THIN-OXIDE DEVICES FOR HIGH VOLTAGE I/0 DRIVERS CROSS
REFERENCE [0001] This Continuation-In-Part application claims the
benefits of U.S. Patent Application Serial No. 10/808,122, which was filed
on March 24; 2004 entitled "High Voltage CMOS Switch With Reduced
High Voltage Junction Stresses.” BACKGROUND 100021 The present
invention relates generally to integrated circuit designs, and more
particularly to high voltage input/output (1/O) drivers without using thick-
oxide devices. [00031 Semiconductor technology is evolving into the very
deep sub-micron geometries of less than 100 nanometers (nm) to
integrate more complex functionality at higher performance on a single
chip. Sub-100nm devices offer more complex functionality and higher
perfofiiENe@XBBENIREH BQRHIGUDY Ok hasEddn SHSBARbthat
when a transistor channel length is small enough, current continues to
flow even during standby states because of leakage. Therefore, the

CROTPRIEYRIBgefnust be scaled down accordingly to minimize such
leakage. However, the 1/O voltage for conventional 1/0O drivers still remains

at a_hjagh yoltage level, such as 3.3V or 2.5V, for compatibili it
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the down-scaled sugggﬁvolta e.. The conventional I/O drivers using

Voltagg G NMitag iHeicid f?é‘cggoﬁffﬁﬁ'a\]m%&]"dﬁfﬁ?& PBTiEStion process,

thereby making the process costly and time consuming. 1 For example, it
BACK®HI¥ENPAat in order to include thick-oxide devices in semiconductor
processing, four or five additional masks must be added to produce those

[odeyicas: While\ theFention relates generally to integrated circuit designs, and
more particularly to high voltage inputyoutput (I/0) drivers without using thick-

oxide devices.

[0003] Semiconductor technology is evolving into the very deep sub-micron
geometries of less than 100 nanometers {nm) to integrate more complex functionality
at higher performaﬁce on a single chip. Sub-100nm devices offer more complex

functionality and higher performance, but not without a cost.

{0004] It has been observed that when a transistor channel length is small
enough, current continues to flow even during standby states because o_f. leakage.
Therefore, the supply voltage must be scaled down accordingly to minimize such
leakage. However, the [/O voltage for conventional 1/O drivers still rerains at a
higft voltage level, such as 3.3V .or 2.5V, for compatibility with existing p.arts. 7
Conventionally, thick-oxide devices are usually used for I/O drivers and thin-oxide
devices are used for other circuits operating with the dowh—scaied supply voltage.
The conventional I/O drivers using thick-oxide devices require additional masks

during fabrication process, thereby making the process costly and time consuming,.
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have been attempts to solve this issue, those attempts are either too
complicated or limited for practical uses. [0005] Desirable in the art of
integrated circuit designs are designs that eliminate the need of using
thick-oxide devices in high voltage 1/0O drivers. SUMMARY [0006]
. Disclosed herein is an in ut/o,ut[i)u I O%dri,ver operating as an 1/O voltage.
For exampi R BERMBA BB REIE e Vs i 8?%Hb%ﬁé°§‘é{*bﬁﬂfdown
proces¥iaguieamncrpelddpisnatikleks Theymel hdwn module has anaces. WRIR there

NMOS transistors serially coupled between ground and an output node.
have BERR HGTRIS "r‘h6%&?&‘Wd§38ﬁ§18ﬁﬁ8?8‘ﬁfvi’f?§‘ 'i;ﬁhg%%t‘é%’g-‘égﬁgfk%gﬁb‘ﬁego?‘”

practigtveen a first voltage and. the output node. The gates of the PMOS and
NMOS transistors can be controlled by a set of differential biases for

g Ruling. e PUIRALACHS (008 ISt ollads, Of & ARt LR need
iferential biases are separately set tor each of thetransistors so that a
of usinpttagjecditfe demoesdciogs edichedf thé iramsistors does not exceed a
predetermined value, thereby preventing the same from damage. [0006a]
'W AP aspect, there is provided an input/output (I/O) circuit for outputting
SUMMA . , : . ;
an output signal of a first voltage in response to an input signal of a
second voltage lower than the first voltage, comprising: a)oull-down

[Of08htE G OB RIRES S PR HETSTEPECaP RS FbliDise BetwRane

embod@RHNG RNAAMQUR WD & iRep ik MadnosuleBRVIRG RNE:0d FAALERMARR.
transistors serially coupled between an 1/O volta?e and the output node;

The pullxépyiapetufiftsore epBRSVENG tHE Bt s tHATT G YRR Ratiigy L samskand

an outfliffgsgntinldyiages selaat weloeabling enidisakiiag:thesasidevpiand
pull-up models to pull the output node to the 1/0 voltage or ground,
betwe%ﬁé’f@rnVﬂh@aaimdrépm%%‘fé%@aTées@;s%Sraﬁéw EMOSead R tesiviessean

be cortfAMRILPES SO Rk @ MollagRdiffprenca arreanisaal ofthe RMQShe first

transistors does not exceed a predetermined value, thereby preventing

voltaggox erowd idvnddftsrratel Rinsevain srremschisehireraditidhcbnpiessodint
voltagEMRR ArRRSIstoeLAURIEd tathediOvaltagexscfiist GrasertRAe AL by

v_oltage dropping
preventing the same from damage.

[00062] In one aspect, there is provided an input/ouiput (I/O) circuit for outputting an
cutput signal of a first voltage in response to an input signal of a second voltage lower than the
first voltage, comprising: a pull-down module having one or more NMOS fransistors serially
coupled between ground and an output node; a pull-up module having one or more PMOS
transistors serially coupled between an 1/O voltage and the output node; and a level shifter
responsive to the input signal for generating a set of differential biases selectively enabling or
disabling the pull-down and pull-up models to pull the output node to the /O voltage or ground,
wherein the differential biases are separately set for each of the PMOS transistors so thata
voltage difference across each of the PMOS transistors does not exceed a predetermined value,
thereby preventing the same from damage, wherein the level shifter further comprises: a first
PMOS transistor coupled to the I/O voltage; a first group of one or more voltage dropping
PMOS transistors each of which has its gate connected to its drain, serially coupled to a drain of
the first PMOS transistor; a first NMOS transistor serially coupled between the first group of
the voltage dropping PMOS transistors and ground, having a gate controlled by the input signal;

a second PMOS transistor coupled to the I/O voltage in parallel to the first PMOS transistor,
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PMOS transistors each of which has its gate connected to its drain,
serially coupled to a drain of the first PMOS transistor; a first NMOS
transistor serially coupled between the first group of the voltage dropping
PMOS transistors and ground, having a gate controlled by the input
signal; a second PMOS transistor coupled to the 1/Q voltage in parallel to

wherelj, i B{ NGRS ARG IHEP S SARRPBIN tHE GAe BBV

transistFANGISIAE L epiedita theodratnafities fikstRVIQ Setiansista: anddhergate
of the first PMOS transistor is coupled to the drain of the second PMOS

transistRgr R SEOR L SUEH AT BB BT BHE Bt HBRINGIIAGE HrEppiPty PR S hich has

its gatdr@nsisiRIS €A ah whithhaspits: eataieenbeste s ionisdom nsaialy and a
couEleﬁd to a drain of the second PMOS transistor; and a second NMOS

second NSt o AN SRR IROE PP IHE SSCERUSHBRIB SR e rRBR MG

transisHM @R dransistermand-grosnshiRawng agpiacantroliechby: ai camplrmant
of the input signal, wherein the drains of the first and second PMOS

the draayedip FaAARFTRSTGE MNP Seesing g Ao saedirahand steage arsphRigieMos

voltagl ARPISIQY POV ida IRp differentiak izses{80PG0]. In another aspect, there
is provided an input/output I/O circuit for outputting an ouput signal of a

{o%%‘bmt%‘%j{f& [SSRONRE LR, a;‘o‘if'?&%} signalofa &%@%93{1%' 1308 I3Wgs dhan
the first voltage, cof’nprlsmé’. a pu fFdown module aving one of more
ouput NMLD Sf trdingti stormseriabiyorso uptedipetwieeri gfeuachahd bapo itpet thaddea
« Qull-down module having one or more PMOS transi serially coupled
s e BT VR T e e Ry e SRR
couplaebgonsivedmtharinpuisighatdaragetiedatingnadsét ohdifferentiahdiaBeE>S

. selectively enapling or disabling the pull-down and pull-u odels.to pull
fransis g%ﬂ{%ﬁ% cl:qooualéecéobgﬂveiz%nslg \%1 z@re ancl t(ge ou V\Il)ut nd%e,t%é’ é%ve?sls%z Fl

e age Gt ground, wherein erentia
resporbiasestiar éngepdyatbfyr setdatiegeRabiniffeM@s tiassistirsigdythedtding or

asaonQIIpos diflerence acfoss each of the BMOS ransistors dass natexceed 8
predetermined valde, thereby preventing the same from damage, wherein
wheretehdaliékshifte hisndher cgrapride setddirsic IRNOSPivEDS Isiosigoupiethioathe

RIS ISR S ele PSSl RO
thereb? M@&ating the same from damage, wherein the level shifter further comprises: a first
PMOS transistor coupled to the /O voltage; a first group of one or more capacitors serially
coupled to a drain of the first PMOS transistor for receiving the input signal; a second PMOS
transistor coupled to the 1/O voltage in parallel to the first PMOS transistor, wherein the gate of
the second PMOS transistor is coupled to the drain of the first PMOS transistor and the gate of
the first PMOS transistor is coupled to the drain of the second PMOS transistor; and a second
group of one or more capacitors serially coupled to a drain of the second PMOS transistor for

receiving a complement of the input signal wherein the drains of the first and second PMOS

transistors provide the differential biases,

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIGs. LA to 1C illustrate three [/O drivers with thin-oxide devices in

accordance with one embodiment of the present invention.

[6GO8] FIGs. 2A and 2B illustrate two level shifters in accordance with another

embodiment of the present invention.
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transistor coupled to the 1/O voltage in parallel to the first PMOS transistor,
wherein the gate of the second PMOS transistor is coupled to the drain of
the first PMOS transistor and the gate of the first PMOS transistor is
coupled to the drain of the second PMOS transistor; and a second group
of one or more capacitors serially coupled to a drain of the second PMOS
transistor for receiving a complement of the input signal wherein the
drains of the first and second PMOS transistors provide the differential
biases. BRIEF DESCRIPTION OF THE DRAWINGS [00071 FIGs. IAto IC
illustrate three 1/O drivers with thin-oxide devices in accordance with one

[ermgbhimehillobthatgsresentihvathien [j00eBIvEIGm2Aladd 2B fHusfrate
: _ if [ ' 0t iman e present
difsURHEVELSRL geiggma;%%@ea uinanathetoembodly %g&@ :

invention. -2 091 . 3 lllustrates a circuit with a river
embegdhmeticef bearreseot idifferbatial biases generated by a level shifter in
accordance with another embodiment of the present invention.

DES%EW§ION [00101 FIG. 1A illustrates an 1/O driver 100 with
thin-oxide devices in accordance with one embodiment of the present
invention. The I/O driver 100 is shown to be implemented with only

[EH R e (e tivsEatoniatbld G ey R srdiioie vod afevies e serially

accorlaneshing strckdernation: dpng pithdhinrddgoNMASIrensiniers e
and 108 between an I/O power supply having an 1/O voltage (VDDI) and

shove dpihg ipRletpssstovéth o8 xibinoadidsidetivery Miverenids BSAR- down
trandR@sHlE00: AUl thevoliagapt the QUIRUtRRderdARIGWh Thadransisiers liZ

and 104 collectively function as a pull-up module to pull the voltaf?e at the
NMofrrrsistie PR RO Rever TRy & 0Dtsy T mRkdrting anddfe voltage
(VDIVDIRERYERIRE. USROrransistors 106 and 108 collectively function as a pull-

down module to puli the voltage at the output node 110 low. The transistors 102
and 104 collectively function as a pull-up module to pull the voltage at the output
node 110 high. The I/O voltage (VDDI) is higher than a core voltage VDDC used
for operation of a core circuitry (not shown in this figure). Proper differential biases
are applied to the gates of the trénsis’cors to sustain the higher I/O voltage. These
differential Siases can be a fixed bias such as the core voltage VDDC, or a swing bias
switching between a first voltage value and a second voltage value, depending on
the needs of the driver’s designs. If the swing bias switches with the same polarity
as the output signal of the I/ O driver, when the value of the output signal switches
from zero to one, the swing bias switches from the low voltage value to the high
voltage value. If the swing bias switches with the reversed polarity as the output
signal of the I/ O driver, when the value of the output signal switches from zero to
one, the swing bias switches from the high voltage value to the low voltage value.
Properly controlling the transistors with the various differential biases can make
sure that a voltage difference across each of the PMOS transistors 102 and 104 does

not exceed a predetermined value, which is set to keep the transistors operating
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for operation of a core circuitry (not shown in this figure). Proper
differential biases are applied to the gates of the transistors to sustain the
higher 1/0O voltage. These differential biases can be a fixed bias such as
the core voltage VDDC, or a swing bias switching between a first voltage
value and a second voltage value, depending on the needs of the driver's
designs. If the swing bias switches with the same polarity as the output
signal of the 1/O driver, when the value of the output signal switches from
zero to one, the swing bias switches from the low voltage value to the high
voltage value. If the swing bias switches with the reversed polarity as the
norrgaftpatiibiguabofnhg 1otdlivdr whernehs walvdtagehd bistputvsigisahe PMOS
wandUIENAR IR AR'R 40, Q0SS ARG Pigs Atehes [fo fheJigh yoltage
value to the low voltage value. Properly controﬁlng-t & transistorewith the

voltagariblfsrdifferdmiiah ieseduedn thakéslslif©thaltageoitBdd . difference across
each of the PMOS transistors 102 and 104 does not exceed a

[edateeminedvalueoition ik set E%Ilf@glgrgaﬁag%{@% %B%agtér@& o the

normally without burning out due to an excessive voltage. This prevents

transggiors 8 9net dR6i arsrdanped el croy Frbtedanhide witielgato ofdsagistor
108 igeﬁw%[%gﬁ%gﬁag%&%mg%@m@&W%(ara%éc%vs &81@%%]5@

volta | 111 The transistors 102 and 108 are configtired as
The gatpiehransistor Jakels biatesl iansistossbioysantrhiog hesvetamiped f&core

volta$@HASBIMPRE nINeSRa 0] HansiRioni LR woRven YA Wi PRk en

switching between OV and the core voltage VDDC. The gate of transistor

outpyizt [hbiated oyed shiAd braedagiching b etWeeritige YO dkagelitd Dt dte

eate iGN @Rd @ the cofevoltage VRS AL the: Qwa%fagé I)M%gﬂf yl%{ggt%ﬁt tés

the output node 110 is'to be logic 0, the I/O voltage VDDl is ‘applie
to be degic df tharsatief top tronsisinplékreikdif. hiabesh th¥ BIpu NtpHevdtiput

prop%%gglr%%pvﬁhﬁveﬁﬁvﬁgf%@%%@Eﬂp&ﬁ&ﬁ%@gé@%ﬁw RERIAFEE Q0
102. This turns on the transistor 102, and pulls the output node 110 high. With such
proper biasing, the voltage drops across the transistors 102 and 104 would not

exceed a predetermined value, thereby preventing the same from damage.

| [0012] For example, ina &esign where the core voltage VDDC is 1.0V and the

I/O voltage is 1.8V, the transistors 104 and 106 will be clamped by the core voltage
VDDC of 1.0V. The gate of the transistor 102 will be biased to 1.8V when the output
needs to be a logic 0. Assuming the threshold voltage of the transistor 102 s 0.4V,
when the output needs to be a logic 1, the gate of the transistor 102 is biased to a

| voltage lower than 1.4V, such as 1‘3V.7 With a proper bias applied to the gate of the
transistor 102, only a fraction of the 1/O véltage 1.8V will reach the source of the
transistor 104. By controlling the bias, the voltage difference across the transistor
102 can be controlled under a predetermined value, thereby preventing the same
from damage. Likewise, the voltage difference across the transistor 104 can be

controlled under a predetermined value, thereby preventing the same.from damage.
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proper margin, where | Vtp ( is the absolute threshold voltage value of the
transistor 102. This turns on the transistor 102, and pulls the output node
110 high. With such proper biasing, the voltage drops across the
transistors 102 and 104 would not exceed a predetermined value, thereby
preventing the same from damage. [00121 For example, in a design
where the core voltage VDDC is 1.0V and the 1/O voltage is 1.8V, the
transistors 104 and 106 will be clamped by the core voltage VDDC of
1.0V. The gate of the transistor 102 will be biased to 1.8V when the
output needs to be a logic 0. Assuming the threshold voltage of the
SincerbaibighertroBid @02 wind hithere biperhpeefsetdyb bighogio Volkesg MBIOE of
t i is biased VO lower than 1.4V, such as 1.3V.
1.8VV$\]7%11§5§ E%Q&%Q%rgnp%% 8‘%§}[ﬁen8§%e of the transistor 102, only a fraction

roper bias applie
of the I/O voltage 1.8V will reach the source of the transistor 104. By
[0 Elfind Bridwitiaten e bifd geiumrdrbhrath dhiascmd e dnigicts in rgoosdance

withRRconieladandeRprdetermiead ualug;iheiely Preveninghe same

from damage. Likewise, the voltage difference across the transistor 104

116, andh Y& assafiuntY plaged 4 prefaeleionmrionaienaisidpihisrardduigMes

transEARIE Trom samagersbaineenhathrie YansistappPR 4 B bigs,
roperly, high I/0 voltage VDDI of 1.8V can be generated from the output

| VDDEaaé AU g0 0h s st e 51 ik id sad 183 epestively nwnctinn-axmipull-
dow S BHIgET b m@ma\g@tamgfmihﬂmi% 1B PrAREOLINGRNOM 4,

Thin-oxide PMOS transistors 114, 116, and 118 are serially placed in a

116 agchEkSrephnstion s e et ahmpakid vdrg e tamsibtdre yoltegeat, thad
outpdbRetBERhed/Q PAWES SRR DBURG He (P¥0 398 PRI @0 ation

round. The transistors 120, 122 and 124 collectively function as a pull-

in thely e iBEUIA A BIHES A GE OGS Frtiderem b Fichigher. In
othertf/@&%ig[%\% Abbdr andrh kS s allectively iHQﬁ@%ﬁ% M&@eﬂl{%‘i’é‘éﬁe@

pull the voltage at the
when the value of the I/ O voltage increases. For example, if the I/O driver 100 can

handle a high voltage of 1.8V, the /O driver 112 will be able to handle an even
higher voltage such as 2.5V. Proper differential biases are api:rlied to the gates of
‘each transistor to sustain the high I/ O voltage. These gate voltages can be a fixed
bias such as the core voltage VDDC, a swing bias switching with the same polarity
as the output signal at the output node 126, or a swing bias switching with the
reverse polarity as the output. signal, depending on the needs of' the driver’s designs.

The selective application of the three kinds of biases can be used to clamp the thin-

oxide transistors within a safe operation region.

| [0014] The transistors 114, 116, 118, and 124 are configured as switches.. The [/O
driver 112 functions similarly to the I/O driver 100, because both accept input and
provide output in a higher voltage. As an example of the embodiment, when the
output node 126 outputs the I/0 voltage, the bias applied to fhe gate of the
transistor 114 is set proximately equal to Vd + 3 | Vtp{, where Vd is a voltage drop
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output node 126 high. Since there are more transistors placed in cascade
formation in the I/O driver 112 than in the 1/O driver 100, 1/O voltage can
be even higher. In other words, the number of the PMOS transistors in
the pull-up module increases when the value of the I/O voltage increases.
For example, if the 1/O driver 100 can handle a high voltage of 1.8V, the
I/O driver 112 will be able to handle an even higher voltage such as 2.5V.
Proper differential biases are applied to the gates of each transistor to
sustain the high I/O voltage. These gate voltages can be a fixed bias
such as the core voltage VDDC, a swing bias switching with the same

acrpgiaribasiheoutpuisignadAt theeutputingde bR PLARYNGRIAThe biases
appﬁ\'gi ching with the reverse polarity as the ogutput signal, depending on the

5141588705 e Fergiviors P BMd tiePap RE REOHBRRY #iual kS D!

- vaf-bjasgg cavnba useslip elamadhedbinnrxidevransisiorathia & $afS ate of
operation region. [00141 The transistors 114,116,118, and 124 are
the gEiTEPEd A St ERESIHE N OTaRNer LB hHexibis SPAfifh e e of

the @FiveI100: laasaSEBOMR: ACEERLINPYSL ANIDPIoVIde GutpHt in 2 bighgr .

voltage. As an example of the embodiment, when the oOutput node 126

appligthtrdhingaioriehagertieeidd bissr e tmadeeaatidarandisudr 114 is

set proximately equal to Vd + 3 1 Vtp 1, where Vd is a voltage drop 5

pTES the-tansision A band WiiRdsibedhreshalgovotiase Qfithe sameo

The biases applied to the gates of the transistors 116 and 118 are set
OB

Sy Rquats S BeR 2o0pe HoFansigind tdsdlifpueredda tgeshold
voliayinuterOtsikastiayappliadiodhe GRIR fe HEXDRSSIOIAIA BSY by a set

ir | to VDDI, the bias applied to th te of thet ist
of O S hmLtBis U5 051t VI T 11 AP PARTHE 5 Grphel to

outhergaiss ob teligosistad 118/issehiaypeiels sauabiai 1 KiReh 40038k ut
s 0B S o e B e 11 0 Rk rcremeross,
only 1.8V will reach the source of the transistor <116, thereby preventing the
transistor 114 from damage. The transistor 116 is biased to 1.4V whether the output
is a logic 0 or 1. After another voltage drop, only 1.2V can réach the source of the |
transistor 116, thereby preventing the transistor 116 from damage. The gate of the
transistor 118 is biased to 0.8V when output needs to be logic 0 and 1.4V when
output is to be alogic 1. With the transistors 114, 116, and 118 biased properly the
voltage differences across the PMOS transistors are controlled within a safe range.

To avoid high voltage damage, the transistors in the pull-down module of the 1/0
driver 112 are also properly biased according to the values of the output signals.

[0016] FIG. 1C illustrates an /O driver 128 with thin-oxide devices in accordance
with another embodiment of the present invention. Thin-oxide PMOS transistors
130, 132, and 134 are placed in a pull-up module, while a NMOS transistor 136 in
series with another NMOS transistor 138 are placed in a pull-down module. This

configuration allows the drain of the transistor 136 to be able to sustain a higher
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voltage is 2.SV, the voltage drop across the transistor 114 is 0.7V, and the
threshold voltage of the same is 0.4V, the devices within the 1/O driver
112 are biased by a set of differential biases. The gate of the transistor
114 can be biased to 2.5V when output needs to be logic 0, and 1.9V
when output is to be a logic 1. When the output is to be a logic 0, with the
bias of the transistor 114 and a voltage drop thereacross, only 1.8V will
reach the source of the transistor 116, thereby preventing the transistor
114 from damage. The transistor 116 is biased to 1.4V whether the output
is a logic 0 or 1. After another voltage drop, only 1.2V can reach the

voltageurcehaf thestiansistor dldathpsaby provesnting e transisiek 4@ fapor

th damage.lgge e%e of thef transistor 118 is biased to 0.8V when output

© CRDGHL o R BHEO 2 VPG SRRBAER B8 1650 MAUERE o be

on a Sepasigtorswidi, JGhang highhiasegdneppdiidaereitase difarpcas

across the PMOS transistors are controlled within a safe range. To avoid
PMORiiamrdtage dimages R traralstrdme dhidepilihashamisifionrhiMios

transfitiveinlihe pigiAso-RrRerLiasreaaGAHINY 18 the values of the output
signals. [0016] FIG. 1C illustrates an 1/O driver 128 with thin-oxide devices

' r ith another emb g%g}; t of the present invention.
R e S S ey B S S bt & pup
througlodiUleravhiteral MBS rad Histenti3bhinsse se shaittharothgeNIM@Snce
transistor 138 are ed in a pull-down module. This configuration allows
scro L o P s P Bret i g BB
transiftat thésaurde cothirecsiainfedal avldwer valrge: dheddackgasehing ab
Voltatge transistor 136 can be set to be very low such that this device does not
fieed to be ona separate P-well. With this high voltage device
implemented, it allows the PMOS transistors to be used in the pull-up
 [Higtibile withBlitstrs e ditierrlskifte S0t dersistorriatitne tha lHifowenbid dudecas
in accSRORd Qvli_'éi(r"orileBembodiment of the present invention. The level shifter 200

can generate the differential biases for proper clamping of the transistors within the

1/O drivers 100, 112, and 128 as shown in FIGs. 1A through 1C. A PMOS transistor
202 coupled to an I/O power supply having the I/O voltage VDDI. One or more
voltage dropping PMOS transistors 206, 210 and 214, each of which having its gate
connected to its drain, are serially coupled to the drain of the transistor 202. An
NMOS transistor, having a gate controlled by an input signal D, is serially coupled
between the transistor 214 and ground. A PMOS transistor 204 is coupled to the I/O
powér_ supply in parallel to the fransistor 202. The gate of the transistor 204 is
coupled to the drain of the transistor 202, and the gate of the transistor 202 is

| coupled to the drain of the transistor 204. One or more vol-tage dropping PMOS
transistors 208, 212 and 216, each of which having its gate connected to its drain, are
serially coupled to the drain of the transistor 204. An NMOS transistor is serially
coupled between the transistor 216 and ground, having a gate controlled by a

complementary input signal DB.



[0017] The PMOS transistors used in the 1/O drivers as shown in FIGs. 1A
through 1C are controlled by the differential biases so that the voltage
difference across each transistor would not exceed a predetermined
value. This allows the transistor to be made of thin-oxide layers, without
damage caused by the high I/0O voltage. [0018] FIG. 2A illustrates a level
shifter 200 for generating the differential biases in accordance with one
embodiment of the present invention. The level shifter 200 can generate
the differential biases for proper clamping of the transistors within the 1/O
drivers 100, 112, and 128 as shown in FIGs. 1A through 1C. A PMOS

iPahejdtor MADT tuapls dﬁ@msa&@l/@ndcﬁﬂé rfaupglyﬂmasfm ;b'iezc(l)/é:erleogagehat can
VRDI. One or mpre_voltage dropping PMQS transistors : an
e T P S et R R e e
compdaptedaty the drsigret DB ivahsistoe202:f Ate NMO Sigran Sistahhanvingsa
' ate coptrajled b input signal D, is seriglly coupled between the
e SR R kb 105
trangiewer 2pph2inphratieltodtivertppdsiston 202r Thelgatebfthetansigaside
204 is .coupled to the drain of the, transistor 202, and ate of the
ol A e TG BHE AT o B R R0 G e
help\oitaget drsippiagRMQSo taingistopsciif R1emeidhe Gheachabthit or 204
) aying its gate connected to its drain, are serially coupled to the drain of
5 W& transistor 204. An NMOS transistor is serially coupled between the

transistor 216 and ground, having a gate controlled by a complementary
(9301 Ehyradiirantdond} TheiRiiastlaneisters:2 (Poan th20dvidshifer 200.

The REGESOURIGHSULEIE.D2S €aD Jalan datp when puLsignals D and PR,
are switching. It is understood that the ¢ mplementary input s nal DB'is
samatpelinyerge bethwitpigeig RavhirdPMOS218, as well as nodes 226 and 228

can provide biases for clamping with the reversed polarity as the input signal DB. A
pair of PMOS transistors, having their gates coupled to their drains and receiving
outputs from nodes 222 and 226, provide a fixed bias R. Other nodes provide swing

biases depending on the switch from the input signal D to the complementary input

signal DB.

[0021] It is understood that the PMOS transistors 206, 208, 210, 212, 214 and 216
can be NMOS diodes, PMOS diodes, NMOS transistors, P-N junction diodes, or the
combination thereof. If a NMOS transistor is connected as a diode, its gate is
connected to its drain. Similarly, if a PMOS transistor is connected as a diode, its

gate is connected to its drain,

10022} F1G. 2B illustrates a level shifter 230 for generating the differential biases
in accordance with another embodiment of the present invention. A PMOS
transistor 244 is coupled to the I/ O power supply wi.th an I/O voltage VDDIL One
or more capacitors 232, 236 and 240 are serially coupled to the dréin of the PMOS
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transistors 206, 210, and 214 are arranged in a diode configuration, while
the PMOS transistors 208, 212, and 216 are arranged in another diode
configuration to provide multiple voltage drops. It is understood that at
nodes 218 and 220, two leakers can help prevent voltages from dropping
to ground when either the transistor 202 or 204 is cut off. [0020] Three
different kinds of biases can be extracted from the level shifter 200. The
node 220, as well as nodes 222 and 224 can provide biases for clamping
with the same polarity as the input signal D, while the node 218, as well
as nodes 226 and 228 can provide biases for clamping with the reversed
tranpgferidiafothredayinsignalDBsignpbi? oAFMOS transistor 24k dvirg: fhedr to
i I IMINg_oufputs, fram nodes 222 and
e T B R B A S R dBending
trangysfehe4viitchipded theliaplrasigahb teuthistoo Mslemdrtarginpuf thignal

. 1] It is understood that PMOS transistaors 206, 208, 210, 212,
o RS o B s oo ancniesor
234, Bajuh2iidndiectdsl prouplabmbiratodihdéef misMAOSafansistvisg a
com Fgonne?tgptﬁg a d&(ggle iﬁ 1gate is connected to its drain. Similarly, if a

VIGE Fansistor is e8hAected as a diode, its gate is connected to its
drain. [0022] FIG. 2B illustrates a level shifter 230 for generating the

[fifdériiadsiasads newrlaskdaHeelWithparstherrpiib boirmeitebfatiberesent

eransiNEIIAN. ARMRS: Lransiston2ddis cayrled i dhs HQ powensynply with
an 1/O voltage VDDI. One or more capacitors 232, 236 and 240 are

ha"'i%ﬁéﬂméﬁ‘%@ fﬁé@?ﬁﬁi%ﬁfﬁ@?bM@Sﬂgﬁl‘éﬂ%@dﬁglmﬁdmécef\kﬂn@ an
transtiORHSIONAl R4 MOR BaDaIoL 246 i eovpled 10 e l(Q power. suph!
in parallel to the PMOS transistor 244. The ga/{e gg the ’ gp o par%& t
the transistor 246. A PMOS transistor 250 is serially coupled to the diode 254, and
having a gate connected to its drain, which is further coupled to the drain of the

transistor 246.

[0024] It is understood that this level shifter 230 can generate the differential
biases for proper clamping of transistors within I/O drivers shown in FIG. 1A, 1B,
and 1C. The level shifter 230 is a bootstrap level shifter composed of six bootstrap
NMOS capacitors 232, 234, 236, 238, 240, and 242, which can be seen as capacitance
devices providing an arbitrary capacitance value for deterrrﬁning the biases. The
NMOS capacitors 232, 236, and 240 in a stack formation can be seen as a bootstrap
module and the NMOS capacitors 234, 238, and 242 in a stack formation can be seen
as another bootstrap module. An input signal D switches from low to high or high
to low, while a node 256 will be coupled high or low accordingly. The combination
of the transistors 244 and 246 form a cross-coupled structure for latching a signal,
The diode 252 or 254 works along with the transistor 248 or 250 to provide a leakage
path if either the node 256 or 258 is floating. As such, the node 258 or 256 oﬁtputs a
bias that controls the I/O derivers in response to the input signal D.
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transistor 246 is coupled to the drain of the transistor 244, and the gate of
the transistor 244 is coupled to the drain of the transistor 246. One or
more capacitors 234, 238 and 242 are serially coupled to the drain of the
transistor 246 for receiving a complement of the input signal D. [0023] A
diode 252 is coupled to the I/O power supply in parallel to the transistor
244. A PMOS transistor 248 is serially coupled to the diode 252, and
having a gate connected to its drain, which is further coupled to the drain
of the transistor 244. A second diode 254 is coupled to the I/O power
supply in parallel to the transistor 246. A PMOS transistor 250 is serially
(682 Ebadeuve didtie 2¥hhant veawing vagttgasoriiectedkiclitéter i) eahich
' i of transistar,246..[00241.1t is upderstood
Sl R R e A
capaclempingtoftramsisiomawiththafGariving sidivedtRIGhb A, ddi8gendltere

. _1.The level shifter 230 is a bootstrap level shifter camposed of six bootstr

s B B R e et el

shiftess20lpacidesexidy essprovitingamarbitradpcdpakitgacaNalt@or

capaJEigmining e biases, T NMOS capaciigrs 232, 236, and 240 ina

Pastack formation can be seen as 5 Bootstrap modutd’ Rt tHENMOS

capacitors 234, 238, and 242 in a stack formation can be seen as another
[%Q%ﬂs’ﬁéﬁdlﬁﬁﬂiﬁ‘@%iﬁ‘ﬁﬁbﬁ drifAadovasrschesidm Fbw 53 1siyhlsr 2sitgh Vio

devié@yyd\éﬁlgﬁ&%@?cgs?%‘wg@ﬁﬁﬁ%'ﬁ&ﬂ@%ﬁg%}[cl?ﬂs%?w'5'19I?‘;bT1 MOS

- combination of the transistors 244 and 246 form a cross-couple
capagfitiéture for latching a signal. The diode 252 or 254 works along with the
transistor 248 or 250 to provide a leakage path if either the node 256 or

[@5Sisitnatings AsaHshithe:node2d8:an26ARHPHEs Abhiasitbat.qeppiols
. the 1/O derivers in response to the input signal D. -9
shifter 304 in accordance with one embodiment of the present invention. The I/O
driver 302 is equivalent to the I/O driver 100 shown in FIG. 1A, with one of its thin-
oxide devices biased by the level shifter 304. The level shifter 304 operates in the
same way as the level shifter 230 shown in FIG. 2B, except that it has one less NMOS

capacitor.

[0028] Thin-oxide PMOS transistors 306 and 308 are placed in a pull-up module
along with thin-oxide NMOS transistors 310 and 312 in a pull-down module. Both
the gates of the transistors 308 and 310 are clamped to core voltage VDDC while the
gate of the transistor 312 can be driven by an inverter 314, thereby allowi"ng it to
swing between 0 volts to core voltage VDDC. The gate of the transistor 306 is biased
by a voltage at a node 316 of the level shifter 304, thereby allowing it to switch
between a high voltage value and a low voltage value, .depending on the changing

value of input signal D.

- [0029] The level shifter 304 operates similarly to the bootstrap level shifter 230 of
FIG. 2B. In the level shifter 304, capacitors 318, 320, 322, and 324 are charged to

-10-



[0025] The level shifter 230 has several advantages. The level shifter 230
can perform faster while allowing the bias to be generated arbitrarily
depending on capacitance ratios which is easier than counting on fixed
threshold voltages. There is also no temperature dependence during
generation of bias. -Furthermore, the level shifter 230 puts less oxide
stress on devices and has less leakage. All MOS capacitors also share
the same bulks, meaning it will take up less area. [0026] It is understood
that the MOS devices shown in FIG. 2B can be zero-Vt devices, depletion
devices, N+ on N-bulk MOS capacitors, or P+ on P-bulk MOS capacitors.

VDIWROATD BIGindiHUstraies ghale u:R0R With s lOAIlYsA 02 biased RY.A4
level shifter 304 in accordance with one embodiment of the present

PMGR/smmipiothelendrvér Sooiveytmiansh idanet folerva oS remssior
334 K ¥kl Mith R0E PPRIAIR-LXIGR dRNiGe s hiased Db ISVE SIS 304

The level shifter 304 operates in the same way as the level shifter 230

voltagoWia i, teresadpthsage Ha thaebpierrisg RS teasitrn?0028]

MeakRiiexide RME S ransisiers 306.anc-308ate-RIBceddn a-Rull-upodule
along with thin-oxide NMOS transistors 310 and 312 in a pull-down

transistRfiie? Bothe & ghissoitheWithdhedrarstg antdB tarard efimpbtheo
tran§iQS YONRGeVPLC MM he Qatsefihe JRNSISPII2 Wé?metﬁéi‘{r%gh?y

_aninverter 314, thereby allowing it'to swing between 0 volts to core
signyldpateipibes fmedate b ighiansidici80s s driserp ey ta bistagedmqual
to VOpHe 3SRLne eweliShien A ithereby AlloMpa b IS WHED  BRAVESDife

high voltage value and a low voltage value, depending on the charnging
nodev’é%

bevat thebtsigrETTETObROYTIE per3nwpBdX spehateat shniady t58

- of thihe Bopistamlevsl shi gﬁgg@ﬁghFlG. 2B. In the level shifter 304,
capacitors 318, 320, 322, and 324 are charged to

[0030] According to the embodiments of the invention, multiple thin-oxide
devices can be placed in a cascade formation where each device is controlled by a
proper bias provided by level shifters. The bias voltage at the gate of each thin-
oxide devices allows them to operate under higher voltage without sustaining high
voltage damage. This makes high voital-zge {/0 driver implemented with only thin-
oxide devices possible, thereby removing the need of additional masks for thick-

oxide devices and thus saving cost and fabrication time.

[0031] The above illustration provides many different embodiments or
embodiments for implementing different features of the invention. Specific
embodiments of components and processes are described to help clarify the

mvention. These are, of course, merely embodiments and are not intended to limit

the invention from that described in the claims.

[0032] Although the invention is illustrated and described herein as embodied in

one or more specific examples, it is nevertheless not intended to be limited to the

-11 -



_10 vDDI - VDDC initially through the leakers composed of diodes 326
and 328 and PMOS transistors 330 and 332. If an input signal D is set to
low, a PMOS transistor 334 is turned off, while a PMOS transistor 336 is
turned on, thereby allowing high voltage VDDI to reach the node 316,
thereby turning off the transistor 306. Meanwhile, the input signal D also
drives the inverter 314 and turns on the transistor 312 of the 1/O driver
304. With the transistor 306 turned off and the transistor 312 turned on,
the output voltage at a node 338 is OV. When the input signal D is

det W%}%gr]g from low to high, a node 340 is bootstrapped to high and equal

“3 I FRCR IS 345 bisatupleadirussrainhaoseDD S Fhmade
thervoltagaatith mﬂ%ﬁﬁl&ﬂ\ﬂu ; ic] tg{e.ﬁltr nsistor 30
~such that the@%ode 38 of tr?te /%%ﬁf\?ggs%igég%}éué%ﬁé |gtﬁ‘f3 f68§6fng

rangg CLSAHG B R e eihb sdimentsceptAinilye ttismprmalipledhilmcttideppended

claingleMiCes §& ' ﬁggg rmati her ch device js

. controlled E&gb%%%g(g ﬁfg%ﬁvidedé%ﬁgg&%%éﬁ ECS%%Q%I[?ﬁge at

Inveption eset uéh mithedrithdeyidesmallows them to operate Jender higher
voltage without sustaining high voltage damage. This makes high voltage
I/0O driver implemented with only thin- oxide devices possible, thereby
removing the need of additional masks for thick- oxide devices and thus
saving cost and fabrication time. [00311 The above illustration provides
many different embodiments or embodiments for implementing different
features of the invention. Specific embodiments of components and
processes are described to help clarify the invention. These are, of
course, merely embodiments and are not intended to limit the invention
from that described in the claims. [00321 Although the invention is
illustrated and described herein as embodied in
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one or more specific examples, it is nevertheless not intended to be
limited to the -11 details shown, since various modifications and structural
changes may be made therein without departing from the spirit of the
invention and within the scope and range of equivalents of the claims.
Accordingly, it is appropriate that the appended claims be construed
broadly and in a manner consistent with the scope of the invention, as set
forth in the following claims. -12 WHAT IS CLAIMED IS: 1. An input/output
WHS) isifelit iyHdadsutting an output signal of a first voltage in response to
an input signal of a second voltage lower than the first voltage,
comprising: a pull-down module having one or more NMOS transistors
serially coupled between ground and an output node; a pull-up module _
I having eGP T PGSR AASI 31O En8IsPcB B FisaahatA fitveltage in
voltage and the qutput node; and g level shifter responsive to the input |
e PO ERE ST & e SRR PR BB LB R bly e g B sine
disabling the pull-down and pull-up models to pull the output node to the
UO voltage or ground, wherein the differential biases are separately set
for each of the PMQOS, transistors _so that a v difference across each
ot AT e TS O Sy e B oG e e g
enti mnage, wherein the level shifter further
bet%%ﬁp%}éﬁggff a ﬁ%ﬁﬂ%@r{%ﬁgstor coupled to the I/O voltage; a first group
of one or more voltage dropping PMOS transistors each of which has its
gate connected to its drain, serially coupled to a drain of the first PMOS

trangis@fiup module having one or more PMOS transistors serially coupled between

an I/0 voltage and the output node; and

a level shifter responsive to the input signal for generating a set of differential
biases selectively enabling or disabling the pull-down and pull-up models to pull the

output node to the I/O voltage or ground,

wherein the differential biases are separately set for each of the PMOS transistors
so that a voltage difference across each of the PMOS transistors does not exceed a
predetermined value, thereby preventing the same from damage, wherein the level shifter
further comprises:

a first PMOS transistor coupled to the I/O voltage;

a first group of one or more voltage dropping PMOS transistors each of which has

its gate connected to its drain, serially coupled to a drain of the first PMOS transistor;
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13 a first NMOS transistor serially coupled between the first group of the

voltage dropping PMOS transistors and ground, having a gate controlled

by the input signal; a second PMOS transistor coupled to the UO voltage

in parallel to the first PMOS transistor, wherein the gate of the second

PMOS transistor is coupled to the drain of the first PMOS transistor, and

the gate of the first PMOS transistor is coupled to the drain of the second

PMOS transistor; a second group of one or more voltage dropping PMOS

trangistoiisNEEEMS o wlister vas dtly garenbosh helstecht thitstushigroseriafishe voltage

coupled to a drain of the second PMOS transistor; and a second NMOS
drapargdtbH 2 fangitetpied pentdehatiaseedivd opbioediuoliageretroppiig

PMQOS transistors and ground, having a gate controlled by a complement

of thieSsRpift BYRS1 hneRas therdidinster Hie YRkeant secdifl o §rst PMOS

transistors and the first and second groups of the voltage dropping PMOS
tragsifierstsheTsroeate it SRtb LS Sanigters Grapled e diprdmain of the

herein the level shifter furth rises; a third PMOS transistor .
e, O Co GBS HS BF AT, it IO A S B i e of

th its?%%el\%@ed to.its drain, which is further coupled to the drain of the
“th rgﬁgfé%)ﬁ’wherein the third and fourth PMOS transistors

receive a complementary pair of the differential pj from the drainsof .
the Bt BB S, e G R I b ity ich

had 'ﬂg ggttﬁp Lé%ﬁlpfé)(?eg Q&aﬁslérgnﬁgewgp gglgﬁi’letdp tcg. gl l’elli{[nf%rfotﬂt?mélégggda EMOS

outpdt signal of a first voltage in response to an |rellpu1i signal of a second
rayoliage. lower than the first voltage, comprising :

a second NMOS transistor serially coupled between the second group of voltage
dropping PMOS transistors and ground, having a gate controlled by a complement of the
input signal,

wherein the drains of the first and second PMOS transistors and the first and

second groups of the voltage dropping PMOS transistors provide the differential biases.

2. The I/O circuit of claim 1 wherein the level shifter further comprises:

a third PMOS transistor having its gate coupled to its drain; and

a fourth PMOS transistor having its gate coupled to its drain, which is further
coupled to the drain of the third PMOS transistor,

wherein the third and fourth PMOS transistors receive a complementary pair of
the differential biases from the drains of the first and second groups of the Voitage

dropping PMOS transistors, and output a fixed bias.
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a pull-down module having one or more NMOS transistors serially coupled
between ground and an output node; a pull-down module having one or
more PMOS transistors serially coupled between an UO voltage and the
output node; and a level shifter responsive to the input signal for
generating a set of differential biases selectively enabling or disabling the
pull-down and pull-up models to pull the output node to the VO voltage or
ground, wherein the differential biases are separately set for each of the
3. PMO&raRsIstBus B Ghairerioftigu ditfsiener aetwgssiaeh of thERMOISize in
transistors does not exceed a predetermined value, thereby preventing
respraLHInaBRTRAERabRL Svseram kRS Aovanitfean thethett cottgdsesnartiog :
PMOS transistor coupled to the UO voltage; a first group of one or more
capdcRatt QrIpedp da e arsibrvecHRMPM G giaiesisisrirlly coupled
receiving the input signal; a second PMOS transistor coupled to the YO
bR H A AP M REAIAPMOS  transistor, wherein the gate of the
second PMOS transjstor.is ¢coupled to the drain of the first PMOS
trandistoh s dvfhénﬁé SoP B Br<Pe D S MO s @aisier 1o drapled
of the second PMOS transistor; and a second group of one or more
betc%eggcﬁ?oﬁggvég:%% y %8%&8&) It%)‘ét&rog?f BP?ie second PMOS transistor for

receVIan? SOMPIRICRRNS NPT AD RSO NI & B rential

first a_lnd second ransistors provid ifferentiatbiases. 4.
ol e S L ARSI o 0
output node to the I/O voltage or ground,
wherein the differential biases are separately set for each of the PMOS transistors
so that a voltage difference across each of the PMOS transistors does not exceed a

predetermined value, thereby preventing the same from damage, wherein the level shifter

further comprises:

a first PMOS transistor coupled to the I/O voltage;

a first group of one or more capacitors serially coupled to a drain of the first
PMOS transistor for receiving the input signal;

a second PMOS transistor coupled to the I/O voltage in parallel to the first PMOS
transistor, wherein the gate of the second PMOS transistor is coupled to the drain of the
first PMOS transistor and the gate of the first PMOS transistor is coupled to the drain of
the second PMOS transistor; and

a second group of one or more capacitors serially coupled to a drain of the second

PMOS transistor for receiving a complement of the input signal
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and a third PMOS transistor serially coupled to the first diode, and having

a gate connected to a drain of the same, which is further coupled to the
drain of the first PMOS transistor. 5. The I/O circuit of claim 3 wherein the
level shifter further comprises: a second diode coupled to the YO voltage

in parallel to the second PMOS transistor; and a fourth PMOS transistor
serially coupled to the second diode, and having a gate connected to a

drain of the same, which is further coupled to the drain of the second
PMQG&traisigior.difins of the first and second PMOS transistors provide the

differential biases.

4. The 1/O circuit of claim 3 wherein the level shifter further comprises:

a first diode coupled to the /O voltage in parallel to the first PMOS transistor;
and

a third PMOS transistor serially coupled to the first diode, and having a gate
connected to a drain of the same, which is further coupled to the drain of the first PMOS

transistor,

5. The I/O circuit of claim 3 wherein the level shifter further comprises:

a second diode coupled to the VO voltage in parallel to the second PMOS
transistor; and

a fourth PMOS transistor serially coupled to the second diode, and having a gate
connected to a drain of the same, which is further coupled to the drain of the second

PMOS transistor.
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