
GATE DIELECTRIC PROTECTION BACKGROUND [0001]High voltage buildup occurs at
input/output (1/0) pads of an integrated circuit (IC) during an
electrostatic discharge (ESD) event. This high voltage buildup may cause
damage to gate dielectrics of input stage transistors. For example, if the
gate to substrate voltage at the input stage transistor is greater than the
breakdown voltagehe gate dielectric, than transistor may be endered
defective. [0002]Conventional techniques for protecting gate dielectrics
include the use of a clamping circuit to limit the voltagen across the gate
dielectric. However, conventional techniques are not very effective in
protecting gate dielectrics for newer technologies. This is because the
triggering voltage of the clamping circuit is greater than VEIL) of the
gate dielectrics. For example, by the time the clamping circuit is switched
on, the voltage across the gate dielectric is already greater than VRD.
100031It is desirable to provide gate dielectric protection which
adequately prevents the voltage across the gate dielectric to be above
1/339. SUMMARY 100041Embodiments generally relate to semiconductor devices
and methods for forming a 



device. In one embodiment, a device is disclosed. The device includes a
transistor laving a gate on a substrate. The gate includes a gate electrode
over gate dielectric. The device also includes a gate dielectric protection
module coupled to the transistor. The gate dielectric protection module,
when activated, provides a protection bias to reduce a voltage difference
between the gate and substrate (VDIFF) to below a breakdown voltage (Vim)
of the gate dielectric. [0005]In another embodiment, a method for forming a
device is presented. The method includes forming a transistor having a gate
on a substrate. The gate includes a gate electrode over a gate dielectric.
The method also includes forming a gate dielectric protection module
coupled to the transistor. The gate dielectric protection module when
activated, provides a protection bias to reduce a voltage difference
between the gate and substrate (VOTE) to below a breakdown voltage (VBD) of
the gate dielectric. 100061in yet another embodiment, a method for
protecting gate dielectric is disclosed. The method includes providing a
transistor at risk. A protection module coupled to the transistor at risk
is formed. The protection module is activated to provide a protection bias
to reduce a voltage difference between a gate of the transistor at risk and
a substrate (VDB-B) to below a breakdown voltage (V BD) of a gate
dielectric of the transistor at risk. 100071These and other advantages and
features of the embodiments herein disclosed, will become apparent through
reference to the following description and the accompanying drawings.
Furthermore, it is to be understood that the features of the various
embodiments described herein are not mutually exclusive and can exist in
various combinations and permutations. BRIEF DESCRIPTION OFTHE DRAWINGS
[0098]In the drawings, like referencc characters generally refer to the
same parts throughout the differents Also, the drawings are not necessarily
to scale, empha.nstead generally being placed upon illustrating the
principles of the invention. In the following description, various
embodiments of the present invention are described with reference to the
thllowi drawings, in which: 



190091Fig. 1 shows a block diagram of a portion of an embodiment of a
device; 100101Figs. 2a-b show embodiments of gate dielectric protection
modules; and 100111Figs. 3a-d show various embodiments of ESD protection
circuits. DETAILED DESCRIPTION  100121Embodiments generally relate to s
devices include a protection module. The pro nductor devices. In one
embodiment, the dule, -for example, is activated during an  The devices,
for example,may be any type of semiconductor  devices, such as integrated
circuits (ICs). The ICs can be incorporated into or used with, for example,
electronic products, computers, cell phones, and personal digital
assistants (PDAs). The devices may also be incorporated into other types of
products. [0013]Fig. 1 shows a portion of an embodiment of a device 100. As
shown, the portion includes an internal circuit or cell 120, The cell is
coupled between first and second power rails 102 and 104. The first power
rail may be VDD (operating voltage) and the second power rail may be Vss
(gmund). Other configurations of power rails may also be useful, The cell
is coupled to a pad 110 of the device. The pad, in one embodiment, is an
110 pad The WO receives an 110 signal. For example, the PO signal may be an
input signal or a bi-directional signal. Other types of pads may also be
useful. 



[0014]In one embodiment, the cell includes an inverter having first and
second transistors 130 and 140 coupled in series between the power rails.
Other types of cells may also be useful. The transistors are metal oxide
semiconductor (MOS) transistors embodiment, the first transistor is a
p-type transistor and the second transistor is a n-type transistor. A first
terminal of the first transistor is coupled to the first power rail while a
second termrnai of the first transistor is coupled to a second tenninal of
the second transistor. A first terminal of the second transistor is coupled
to the second power rail. The body of the first transistor is coupled to
the first power rail and the body of the second transistor is coupled to
the second power rail. [0015]An input 134 of the inverter is commonly
coupled to the gates of the transistors. An output 136 of the inverter is
commonly coupled to the second terminals of the transistors. The
inverter,embodiment, is configured as a receiver. For example, the pad is
coupled to the input of the inverter. The output is coupled to other
internal circuitry (not shoher configurations of the inverter may also be
useful.  of an ESD or trigger stimulus, such as ESD or energy pulse,
provided at the pad. Other types of trigger stimuli which cause an ESD
event may also be useful. The ESD stimulus may be provided at the pad
inadvertently or accidentally. Alternatively, the ESD stimulus may be
intentionally provided at the pad, such as in the case of an ESD test.
[00171The ESD event puts a transistor ofell at risk. For example, the ESD
event may cause damage to the gate dielectric of the transistor at :risk,
rendering the cell defective. In one embodiment, the ESD event puts the
second transistor of the inverter at risk. For example, the ESD event puts
the n-type MOS transistor at risk. In other cases, the ESD event may put
other types of transistor at risk. [00181[none embodiment, a gate
dielectric protection module 150 is provided. The protection module
includes a protection output 1 56 which is coupled to the cell. In one 



dirnent, the protection output is coupled to a body of the transistor at
risk. In the case of an inverter, the protection output is coupled to the
body of the second transistor. For example, the protection output is
coupled to the body of the n-type transistor. 1001.9]The protection module,
in one embodiment, generates an inactive protection signal at the
protection output under normal condition (no ESD event). The inactive
protection signal enables the cell to operate in the normal condition. The
inactive protection signal, for example, does not affect the normal bias
voltage applied to the body of the transistor at risk. The inactive
protection signal, in one embodiment, provides a normal bias voltage -for
the body of the transistor at risk. [none embodiment, the inactive
protection signal provides a normal bias of OV or ground. Providing other
-normal bias voltages may also be useful. The normal bias voltage, for
example, may depend on the type of transistor at risk. 100201In the ease of
an ESD event, the protection module nes an active protection signal. The
active protection signal provides an ESD bias to the body of the transistor
at risk.  The ESD bias reduces the voltage differential between the gate of
the transistor at risk and the substrate (VDEBF). For example. the ESD bias
reduces VDEFB between the gate and body of the transistor at risk. In one
embodiment, the ESD bias is sufficient to ensure that VDEBB is less than
breakdown voltage (VBD) of the gate dielectric of thesistor at risk. In one
embodiment, WAFT is at least 5 - 10% less than VBD. For example, if VBD is
about 3.7V, then Voirr should be less than 3.5V. 100211In one embodiment,
the ESD bias increases the substrate voltage (,7suB) or body of
sister. Increasing VSUB reduces VDEFF to below VBD. The ESD bias, for
example, may be equal to about 0.5 --- 1V. Providing other ESD bias
voltages for biasing VsuB may also be useful. 100221As described, the
transistor at risk is a n-type transistor. In other embodiments, the
transistor at k may be a ti-rtype transistor. For a p-type transistor, the
normal bias is VDD. The ESD bias, for example, may be equal to about- IV
below VDD, In one embodiment, the 



protection module is used to pull the n-well potential of the p-type
transistor down by 0.5 - IV. Other types of normal and ESD biases t ay also
be useful. [00231The protection module, in one embodiment, includes an ESD
sensing circuit 170 and a biasing circuit 160. The ESD sensing circuit
eludes a sensing output 176 which is coupled to a biasing input 164 of the
biasing circuit. The biasing circuit includes a biasing output 166,
e embodiment, is the protection output. Other configurations of biasing
output and protection output may also be useful. The protection output
provides a signal which is  sed to bias the body of the transistor at risk.
[0024]The function of the ESD sensing circuite the occurrence of an ESD
event. Under normal condition (no ESD event), the ESD sensing circuit
generates an inactive ESD event pal at the sensing output. In one
embodiment, the inactive ESE) event signal is a logic 1 signal. On the
other hand, when an ES!) event is sensed, the ESD sensing circuit generates
an active ES!) event signal at the sensing output. In one embodiment, the
active ESD event signal  is a logic 0 signal. The use of other types of
active and inactive ESD event signals may also be useful. [0025]The biasing
circuit, when activated, provides the ESD bias to the substrate to reduce
Vpipp. For example, the activated biasing circuit provides the ESD bias to
the body of the transistor at risk to reduce VDThe biasing circuit, when
inactivated, does not affect normal operation of the cell. For example, the
inactivated biasing circuit provides a normal bias to the body of the
transistor at risk. [0026]In one embodiment, an inactive ESD event signal
at the biasing input renders the 



biasing circuit inactive. This causes the biasing circuit to generate an
inactive bias signal at the biasing output. The inactive bias signal is
provided at the protection output. The inactive bias signal, in one
embodiment, does not affect the normal bias voltage applied to the body of
the transistor at risk. The inactive bias signal, in one embodiment, is a
logic 0 signal or ground. The inactive bias signal provides a OV bias to
the body of the transistor at risk. Other types of inactive bias signals
may also be useful. [0027]An active ESD event signal activates the biasing
circuit to generate an active bias signal at the biasing output. In one
embodiment, the active bias signal is provided at the protection output.
The active bias signal, in one embodiment, is the ESD bias which reduces
Vol-FF. In one embodiment, the ESD bias is provided to the body of the
transistor at risk. The ESL) bias is sufficient to ensure VEliFF to be less
than VBD during an ESD event. The ESD bias, for example, may be equal to
aboutProviding other ESD bias voltages for biasing Vsua may also be useful.
[0028]The portion of the device may also include an ESD protection circuit
(not shown). The FS[) protection circuit coupled to the pad. Various types
of ESD protection circuits may be employed. in some embodiments, the ESD
protection circuit may be coupled to the power rails (e.g., V00 and Vss)
and pad. In other embodiments, the ESD protection circuit may be  coupled
to the second power rail (e.g., Vss). When an ESD event occurs, the ESD
protection circuit provides a current path from the pad to ground to
dissipate the ESD current. 100291As described, the cell includes one
transistor at risk. However, it is understood that a cell may include more
than onStO at risk. Furthermore, it is understood that there may be other
cells in the device with transistors at risk. Transistors at risk are
provided with an ESD bias. In one embodiment biasing circuit may be
employed for each transistor at risk. The biasing circuits may share a
cormnon sensing circuit. The ESD bias may be the same for the transistors
at risk. Providing different ESD biases for different types of transistors
may also be useful. Other configurations of biasing and sensing circuits as
well as ESD biases may also be useful. 100301Fig. 2a shows an embodiment of
a gate dielectric protection module 150. The 



protection module includes a protection output 156. In one embodiment, the
protection output is coupled to a body of a transistor at risk (not shown).
For example, the protection output may be coupled to the body of the nrtype
transistor of an inverter, as shown in Fig. 1. 100311The protection module,
in one embodiment,includes an EST) sensing circuit 170 and a biasing
circuit 160. In one embodiment, the ESD sensing circuit and biasing circuit
are coupled in parallel between first and second power rails 102 and 104.
The first power rail may be V operating voltage) and the second power rail
may be Vss (ground) Other configurations of powers may also be useful. The
ESD sensing circuit includes a sensing output 176 which is coupled to a
biasing input 164 of the biasing circuit. The biasing circuit includes a
biasing output 166, which in one embodiment, is the protection output.
Other configurations of biasing output and protection output may also be
useful. The protection output provides a sipal which is used to bias the
body of the transistor at risk. 100321The function of the ESD sensing
circuit to sense the occurrence of an ESD event. [none embodiment, the
sensing circuit includes a resistive clement (Rs) 273 arid a capacitive
element (Cs) 277 coupled in series between the first and second power
rails, The first power rail is coupled to Rs and Cs is coupled to the
second power rail. In one embodiment, Rs has a first tenrnnai coupled to
the first powerand Cs has a first terminal coupled to the second power
rail. The second terminals of the Rs and Cs are commonly coupled to each
other, forming a common node 275 or node N1. A sensing output 176 is
coupled to node N1. The RC time constant T of the sensing circuit is
selected to sense the ESD event. For example, the RC time constant should
be able to sense the ESD current. In one embodiment, r is about 1.0 --- 2.0
Other values oft may also be useful. 100331The biasing circuit, in one
embodiment, includes a first transistor 220 and a second transistor 230
which are coupled in series between the power rails. The first transistor
is a p-type MOS transistor (MFB) and the second transistor is n-type MOS
transistor (MNB). A first terminal of the first transistor is coupled to
the first power rail while a second terminal of the first transistor is
coupled to a second teintinal of the second transistor. A first terminal of
the second transistor is coupled to the second power rail. The body of the
first transistor coupled to the first power rail and the body of the second
transistor is upled to the second power rail. 



100341The gates of the transistors are commonly coupled to a biasing input
164. The 13'' sing input is coupled to the sensing output of the sensing
circuit. A biasing output 166 is commonly coupled to the second terminals
of the first and second transistors. The biasing output, in one embodiment,
becomes or is coupled to the protection module output. 190351Under notnhil
condition (no ESD event), the sensing circuit generates an inactive ESD
event signal at the sensing output. In one embodiment, Cso d etive under
normal condition. This results in node N, being at a logic 1 or high
potential (ea., potential of the first power rail or about \Tao). The logic
1 signal at N, serves as the inactive ESD event signal at the sensing
output. The inactive ESD event signal is provided to the biasing input. The
logic 1 signal causes MP B to be swathed off and MNB to be switched on,
resulting in the biasing output  being at a logic 0 or low potential (e.g.,
potential of the second power rail or Vss). The logic 0 signal is the
inactive bias signal. The logic 0 signal is the normal bias to the sistor
at risk, which does not affect its operation. 100361When an ESD event is
sensed, the sensing circuit generates an active ESD event signal at the
sensing output. in one embodiment, when an ESD event occurs, cun-eat flows
through Cs. This results in node Ni being at a logic 0 or low potential
(e.g., potential of the second power rail or about Vss). The logic 0 signal
at N1 serves as the active ESD event signal at theing output. The active
ESD event signal is provided to the biasing input. The logic 0 signal
causes MPB to be switched on and MNB to be switched off. With MPB on and
MNB off, the biasing output is coupled to the first power rail, producing a
logic 1 or high potential (e.g., potential of the first power rail or VDU)
signal at the biasing output. The logic 1 signal is the active bias signal
which provides the ESD bias to the body of the transistor at risk,
100371'The ESD bias reduces VDEFF. in one embodimentES I) bias reduces
VDIFF by increasingFor example, current flows into the substrate from the
first power rail to the 



body of the transistor at risk when MPB is switched on. The current
increases Van; of the transistor at risk, The magnitude of the current
flowing into the body of the transistor at one embodiment, is about 1 mA.
Providing entreats of other magnitude may also be useful. 10038.1Fig. 2b
shows another embodiment of a gate dieleA." rie protection module 150. The
protection module is similar to that described in Fig. 2a. As such, common
elements may not be described or described in detail. As shown, a resistor
(Rat) 240 is provided at the protection output 156. The resistor, for
example, may be formed from polysilicon. Other types of resistors may also
be useful. In one embodiment, Ron is coupled between the protection output
and the second power rail, For example, Rai is coupled between the
protection output and Vss. In one embodiment, the protection output is
coupled to a body of a transistor risk (not shown). For  the biasing output
being at a logic 0. Since the biasing output is at logic 0 no current flows
through Rat. With no voltage drop across Rat, the normal bias applied to
the body of the transistor at risk is not affected. On the other hand, when
the biasing output is at logic 1, current flows through Rem This creates a
voltage across Rex,. The voltage across Rat increases V503, which reduces
VDIFF. The amount of voltage across Rat depends on the amount of current
and size of the resistor R. The voltage across Rat reduces VDIFF
sufficiently below V30. In one embodiment, the voltage across Rat is about
0.5 - IV. The current at the biasing output from MPB may be about I mA. As
such, Re,a is about 10 - 50 kt-2. Providing other currents and resistors
may also he useful, 100401Figs. 3a-d show portions of ernbodimen s of a
device 300. As shown, the portion includes an internal circuit or cell 120.
The cell is coupled between first and second power its 102 and 104. The
first power rail may be Voo (operating voltage) and the second power rail
may be Vss (ground). The cell is coupled to a pad 110 of the device. The
pad, for example may be an VO pad for an I/O signal. [00411In one
embodiment, the cell includes an inverter having first and second ansistors
130 and 140 coupled in series between the power rails. Other types of cells
may also be useful. The first transistor is a p-type transistor and the
second transistor is a n-type transistor. A first terminal of the first
transistor is coupled to the first power rail while a second terminal of
the first transistor is coupled to a second terminal of the second
transistor. A first terminal of the second transistor is coupled to the
second power rail. The body of the first transistor is coupled to the first
power rail and the body of the second transistor is coupled to the second
power 1. An  input 134 of the inverter is commonly coupled to the gates of
h transistors. An output 326 of the inverter is commonly coupled to the
second terminals of the transistors. [00421As shown, the pad is coupled to
the input of the inverter. The output is coupled to 



internsshown) of the device, In other embodiments, the pad is coupled to
the output of the inverter. The input of the inverter is coupled to
internal circuitry (not show' of device. I:00431In one embodiment, a body
of the second transistor is coupled to an output of a gate dielectric
protection module, as described in Fig. 1 and Figs. 2a-b. The protection
module is activated to provide an ESD bias to the body of the second
transistor when an ESD event is detected. This .reduces VDIFF to ensure
that it is below VI3D- [0044]In one embodiment, an ESD protection circuit
390 is provided. The ESD protection circuit is coupled to the pad Various
types of ESD protection circuits may be employed. In some embodiments, the
ES!) protection circuit may be coupled to the power rails (e.g., Wm and
Vss) and pad. In other embodiments, the ESD protection circuit may be
coupled to the second power re.g., Vss). When an ESD event occurs, the ESD
protection circuit provides a current pad from the pad to ground to
dissipate the ESD current. [0045]As shown in Fig. 3a, the ES!) protection
circuit includes a grounded gate n-type MOS transistor MN F 350 having a
drain terminal Dp coupled to the pad and a source terminal Sp and a gate
terminal Gp commonly coupled to Vss. The transistor MI* creates a parasitic
bipolar junction transistor (BIT) in the substrate. The BIT is a NPN BIT
formed by junctions of Dp, substrate (P-well) and Sp, For example, the
Dr-substrate interface foIs a first p-n junction and Sr-substrate forms a
second p-n junction of the NPN BIT. [0046]Under normal operational
conditions (e.g., no ESD event), the grounded gate ensures that MNp is
switched off due to the first and second p-n junctions of the BJT being
reverse biased. The signal at the pad is unaffected with MNF switched off,
enabling the cell to operate  



under normal conditions. An ESD event increases the voltage at De (VIA,
allowing current flow which increases the substrate potential (e.g., base
of parasitic BJT or V8). Wben V3 is sufficiently high, the parasitic BIT is
switched on. For example, when "B exceeds the trigger voltage Vip, MN p is
switched on. This causes avalanche breakdown of NINp, creating a tairrtent
path 316 from the pad to Vss to dissipate the ESD current. [00471Fig. 3b
shows another embodiment of an ESD protection circuit 390. The protection
circuit is similar to the ESD protection circuit described in Fig. 3a. As
such, similar elements may not be described or described in detail, The ESD
protection circuit includes a first grounded gate n-type MOS transistor
(MNp) 350 and a second wounded gate n-type MOS transistor (MNs) 360 coupled
in parallel between the pad 110 and second power rail or around (Vss).
[0048]In one embodiment, MNr includes a drain terminal Dp coupled to the
pad and a source terminal Sp and a gate terminal r commonly coupled to Vss.
Similarly, MNs has a drain terminal Ds coupled to the pad and a source
terminal Ss and a gate terminal (35 commonly coupled to Vss. A resistor IL,
370 is coupled between the drain terminals of MN p and NINs. The resistor,
for example, may be formed from polysilicon. In one embodiment, the
resistor is formed from unsilicided silicon. 100491Under normal operational
conditionsno ESD event), the grounded gates ensure that MINE and MNs are
switched off This is because the first and second p-n junctions of the ars
are reverse biased. The signal at the pad is unaffected with MN p and NINs
switched off, enabling the cell to operate under normal conditions.
100501In the case of an ESD event, the voltages at Dp (VDP) and Ds (V05)
increase, allowing current to flow which increases the substrate potential
(e.g., base of parasitic B.ITs or Vim. and Vils). When Viip and
\Tsufficiently high, the parasitic BlTs are switched on. Forpie, when VW>
and Tvrps exceed the 'rigger voltages VT of MN and NINs, the transistors ar
swit ed  on. This causes avalanche breakdown of transistors, creating first
and second current paths 316 and 318 from the pad to Vss to dissipate the
ESD current, The current through It:se, in the second current path results
in a voltage drop VR,". The oltage drop clamps the input voltage at the
transistor at risk to Vizset. 



100511Racrring to Fig. 3e, an alternative embodiment of an ESD protection
circuit 390 is shown. The ESD protection circuit is coupled to the pad 110
and first and second power rails 102 and 104, The ESD protection circuit
includes a diode pair 314 with a first diode (Di) 320 and a second diode
(D2) 330 being serially coupled between the power rails. In one embodiment,
a cathode CI of DI is coupled to the first powerYou) and an anode A2 of D2
is coupled to the second power rail (V55). An anode AI of DI and a cathode
C2 of D2 are commonly coupled to the pad. The ESD protection circuit, for
example, is a rail based ESD protection circuit. 100521In one embodiment, a
clamp circuit 375 is provided. The clamp circuit is coupled between the
first and second power rails. The clamp circuit is normally deactivated.
When activated by an ESD event, a current path between the power rails is
created. The clamping circuity be controlled by an ESD trigger circuit. For
example, the trigger circuit generates an inactive trigger output under
normal conditions and an active trigger output signal when an ESD event
occurs. [0053]The clamp circuit, in one embodiment, includes a clamping
transistor, such as a n- type MOS transistor, The clamping transistor is
activated or switched on by a trigger circuit whe:n an ESD event occurs.
Switching on the clamping transistor creates a current path between the
power. The trigger circuit, for example, may be the sensing circuit of the
protection module, as described in Figs. 2a-b. Providing other types of
trigger circuits may also be useful.  [00541Under normal operational
conditions, the diodes are reversed biased Additionally, the clamping
circuit is deactivated. The signal at the pad is unaffected with the diodes
reversed biased, enabling the cell to operate under normal conditions. 



[0055]In one embodiment, ESD event causes either DI or D2 to he forward
biased, creating a current path to one of the power rails. For a negative
pulse ESD event, D2 is forward biased arid DI is reversed biased. This
creates a current path 327 to Vss for dissipating the ESD current. In the
case of a positive pulse FSD event, D2 is reversed biased and Di is forward
biased. Furthelmore, a current path exists between the power rails through
the amping circuit since it is activated during an ESD event. As such, a
current path 326 toeated via \ to dissipate the ESD current. [0056]Another
embodiment of an ESD protection circuit 390 is shown in Fig. 3d. The ES!)
protection circuit is similar to the rail based ESD protection circuit of
Fig. 3e. As such, common elements may not be described or described in
detail. The ESD protection circuit is coupled to the first and second power
rails 102 and 104 and pad 110. In one embodiment, the ES[) protection
circuit includes first and second diode pairs 314 and 316. The first and
second diode pairs are coupled in parallel between the first and second
power rails. The first and second diode pairs are also coupled to the pad
110. [0057][none embodiment, the first diode pair has a first diode (D1)
320 and a second diode (D2) 330 being serially coupled between the power
rails. A cathode C1 of DI is coupled to the first power rail (Von) and an
anode A2 of D2 is coupled to the second power rail (Vss). An anode   of Di
and a cathode C2 of D7 are commonly coupled to the pad. The second diode
pair, similarly, has a first diode (1)3) 340 and a second diode (D4) 350
being serially coupled between the power rails. A cathode C3 of D3 is
coupled to the first power rail (VDD) and an anode A4 of 1)4 is coupled to
the second power rail (Vss). An anode A3 ofnd a cathode C4 of D4 are
commonly coupled to the pad. A resistor (R",") 370 is coupled between the
common terminals of  Di and D2 and common terminals of D3 and D4. The
resistor, for example, may be formed from polysilicon. In one embodiment,
the resistor is formed from unsilicided [00581In one embodiment, a clamp
circuit 375 is provided. The clamp circuit is coupled 



between the first and second power rails. The clamp circuit normally
deactivated. When the clamp circuit is activated by an ESD event, a current
path between the power rails is created. The clamping circuit may be
controlled by an ESD trigger circuit. For example, the trigger circuit
generates an inactive trigger output under normal conditions and an active
trigger output signal when an ESD event occurs. [0059]Under normal
operational conditions, the diodes of the ESD protection *cull are reversed
biased, .Additionally, the clamping circuit is deactivated. The signal at
the pad is unaffected with the diodes reversed biased, enabling the cell to
operate under normal conditions. [0060]In one embodiment, an ESD event
causes either Di and D3 or 1)2 and D4 to be forward biased, creating a
current path to one of the power rails. For a negative pulse ESD event, D2
and D4 are fbrward biased and DI and D3 are reversed biased. This creaks
current paths 327 and 329 to V55 for dissipating the ES!) current. In the
case of a positive pulse ESD event, D2 and 1)4 are reversed biased and DI
and D3 are forward biased. Furthermore, a current path exists between the
power rails through the clamping circuit since it is activated during an
ESD event. .As such, first and second current paths 326 and 328 to Vss are
created via VDD to dissipate the ESD current. The current through Rs, in
the second current path results in a voltage drop VR,". The voltage drop
clamps the input voltage at the transistor at risk to Vitsoz. [0061]The
invention may be embodied in other specific forms without departing from
the spirit or essential characteristics thereof. The foregoing embodiments,
therefore, are to be considered in all respects illustrative rather than
limiting the invention described herein. Scope of the invention is thus
indicated by he appended claims, rather than by the foregoing  description,
and all changes that come within the meaning and range of equivalency of
the claims are intended to be embraced therein. 100621What is claimed is:
CLAIMS 1.A device comprising: 



a transistor having a gate on a substrate, the gate includes a gate
electrode over a gate dielectric;       a gate dielectric protection module
coupled to the transistor, wherein the ate dielectric protection module,
when activated, provides a protection bias to reduce a voltage difference
between he and substrate (VDIFF,) to below a breakdown voltage (V BD) of
the gate dielectric. The device of clailli i wherein: the transistor
includes a transistor body in the substrate; and the gate dielectric
protection module is coupled to the transistor body. 3.The device of claim
2 wherein the gate dielectric protection module provides the protection
bias to this transistor body to increase the substrate voltage (Vsus) to
reduce VDIFF to at least 5?/ii below VaD. The device ofI wherein the gate
dielectric protection module provides the protection bias to increase the
substrate voltage (Vstin)duce VrAFF below Vim. 5.The device of claim I
wherein the gate dielectric protection module provides the protection bias
to reduce Wm-FE, to at least 5% beloTEM,  



a sensing circuit lix detecting ESD event; and a biasing circuit coupled to
the transistor,        wherein the sensing circuit activates the biasing
circuit when an ESD event is detected to provide the protection bias. The
device of claim 6 wherein the sensing circuit comprises:        a sensing
resistor coupled in series with a sensing capacitor disposed between first
and second rails, wherein the sensing resistor is coupled to the first rail
and the sensing capacitor is coupled to the second ail; and        a
sensing circuit output coupled to the biasing circuit, he sensing circuit
output is disposed between a common terminal of the sensing resistor and
sensing capacitor, wherein the sensing circuit generates an inactive
sensing output signal at the sensing circuit output when no ESD event is
detected and an active sensing output signal when an ESD event is detected
to activate the biasing circuit. 8.The device of claim 7 wherein the
biasing circuit comprises:        first and second transistors coupled in
series between the first and second rails, a first termtnai of the first
transistor is coupled to the first rail and a first terminal of the second
transistor is coupled to the second rail; a biasing input coupled to gates
of the first and second transistors; and a biasing output coupled to common
second terminals of the first and second transistors. The device of claim 8
wherein: the first rail is a high power ail, the second rail is a ground
rail;  



the first bias'p-type transistor; the second biasing transistor is a n-type
transistor; and       when the protection circuit is activated, the first
biasing transistor is switched on and the second biasing s'stor is switched
off to allow current to flow from the first rail to the biasing output
through the first transistor. 10.The device of claim 9 wherein the current
at theutptthe body of the transistor to produce the protection bias to
reduce VD.IFF. The device of claim 9 comprises:       a biasing output
resistor coupled to the biasing output and the second rail, wherein the
current the biasing output flows through the resistor to produce the
protection bias to reduce VDiFF 12. The device of claim 6 wherein: the
transistor is part of an I/O cell coupled to an L'O pad;       the 1/0 cell
includes an Ii0 transistor coupled in series with the transistor between
first and second rails, the first terminal of the I/0 transistor is coupled
to the first rail and the first terminal of the transistor is coupled to
the second rail;    an 110 cell input couples the I10 pad to gates of the
I/O transistor and the transistor; and an I/0 cell output is coupled to
common second terminals of the I/O transistor and the transistor. 



13. The device of claim 12 wherein: the I/O transistor is p-type
transistor;  the transistor is a n-type transistor; the first rail is a
high power rail; and the second rail is a ground rail.  14. The device of
claim 6 comprises a rail based ESD protection circuit coupled to the
transistor.  15. The device of claim 6 comprises a pad based ESD protection
circuit coupl  16. A method for ft-mining a device comprising:
forming a transistor having a gate on a substrate, the gate includes a gate
electrode over a gate dielectric; and forming a gate dielectric protection
module coupled to the transistor, hthe gate dielectric protection module,
when activated, provides a protection bias to reduce a voltage difference
between the gate and substrate (VDEFF) to below a breakdown voltage (V30)
of the gate dielectric.  17. The method of claim 16 wherein the transistor
includes a transistor body in the substrate; and comprising coupling the
gate dielectric protection module to the transistor body.  18. The method
of claim 17 wherein the gate dielectric protection module provides the
protection bias to the transistor body to increase the substriite voltage
(Vsua) to reduce VDBT to at least 5% below VBD.  



protection bias to increase the substrate voltage (VsuB) to reduce VDIFr
below Vim. 20.A method for protecting gate dielectric comprising; providing
a transistor at risk; providing  a protection module coupled to the
transistor at risk;       activating the protection module to provide a
protection bias to reduce a voltage difference between a gate of the
transistor at risk and a substrate (VDIFF) to below a breakdown voltage
(VBD) of a gate dielectric of the transistor at risk. 




