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PROCESS 5 Field of the Invention The invention relates generally to

sem conduwoas/osisseui try, and nore specifically to a hi ghpealtsayes4@VOS
output driver in a |low voltage sem conductor process. Background of the

I nvention 10 Wil e sem conductor circuitry such as bipolar and CMOS
circuitry has traditionally operated at a five volt potential difference
between a high and a |ow signal I|evel, the need for higher speed, |ower
power consunption, and | ower heat dissipation has pronpted a nove to |ower
voltage circuitry. It is now comon for such sem conductors to operate at
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hi gher | evel of performance in many respects than older five volt

sem conductors, they often nust be integrated into designs or products
utilizing the older five volt technbBieddjgf thedngentinmst be designed to
interface wth SU&E cin Ctlilitl’%.t Theselll ?wer .voldt aiI%e sem conductors ﬁ_re
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relatively easy ere the newer |ow voltage sem conductors nust receive
signals. But, these | ower voltage sen conductors cannot provide a five volt
out put signal as easily as the n.receiv ne. Because the fabrication
processes used in these |ower 2 3\?51‘3{0&'@‘@{{&'3?&"&8 Rors conprise standard
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physi cally capable of reliably providi'ng a fu five v ut signal.
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has prompted a move to lower voltage circuitry. It is now common for such
semiconductors to operate at voltage levels of 3.3 or 2.5 volts, allowing fabrication of
15 such higher performance semiconductor devices.

Although such devices are capable of a higher level of performance in many
respects than older five volt semiconductors, they often must be integrated into designs
or products utilizing the older five volt technology and so must be designed to interface
with such circuitry. These lower voltage semiconductors are often designed to receive

20 either a five volt signal or a lower voltage signal in the same device, making integration
into older systems relatively easy where the newer low voltage semiconductors must
receive signals.

But, these lower voltage semiconductors cannot provide a five volt output signal
as easily as the can receive one. Because the fabrication processes used in these lower

25 voltage semiconductors comprise standard transistor geometries designed to conduct
only lower voltages, they are not physically capable of reliably providing a full five volt
output signal.

What is desired is a high voltage output driver capable of providing a high

voltage output signai in a low voltage process semiconductor.



Summary of the Invention The invention described here provides a

hi gh-vol t age out put buffer inplenmented in a | owvoltage sem conductor
process, wpabiodasgo | ow vol t age sem conductors to 5 interfa®eTwisSnn29443

hi gh-vol tage circuitry. The buffer conprises a level translator circuit

that in operation receives a signal varying between ground and a | ow

vol tage |l evel, and outputs a correspondi ng signal varying between a
reference voltage level and a high voltage Ievel. The reference voltage

| evel is an internmedi ate voltage | evel between half of the | ow voltage

| evel and the high vol tage | evel . Snmemaxyf ofcthe dnventiobnpri ses an out put 10
circuit that in op atl Qn..recei ves, .t he out put evel nsl
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inventiorf is mrfasbédvlfhbgh-ﬁ’h]éagyrmwélfy gTheémffgmmmgsbs adﬁMGI/MIIShﬂgE cirsuipthay or
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Figure 1 shows a bl ock diagram of an” out put buf circuit, consistent with
an 20 enbodi neltagedével. hth)mé@mne viottegmlevelns alFlng&md@test/ge Bvélibeewsen! Half
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enbodi ment of the present invention. 25 Detailed Description I1n t
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in sufficient detail to enable those
supply or the reference Voltage derived from the high voltage supply, so that the

15 transistors of the buffer are protected from high voltages in the event of an external low

voltage supply failure.

Brief Description of the Figures
Figure 1 shows a block diagram of an output buffer circuit, consistent with an
20 embodiment of the present invention.
Figure 2 shows a five-volt output buffer circuit, consistent with an embodiment
of the present invention.
Figure 3 shows an adaptation of the five-volt output buffer circuit of Figure 1 to

a lower voltage output, consistent with an embodiment of the present invention.

25
Detailed Description
In the following detailed description of sample embodiments of the invention,
reference is made to the accompanying drawings which form a part hereof, and in which
is shown by way of illustration specific sample embodiments in which the invention
30 may be practiced. These embodiments are described in sufficient detail to enable those

skilled in the art to practice the invention, and it is to be understood that other



skilled in the art to practice the invention, and it is to be understood
that other 2 WD 03/030360 PCT/ US02/ 29443 enbodi nents may be utilized and

t hat | ogiwalo3/oasehani cal , el ectrical, and ot her changes mayhsozesdes wi t hout
departing fromthe spirit or scope of the present invention. The follow ng
detailed description is, therefore, not to be taken in a limting sense,
and the scope of the invention is defined only by the appended clains. 5
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of which are descrive eate ne

such embodi megdopefof &t ivndieh D&l oiBMiyEe appeaded cldfhd r ansl ator stage 101
and an output circuit 102. The level translator circuit receives an input

signal 103 varyi ngTheprwesen iavegtionprvites 2digh valtage petpet drived capabld dfipreddingge
VI that is the.yoltage |l.evel. at.whjch e sem conduct Qr .prqgess . used_to
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101 transl at egf bktCerhS@nMAD I hodRiondodidis BPZedTd 18K RiFatél cidtdft ad Shonal
varyi ng between a reference voltage Vref and 'a 15 high voltage |evel Vh

That is, whenoutput ¢ieoni] exampled cftvdnclr e diesceibed imgroataddeasail Zeein. | nput  vol iage
it outputs the voltage Vref, and when the translator receives.a | ow vol tage
level M it outpu gg%ﬁe Hlﬁﬁﬁ%?f’%‘gﬁwﬂéwgmiwm? @‘PLEP ﬁ’éﬁ%&ﬁﬂ}@%% Mref is
in some ;emboghagbsstife 101%mkaU SPuPBir&ft 1028 q@@&%ﬁnﬁ@bwﬂﬁﬁz@eﬁ% to

be approximtely half ~way between the |ow voltage |eve and ground. In
appl i cation, idpetsgedl 103 Vagge Bowsingngioumdiopasto bylt tevel dndvid lotw eoimkaivd tharay

be somewhat higher than Vref, such as.Vref | us the threshold voltage of a
certain tr ansngF%?’Qlttaﬁﬁ irfgve\i,\m Whigf Tné?qngCtP‘EprﬁFﬁéP%‘?d tgdbricpte the ciggpis

exanpl e embody t&bpdrie. TRY &kl Qﬁlsld}@?ﬁmuﬁqOPHIaﬂslfﬁte%htEgéU.\e/hreagﬁgﬁ ceives

t he signal 104 which varies between approximately Vre
transl at es i t signaldid3 @od putputsi ay h6d a i@balnangny betbetme exfer2beegrodtage Vest axDaand
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voltage it outputs the voltage Vref, and when the translator receives a low voltage level
Vlit outputs a high voltage level Vh. The reference voltage Vref is in some
embodiments of the invention an intermediate voltage selected to be approximately half
way between the low voltage level V1 and ground. In application, the Vref voltage
20 signal output by the level translator may be somewhat higher than Vref, such as Vref
plus the threshold voltage of a certain transistor. This will be explained in greater detail
in other example embodiments of the invention.
Next, an output circuit 102 receives the signal 104 which varies between
approximately Vref to Vh, and translates it to an output signal 105 ranging between
25 ground or VO and Vh. When the output circuit receives a signal at level Vref it outputs
a signal at VO, and when the circuit receives a signal at Vh it outputs a signal at level
Vh.
When the level translator and the output circuit are taken in combination to form
a complete output buffer circuit, the output buffer circuit therefore will output a voltage

30 level VO at 105 when a VO voltage level is received at the input 103, and will output a
high voltage level Vh at 105 when a low voltage level V1 is received at 103.



a signal at VO, and when the circuit receives a signal at Vh it outputs a
signal at level Vh. Wien the level translator and the output circuit are
taken i n wortbiosssé on to form a conpl ete output buffer ciPCHUSp2/243¢3 out put
buffer circuit therefore will output a voltage 30 level VO at 105 when a
VO voltage level is received at the input 103, and w Il output a high

vol tage | evel Vh at 105 when a low voltage level M is received at 103. 3
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| evel at a single output 105 that ranges across_a broader range of voltage
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circuit show oftheionthuy baffed cifcu@nsi stors i s shown in Figure 2, denonstrating

how the present invention may be constructed to avoid applying a greater
vol tage than VI acPdidailedyiey ghan embediment afithe eufpwidrufler eixenit showang hi s

exanple, M i . I i-ngi . cirecuits are built sing a
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vol tage as a power_ source. Vref 1s defined for this exanple as Vvdd/ 2, and

so i s theref of¥ baist eixquitatla this exanggle, bl is .3 vvarbizhiindicates hiatythe vistuitspee bailte| |

i i hi | i f. th i i i 5 .t .
source. 15 T BRa SARCRUIGR eRieS0R progEnti<tged Fraer Ted i BFeBreuna
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received by the gates of ~conplementary n-channel transistors 202" and 203,
where the sighIC®rovided to transistor 203 is first inverted by inverter

204. Th | t I Y/ 3.3 | Sy, suppli.ed to the gates of
n- channgl V'? r aﬁg?st §>r/r§% f@%ggﬁﬁﬁrﬁggs e’éar?\é’q? ﬁ%vpg@e?réﬁ‘%és \t}f&ﬂr?flabeeapa’foxgwa d2/ 3
or appr oxi mat eleg vdit&6vuae? isthé BighRBIth&Aetd), Whigh 8ateSex@npl &HBARRkNt of the

transistors 207 =
mvention is a 5 volt power source.

15 The input is received at 201, which ranges from zero or ground (Vss) to V1,
which is 3.3 volts in this example. The input signal is received by the gates of
complementary n-channel transistors 202 and 203, where the signal provided to
transistor 203 is first inverted by inverter 204. The voltage level Vdd, here 3.3 volts, is
supplied to the gates of n-channel transistors 205 and 206, and the reference voltage of

20 Vdd2/3 or approximately 1.66 volts is applied to the gates of p-channel transistors 207
and 208. P-channel transistors 209 and 210 are connected to the voltage source Vdd2 of
5 volts, and are coupled between the p-channel transistors of the complementary side of
the transistor ladders that comprise the level translator as shown.

In operation, either the transistor 202 or 203 will be switched on, and conduct.

25 For purposes of this example assume a low voltage level at the input, so that transistor
203 conducts and transistor 202 does not. This results in the connection between
transistors 203 and 206 being brought to ground level. Transistors 206 conducts due to
the voltage Vdd applied at the gate, and similarly brings the connection between the
transistor 208 and 206 to the voltage level Vss, or ground. Transistor 208 is connected

30 to Vref at its gate, which causes it to conduct and to bring the connection between

transistor 208 and 210 to approximately Vref plus the threshold voltage of the PMOS



and 208. P-channel transistors 209 and 210 are connected to the voltage
source Vdd2 of 5 volts, and are coupl ed between the p-channel transistors
of the cowplosemsb@ry side of the transistor | adders that Pcansoz/e|4s he

| evel translator as shown. In operation, either the transistor 202 or 203
will be switched on, and conduct. 25 For purposes of this exanple assune a
| ow vol tage | evel at the input, so that transistor 203 conducts and

transi st or 20Zangser. Bécausthths tHreshold wliape inhisexanpld is @ﬁ%@ﬁﬁﬂﬁﬁﬁ .85 volts and
transi stors 203 and 206, bei nq brought to ground | evel. Transistors 206
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the connecti Oﬁpﬁ%%%@z?%%r ansi stor 208 and 206 to the voltage |evel

Vss, or groun 8 is connected 30 to Vref at its gate, which

causes it to conduThe adghebfobbétivger fignststs 208 b2 NEis\WeRs-linkéRdsths L&k 0208
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drain i s conne&guwtiseba fve ¥pldevebl t source. The connection between

transi stors 209 ang, 207 is .theref.ore brou .to, five vo ., .and the .

connection 211 bet \?\Ag%ﬂuﬁpﬁ St?‘%e\fgfel‘t’?sglﬁ%ﬁﬁ? g‘m Ryt ?;[J’faﬁ‘ﬁltgt_%{zg@%hlg? 'f‘lfchgas 1ts
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this par ItSi cul FoesHid gg)r{d%bt in this particular example.

But, the junction between transistors 212 and 215 is intentionally controlled in

the example circuit of the present invention, to ensure that neither transistor realizes a
voltage drop of greater than 3.3 volts across its source and drain. Because transistor 212
is connected at the base to Vref plus the PMOS threshold voltage Vp, the connection

20 between 212 and 215 is brought to Vref+Vp. Transistor 215 is on because Vref is
applied‘to its base, but conducts current only from its own capacitance as transistor 212
is off. This controls the voltage drop across both transistors 212 and 215, ensuring that
the drop from 5 volts at Vdd2 to zero volts at the output 216 is shared between these
two transistors.

25 If the input applied at 201 is high instead of low, transistors 202, 205, and 207
conduct, and the connection between transistors 207 and 209 is brought to Vref plus the
PMOS transistor threshold voltage. This signal is conducted to the level translator
output 211, turning on output circuit transistor 212 because it is significantly lower than
the drain voltage Vdd2. Transistor 213 is off because its input provided by inverter 204

30 is low, and transistor 215 is on because its gate is connected to Vref, which is below the

five volt drain voltage it sees from conducting transistor 212. The output 216 is



But, the junction between transistors 212 and 215 is intentionally
controlled in the exanple circuit of the present invention, to ensure that
nei t her twargiosw3er realizes a voltage drop of greater thaaTAISB2/yuahs s
across its source and drain. Because transistor 212 is connected at the
base to Vref plus the PMOS threshol d voltage Vp, the connection 20 between
212 and 215 is brought to Vref+Vp. Transistor 215 is on because Vref is
applied to ithehdse cobuictaian AR s/ictasistdrs Oh2 ynd 2 iyand provwdes ampatcpht dgeg as
transistor 212 is off. This controls the voltage drop across
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eltsm ut Inverter 204 30

is low, and transi ﬁier%ﬁemsoMebﬁﬁah@ﬁvbﬁtﬁ)rgaie&iuaﬁpmr\&mteﬁad Wda2 \igals
which is belowthe five volt drain vol tage it sees from conducting
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ensuring that the voltage drop between the 5v output at 6 and Vss is
shar ed bet weephangehti 38 ypls anithe referznee volgae Nrefrebamzedito §ivelts V@ld@iaﬁr%w]ﬁs

subject to a SO oltaeof. ater.th

fabrication og ﬁ thhll Wgesl‘i%‘ ﬁ&“eélsgg‘e?r\?gllt? %ré’md&gﬁgﬁizt%m roc q%ﬁng e.
In a further @l%gﬁigrfﬁﬂ‘%th@fsuﬁﬂ]?vb ngd@@n, the dual power Vdd and Vdd2
signals supplied circuit Figure 2 maybe both brought to 3.3

volts; in whichF chsEiguteis thasmmbea:mgélmbeemdgﬁpb@nm@dtwﬁhéhe Bingepinkof! out put
buffer. Figur I ustrates how, ci rcui,t
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to be derived as an intermediate voltage to limit the maximum voltage dropderossia: -

single transistor. It is therefore set to zero volts, and the circuit functions in thé.same.:
way as the circuit of Figure 2 but with an output signal of 0 to 3.3 volts.

Because the invention will in many embodiments operate within an integrated:

20 circuit fabricated in a low. voltage process but having both low and high voltage power -
‘connections, it is desirable to ensure that the transistors of the circuit illustrated.in i:
Figure 2 do not fail if the low voltage power supply fails but the high voltage power!:
supply is operational. In such a case, five volts may be applied at Vdd2, but\Vdd will*be
zero volts, causing transistors such as 214 to potentially see a drain to source voltage of
25 nearly five volts in operation.

To address this, some embodiments of the invention implement a circuit or
method that provides as Vdd inputs to transistors such as 214 the greater voltage level of
either the low voltage supply or Vref, where Vrefis derived from the high voltage
supply. Such a system can be easily implemented onto the integrated circuit die, and

30 effectively allows the integrated circuit to function without suffering damage should the

low voltage supply fail or be disconnected.



changed to 3.3 volts and. the reference voltage Vref changed to O volts

yi el &13 3ivolf; buffer. This enables usirig the, gane icircuit to provide
ei ther 3.0 0003036 out put tsigd4b,'; , changing only thecTumspt/gudltage
vdd2., In Figure 3, the nunbering has been kept consistent with the
nunbering of t 15 Figure 2 for easy reference. Because Vdd2 is reduced to
3.3 volts, !'Vref no.longer _nneeds, to be derived as an internedi ate
voltage to limt tMheimxhtionmlesotibatierepopities b bigr foltags oi@hebiffanehRhhted! t
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15 ¢ Although specific embodiments have been illustrated and described herein, it

e

will be appreciated by those of ordinary skill in the art that any arrangement which is

calculated to achieve the same purpose may be substituted for the specific embodiments

shown. This application is intended to cover any adaptations or variations of the
-invention. It is intended that this invention be limited only by the claims, and the full -

20. scope of equivalents thereof...



5 outputs a correspondi ng signal varying between a reference voltage |evel
and a high voltage |level. The reference voltage level is an internedi ate
vol t age |woaB/iobstoveen half of the |ow voltage | evel and Poag/usoyadl t age

| evel . The buffer also conprises an output <circuit that in operation
receives the output of the level translator circuit, and outputs a
correspondi ng high,v.oltage; |eveLwheMe:input-is a. high voltage,|levelor a

zero voltage . level' when the input.'is !,t the. xeferenee.ivoltage;
| evel . The | ow vol tage: supply.in ,some enbodinents. of the , invention
~i s~ derived: frrimthegreater of an :extdpia$ |ow voltage :,Supply or

the, refereili Wesglg{rﬁ,age: derive.d; rfroni the Thigh voltage ;supply,. so,
that the. transistors of the buffer are protected fromhigh .voltages in

the event of an Ae%ﬂgﬁrv@ﬁb%é Mput\&lffeﬁﬁ%ﬂ&ﬂ@xﬁb& iff @idveik6ltaghBeidoh@utatt et f i C
enbodi nents have been illustrated and described herein, it wll be

appr eci ated byompadgegof ordinary skill in the art that any arrangenent
which is calculate

t i th bstitut for. th
specific embodi monte L HBTMHE L, BRTR RS eI ateRits 4 5l vafgne "
adapt ations Ombet¢eh gfrdu‘ﬁﬂ @b 16w QoltAdRMEVHL| M0 to bﬁtpiufﬁa %cfﬁ&ﬁglgﬁng agﬁaltvlai]gysng

erTa scope O

invention be limted only by the clains, and th

equi val ent s , beieveenf rfeinac®8sloge 366l #OW igh 2phezedevel Ovbdrethe rferaicaivaitage, A

o1, A L R B L GRS

oper abl ejf 0 r @gRig¢qelSdn@nal varying between ground and a | ow vol tage
|l evel, and to output a corresponding signal varying between a reference
vol tage | evel and anhitght ¢ieduitathe dugpne circwwhepesatild o reedive wince inmit tlegaitputefel

is an intermediate . vol tage | evel betwee al f the | ow vol tage.l eve| and
the high 10 rdrralgentaberreinand Stenadie vl ehubet Mo tiv ol
operabl e t0 rQgRigkqew 8r #RerbMRYhgd BFe1 MR Uhe Bbut is at the reference voltage level.
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2. The high-voltage output buffer of claim 1, wherein the high voltage level is five volts

and the low voltage level is 3.3 volts.

3. The high-voltage output buffer of claim 1, wherein the low-voltage semiconductor

20 process is a 3.3 volt semiconductor process.

4. The high-voltage output buffer of claim 1, wherein the buffer is further operable as a

low-voltage buffer when the high voltage level is changed to the low voltage level.

25 5. A high-voltage output buffer implemented in a low-voltage semiconductor process,
comprising:

a level translator circuit, the level translator operable to receive a circuit input
signal varying between ground and a low voltage level, and to output a corresponding
signal varying between a reference voltage level and a high voltage level, where the

30 reference voltage level is an intermediate voltage level between half of the low voltage

level and the high voltage level; and



the level translator, circuit, and to output a high voltage | evel when the
input is a high voltage |evel or a zero voltage | evel when the input is at
t he ref erwpma/osshd age | evel . 15 2. The hi gh-vol t age out putrChafShzeo4ed cl ai m
1, wherein the high voltage level is five volts and the |ow voltage |evel

is 3.3 volts. 3. The high-voltage output buffer of claim1, wherein the

| ow- vol t age sem conductor 20 process is a 3.3 volt sem conduct or process.

4. The high-voltage output buffer of claiml1l, wherein the buffer is further
operable as a 1lo al tage buffer when the high voltage |evel is changed to
the | ow vol tage I\ggar“.n ggon’:tsn i gh-vol tage output buffer inplemented in a

| ow-vol t age sem copdighRlciBiiPeaRprsingONPri sing: a level translator circuit,
the level translator operable to receive a circuit input signal varying
bet ween ground and a | cafissoPMiQfetrinsissor, coplgd betwesan plishavdises axbdsEPH

signal varyin tween a reference vol | ev i |,
where thé 30 ﬁ@%@rtéar?é’ét‘\%ﬁi’f 808 OI?@Q?efflrs‘i 1%19@% ?arﬂsg‘%oﬁggﬁqpal?%mvtgpg g%g{ ?%v%?e%le
bet ween hal f rvoltage |evel and the high voltage |level; and 8 WO
03/ 030360 Pmlf%g%gt/ﬁfgg%ﬁ (A aim5 continued) an output circuit conprising:

a first PMOS transi st orasscapd BMQfetrawsistorconplgh botsreen dre frstPM OSclsaisisios apfos

[ , th f the fi P i | ed f
he Tevel 't rafal ANPS deret ESUE R LR Seh T aRarat B Eal A RS, Ohe

first PMOS trapsistQbt a first NMOS transistor, the gate of the second
PMOS transi stor coupled fo receive the reference voltage; 10 a first NMOS
transi stior coupl ed bet weérst NMOS ezosistoPMIPlad s ¢t the secand PM{RS Faesaier NMOS

transistor, t Qn% t%g ge%ogzl NchSSft}a&lgitstorl\,l the ge%té gP %e%r&erﬁ%léptlra%%is%o? coupled to
receive the low voltage; -
a second NMOS transistor coupled between the first NMOS transistor
and ground, the gate of the second NMOS transistor connected to receive the level

15 translator circuit input.

an output coupled to the commection between the second PMOS transistor

and the first NMOS transistor.

6. The high voltage output buffer of claim 5, wherein the high voltage level is five volts

20 and the low voltage level is 3.3 volts.

7. The high voltage output buffer of claim 5, wherein the low-voltage semiconductor

process is a 3.3 volt process.

25 8. The high voltage output buffer of claim 5, wherein the buffer is further operable as a

low-voltage buffer when the high voltage level is changed to the low voltage level.

9. A high-voltage output buffer implemented in a low-voltage semiconductor process,
comprising:
30 a first PMOS transistor connected between a high voltage source and second

PMOS transistor, the gate of the first PMOS transistor connected to a connection



receive the | ow voltage; a second NMOS transi stor coupled between the first
NMOS transistor and ground, the gate of the second NMOS transistor

connect edwD®3/08136¢0 ve the | evel 15 translator circuit i npuPCTASODRM4pRIt
coupled to the connection between the second PMOS transistor and the first
NMOS transistor. 6. The high voltage output buffer of claimb5, wherein the
hi gh voltage level is five volts 20 and the |ow voltage level is 3.3
volts. 7. The high voltage output buffer of claim5, wherein the

| ow-vol t age sem cor@gl ?rc é) 0Cess is a 3.3 volt process. 25 8. The high
vol tage out put buf FefBf CPHMHY, wherein the buffer is further operable as
a_ 1o vol tage buf bt EMODIaKJ:AGE ol Bl PLOT AR, O the | ow

vol tage level. 9. A high-voltage output buff i npl enented 1h a | owvoltage
sem cond uct or pr oc essconcMErS tsamgtor%mmctedrb@m@mﬁe firsh M 3$ transistorremdtac d

bet ransi sto the gaje of the
it Pubs tr AR RO e RhisrbaBtts SEOE Gt MRS o e bupoinietla o eerence
PCT/ US02/ 2944301t2(g@|tﬁét% $hreAkia nglfgg W%lt%g&ﬁ'v% PMOS transistor and a

fourth PMOS transistor, a seco PMOS transi stor cdnnected between the
first PMOS transi sa@wstd‘ﬁﬂ% tr@sfstarsbup‘llﬁdﬁettzvean&nesbmnd PMi©S gahsistopind he

second PMOS transi cou 0 a r feren vol tage that is

appr oxi mat el ySEF?QP‘? W{DQ an t\‘?BI Qe p %Iﬁm OS<rangites covpipdiodhe ot oupl ed
between the sg 1EMPS transistor and a second NMOS transistor, the gate
of the first N transi stor coupled to the low voltage |evel; 10 a second

NMOS tralsi st or coapéedd Ded@Saransiver tourdéd BevdSert tha fisst NMOSarssis@t asdd; t he
gate of the Sg%%ﬂg tﬁ%eto%%gssleggn%rm%u tL‘aen(:sllsEo(% croglg:lgcli Yoeregenlvle 21? ;Jntput

a third PMOS transistor coupled between a high voltage source and a fourth
PMOS transistor, the gate of the third PMOS transistor coupled to the connection
between the first PMOS transistor and the second PMOS transistor;

15 a fourth PMOS transistor coupled between the third PMOS transistor and a third
NMOS transistor, the gate of the fourth PMOS transistor coupled to the reference
voltage;

a third NMOS transistor coupled between the fourth PMOS transistor and a
fourth NMOS ‘transistor, the gate of the third NMOS transistor coupled to the low

20 voltage level;

a fourth NMOS transistor coupled between the third NMOS transistor and
ground, the gate of the fourth NMOS transistor coupled to receive an inverted input
signal;

a fifth PMOS transistor coupled between a high voltage and a sixth PMOS

25 transistor, the gate of the fifth PMOS transistor coupled to the connection between the
first PMOS transistor and the second PMOS transistor;

a sixth PMOS transistor coupled between the fifth PMOS transistor and a fifth
NMOS transistor, the gate of the sixth PMOS transistor coupled to receive the reference
voltage;

30 a fifth NMOS transistor coupled between the sixth PMOS transistor and the
sixth NMOS transistor, the gate of the fifth NMOS transistor coupled to receive the low

10



a third PMOS transi stor coupled between a high voltage source and a fourth
PMOS transistor, the gate of the third PMOS transistor coupled to the
connect i oWO obmsoseen the first PMOS transistor and the sec®ad/USWMID443
transistor; 15 a fourth PMOS transi stor coupled between the third PMOS
transistor and a third NMOS transistor, the gate of the fourth PMOS

transi stor coupled to the reference voltage; a third NMOS transistor

coupl ed between the fourth PMOS transistor and a fourth NMOS transi stor,
the gate of the thi(;,]gl. Nyos .raggi stor coupled to the low 20 voltage |evel;
a fourth NVOS transy a8 088{3%"[6 bet ween the third NMOS transistor and
ground, the gate ofokdlR; fourth NMOS transistor coupled to receive an
inverted input signal; a fifth PMOS transistor coupled between a high

vol tage and a si xt hsRUDSMGS tnansistpstampledttotwepatthe Gifth NMORS tfankisfelvax ground,
transi staor coypled to. the tion between the {first PMOS transistor and
the secord P ﬁa?ea?épgf%ﬁ%??‘ﬁlwn{m&%ﬁoﬁﬁw%ﬁﬁH}P@H bet ween t he
fifth PMOS transis iqf NS ' : : jpxt h
PMOS transi st or co&%?g%ﬁftj%d%rp ieégetéslg t he rt itg?j g’r@%%}el%%%%@g)g}g;égg%%gmﬁo?? ]tl@}{éll\/m
transi st or colifheXMP&ttwameistarhe si xth PMOS transi stor and the sixth NMOS
transistor, the gate of the fifth NMOS transistor coupled to receive the

|l ow 10 WD 03/030360 PCT/ US02/ 29443 (Claim9 continued) voltage; a sixth
NMOS transi st L1 }}M&H ' r , 5
the gate of tg\)% gﬁij%@%ﬁ%&ﬁgﬂgﬁ? ’o\?h%%l%r?ect e E?‘?@E‘%@?‘&S% 3%@1%(8 .an
out put coupl esenhioonduvetarprovesst i on bet ween the sixth PMOS transistor and the
fifth NMOS transistor. :

11. The high-voltage output buffer of claim 9, wherein the high voltage level is five

volts and the low voltage level is 3.3 volts.

15 12. The high-voltage output buffer of claim 9, wherein the buffer is further operable as

a low-voltage buffer when the high voltage level is changed to the low voltage level.

13. A method of providing a high-voltage output from a circuit implemented in a low-
voltage semiconductor process, comprising:
20 recetving in a level translator circuit a signal varying between ground and a low
voltage level;
outputting from the level translator circuit a corresponding signal varying
between a reference voltage level and a high voltage level, where the reference voltage
level is an intermediate voltage level between half of the low voltage level and the high
25 voltage level,
receiving in an output circuit the output of the level translator circuit; and
outputting from the output circuit a high voltage level when the output circuit
input is a high voltage level or a zero voltage level when the input is at the reference

voltage level.

11



10. The out put buffer of claim9, wherein the sem conductor process is a
3.3 volt 10 sem conductor process. 11. The high-voltage output buffer of
claim9, wbasesiset he high voltage level is five volts anecCrhsot/eesyol t age
|l evel is 3.3 volts. 15 12. The hi gh-voltage output buffer of claim9,
wherein the buffer is further operable as a | owvoltage buffer when the
hi gh voltage |level is changed to the |low voltage level. 13. A nethod of
provi ding a high-voltage output froma circuit inplemented in a | ow

vol t age sem conduct or_progess, .conpri.si.ng: .20 .recei Vi | |
translator ciledihe %eté?%ﬂf;ﬁa%@i"ﬁgﬂ%‘éf‘wg‘&@ o %ﬁgevae'}%%g’ elmc?{?tvs a@%ﬁ{ea{avé’
| evel ; -out put&dwage fLomshe digvel translator circuit a corresponding signal

varying between~a reference voltage |evel and a high voltage | evel, where
the reference voltage level is an internediate voltage |evel between half

of the | ow voltage |evel dth i gh 25 vol e |level LV ia, an
out put chrcuil> tﬁ@ @ﬁh%?fl@m Hg Whtéfgeép ﬂ%‘%ﬁﬂ’g@j@‘g? S%W’%qutc;iﬁﬁécfek%gtag lr}jf ting
from the output, Cl&:CUl i voltage | evel when the output circuit input
is a high vol alltgs(eéh{l(go\l#g%mgﬁygg%esfo vol tage | evel when the input is at the

reference voltage level. 11 WO 03/030360 PCT/US02/29443 14. The nethod of

claim 13, wherein the_ high voltage level is five.volts a the | ow.. voltage

level is 3.3 LolThe mehed of qian kit Werrcigthemeihag 1S r\%ﬁ%?pee’fr#’q? ?‘Feﬁoglwy B8 age

sem conduct or 0 | S : h &N R RIaes&vel. 16. The met hod
PSR a0 b pendes e Paasetse

of claim 13, rern operabl e as a | owvol t age
buffer wgen the high voltage |evel is changed to the |ow voltage |level. 10
12
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