THI N- OXI DE DEVI CES FOR H GH VOLTACE |/ O DRI VERS CROSS
REFERENCE 10001] This Continuation-In-Part application
clainms the benefits of U S. Patent Application Serial
No. 10/808, 122, which was filed on March 24; 2004
entitled "H gh Voltage CMOS Switch Wth Reduced Hi gh
Vol tage Junction Stresses." BACKGROUND [ 0002] The
present invention relates generally to integrated
circuit designs, and nore particularly to high

vol tage input/output (I/0O drivers w thout using

t hi ck- oxi de devices. [00031 Sem conductor technol ogy
is evolving into the very deep sub-micron geonetries
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BACKGROENYi vers and thin-oxide devices are used for
other circuits operating with the down-scal ed supply.
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[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 performance on a single chip. Sub-100nm devices offer more complex

functionality and higher performance, but not without a cost.

[0004] It has been obseﬁed Mt when a transistor channel length is small
enough, current continues to flow even during standby states because of leakage. -
Therefore, the supply voltage must be scaled down accordingly to minimize such
Ieakage. However, the I/O voltage for conventional I/O drivers still remains at a
h1gh voltage level, such as 3.3V -or 2.5V, for compatibility with existing pér_ts. \
Conventionally, thick-oxide devices are usually used for I/O drivers and thin-oxide
devices are used for other circuits operating with the down-scaled supply voltage.
The conventional I/Q drivers using thick-oxide devices require additional masks

‘during fabrication process, thereby making the process costly and time consuming,.
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-1 For exanple, it is typical that in order to include
t hi ck- oxi de devices in sem conductor processing, four
or five additional masks nust be added to produce
those devices. Wile there have been attenpts to solve
this issue, those attenpts are either too conplicated
or limted for practical uses. [0005] Desirable in the
~art of integrated circuit designs are designs that
elimnate the need of using thick-oxide devices in
hi gh voltage 1/O drivers. SUMMARY [0006] The invention
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transistors serially coupl ed bet ween ground and an

eitlgarttpo tomplieatedrvelitpited farpraatoatulses.has one or nore PMOS
transi stors seri aI I y coupl ed between a first voltage
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first tage or ground. e differential biases are
separately set for each of the transistors so that a
SUMViIAR}e di fference across each of the transistors does
not exceed a predeterm ned val ue, thereby preventing
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traf@xét@rs%@ﬁali}ecoupled between ground and an output node. The pull-up
module has one or more PMOS transistors serially coupled between a first voltage
‘and the output node. The gates of the PMOS and NIMOS transistors are controlled
by a set of differential biases for selectively pulling the ouf;aut node to the first
voltage or ground. The differential biases are separately set for each of the
transistors so that a voltage difference across each of the transistors does not exceed

a predetermined value, thereby preventing the same from damage.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIGs. 1A to 1C ﬂlustrate three I/ O drivers with thin-oxide dev1ces n

accordance w1th one embodlment of the present invention.

[{}008] FIGs. 2A and 2B illustrate two level shifters in accordance with another

embodiment of the present invention.




-enbodi nent of the present invention. 2 [0009) FIG 3
illustrates a circuit with an I/O driver controlled by
a set of differential biases generated by a | evel
shifter in accordance with another enbodi ment of the
present invention. DESCRI PTION [00101 FIG 1A
illustrates an 1/O driver 100 with thin-oxide devices
in accordance with one enbodi nent of the present
invention. The I/Odriver 100 is shown to be

i mpl emented with only thin-oxide devices. Thin-oxide
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pul | - down nodule to pull the voltage at the output

- DESCRIPHION ow. The transistors 102 and 104
collectively function as a pull-up nodule to pull the
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figure). Proper differenti bi ases are applied
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vol t age val ue, depending on the nee of the driver'

(Videg)iagwsgroduid. tHe tsatiststord il 66 arsd/\,l(i&mﬁsctwelyrfunh@orsmpull-
cofRafoit oafw=3Per Adhe B Eroferidlim dRebentflor 102
and S040cdICCtRRE; fulBorS XY ﬁ%ulhh@&n@dﬁlé €881 QiR thfiCatl tAoutput
noglleoilt()a}ggh V'?Elleul(;ot x?olttagg (VD%I) 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 transistors to sustain the higher I/0O voltagé. 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 dtitput 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 valué to the high
voltage value. If the swing bias switches with the reversed polarity as the output
signal of the I/ 0 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 thata 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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vol tage value. If the swng bias swtches with the
reversed polarity as the output signal of the 1/0O
driver, when the value of the output signal swtches
fromzero to one, the swing bias switches fromthe

hi gh vol tage value.to the | ow voltage val ue. Properly
controlling the transistors with the various
differential biases can. nake sure that a voltage

di fference across each of the PMOS transistors 102 and
104 does not exceed a predeterm ned val ue, which is
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proprebiasye she veliagerljophacresithe kppsistensiflgand 104 would not

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

[0012] For example, in a aesign 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. Assu_ming the threshold voltage of the transistor 102 is 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.. With a proper bias applied to the gate of the
transistor 102, only a fraction of the /O vcﬂtage 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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[00121 For exanple, in a design where the core voltage
VDDC is 1.0V and the 1/Ovoltage is 1.8V, the

transi stors 104 and 106 will be clanped by the core
vol tage VDDC of LOV. 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 is 0.4V, when the output needs to be a
logic 1, the gate of the transistor 102 is biased to a
vol tage lower than 1.4V, such as 1.3V. Wth a proper
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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 I/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/ O voltage, the bias applied to tile gate of the

transistor 114 is set proximately equal to Vd + 3 | Vtp|, where Vd is a voltage drop
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ot her words, the nunber of the PMOS transistors in the
pul | -up nodul e i ncreases when the value of the I/0
- voltage increases. For exanple, if the I/Odriver 100
can handle a high voltage of 1.8V, the 1/Odriver 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 1/0
vol tage. These gate voltages can be a fixed bias such
as the core voltage VDDC, a swing bias swtching with
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node 126, or a swing bias switchin reverse
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trans1stor 118, 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 a logic 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 I/O

driver 112 are also properly biased according to the values of the output signals.

[0016] FIG. 1C illustrates an 1/0 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 ina 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 2.5V, the voltage drop across the
transistor 114 is 0.7V, and the threshold voltage of
the same is 0.4V, the devices within the 1/0O driver
112 are biased by a set of differential biases. The
gate of the transistor 114 can be biased to 2.5V when
out put needs to.be logic 0, and 1.9V when output is to
be a logic 1. Wien the output is to be a logic O,
with the bias of the transistor 114 and a voltage drop
thereacross, only 1.8V will reach the source of the
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voltlgk.n- oxi de PMOS tranS|stors 130, 132, and 134 are
placed in a pull-up nodule, while a NMOS transi stor
NMOS transistor, 138 are
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20_2 coupled to an I/O power supply having the I/ O voltage VDDL 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 1/0
power supply in parallel to the transistor 202. The gate of the transistor 204 is
coupled to the drain of tﬁe transistor 202, and the gate of the transistor 202 is
coupled to the drain of the transistor 204. One or more volfage 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.




on a separate P-well. Wth this high voltage device
inplenmented, .it allows the PMOS transistors to be
“used in the pull-up nodul e without an additional NMOS
transistor in the pull-down nodule as shown in FIG
1B. [0017] The PMOS transistors used in the I/0O
drivers as shown in FIGs. 1A through 1C are
controlled by the differential biases so that the
vol tage difference across each transistor woul d not
exceed a predeterm ned value. This allows the

t [8018] EHed™MOS thesiRAS 20 ardd 102 16ph 8 erdsa¥Suisled Wrb QK that can
damage caused by the high 1/0O voltage. [0018] FIG 2A
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di f.f i.al  Dbi. [ d W th, ' t
o RSE B 25 R b PR CRERR e PP SRR

| rGRRETabEs, DITE aflil Dl 4R kel A8 8 dE 06nHNRRESN, SHRINKAIMOS
of the transistors within the 1/0Odrivers 100, 112,
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~having its gate connected to its drain, are serially
is@geffi ed to the, drain of the transistor 202. An NMOS
transi stor, having a gate controlled by an i nput
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Tht hedd 220, apwalt as Sepys|2P2 kfid P24 @il @bvide bidses for aksmsih@vith the

202. The te of the transistor 204 is coupled to the
satfif B9IATIGT 2 A TR FERet By Whilothegide g ag aell a5moiRw226 and 228

ar} bRl In3pi ' ‘
o i 5 Ao E R B8 ity as Bhe b pignal DB. 4
pait cARRIGH toarsis2@8, ha2 1> theit g2168 corpled tothenhirainshadiregivihg
at e. connect to its drajn, are serially cqupled to
Oufgwsi e RaeT 2P Rec PR s (os Pisk - \Wihe! ppasSTIeriske srang
biaS@'deBbhding on the switch from the input signal D to the complementary input

~ signal DB.

10021] 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'dioclies, 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.

{0022] FIG. 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 wifh an 1/0 voltage VDDI. One
-Or more capacitors 232, 236 and 240 are serially éoﬁpled to the dréin of the PMOS
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coupl ed between the transistor 216 and ground, having
a gate controlled by a conplenentary input signal DB
7 100191 The PMOS transistors 202 and 204 forma
cross-coupl ed structure that can |atch data when

I nput signals D and DB are switching. It is understood
that the conplenentary input signal DB is the inverse
of the input signal D. The PMOS transistors 206, 210,
and 214 are arranged in a diode configuration, while
the PMOS transistors 208, 212, and 216 are arranged

tranBis@R QLR r&lie £ HPuISEALI O, nAtI‘M@B @MindBtor M6 Il Bl led to
vol t age drops. is und rstood that at nodes 218
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The node 220, as nodes 222 and 224 can

- 239 P8Rad24gi zae e@mikyrcouphdpo thg dvaintoftthetrassister P far rdcoyivass a
t ile the node 218, as well as
Cmﬂﬁ@ g?% Hﬁ“%ﬁgﬁmkﬁﬂ provi de bi ases for clanping
with the reversed polarity as the input signal DB. A

[{e023] Afdib4LB2tis angiled 8 e 1A YoREr bhily igpiebelcowR ed
- to their drains and receiving_ outputs from nodes 222
trangigfon2id. APMEHTfeangistorddd lﬁﬁeaéﬂwmmlﬁéto the déede?S8vinge
R e D
transistdr244n @&d’eﬁbﬂbdxoﬂh as4 isﬁeulﬁh’ﬂ)fﬁ:) tHedpi6l ;de@ér%u@ﬁ@ in43&allel to
210, 212, 214 and 216 .can be NMOS di odes, PMOS
the gragisior 24gvels PM @ §pasises 250ds serjaliyconpleddp shrediode 254, n@d

avg@'g g%i@gglg{fécHagtB gég{dgal}léwﬂlchlqg!{ﬂe?gﬁﬁé@ o 3 FORP G

transistor 246.

[0024] 1t 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 determining 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 switchés 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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connected to its drain. Simlarly, if a PMOS
transistor is connected as a diode, its gate is
connected to its drain. [0022] FIG 2B illustrates a
| evel shifter 230 for generating the differentia
bi-ases in accordance with another enbodi nent of the:
present invention. A PMOS transistor 244 is coupled
to the I/0O power supply with an 1/0O voltage VDD . One
or nore capacitors 232, 236 and 240 are serially
coupled to the drain of the PMOS transistor 244 for

I F025] The Gevalshi W30 hhOit@kradDad tarltddds. ThaMSieP{tafter280 che
coupled to the 1/0 power supply in parallel to the

pering fastexdiilstallowlagithe hins tg e gendratelderbitraails Hependingion

dt he d ft t 44 d
it aRe S Reh Rabel BnShuniSe oh B BBl holidtar  Totre
is 418nd fedpel R deptRderfn %uﬁhg g@ﬁ@raﬁéﬂ BEbiQT Furﬂ?éﬁlor@ IRe level

and 242 ‘are serially coupl to the drain of
shiften?)i psttpless2obddd giress en devicegpral hasdesslleakege. Ail M@é

in A di ode, 25 ed to the
coraplis aTe R s e i b AOE s SR e Ser 244, A
PNCS transistor 248 is serially coupled to the diode
46@26] Bndundepstong tiat gatMOsSeierRes sbv @i FIS. dB ahmbe wrbht
i S further coupled to the drain of the transjst.or
deviges, dopletisaisieyicas, dlieon bybilk MR spparitoss, onB* ond-HehedOS
caﬁ% upply in parallel to the transistor 246. A PMOS
transi stor 250 i.s serially coupled to the di ode 254,
and having a gate connected to its drain, which is
flo2hEG. 8 duptretds @irthie 38 with aafl/ Dh:ﬁlvdr Bahbiasddolry 2%Fel

11t 1 unde stood . that this |evel shifter
Shl%%f%géfhaﬁcaf T SRR e ST ARG R frer/o

dn@rm isrequﬁialeh& ﬁﬁﬁx’e 3 ygrcﬁn»é& idm éEoWnanfIGVPA %ﬁﬁ BUP of s thin-
IS, and level shifter 230 is a
OXl@fod@s‘tas zlvpﬁstcé be theslhvéltshxftec 80 Oredevdl shifter b@ﬂomlsatrm:aspm the

same way as the level shifter 230 shown in FIG. 2B, except that it has one less NMOS

capacitor.

10028] Thin-oxide PMOS transistors 306 and 308 are placed in a pull-lip 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 allowiﬁg 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
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NMOS capacitors 232, 234, 236, 238, 240, and 242,

whi ch can be seen as capacitance devices providing an
arbitrary capacitance value for determ ning the

bi ases. The NMOS capacitors 232, 236, and 240 in a
stack formation can be seen as a bootstrap nodul e and
the NMOS capacitors 234, 238, and 242 in a stack
formati on can be seen as another bootstrap nodule. An
i nput signal D switches fromlowto high or high to
low, while a node 256 will be coupled high or |ow

VISGE OO0} nYtialgr he %ta}(élg cofbodel®or tdﬁ(%ﬂ?? '3?661 thruE 384hd

and 246 form ross-coupl ed structure ching a
PMOg pahsistof 30 dnd §82. 25 2n dup2 SinablD ksseh kology, wilNIOE hensistor

ableHged e e OGS Bl 1 Feder . %%gebg@i‘lﬂmw/algh
/0
VOHQ%QV BPBiPfeadrhe AhRYIG tﬁ?{elw @SnihB Y RO E‘a%ﬁgt%ég!{f% 025]

ivers in response to the i nput °signal
Méﬁlnwmlevthb uqiutf;igeal R23Bo Imhs/es ehedredrier dtlv and ages on Hie

| evel e rm faster ile allo
t’af‘ﬂétob ifég é@ﬁ%r e Iﬁf et“faé‘FlF'W H%Ih }3” the-
- traﬁﬁ%psizatnﬁeecf@{ u%wgﬁ%ua o 88Sh&Je 5‘3@%‘0@ oumemge Hput-

fixed threshol d vol here 1s also no
sighalrip srmltg:hmgfeqnaﬂmtem@hlgﬁua hode @@nebmwtmpp@ﬁ thihggh and equal

N W R

no&EPRG11Qhn B §Hf1§@1%rt8 téﬂﬁ‘o BBrahlbikios 304 RRAIAL: th n%é b3g
take up less area. [002 It is understood that the -

' 0f¢mﬁ7@echﬁ§MShohﬂpMHﬁFth 2B can be zero-Vt devices,
depl etion devices, N+ on Nbul k MOXS capacitors, or P+

£0LS 027] El G 3.ill ustrat
 Todly AN AR BERs of Be3hkerior, mifnic HEMLES
devittistchiebe pRded i a%é@@d@&@ﬁﬁa%nﬁhh&@ @a&iﬁt@@@e@éﬁn&ﬂﬂeﬁh@' a
present 1nvention. The 1/0O
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 voltage I/O 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

mventmn These are, of course, merely embodlments and are not intended to limit

the mventlon from that descrlbed 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
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driver 302 is equivalent to the I/Odriver 100 shown
in FIG 1A wth one of its thin- oxide devices biased
by the | evel shifter 304. The level shifter 304
_operates in the sanme way as the level shifter 230
shown in FIG 2B, except that it has one | ess NMOS
capacitor. [0028] Thin-oxide PMOS transistors 306 and
308 are placed in a pull-up nodule along with
t hi n-oxi de NMOS transistors 310 and 312 in a pull-down
nodul e. Both the gates of the transistors 308 and 310
- detaiB shownpiatetvarioQs rodtidafems MaXeruirhEcHalBes ©3Y Be Alade
s the transistor 312 can be driven by an inverter 314,
thergey wishous|depajting from the spitif of gheiaweriden and/vithin the scapresand

. ool D f the t. [ 306
Ll S VR B ppene

clabihi bé @ins@dd b A d AUhAS cbhsidienisiich B schEL YRG0 8
hi gh vol tage val ue and a | ow vol tage val ue, dependi ng

IneRtipRas seidaghing thedalloeingfcldimput  si gnal D. [ 0029] The
' | evel shifter 304 operates sinilarly to the bootstrap
| evel shifter 230 of FIG 2B. In the level shifter
304, capacitors 318, 320, 322, and 324 are charged to
-10 VDDI - VDDC initially through the | eakers conposed
of di odes 326 and 328 and PMOS transistors 330 and
332. If an input signal Dis set to |low, a PMOS
transistor 334 is turned off, while a PMOS transi stor
336 is turned on, thereby allow ng high voltage VDD
to reach the node 316, thereby turning off the
transi stor 306. Meanwhile, the input signal D al so
drives the inverter 314 and turns on the transistor
312 of the I/O driver 304. Wth the transistor 306
turned off and the transistor 312 turned on, the.
out put voltage at a node 338 is 0OV. \Wen the input
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signal Dis switching fromlow to high, a node 340 is
boot strapped to high and equal to VDDL The node 316
will be coupled |Ilow, equaling to VDDC. The voltage at
the node 316 will then be sufficient to turn on the
transi stor 306 such that the node 338 of the 1/0
driver 304 can be pulled high. [0030] According to the
enbodi nents of the invention, nultiple thin-oxide
devi ces can be placed in a cascade formati on where
each device is controlled by a proper bias provided
Ifigﬁ j . The bias voltage at the gate of
Vggé hr%gﬁgéﬁﬁgﬁdevices all ows themto operate under
hi gher vol tage w thout sustaining high . voltage
damage. This makes high voltage I/O driver inplenented
1wl th Anliypdtibatpu i/ dg deiew GRSatRSRaH e vJIRAeE ﬁ%%ler than a core
renmoving the need of additional 'masks for thick- oxide
velaged & CarRriicHifY . S§eRRPRiingost and fabrication time.
[ 0031] The above illustration provides many different
enbodj I I); ' [ iLf.ferent
Foat ut Do o moRICRE g ohe of flor ARG AL ke Bl
betwiepo gramind aadcinprupessels; arde described to help clarify
‘the invention. These are, of course, nerely

embodi ment s %#F ar e not intend%ﬂwb limt the
i nventk oﬂu? & Utl%%?m%g%q’?rﬂgﬂmi %éra@?léf%%?e"{aﬁﬁgzﬂlplﬁ -
beblvbdothg firsthelta g SR iHRBukSutidolShe g&@g ope_iafg HRSS hL F\ﬁuo

herein as enbodied in one or nore specific exanples,
transistars Reipg conapliadsbinbtet phdiblethadiat biates fbi selacavely pullhe; the

- ' ince various nodifications and
qg%%ﬁg?%?gPﬁgﬁgﬁﬁg?g§§§gggn de therein wthout

departing fromthe spirit of the invention and within

t he sdepenanddiffesngel lifisce qrs seph@pdlp s@ffor deh of BieMMOS

Acpording}y, it is _appropriate that the appended
tranststors so that a voltage difference across each of the PMOS transistors does not

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

2. The I/O driver of claim 1 wherein the number of the PMOS transistors used

in the pull-up module is determined by the first voltage.

3. Thel/Odriver of claim 1 wherein the set of the differential biases include‘ at

least a fixed bias having the core voltage.
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clai ms be construed broadly and in a manner consi stent
with the scope of the invention, as set forth in the
following clains. WHAT IS CLAIMED IS: .1- An

i nput/output (1/0) driver operating at a first voltage
hi gher than a core voltage of a core circuitry,
conprising: a pull-down nodul e having one or nore
NMOS transistors serially coupled between ground and
an out put node; and a pull-up nodul e havi ng one or
nore PMOS transistors serially coupled between the

4. f r Stl"h¥ d} @%ﬁe@m&{ﬁel %Eﬁ%t}fa%gteof tf'u? ﬁ%?énglgkgfasets h&ilude a

transi stors being con
Swrﬂg bﬁa$ herteinng betwizenadsgH orltage Ivahielaylelaylowuldlﬂa Vaﬂﬁ@
ut node.to th% first voltage or ground, mhereln

[

deP 1BE PR arolirsele v Hiexeetedntdhe gpipuspedls set for each of
the PMOS transistors so that a voltage difference
across each of the PMOS transi stors does not -exceed a
predet erm ned val ue, thereby preventing the sane from
damage. 2- The 1/0 driver of claim1l wherein the

5. nunbbhe ¥/iQ drires @n@@nﬂrvalr@ei@tw@h@ the @ditag'erievdi expactdd aiphe

rst 3. The
oulfBfHode bRk Fo B arclitgnls &ibtind thé R s divhadrom
thebbﬁs»exﬁtag@%méi&) @& higieasitaga vhiaedbi as having the core
voltage. -13 4. The I/ O driver of claim1 wherein the
-set of the differential biases include a sw ng bias
switching between a high voltage value and a | ow
vol tage val ue; depending on a voltage | evel expected

6. at tTiR 190t dikfer BPE8Im 4 wherein when the voltage level expected at the
output node switches from the first voltage to ground, the swing bias switches from

the high voltage value to the low voltage value.

7. An input/output (I/O) circuit for outputting 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 having one or more PMOS transistors serially coupled

between an 1/0 voltage and the output node;

a level shifter responsive to the input signal for generatmg a set of
dlfferentzal biases selectively enabling or disabling the pull-down and pull-up
models to pull the output node to the I/O voltage or ground
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5. The 1/O driver of claim4 wherein when the voltage
| evel expected at the output node switches fromthe
first voltage to ground, the swing bias switches from
the | ow voltage value to the high voltage value. 6_

The 1/O driver of claim4 wherein when the voltage

| evel expected at the output node switches fromthe
first voltage to ground, the swing bias switches from
the high voltage value to the | ow voltage value. 7. An
i nput/output (1/0O circuit for outputting an output

Si gnalvh@feirfth idiffdrenyyQ Haéé’searb Ee a%érQ IS Qac?{bf'tﬁé’PMos
signal of a second voltage | an t ITs
tronlistaryeo thampriltsgadiffesere hd:resimmh nﬁdmlm/[(bﬂvﬂaﬁgs@ﬁﬁdws not

: r transj stor ially coupled between ground
SReR ART %feﬁ{ﬁ'en%v gheﬁ%ehﬂ praﬁemﬁ%swfrﬁ@

nore PMOS transistors serially coupled between an /0
vol tage and the output node; a level shifter

responsi ve to the input signal for generating a set of

- diff qtl bi ases sel ectively enabling or disabling
8. ot he Sl{h { QSRS REcipim | vilsreinhsaiunhes of thel PMES trasistors used
TolH I 14 wherein the
dlf é?gﬁkggPhéggﬁgg are e%%gggqﬁha%et for each of the.
PMOS transistors so that a voltage difference across
each of the PMOS transistors does not exceed a
predet erm ned val ue, thereby preventing the sane from

dama - .Cl it.of clai i n the
- nu nbg?le gﬁj f %@b‘{{gﬁg“ﬁ%‘ﬁéﬁg g Setok (251‘ ‘fhﬁh EIE}FTQS dfrlude at
leaspalfike! biss Matig o bkeshetlyvdl Rbvdr/thhnY Qe 20&oltage.

10 TheI/O circuif_qf claim 7 wherein the set of the differential biases include a
swing bias switching between a high voltage value and a low voltage value,

depending on a voltage level expected at the output node.

11. The I/O circuit of claim 10 wherein when the voltage level expected at the
output node switches from the [/O voltage to ground, the swmg bias switches from

the low voltage value to the high voltage value.

12. The I/O circuit of claim 10 wherein when the voltage level expected at the
output node switches from the I/O voltage to ground, the swing bias switches from

the high voltage value to the low voltage value.
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9. The I/Ocircuit of claim?7 wherein the set of the
differential biases include at |east a fixed bias
having a voltage | evel lower than the I/0O voltage. 10.
The 1/Ocircuit of claim7 wherein the set of the
differential biases include a sw ng bias sw tching
bet ween a hi gh voltage value and a | ow vol t age val ue,
dependi ng on a voltage | evel expected at the output
node. 11. The I/Ocircuit of claim 10 wherein when the
vol tage | evel expected at the output node sw tches
fromthe I/O voltage to ground, the swi ng bias
switches from the |ow voltage value to the high
vol tage value. 12. The I/Ocircuit of claim 10 wherein
13when Thhé/ Qeirtwdgef disivel whrpacthedeal siftbefurthsgt pathprisde
swtches fromthe I/0O voltage to ground, the sw ng

bi as fram h. v value to the | ow
vol t & ’ésﬂmgﬁa“‘?%toigoupﬁfke% 916?}({)}’8&?3 €of claim7
wherein the level sifter further conprises: a first

PMOSa i@ sings 6ff ore Q2R vbRadeBoppiae PS8 $Rinsidtokd &k of
group of ‘one or nore voltage droppl ng PMOS transi stors

Wlédthasafs gathioninedied td itsdugén eeriadiyveupled to o drais of e first

all.Ly coupled to a drain of the first - PMOS
owﬁ%h' %%8 a first NMOS transistor serially coupled

bet ween the first group of the voltage droppi ng PMOS

t r ans fisett NMOE REANEIE @Y BeHallfa bl pd degalea tEORAtst gldgtofile
i nput nal ; a second PMOS transi stor coupl ed to

| VO’W@ quEW& R ApsiparsAndarowl fHEing 3 gte compradied by the
m}:,turtgl jistor, wherein the gate of. the second PMOS
iStor is coupled to the

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 t-rzms]stor is

coupled to the drain of the second PMOS transistor;

a second group of one or more voltage dropping PMOS transistors each of
which has_i’és gate connected to its drain, serially coupled to a drain of the second

PMOS transistor; and

| 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 f:rst
and second groups of the voltage dropping PMOS transistors provuie the

differential biases.
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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
nor e. vol t age droppi ng PMOS transi stors each of which
has its gate connected to its drain, serially coupled
to a drain of the second PMOS transistor; and a
second NMOS transistor serially coupled between the
second group of voltage dropping PMOS transi stors and
ground, having a gate controlled by a conpl enent of
the input signal, wherein the drains of the first and
second PMOS transistors and the first .and second
groups of the voltage droppi ng PMOS transistors

" 14pr oviHel fOnercudi éffcrieriGivetierbinabeleyel shfter furtiierecofpgises:

circuit of claim13 wherein the |level shifter further

' : t hi PMOS t. i st A | t t
Coupt b MR Seteier e b R AR T or

having its gate coupled to its drain, which is

f ur t DRRurGORNMIOSrdRistdihatting its dg,@’t'e dduplddhiories dPARSwhich is
- transistor, wherein the third and fourth PMOS
furthes repled fastheskraings the BHFIIMARHERFSOTpai r of the

differential biases fromthe drains of the first and

SeConf QL PHRINRH ahd FourtPPIRBRrAHsRRRS ReteRMRomplementary

transistors, and output a fixed bias. 15. The'I/O
paie of theidiffe@bnidl diased froimehe draithef the fiedt anfisédond ghempsisthe

‘ co i ses: i rst. PMOS i St. . led to the I/O
ol PR PMS Fogrigiat R GR@bh SRS Bobapaci t ors

serially coupled to a drain of the first -

15. The [/O circuit of claim 7 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 fif_st PMOS transistor is

coupled to the drain of the second PMOS transistor; and

- asecond group of one er 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.
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PMOS transi stor 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
nore capacitors serially coupled to a drain of the
second PMOS transistor for receiving a conpl enent of
the input signal wherein the drains of the first and
"second PMCS transistors provide the differentia
bi ases. -17 16. The I/Ocircuit of claim15 wherein
16t he TRYEIO shidit 6F cl4i 15RhereRIRE I@Bshifler fufthér chingsieses:
coupled to the I/Ovoltage in parallel to the first
PMOS transistor; and .a third PMOS transj-si.or
cer | afiry desinAcslactiothel/q Yafagipgwalsa edPHEMYS
te connected to a drain of the sane, which is
uﬁﬁ%&?ﬁéggcoupled to the drain of the first PMOS
transistor. 17. The 1/Ocircuit of claim15 wherein
t he & ehigd PHIOT trausidtorsehielly corped Bebe fisst séstenandihadag a
coupled to the 1/0O vol tage .i.n, parall el the seco
gapRpRRecteckif pistof i ermae, POUT H PREE Erpledt i SR e
firs PR [1ngQup! ed 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. :

17. The /O circuit of claim 15 wherein the level shifter further comprises:

“a second diode coupled to the | /O 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.

18  Aninput/ outpﬁt (I/O) driver comprising;

a pull-down module having one or more NMOS transistors serially coupled

between ground and an output node;
a first PMOS transistor coupled to an [/O power voltage;

a second PMOS transistor serially coupled to the first PMOS transistor; and
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18. An input/ output (1/O driver conprising: a
pul | -down nodul e having one or nore NMOS transistors
serially coupled between ground and an out put node; a
first PMOS transistor coupled to an 1/0O power voltage.
a second PMOS transistor serially coupled to the first
PMOS transistor; and _18 a third PMOS transi stor
serially coupl ed between the second PMOS transi stor
and the output node, wherein the gates of the first,
second and third PMOS transistors are controlled by a

first,.s nd..t.hird. b @ég_-%ﬁtthé/ ¥nd PRIGDAL

a Voﬁﬁgggiﬂﬁﬁ?ﬁ%&%%@%&%€$g§§ﬁ§3%ﬁ of the fr%t, second
AR Rtdrind dhed¥Pput hedesi stors does not  exceed a

predet erm ned val ue, thereby preventing the first,

second and third P . transistaors, fr mage,. ' 19,
. The Mhorgip if%gat%?fOfg% irst, PECORA ek t&rﬁ%@ﬂbﬁ %“@“%ﬁ?oﬁ%?re
N ! I R0 redBBiiddiy, Sh tRiaS,dhapal s
CO%%%@?CP%I‘} %gl%st%’é‘%%%g r‘%lg tg}é‘?c%% %ﬁ%ﬁtq‘%i rIst§ PMOS tr ans?st or
' difpraficd deE@e ehdinatshafitsh secimoll aohdvbirti &PdOB tranbistois degs nRKOS
transistor. 20. The |/ O driver of claim19 erejn
exciivdr IRdeteiped VNSBCN DB RS PHBE fhedirst B'F%"é_‘ghé,“dt% d PMO
_ §g§ ' al s about the I/O voltage mnus a
trvo %%%gggﬁ%%ﬁg%foss the first PMOS transistor mnus a
t hreshol d vol tage of the second PMOS transistor. 21.
The 1/ 0O driver of claim20 wherein when the out put
node outputs the 1/O voltage, the third bias equals
about., t L/.O valta ] -t VL3061 N8R oA RSSe 1/0
197 e L0 Bt e Dt B EROR SR oS e O
volthee, bk firdt M & alsab®sh 0bltage drop across the first PMOS transistor

plus three times a threshold voltage of the first PMOS transistor.

wn

20. The I/O driver of claim 19 wherein when the output node oufputs the [/O
voltage, the second bias equals about the I/O voltage minus a voltage drop across

the first PMOS transistor minus a threshold voltage of the second PMOS transistor.

21. The I/0O driver of claim 20 wherein when the output node outputs the I/O
voltage, the third bias equals about the I/ O voltage minus the voltage drop across
- the first PMOS transistor minus a threshold voltage of the third PMOS transistor.

22, Thel/O driver of claim 18 wherein when the output node is at ground

voltage, the first bias equals about the I/O voltage.
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22. The 1/ O driver of claim 18 wherein when the out put
node is at ground voltage, the first bias equals
about the I/O voltage. -19 23. The I/O driver of claim
22 wherein when the output node is at ground voltage,
the second bias equal s about the I/O voltage m nus a
vol tage drop across the first PMOS transistor mnus a
threshol d voltage of the second PMOS transistor. 24.-
The 1/0 driver of claim 23 wherein when the output
node is at ground voltage, the third bias equals
about two tinmes a threshold voltage of the third PMOS
transi stor.

23. The I/O driver of claim 22 wherein when the output node is at ground
voltage, the second bias equals about the I/O voltage minus a voltage drop across

the first PMOS transistor minus a threshold voltage- of the second PMOS transistor.

24.- The I/O driver of claim 23 wherein when the out-puf node is at ground
voltage, the third bias equals about two times a threshold voltage of the third PMOS

.transistor.
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