
example, may be equal to about 0.95V and VH, for example, may be equal to
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stage, in one embodiment, comprises first and second current paths 212 and
comprises input and output stages 210 and 260. The input stage receives an input signal Vjy.

The input signal comprises a first voltage range from, for example, 0 — V. The input stage
generates an output signal. In one embodiment, the output signal comprises a second voltage
range, for example, from 0 — V,. V; in one embodiment is equal to DVpp while V; is equal to
Vu. DVpp, for example, may be the power supply for digital core devices or transistors of the IC
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 Vy, the power



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
SUPRE doh BisdiYRIRECtHAT SOt P a IS i 'é?ésﬁ-tﬂ?ﬁé"fYélga@‘FéEP’cPéﬁéfﬁf@ Cross

(pPLTs). Other types of transistors, such as n-type field effect transistors
QAT ng%gé?ﬁgiﬂ%}ﬁé?ﬁ%‘?%Eﬁtf%ngﬁt&rﬁtiﬂs, are also useful. As shown, the
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voltage transistors. st fransistors have gate termina at are cross
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comprises third transistors M1 and M2 disposed in the first and secon
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transistors comprise low power transistors. As shown, the third transistors are
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combination of pl-TT and nITT, are also useful. In one embodiment, an
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the second current path. The second terminals of the third transistors are
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between the first and third stages. The first terminals of the intermediate
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voltage (Vint). Vintis equal to a voltage between VH and DVDD. In one
themiegineRbndidiiesyficientieredusesigirprave selinkiiholtadhicdeived from
transistors. For example, the intermediate stage reduces the voltage to the
ththfid tstage doteeliow taboiut 1t Go\p fovideS Yhdradsistovs] txearehsithiydheayottade
in the third stage to other values is also useful. [0016]In one embodiment, the
sdenedrivadiatds stBiyeseomprises & combitatdoncof. iidhcanthdowliagitagen intermediate
transistors M3-M8 in the first and second current paths. As shown, second
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connection, In one . embodiment, second transistors M7 and M8 have their
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desired voltage to third stage are also useful. For example, the number of
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a greater reduction at the second terminal. [0017]As an example, the
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the voltage on the drain terminals of the low voltage transistors should be
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the voltage to the third stage. The gate terminals of second transistors M7
segaedNBnarsospMerd i lfohoys. theirgathtetRanaiaginrlad (oagede Nogesl N have

and N4 will be equal to about VH - Vth DG, where Vth DG is the threshold
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and N2 will be further reduced to VH - 4



Vth DG -Vth DG. The gates of second transistors M3 and M4 are connected
to DVDD. Second transistors M3 and M4 are also used to reduce the level of
voltage passing through M3 and M4. Thus the maximum voltage level at
nodes N1X and N2X will be DVDD - Vth nfet, where Vth nfet is the threshold
voltage of a low-voltage device (e.g., 1.5V device in this case). [0018]When
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curreny é%n at the Worst § gf secogq trans stor M4 is zero.
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case. The VDGlof second transistor M4 tan be equal to about DVDD. W
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M1 is turned on. The VDs of second transistor M4 is VI—% Vth DG x 2 -
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VDs of second transistor M3 is zero. The VDGIlof second transistor M4 is VH
thirdl ¥9aRXG Khe gddMERjnakichstepekanmpiacanMbambastHdenattha wovgt As such,
case. The VDGL1 of the second transistor M3 is DVDD. [0019]In one
thermboidinre Wh thee eutpdtssiiige ¢ Dt prilds eqrivertauciveuitVith®bvehar Vih_DG
circuit can comprise high voltage transistors Mll and M12. In one
isahsibigiRRA Y 1Az ebmiyakesligs: §yctrapristerEiaiNmsAImps Y are Higdse
transistor. The first terminal of M12 is coupled to VH. The second termjnal of
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waveforms of a levelshifter in accordance with one
transistors M3 and M4 are also used to reduce the level of voltage passing through M3 and M4.

Thus the maximum voltage level at nodes N1X and N2X will be DVpp — Vth_nfet, where
Vth_nfet is the threshold voltage of a low-voltage device (e.g., 1.5V device in this case).

[0018] When V;,=0V and Vg =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 | Vpg | 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 | Vbg | 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 Vpg of
second transistor M4 is Vg — Vth_DG X 2 — (DVpp — Vth_nfet), which is about 1V in current

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



embodiment. The level shifter was simulated at different temperature
conditions. In particular, waveforms 301 show voltage characteristics of the
level shifter at -40C and waveforms 302 show voltage characteristics of the
level shifter at 125C. The DVDD and VH are not changed for both
temperature conditions. [0021]In both cases, the voltage drop VDs across M3
trgasivpnMbEs\not ¥leded theuBNerlivitchiitie sriatag panheubp theé at the worst
tranS|st which is 1.5V +10%, thus demonstrating robustness of the present
Ca}?ﬁ/eﬂ% Vas Iesserengdisapitisy Mo\ meer ‘worst case' situations. Worst
case refers to process parameters which are shifted to Fast-N-Fast-P corner.

[0k ¥er sé‘&ﬁ“&ﬁ%@ﬁéﬁ’%ﬂ\}oﬁ‘?ﬁg’étgt%%@%ﬁ%rﬁélﬁ“&“@jﬁ"t‘ér&ﬁ%‘ét fIp3ipusrter
s atits Iar 0 articular, the threshold olta th ch .
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The extrem WOor se is when V., is at ultra low \ﬁl@get ith. PSESE
a ¥ge tran51s F]E*l‘l comprises an n§épe transistor. Imi a 2 1S coupled
Ba meters shifted to fast corner un low temperature. Ks process Is
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corner, Vth is increased further. Thus the margin to turn on the device
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shifters, Vth can be higher than Vim causing turn on failure for the device.
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applications, the present invention prevents the possibility of Vth from being

aaiglhepshiah V. without increasing stress on the gate oxide of the device.
[0023]As apparent from Fig. 3, the present invention provides a reliable level

[0RMHer wHigh caaeimtpissdantaganhsitrtaeal sdeat hauler deircaslager gy one
those which have a ne%atlve or zero Vth. This results in reduced

PR URSBtu ﬁﬁ‘@ ek diites Wiy ateRh LAY raReaL s SspRiian e Lyptyticular.
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mcurnn voltage stress on the drain and gate oxide o oW Vo tage
bgg\(&%rm@@&{@ﬁmg lifespan of the devices.

[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 Vj, 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 Vj,, causing turn on failure for
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[0025]The invention may be embodied in other specific forms without
departing from the spirit or essential characteristics thereof The foregoing
embodiments, therefore, are to be considered in all respects illustrative rather
than limiting the invention described herein. Scope of the invention is thus

indicated by the appended claims, rather thanh% the foregoing description,
the g vage c ARG SHREIn AomeniithiHaHY Hieknrlghaer rdhgendrthio eopiicalionsy

of the claims are intended to be embraced therein hat is claimed is: 1. An
R Tae B B E P BT R SR CDIE P o 2 Nl g
WP 20 BupU S8 couples o Jng pyt stage the output stage

generates an‘output signaf Void, wherein the input stage comprises a first
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stage coupled to the first stage; and a third stage coupled to the second
catagemiiienthitdisiagieiaaeivio g/\VimWwaerein the sacandsiage ¢amRRIIsea® e or

set of diode-connected transistors for reducing the level of voltage passing
zdRy Oyg ITtherssting e bydiedd einguéa cnagiztidesaicy hbtadihiiovensskiabibiycess steps
are needed.
[0024] Furthermore, using low voltage devices as third transistors and lowering the voltage
across the third transistors results in a larger operating window. In addition, this larger operating
window is achieved without incurring high voltage stress on the drain and gate oxide of the low
voltage devices, increasing the lifespan of the devices.
[0025] The invention may be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be
considered in all respects illustrative 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.



2. The IC of claim 1 wherein the second stage comprises a plurality of
diode-connected transistors for further reducing the level of voltage passing
through them. 3. The IC of claim 1 wherein the third stage is powered by a
low voltage source DVDD. 4. The IC of claim 1 wherein Vin comprises a
voltage range and Vout comprises a voltage range and V111 has a
WhaidhrlaiBerRES than or equal to DVDD. 5. The IC of claim 1 wherein the first
stage cqmgrises first trg@stors, the second stage further comprises second

L ransi&Pd PSR tha e EOMPrises third transistors. third transistors

comparlilsl% Igvgtvoét?(geretggglsnigtgnrsﬁ r. IThe IC of claim 1 wherein the second
fransistors {urtaﬁer comprise hlgﬁ Bnd tow voltage transistors. 8. The IC of

claim,f SRR 0 AIRNAAR OTRIER IR WARSEIRIS NG HEN signal

transistors comprise high voltage transistors. 9. The IC of claim 1 wherein

vihe output stage is coupled to the high voltage source VH. 10. The IC of
claim 1 wherein Vout has a magnitude less than or equal to VH. 11. A level
shifter comprigifegi the input stage comprises

a first stage and the first stage is coupled to a high voltage source Vy;

a second stage coupled to the first stage; and

a third stage coupled to the second stage, the third stage receiving Vi,
wherein the second stage comprises a set of diode-connected transistors for
reducing the level of voltage passing through them thereby reducing a magnitude

of Vyto improve reliability.

2. The IC of claim 1 wherein the second stage comprises a plurality of diode-connected

transistors for further reducing the level of voltage passing through them.
3. The IC of claim 1 wherein the third stage is powered by a low voltage source DVpp.

4. The IC of claim 1 wherein Vj, comprises a voltage range and V,,; comprises a voltage

range and Vj, has a magnitude less than or equal to DVpp.

5. The IC of claim 1 wherein the first stage comprises first transistors, the second stage

further comprises second transistors and the third stage comprises third transistors.



a first stage coupled to a high voltage source VH, 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; and a third stage coupled to the second stage for receiving an
input signal Vim the third stage comprises third transistors and the third

6transi§1?6|]§&§ﬁ4ﬁ'1’%é Wr%‘l @é‘%ﬁ@%’tﬁ%g FOHEYTR R §@E&%?df§t§g%0rs and the

nS|stors comprise fdlode connected transistors for reducing the

hllé RV ilete R LY &V tY'u Tﬁjﬁrﬂ?@ﬁ(ﬁ?ereby reducing a magnitude of VH to
improve reliability. 12. The level shifter of claim 11 wherein the second stage
transistors comprise a plurality of diode-connected transistors for further
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claim 11 wherein the input signal has a magnitude less than or equal to

triViREBand the third transistors are powered by a low voltage source having a
magnitude DVDD. 14. The level shifter of claim 11 wherein the second
transistors further comprise high and low voltage transistors. 15. The level
shifter of claim 11 wherein: the first, second and third transistors are nITTs; or

8the fildte $ecduthiand wicd ndhsistong streqbdiiizisers therfirsyrsecondardiuhird

transistors are a combination of nITTs and pl-LTs.
transistors comprise high voltage transistors.

9. The IC of claim 1 wherein the output stage is coupled to the high voltage source Vy.
10. The IC of claim 1 wherein V,, has a magnitude less than or equal to Vy.
11. A level shifter comprising:

a first stage coupled to a high voltage source Vg, 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;
and

a third stage coupled to the second stage for receiving an input signal Vi, the third stage
comprises third transistors and the third transistors comprise low voltage transistors, wherein the
second stage transistors comprise a set of diode-connected transistors for reducing the level of

voltage passing through them thereby reducing a magnitude of Vy to improve reliability.

12. The level shifter of claim 11 wherein the second stage transistors comprise a plurality of

diode-connected transistors for further reducing the level of voltage passing through them.
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16. The level shifter of claim 11 wherein threshold voltage of the first

transistors can be higher than a low voltage source DVDD. 17. 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 Vout, said output stage being

coupled to the input stage; wherein the input stage comprises a first stage

oup 0 a h rce VH; a second stage cou Ied (fe first
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tran fstors for reducing t elo ge passm throug
Dr\educmg a magnitude of VH to improve reliability. 18. The method of clalm

17 wherein the first stage comprises first transistors, the second stage further

comprises second transistors, the third stage comprises third transistors and

the output stage comprises fourth transistors. 19. The method of claim 18
1avhereie thecficsifteansidtons Idonherise thigleapliage dansisiater doenpiisd high and

transistors comprise low voltage transistors and the fourth transistors
losomeprgethigtistaitage transistors.

15. The level shifter of claim 11 wherein:
the first, second and third transistors are nFETS; or
the first, second and third transistors are pFETS; or

the first, second and third transistors are a combination of nFETs and pFETs.

16. The level shifter of claim 11 wherein threshold voltage of the first transistors can be

higher than a low voltage source DVpp.

17. A method of forming an integrated circuit (IC), the method comprising the steps of:
providing an input stage for receiving an input signal Vj,; and
providing an output stage for generating an output signal V,, said output stage being
coupled to the input stage;
wherein the input stage comprises
a first stage coupled to a high voltage source Vy;
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 comprises a set of diode-connected transistors for
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20. The method of claim 17 wherein the input stage comprises a low voltage
source DVDD coupled to low voltage third transistors. 21. The method of
claim 17 wherein the output stage is coupled to the high voltage source VH,
and V.ut has a magnitude less than or equal to VH. 22. The method of claim
17 wherein the second stage comprises a plurality of diode-connected

transistors f6AfGBRs&YSEM g tHasReSBIRBIEE FSasiReTRYSET ibehmagnitude

of Vyto improve reliability.

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

output stage comprises fourth transistors.

19. The method of claim 18 wherein the first transistors comprise high voltage transistors,
the third transistors comprise low voltage transistors and the fourth transistors comprise high

voltage transistors.

20. The method of claim 17 wherein the input stage comprises a low voltage source DVpp

coupled to low voltage third transistors.

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

Vu, and Vg, has a magnitude less than or equal to V.

22. The method of claim 17 wherein the second stage comprises a plurality of diode-

connected transistors for further reducing the level of voltage passing through them.
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