GATE DI ELECTRI C PROTECTI ON BACKGROUND [ 0001] Hi gh vol tage buil dup occurs at

i nput/output (1/0) pads of an integrated circuit (1C during an

el ectrostatic discharge (ESD) event. This high voltage buil dup may cause
damage to gate dielectrics of input stage transistors. For exanple, if the
gate to substrate vol tage at e | istor is greater than the
br eakdown vol t agehe gate ﬁT%@1ﬁ1¥)&“§¢ﬁfﬁtE@b may begender ed
defective. [0002] Conventional techniques for protecting gate dielectrics
include the use of a clanping cirBAGKGROUNRPt the vol tagen across the gate
di el ectric. However, conventional techniques are not very effective in
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transistor may be rendered defective.

[0002] Conventional techniques for protecting gate dielectrics include the use of a clamping
circuit to limit the voltage seen 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 Vgp 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 Vgp.
[0003] It is desirable to provide gate dielectric protection which adequately prevents the
voltage across the gate dielectric to be above Vgp.

SUMMARY
[0004] Embodiments generally relate to semiconductor devices and methods for forming a
device. In one embodiment, a device is disclosed. The device includes a transistor having a gate
on a substrate. The gate includes a gate electrode over a 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 (Vpirr) to below a breakdown voltage (Vap) 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



device. In one enbodi ment, a device is disclosed. The device includes a
transistor laving a gate on a substrate. The gate includes a gate el ectrode
over gate dielectric. The device also includes a gate dielectric protection
nmodul e coupled to the transistor. The gate dielectric protection nodul e,

bt weort P e RN EER s RGO n ot §efheh ateﬁ‘%%??‘gé%f (Vi)
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] In the drawings, like reference characters generally refer to the same parts throughout
the different views. Also, the drawings are not necessarily to scale, emphasis instead 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 following
drawings, in which:
[0009] Fig. 1 shows a block diagram of a portion of an embodiment of a device;
[0010] Figs. 2a-b show embodiments of gate dielectric protection modules; and
[0011] Figs. 3a-d show various embodiments of ESD protection circuits.

DETAILED DESCRIPTION
[0012] Embodiments generally relate to semiconductor devices. In one embodiment, the
devices include a protection module. The protection module, for example, is activated during an

ESD event to protect a gate dielectric of a transistor at risk from damage from the ESD event.



190091Fig. 1 shows a bl ock diagram of a portion of an enbodi nent of a
devi ce; 100101Fi gs. 2a-b show enbodi nents of gate dielectric protection
nodul es; and 100111Fi gs. 3a-d show various enbodi ments of ESD protection
circuits. DETAI LED DESCRI PTI ON 100121Enbodinents generally relate to s
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for exanple, may be any type of senlconduc devi ce such a ntegrated
ci rcui t(ﬂﬁp |E§9¥ Corera hegacrperalsd intgs vpsth Wit Or FEERY &ranwwﬁu%sor exanpl e,
electronlc products, conputers, cell phones, and personal digital

assi st anmputeRDAs]) phoFies, amé\pemesalrthgltaélamstmés (H%sr)paﬂlatdeucesm@y als;be t ypes of
products. [0013]Fig. 1 shows a portion of an enbodi nent of a device 100. As

shown, ifidegpdratet it othee typde sf prodidis.er nal circuit or cell 120, The cell is
coupl ed between first and second power rails 102 and 104. The first power
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be Vs (ground). 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 I/O pad. The I/O receives an /O
signal. For example, the I/O 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. In one 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 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 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, in one 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 shown). Other

configurations of the inverter may also be useful.



[0014] I n one enbodi nent, the cell includes an inverter having first and
second transistors 130 and 140 coupled in series between the power rails.
QO her types of cells may al so be useful. The transistors are netal oxide
sem conductor (MOS) transistors enbodi nent, the first transistor is a
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t he fi tdggopetvanli vdii¢th amse sthESD@syntofayt dso beewfid. {ThalSDsstmuliismapbel ed t o
the second power rail. [0015] An input 134 of the inverter is conmonly
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[00171The ESD event puts a transistor ofell at risk. For exanple, the ESD
event B8P eausputs dreagspt MOB eragsistor ati ridke dh viher odses, hiee ESRrsegtnoay @it othrer sk,
rendering the cell defective. In one enbodinent, the ESD event puts the
second t§Jc8 B8 irdtNiooft riske i nverter at risk. For exanple t he ESD event puts
the n-type MOS transistor at risk. In other cases, the ESD event nay put
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embodiment, 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.
[0019] 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. In one embodiment, the inactive protection signal provides a normal bias of 0OV
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.

[0020] In the case of an ESD event, the protection module generates an active protection

signal. The active protection signal provides an ESD bias to the body of the transistor at risk.



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 exanple, the protection output is
coupled to the body of the n-type transistor. 1001.9] The protection nodul e,

in one [ ent,. gener at.es inactive protecti signal _at the
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protection module is used to pull the n-well potential of the p-type transistor down by 0.5 —1V.

Other types of normal and ESD biases may also be useful.

[0023] The protection module, in one embodiment, includes an ESD sensing circuit 170 and
a biasing circuit 160. 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 signal which is used to
bias the body of the transistor at risk.

[0024] The function of the ESD sensing circuit is to sense the occurrence of an ESD event.
Under normal condition (no ESD event), the ESD sensing circuit generates an inactive ESD
event signal at the sensing output. In one embodiment, the inactive ESD event signal is a logic 1
signal. On the other hand, when an ESD event is sensed, the ESD sensing circuit generates an

active ESD event signal at the sensing output. In one embodiment, the active ESD event signal



protection nodule is used to pull the n-well potential of the p-type
transistor down by 0.5 - IV. Oher types of nornal and ESD biases t ay al so
be useful. [00231The protection nodule, in one enbodi nent, includes an ESD
sensing circuit 170 and a biasing circuit 160. The ESD sensing circuit
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e enbodinent, is the protection output. O her configurations of biasing
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provi des a signal which is sed to bias the body of the transistor at risk.
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circuit, when activated, provides the ESD bias to the substrate to reduce
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at the biasing input renders 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
Vpirr. In one embodiment, the ESD bias is provided to the body of the transistor at risk. The
ESD bias is sufficient to ensure Vpr to be less than Vpp during an ESD event. The ESD bias,
for example, may be equal to about Vpp. Providing other ESD bias voltages for biasing Vsus
may also be useful.
[0028] The portion of the device may also include an ESD protection circuit (not shown).
The ESD protection circuit is 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., Vpp and Vss) and pad. In other embodiments, the ESD protection circuit may be



biasing circuit inactive. This causes the biasing circuit to generate an

i nactive bias signal at the biasing output. The inactive bias signal is
provi ded at the protection output. The inactive bias signal, in one
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coupled to the body of the n-type transistor of an inverter, as shown in Fig. 1.

[0031] The protection module, in one embodiment, includes an ESD 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 Vpp (operating voltage) and the second power rail may be Vg (ground). Other configurations
of power rails 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 signal which
is used to bias the body of the transistor at risk.

[0032] The function of the ESD sensing circuit is to sense the occurrence of an ESD event.

In one embodiment, the sensing circuit includes a resistive element (Rs) 273 and a capacitive



protection nodul e i ncludes a protection output 156. In one enbodi nent, the
protection output is coupled to a body of a transistor at risk (not shown).
For exanple, the protection output nay be coupled to the body of the nrtype
transistor of an inverter, as shown in Fig. 1. 100311The protection nodul e,

in one i ncludes an EST i ircuit 170
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second power rail. In one enbodinent, Rs has a first tenrnnai coupled to
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coupled to a second teintinal of the second transistor. Afirst term nal of
t he setemdstoriagsugedto ths sewuppewet wilt Ahedody nlithednetrtransistor isToapleddy thsf t he
first transistor coupled to the first power rail and the body of the second
transi gt®phowsr taflladd thbddyfHIRCRREnPRMRIstdrdk boupled to the second power rail.

[0034] The gates of the transistors are commonly coupled to a biasing input 164. The
biasing 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.

[0035] Under normal condition (no ESD event), the sensing circuit generates an inactive
ESD event signal at the sensing output. In one embodiment, Cs is non-conductive under normal
condition. This results in node N; being at a logic 1 or high potential (e.g., potential of the first
power rail or about Vpp). The logic 1 signal at Ny 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 MPp to be switched off and MNp to be switched on, resulting in the biasing output



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 comonly coupled to the second term nals
of the first and second transistors. The biasing output, in one enbodinent,

becomes or is.caoupled to the protecti dul e opt put. .190351Under not nhi
conai & Sech 1ERHD . do Folefiu e n B ien il TRt teSobisPiirsul &h Vit if gD
event signal at the sensing output. In one enbodinent, Cso d etive under
nor mal SéBabisthoimactive bias sgnalt She logidyeengl indiengrmaal bias te dhetransistoraf gk,
potential (ea., potential of the first power rail or about \Tao). The | ogic
1 si gnathicht dodgs moeaffed itaspetton.nact i ve ESD event signal at the sensing
output. The inactive ESD event signal is provided to the biasing input. The

| ogi ¢ Joe3dqynal WiRHSEFEIFPerent 3 sofsed\ vt Rethigf dircanGeM¥Bict en betiveVESIS beaght on,
resulting in the biasing output being at a logic O or | ow potential (e.g.,

Centi , , . ;
pot ent iggl,a 0t tﬁé‘?en%ﬁgf&ﬁ%ﬁgopg%r}ege?%ﬂoglﬂgg%svﬁ?;%n %ﬂgsﬂ)%%ﬁ OQ%Lﬁ"S,%ﬂlenf wde

i nactive bi as S| gna nor mal las to the sistor

at ris i ch dpes not.affect Jts gperation., 10036 n an.E nt is
senseq MoHEh €5 2GR by pls B3R R Hod RRERIENE R WDicga) SEE e
sensing output. in one enbodi nent, when an ESD event occurs, cun-eat flows
t hr ouge¥eRd PPReE 3ilar Abput Yw)-n”ﬁ‘efwc %@gwa ag N1 gervepaschpagiive ESP gyt signal)
(e.g., potential of the second power rail or about Vss). The logic O signal
at N1 sbthgssnsing oiputachhewneti BSESB\eaant ségnghisipravidedoi thgbigsing input. Thiee kgic e
ESD event signal is provided to the biasing input. The logic 0 signal
causes sigiBl ¢ansdseMBytd bheditchied andnd/NBNE © tresvaivdhed bl Witlhi MY drrandiPBNgrofiind
M\B of f, the biasing output is coupled to the first power rail, producing a
I ogi ¢ InObiadihgButpat 8Rbisikd {Fthe ;Iﬁﬁstlﬁlg%flidﬂ?brdaﬁcih 8 1641 3 tor RQNYotdrial (e, VDU)

signal at the biasing output. e logic signal is the active bias signal

Y@B%glff?ﬁe‘éh%egﬁt Bty ot Reb el AW B oi i AT TR leiCh ofehiifa e
VDI FF

VD! FF by 1cr.easl g, SXOR! e 165 BEDt b 248, bPhR diSeaefatgat e from the

[0037] The ESD bias reduces Vprr. In one embodiment, the ESD bias reduces Vpgr by

increasing Vsyg. For example, current flows into the substrate from the first power rail to the
body of the transistor at risk when MPg is switched on. The current increases Vsyg of the
transistor at risk. The magnitude of the current flowing into the body of the transistor at risk, in
one embodiment, is about 1 mA. Providing currents of other magnitude may also be useful.
[0038] Fig. 2b shows another embodiment of a gate dielectric 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 (Rex) 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, Ry is coupled between the protection output and the
second power rail. For example, Rey, is coupled between the protection output and Vgs. In one

embodiment, the protection output is coupled to a body of a transistor at risk (not shown). For



body of the transistor at risk when MPB is switched on. The current

i ncreases Van; of the transistor at risk, The nagnitude of the current
flowing into the body of the transistor at one enbodinent, is about 1 mA
Provi ding entreats of other magnitude may al so be useful. 10038. 1Fig. 2b
shows anot her .enbaodi nent of a qate dieleA " rie.protection.nodul e.150. The
prot ec teﬁﬁrﬂpﬁo% IPEOtPEIoR; iUt Plath)etcﬂHSleg é%@reibﬂg?ﬂ ofﬂw Frigpe %31.151%& (léjlfélﬁl,we&?ﬁrm n
el ements may not be described or described in detail. As shown, a resistor
(Rat) 246hevn pyligi Hed at the protection output 156. The resistor, for
exanple, may be fornmed from polysilicon. Qher types of resistors may al so
be usef{0039]1 n Unéderewhmali cordition RuiPpiisswitehet edf il eleidNs it hwitghedtong tdsolting it put
and the second power rail, For exanple, Rai is coupled between the

pr ot eCtth@FSlaﬁH% BpuBtind/stSe logid 00 Bin& RO dimRBlontgul & alaieo doodureut AoNvs | S
coupled to a body of a transistor risk (not shown). For the biasing output
bei ng e i LAS) i 00 ent flows
b ongrRae" et Wt et 8o 53 R, Bl G lephi Bl g oB8y EETCG o

t he bo aof, the.tr.ansistor .at, risk,.is. nof affected. On . the other hand,  .when
the br dergebainni pe ey out e Suisf pBRE Peb ' Frontnbads AiEl 1£P 0"
vol t age, across Rex,. The voltage across Rat | ncreases V503, which reduces
VDI FF. s thipgehReof This creatss a3oHagsaoess Ryepd A ¥oaecah0ss Roulicregsesc\supent
and size of the resistor R The voltage across Rat reduces VD FF

suf fi civéneh sedbesds Mwrv3The kmounkoformiiagk asess, Raitdepansls badee amowd of Rarent gndbout
0.5 - IV. The current at the biasing output from MPB may be about | mA As

such, Beeafiis refistot R1Q Thdlitke Acrofy Ryirddwngs ¥phe sufficientpbsloandgy. elmiosntor s
may al so he useful, 100401Fi gs. 3a-d show portions of ernbodinen s of a

devi ce 3f}ddinftht SHOVRItagk RErBORL,| BAbbRA).51d4Y . afhd dik@hNRkhEhihsikg but?ﬁt f&h! 120.
The cell is coupled between first and second power its 102 and 104. The

rmy b eaie b R O bl YO RAE), BRIE RREERIPIRY e

pad, for exanple ma}%/ be zim VO pad for an |I/O signal. [00411ln one
embodi KEWHitors 29 e ys58udes an inverter having first and second ansistors
130 and 140 coupled in series between the power rails. Qher types of cells

may al 40049 usEizsl3a-dishew pertipng elzamhosiments of @ dpvieq/ . tAashomey Hie POFEPT he

second transistor is a n-type transistor. Afirst termnal of the first
t r ansi Stdwudessinédateyplabcrduit drivell fiR0.sThecalkss coapled bitiwieen firss ecd satond powerahilof
the first transistor is coupled to a second term nal of the second

transi 999hnd A04.i TBY fiksEpok Skl AlaytteeV 5iL@PBALIhE @DIdgR) Md ths s6dB E)ad/ef ailtthey

second power rail. The body of the first transistor is coupled to the first

pouet 8 e MR o SOE A 1 arakately enseuphatybpidigncond

power ter 1s commonly co gat es of
h transi rs, .An ut .326 of the inverter is commonly coupled to the
second aflz}rcgr?‘ﬁja’lcoé a’&?/bi ﬁ%natlr ansi stors. [00421As shown, the pad is coupled to
the input of the inverter. The output is coupled to )

[0041] 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 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 rail. An
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i nternsshown) of the device, In other enbodinents, the pad is coupled to
the output of the inverter. The input of the inverter is coupled to
internal circuitry (not show of device. 1:004311n one enbodi ment, a body
of the second transistor is coupled to an output of a gate dielectric

prot ection dul e, as described in Fig. and Figs, 2a-b. The pr t.on
Poqut o P 407 P e et ooy ouiss i e Bt S8 ol M Badaagor
transi stor when an ESD event is detected. This .reduces VD FF to ensure

t hat i the ivengrasncommpnly[cooulsfl ththesecandiieraning s of thgfrapssiors: ot ecti on circuit
390 is provided. The ESD protection circuit is coupled to the pad Various
types ¢008R$D pAsslenin, the eddris voupdedmythdsmpetpf thy eédzertbn Bemaitmitibociuptedtts, t he
ES!) protection circuit nay be coupled to the power rails (e.g., Wnand

Vss)  anpgteR@PeirduitrP{nde showi) of kg foe. Th 6thESEnBédiRA(s] B8 pad Istdupledrythee
coupled to the second power re.g., Vss). \Wen an ESD event occurs, the ESD

b LS LR OISR DL AR A A O e

circuit, includes a grounded gate n-type MOS transistor MN F 350 having a
drain O8¥i%nal Dp coupled to the pad and a source terminal Sp and a gate
term nal GE comonly coupled to Vss. The transistor M* creates a_parasitic

bi pol al0043hct i Bronecaboruneyt, g mdy)ofithe sasand tigrsisterie coupled tgjan quipus ok pRAtE| T
formed by junctions of Dp, substrate (P-well) and Sp, For exanple, the

Dr - subglidletic protestibmowdiile] as destiibestinFig 1j anddtigoBadn dhepretetmmedilé 5rns a
second p-n junction of the NPN BIT. [0046] Under nornmal operational

condi t iactivatédetoProvid@aEEEDBINb)the bddy @ltheisudend gadstste@nshinesm ESatvdds i S
switched off due to the first and second p-n junctions of the BJT being

rever sgegg'b@g_eq-hisl'l;g&cgg Q"Bﬁlr %cZénSEEQhBQQisibéldW@’Llﬁ.eCt ed with MNF switched off,

enabling the cell to opera

[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 ESD protection circuit may be coupled to the power rails (e.g., Vpp 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
pad from the pad to ground to dissipate the ESD current.

[0045] As shown in Fig. 3a, the ESD protection circuit includes a grounded gate n-type MOS
transistor MNp 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 MNp creates a parasitic bipolar
junction transistor (BJT) in the substrate. The BJT is a NPN BJT formed by junctions of Dp,
substrate (P-well) and Sp. For example, the Dp-substrate interface forms a first p-n junction and
Sp-substrate forms a second p-n junction of the NPN BJT.

[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 MNp switched off, enabling the cell to operate
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under normal conditions. An ESD event increases the voltage at De (VIA
allowi ng current flow which increases the substrate potential (e.g., base
of parasitic BJT or V8). Wen V3 is sufficiently high, the parasitic BIT is
swi tched on. For exanple, when "B exceeds the trigger voltage Vip, MN p is

switched,on. This ses,a nche. br eakdown .of N cregting a tairrtent
ot h' 3 IR AL oA DY Bar wei<asant Rutheed! DRy ey gt Srteflld 55
shows anot her enbodi ment of an ESD protection circuit 390. The protection
ci r cui tlomewhichincggasesthe gebstrafs W@tt@gfq-garbaéﬁ pEpgrasideBEF pp¥e)-i When §B18a.  As
such, simlar elenents may not be described or described in detail, The ESD
pr ot ectsufficiently high, thenmrasdesBH fsismitchgt ounkedxaapke, whery Me exa@ds thertgggsr or
(M\p) 350 and a second wounded gate n-type MOS transistor (MNs) 360 coupl ed
i n par gbltgde VHL MIGIs bWacHiADN] Thiadwhss&esan@cliomeikdodinl ofVINAI @ettitlg @ \éafpnt
[0048] I n one enbodi nent, M\r includes a drain termnal Dp coupled to the

pad an%@ﬁ%&ﬁtﬁeeﬂa é@vss@)di t@fl&%ﬁ)ﬁ:ﬁ’f knal r commonly coupled to Vss.

Simla as a drain termnal Ds coupled to the pad and a source

termn a te terp nal 5 ¢ coupl -V resj st L,
AL (R et R T S S R o S R S A R T L
for exanple, may be formed from polysilicon, In one enbodi nent, the

resi st GHCHiEISSYRAYO theohis 1 REqtestionfargui fiFfiCElg?@ 11111664%1 um%wgn%wﬂai clgBertst i onal
conditionsno ESD event), the grounded gates ensure that MNE and MNs are
swi t chawhyafot by Hessribed predesersledtindetaily Jthe 5 protestion pireni| inpledesonBrsbf the ars
are reverse biased. The signal at the pad is unaffected with MN p and NI Ns
swi t chetbuntiéd gaaakypaNIOhrasedtor (MINYBSH ahé ayadcad giaunded gatometypé BIGS

1005011 n the case of an ESD event, the voltages at Dp (VDP) and Ds (V05)

| nCr eag@nsigtbt QUWNDIBAOUJLBRY it Barhll@Behéenhiné p&d FRSARI s%&ﬁld?m ral & g@elent i al
(e.g., base of parasitic B.1Ts or Vim and Vils). Wen Viip and

\Tsuffigi s:ntly hi gh, the parasitic Bl Ts are switched on. Forpie, when VW
and TVt(p§S ‘exceed the 'rigger voltages VI of MN and NINs, the transistors ar

SW t ei . This cayses aval anch %re down of ansi rs, creating first
and se Q)Oﬁ‘chur eﬂﬁiﬂﬁ&ﬂ%‘i@“ﬁ@dﬂ LS ?fptt"?fgmﬂ)adéi"tc(?uk’/ég?? ﬁwd’iag 'Déte the
ESD current, The current through It:se, in the second current path results
in a vepuragter@ingpSmd a gatp terpinad G cammpndy egnpled taeV ssn Sirpilarby, Miyehasta drpa
transistor at risk to Vizset.

terminal Ds coupled to the pad and a source terminal Sg and a gate terminal Gs commonly

coupled to Vss. A resistor Rge 370 is coupled between the drain terminals of MNp and MNGs.

The resistor, for example, may be formed from polysilicon. In one embodiment, the resistor is

formed from unsilicided silicon.

[0049] Under normal operational conditions (e.g., no ESD event), the grounded gates ensure

that MNp and MNj are switched off. This is because the first and second p-n junctions of the

BITs are reverse biased. The signal at the pad is unaffected with MNp and MNg switched off,

enabling the cell to operate under normal conditions.

[0050] In the case of an ESD event, the voltages at Dp (Vpp) and Ds (Vps) increase, allowing

current to flow which increases the substrate potential (e.g., base of parasitic BJTs or Vgpand

Vps). When Vgpand Vps are sufficiently high, the parasitic BJITs are switched on. For example,

when Vgpand Vg exceed the trigger voltages Vt of MNp and MNg, the transistors are switched
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100511Racrring to Fig. 3e, an alternative enbodi nent of an ESD protection
circuit 390 is showmn. The ESD protection circuit is coupled to the pad 110
and first and second power rails 102 and 104, The ESD protection circuit
i ncludes a diode pair 314 with a fi rst diode (D) 320 and a second di ode

(D2) 330 Ln ser | ed b the wer rails one, e ment ,
t oht hatde 1894 Gp S Rlanh BB s N aSTRp by Sl P fioid e BRGSO Dy

is coupl ed to the second power rail (V55). An anode Al of DI_and _a cat ode
c2 of Bpdaléieshsneg teYepPdissirgiathe §rourrpnte Brsrsusiest bequehRseiip gisecondor
exanple, is a rail based ESD protection circuit. 100521l n one enbodi nent, a
cl anp @ilrrcmtinatlerﬁsultssinprvwi/fagmdmpm.cll“hwpolt}igedmn clampg tha phmd vblageesé thet he
first and second power rails. The clanp circuit is normally deactivated.
When actanhMastoesk dxk tarlvgESD event, a current path between the power rails is
created. The clanping circuity be controlled by an ESD trigger circuit. For

ex arrpl fo0517¢e ¢ Rbﬁﬂﬁ{g {6/Fi g Wel alRRFAANVE SnfHodin@f bf ¥CESD! HOREH AR 3904eT

normal conditions and an active trigger output Si gnal when an ESD event

HECHES &\919 53 EgD rgtnPt1oCnI[ crlf:cgﬁtkig)% 1N 1 n%z%df Lrpe b f}rst ek Légcot%diowe? kng

transi S Suc ransi s npil ng nsi s IS

Soi 1 Zﬁﬁﬁg et héﬁla%?a‘c’%}o%ré{c'gﬁgfre&é e SR pEFK SyenlassE

power. The tri ager circuit, for exanple, may be the sensi nghm rcuit of the
pr ot ecndn seaverd déoded D, EXhaingseriaHy Foupled b@wben e pover Hglsolihette t ypes of
trigger circuits nmay al so be useful. [00541Under nornal operational
condi t iembsdinidne adiadads Carod I, éy esupbdl tbitlesfxdt paldertraid (ehh)yand tshancdeapo il is
circuit is deactivated. The signal at the pad is unaffected with the diodes
rever sguflb@frfle s&daRpbRAer LaNgVEH! IAL SodP @, Jf B, uAdalcatheddrel o£DNflict | ONs.

commonly coupled to the pad. The ESD protection circuit, for example, is a rail based ESD

protection circuit.

[0052] In 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

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.

[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

when an ESD event occurs. Switching on the clamping transistor creates a current path between

the power rails. 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.
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[ 0055] I n one enbodi nent, ESD event causes either DI or D2 to he forward
bi ased, creating a current path to one of the power rails. For a negative
pul se 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 ositive pul se FSD. event,..D2 is rneversed biased and,Di. .i s .forward
b ased. 10851 he atfFatra oneriop it o e HRIR EE R R BBl s Ririyly ough
the anmping circuit since it is activated during an ESD event. As such,_ a

cur r entthpelampoEeitcyd it depciyated. The signed plihe pad wematierted withdhe dipdesseyYsisk her
enbodi nent of an ESD protection circuit 390 is shown in Fig. 3d. The ES!)
pr ot ecthiazad ainebling the seld imdpeaate toddarmermalidondisiensl ESD prot ection circuit of
Fig. 3e. As such, conmon el enments may not be described or described in

det ai | .[0038 ESD @cdngiddirasntCat ESDleve® cagdepleRBertd drit®, thibe Forvandibiasaipnd power
rails 102 and 104 and pad 110. In one enbodinment, the ES[) protection
clireul tcréa'ﬁgg YQGReht ol toMHL TREAAV G Ale RRLIRgatlA RN E¥HPevehl®,fib f&%aﬁf‘dd

second di o pairs ‘are coupled in parallel between the first and secon

power rails, e.first and second di.ode pair r | | 10 ad
20 [ oBisod RS i e PR TR & € Bl PR R T R R Bk TR
320 and a second di ode (D2) 330 being serjially coupled. be en.the power
i | 5. Caen B e gra prsite ¥ eY%lttIHélsffFY“éﬁelég’é%@? ap ﬁl(lels(f%‘ﬁ‘)rdand an
anode A2 of D2 is coupled to the second power rail (Vss). An anode of D
and a daaspddBurtdermpred? carrentqatnemsty betvigpn the nower reslsplargugliie claseing cigguide
pair, simlarly, has a first diode (1)3) 340 and a second di ode (D4) 350
bei ng sarckat ik yctbvatga ddingehESIhetdne Aowth, haufrent pAthc3tcho dks BcredtedDdiaiVerp
coupled to the first power rail (VDD) and an anode A4 of 1)4 is coupled to
the seqoafisip@ehe E8DIcufr¥as) - An anode A3 ofnd a cathode C4 of D4 are
comonly coupled to the pad. Aresistor (R',") 370 is coupl ed between the
common (bgfi N2l Sober chinodfitkabBr AMESAURLdifutAbE i0dhoPR itk BY. THR®SD
r, fo y be ro

resi st r exanple, na or ne m polysil'icon. I'n one” enbodi ment,
the resistor is fornmed.fromunsjlicCi 005811 n_one .enmbqdi nent .. a cl anp
ci'rout Praveionisp T Gaar ke B Lhased FRBurpiereon B T S A8 eh, Bofinth

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 ESD
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] In one embodiment, the first diode pair has a first diode (D;) 320 and a second diode
(D7) 330 being serially coupled between the power rails. A cathode C; of D; is coupled to the
first power rail (Vpp) and an anode A, of D, is coupled to the second power rail (Vss). An anode
A of D; and a cathode C, of D, are commonly coupled to the pad. The second diode pair,
similarly, has a first diode (D;) 340 and a second diode (D4) 350 being serially coupled between
the power rails. A cathode C; of Ds is coupled to the first power rail (Vpp) and an anode A4 of
Dy is coupled to the second power rail (Vss). An anode Aj of D3 and a cathode C, of D4 are

commonly coupled to the pad. A resistor (Rgec) 370 is coupled between the common terminals of
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between the first and second power rails. The clanp circuit normally
deactivated. Wien the clanp circuit is activated by an ESD event, a current
path between the power rails is created. The clanping circuit nay be
controlled by an ESD trigger circuit. For exanple, the trigger circuit

gener ates i ngctive trigger t put unger normel conditions, apd amn.active
T Goa af Puend capion e e oELyRY By 1BE AT 15 6E8TBIY Rofmed Hof
operational_ conditions, the diodes of the ESD protection *cull are reversed
bi ased polyadigpe.i Brene smbadiaent) thapesigords farmed fogn wesaligidedbtiliepn. The signal at
the pad is unaffected with the diodes reversed biased, enabling the cell to
oper at §005i8ler momemimbodinakintj ocismp [cBOGEOB TNisgmeviderth cthiedanp ciaeniESOoepieht
causes either DO and D3 or 1)2 and D4 to be forward biased, creating a

cur r entefvakeh thedfi@NghdecdiiEpdvteiils. AteclanPtir@uitie gainhally qedtibpatddSIVRstethe, D2
and D4 are fbrward biased and DI and D3 are reversed bi ased. This creaks

curre n%laﬁfbt A&udad a&ﬁ,q}eﬁ%% &Sy évén?,raD(glirlzr?]l{dﬁ? B)thveEH thefpoiwer BHlsi€Bkated N the

case of a positive pulse’ESD event, are reversed biased and DI

and D3.are, forward biased. Furthernor current.path exi t ween t he
pover 10t BT RE7s cdrpielEE b B o ittt B Lafl T BlalRRG an
ESD event. .As such, first and second curreqt pat.hs 326 and 328 to Vss are
cr eat e QUL e ANINAL Vs AHigeer RBPEEHGCY PR CO‘T‘ﬁEO ARACHKT BIegH gdput; |
the second current path results in a voltage drop VR ". The voltage drop

cl anps sighel wignan ESID euepd ogeurs.he transistor at risk to Vitsoz. [0061] The

i nvention may be enbodied in other specific forns without departing from

t he spi[@039] or Esdembimail dpertiasiledhditivas thddivdsfof tHhBSD pratgaiongirenivart ment s,
therefore, are to be considered in all respects illustrative rather than

i m ti pYetdIB biRYENAHSRoAARE Eﬂe@ﬁnﬁﬁ% RirBuit RRBGIVAfed! MBelsipnaNdtitiipddsist hus

i ndi cated by he appended clains, rather than by the foregoing description,

and al |, ¢hanges;h Ntai RB e dd it 8 %n {9 cand er SBHM RbERGYOT
£ diodSFevbed RS uids 4.

the clains are in Tt race rein. I's clalne
CLAIMS [(}UG?)\] devfn%%e%?n%ﬁin?én?,gdn ESD event causes either Dy and D3 or D; and D4 to be

forward biased, creating a current path to one of the power rails. For a negative pulse ESD
event, D, and D, are forward biased and D; and D; are reversed biased. This creates current
paths 327 and 329 to Vs for dissipating the ESD current. In the case of a positive pulse ESD
event, D, and D; are reversed biased and D, and Ds 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 Vs are created via Vpp to
dissipate the ESD current. The current through R, in the second current path results in a
voltage drop Vgsee. The voltage drop clamps the input voltage at the transistor at risk to Vygec.
[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 the appended claims, rather than by the foregoing
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a transistor having a gate on a substrate, the gate includes a gate

el ectrode over a gate dielectric; a gate dielectric protection nodule
coupled to the transistor, wherein the ate dielectric protection nodul e,
when activated, provides a pr otection bias to reduce a voltage difference

bet wee he. nd substrate | FF el ow a br akdo BD) of
he. oaRETPEPB DA chtes A e bty HRRfiofbe dng Fitag ol o b Pl o obey

i ncludes _a transistor body in the substrate; and the gate dielectric

pr ot ectclayms arsdpicadsdstods gprtaered shargig. ¢ r ansi st or body. 3. The device of claim
2 wherein the gate dielectric protection nodul e provides the protection

bi as t ¢0062] s t Wamasisslaomedody to i ncrease the substrate voltage (Vsus) to
reduce VDIFF to at least 5?/ii below VaD. The device ofl wherein the gate
di el ectric protection nodul e provides the protection bias to increase the
substrate voltage (Vstin)duce Vr AFF bel ow Vim 5. The device of claim]
wherein the gate dielectric protection nodule provides the protection bias
to reduce WnFE, to at |east 5% bel oTEM
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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 conprises: a sensing
resistor coupled in series with a s A@g capaci tor di sposed between first
and second rails, wherein the sensm'gE ﬁstor is coupled to the first rai
and the sensing capacitor is coupled to the second ail; and a
sensing circuit output coupled to the biasing circuit, he sensing circuit
out put is disposed between a common term nal of the sensing resistor and
sensi ngd. capdcdeviee, comperseign t he sensing circuit generates an inactive
sensing output signal at the sensing circuit output when no ESD event is
det ect ed and t@Rsisiof hveng 8Rstedd aubittite, Sh@fat intheles agateSRcavanbvdra gidat ect ed
to activate the biasing circuit. 8.The device of claim7 wherein the

bi asi ngidddgyi t conpri ses: first and second transistors coupled in
series betweén the first and second rails, a first terntnai of the first
transi stor |s fir [ai n fir f econd
transi st o coupﬁaﬁ cpforbn bl Pls B Grinlhly, wiBTH B el dMESRE e
of the flrst and ?ﬁd transj st or. and a.biasing gutput cou&lé d to common

second PEFHionaned 8 aptiyatgd, BrRyidss adnptestiomapsogpduce peltaes MiEergee ¢l ai m 8
wherein: the first rail is a high power ail, the second rail is a_ground
rail; between the gate and substrate (Vpirr) to below a breakdown voltage (Vgp) of the gate dielectric.

2. The device of claim 1 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 the transistor body to increase the substrate voltage (Vsyg) to reduce Vpyrr to at

least 5% below Vgp.

4, The device of claim 1 wherein the gate dielectric protection module provides the

protection bias to increase the substrate voltage (Vsug) to reduce Vpirr below Vgp.

51 The device of claim 1 wherein the gate dielectric protection module provides the

protection bias to reduce Vpgr to at least 5% below Vpp.

6. The device of claim 1 wherein the gate protection module comprises:
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the first bias'p-type transistor; the second biasing transistor is a n-type
transi stor; and when the protection circuit is activated, the first
biasing transistor is switched on and the second biasing s'stor is swtched
off to allow current to flow fromthe first rail to the biasing output

through the first transistor..10. device .of claim9 wherein the current
at theut pttﬁese%?ﬁ/m&fmtttlﬂ’éa?tf:%m)ﬁ@t%)F‘ée%aé’f}uce the protection bias to

reduce VD.I|FF. The device of claim9 conprises: a bi asi ng out put

resi stor cod@dgliasing Grauieoppled inted@pser.and the second rail, wherein the
current the biasing output flows through the resistor to produce the

prot ecti on bilescin therseosiog civbiifFfetiv2tes thediding deudiwlehandS® eivet isidetecteddo
transistor is part of an 1/O cell coupled to an L' O pad; the 1/0 cell
i ncl udesovade the @réte@idaitedsor coupled in series with the transistor between
first and second rails, the first termnal of the I/0 transistor is coupled
to the first rail and the first termnal of the transistor is coupled to
the second rail; an 110 cell input couples the 110 pad to gates of the
I/Otra7 st.or,; cell output is coupled to

nsi s:[gl%dand Lhg ltr?)m i L %nd an. IJ.OCO e
comon 'second *EENE RAFETP THFER IS FRARE PErt cXNd e transi stor.

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 rail; and

a sensing circuit output coupled to the biasing circuit, the 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
terminal 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.

9. The device of claim 8 wherein:
the first rail is a high power rail;

the second rail is a ground rail;
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13. The device of claim 12 wherein: the I/Otransistor is p-type
transistor; the transistor is a n-type transistor; the first rail is a
hi gh power rail; and the second rail is a ground rail. 14. The device of
claim6 conprises a rail based ESD protection circuit coupled to the

transistor. , 15  The device of claim6 conprises a pad based ESD protection
circuit cougfe érf%bla%n%ﬁ'%%sgorf%lapf'iypg}rﬁ’ilsﬁ glg devi ce conpri sing: P

formng a transistor. having.a gate on a substrate, the gate includes a gate
el ectrode oMsrsegonyhbiasing HpEEPT 18 2 nylype Hapssiofg 28d gat e di el ectric protection
nodul e coupled to the transistor, hthe gate dielectric protection nodul e,
when act i vawdgn thpr protedden eirguitas ectivatad, Biedyst asingiyansiséonipwidghed @nfahd thence
bet ween the gate and substrate (VDEFF) to bel ow a breakdown vol t age (V30)

of thesgmhé bilisklgatinkistor is sivitchédhefftebed cofrertlta iflowlfformtiey Ristirailhte tHetdmdngt or
i ncludes a transistor body in the substrate; and conprising coupling the

gate dipelp8fikduphRhOhRE ihRispodul e to the transistor body. 18. The nethod
of claim 17 wherein the gate dielectric protection nodul e provides the

protection bias to the transistor body to increase the substriite voltage
(Vsua) to reduce VDBT to at |east 5% bel ow VBD.

10.  The device of claim 9 wherein the current at the biasing output flows to the body of the

transistor to produce the protection bias to reduce Vpgr.

11.  The device of claim 9 comprises:
a biasing output resistor coupled to the biasing output and the second rail, wherein the
current at the biasing output flows through the resistor to produce the protection bias to reduce

Vbirr.

12.  The device of claim 6 wherein:

the transistor is part of an I/O cell coupled to an I/O pad;

the I/O cell includes an I/O transistor coupled in series with the transistor between first
and second rails, the first terminal of the I/O transistor is coupled to the first rail and the first
terminal of the transistor is coupled to the second rail;

an I/O cell input couples the I/O pad to gates of the I/O transistor and the transistor; and

an I/O 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 a p-type transistor;
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protection bias to increase the substrate voltage (VsuB) to reduce VDI Fr
below Vim 20.A nethod for protecting gate dielectric conprising; providing
a transistor at risk; providing a protection nodule coupled to the

transi stor at risk; activating the protection nodule to provide a
protection gligas to reduce a voltage difference between a gate of the

transi stor &2€Fgnsistofiga 3-pHEMSHA: (VDI FF) to bel ow a breakdown vol t age

(VBD) of a gate dielectric of the transistor at risk.
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 coupled to the

transistor.

16. A method for forming 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, wherein the gate
dielectric protection module, when activated, provides a protection bias to reduce a voltage
difference between the gate and substrate (Vprrr) to below a breakdown voltage (Vpp) 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 substrate voltage (Vsug) to reduce Vprer to at

least 5% below Vgp.
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19.  The method of claim 16 wherein the gate dielectric protection module provides the

protection bias to increase the substrate voltage (Vsug) to reduce Vpper below Vip.

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 (Vpyrr) to below a breakdown

voltage (Vsp) of a gate dielectric of the transistor at risk.
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