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A major source of ESD is from the human body. A charge of about 0.6 muC can
be induced on a body capacitance of 150 pF leading to electrostatic potentials of 4 kV or
15 greater. Any contact by a charged human body with a grounded object, such as the pin of
an integrated circuit, can result in a discharge in about 100 nseconds with peak currents of
several amperes to the integrated circuit. This is described as the “human body model”, or
HBM, ESD source.
A second source of ESD is from metallic objects. The metallic object ESD
20  source is characterized by a greater capacitance and a lower internal resistance with ESD
transients having significantly higher rise times than the HBM ESD source. This is
described as the “machine model”, or MM, ESD source.
| A third ESD source is from the integrated circuit itself. The integrated circuit
becomes charged and discharges to ground. Thus, the ESD discharge current flows in the
25  opposite direction in the integrated circuit than that of the HBM ESD source and the MM
ESD source. This is described as the “charged device model”, or CDM, ESD source.
Electrically, an ESD occurs upon contact of one or more of the terminals of an

integrated circuit with a body or material that is statically charged to a high voltage. This

level of static charge is readily generated by the triboelectric effect, and other mechanisms




acting upon humans, equi pnent, or the circuits thensel ves. Upon contact,
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sign?gcantly. From the ESD viewpoint, the primary effect of the salicidation is to bring a

transistor drain or a source contact closer to its diffusion edge near their respective gate

edge. The consequence is that under high current conditions, the ballasting resistance
between the drain or the source contact and their respective gate edge is reduced and the
25  current path\ cause ‘“hot spot” formation, usually at the gate edge. Once a hot spot is
formed, there is very little resistance to prevent current localization through the hot spot
and so most of the current flows through the silicide to the gate edge. This leads to higher
power dissipation and damage in this region. Also, the high power dissipation through the
drain or source silicide can cause damage at the drain or source contact when the eutectic

30  temperature is exceeded.
The most conventional solution to the salicidation problem is to add an additional
photolithographic process step, called a “salicide block™, Most salicidation fabrication

technology processes have a salicide block option which blocks the formation of silicide in
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t echnol ogy processes have a salicide block option which blocks the
formation of silicide in 2 3 Septenber 2004 areas close to_a transistor's
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DISCLOSURE OF THE INVENTION

20 The present invention provides a transistor structure for ESD protection in an
integrated circuit device. A trench controls salicide deposition to prevent hot spot
formation and allows control of the turn-on voltage. The structure includes source and
drain diffusion regions formed in the silicon substrate, a gate, and n-wells formed under
the source and drain diffusion regions on either side of the gate. A drain trench is located

25 1o separate the salicide between a drain contact and the gate edge, and by controlling the
size and location of the drain trench, the turn-on voltages can be controlled; i.e., the tumn-
on voltage due to drain diffusion region to substrate avalanche breakdown and the turn-on
voltage due to drain well to source well punch-through. Thus, very low turn-on voltages
may be achieved for ESD protection.

30 The present invention provides a transistor structure for ESD protection in an

integrated circuit device. A trench is used to block the salicide formation and to conirol




30 The present invention provi des a transistor structure for ESD protection
inan integrated circuit device. Atrench is used to block the salicide
formation and to control 3 3 September 2004 the turn-on voltSagjentss2opt wel |
punch-through. The structure includes source and drain diffusion regions
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The above and additional advantages of the present invention will become
apparent to those skilled in the art from a reading of the following detailed description

when taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

20 FIG. 1 is a cross-sectional schematic of a semiconductor structure of the present
invention; and
FIG. 2 is a cross-sectional schematic of an alternate embodiment semiconductor

structure of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

25
Structure:
Referring now to FIG. 1, therein is shown a semiconductor device, such as a trench
dual-gate Metal Oxide Semiconductor (TDMOS) transistor device 10, to provide
electrostatic discharge (ESD) protection for integrated circuits, and more particularly to

30 integrated circuits having geometries below 0.25 micron.




el ectrostatic discharge (ESD) protection for integrated circuits, and nore
particularly to 30 integrated circuits having geonetries bel ow 0. 25
mcron. 4 3 Septenber 2004 The TDMOS transistor device 10 PSHIPAEI* n and
on a sem conductor substrate, such as a silicon substrate 12, which is a
p-substrate in the present invention. The silicon substrate 12 has an
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sour be dMPFHAL 6h region 24 and the drain diffusion region 26, respectively.
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and a drain contact 38 respectively connected to them The source contact
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20 The silicon substrate 12 further has a drain trench 40 formed in it from the surface
of the silicon substrate 12 through the drain diffusion region 26 and into the drain n-well
30. The drain trench 40 is an insulator, such as a trench oxide, and is located between the
drain contact 38 and the edge of the gate 18. The drain trench 40 has a width 41, a depth
43, and is located a distance 44 from the edge of the drain n-well 30 which is nearest the
25  edge of the gate 18. The volume of the drain n-well 30 around the bottom of the drain
trench 40 defines a drain n-well resistive region 86 which is schematically represented by
the ballasting resistance designated by the same number in FIG.l and forms a drain
depletion region 48 which is schematically indicated by the arrow designated by the same
number in FIG. 1.
30 Referring now to FIG. 2, therein is shown a semiconductor device, such as a

TDMOS transistor device 50 to provide CDM and HBM ESD protection for integrated

circuits, and more particularly to integrated circuits having geometries below 0.25 micron.




nunber in FIG 1. 30 Referring nowto FIG 2, therein is shown a

sem conduct or device, such as a TDMOS transistor device 50 to provi de CDM
and HBM ESD protection for integrated circuits, and nore paf®FERFI%y to
integrated circuits having geonetries below 0.25 mcron. 5 3 Septenber 2004
The TDMOS transistor device 50 is forned in and on a sem conductor
substrate, suds HMPSsirpnsisser dayinst ¥hisefosned Fhandsin asomicondiurtoratubstse,has an
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20 70. The drain trench 80 is an insulator, such as a trench oxide, and is located between the
drain contact 78 and the edge of the gate 58. The drain trench 80 has a width 81, a depth
83, and is located a distance 84 from the edge of the drain n-well 70 which is nearest the
edge of the gate 58. The volume of the drain n-well 70 around the bottom of the drain
trench 80 defines a drain n-well resistive region 86 which is schematically represented by
25 the resistor designated by the same number in FIG.2 and forms a drain depletion region 88
which is schematically indicated by the arrow designated by the same number in FIG. 2.
The silicon substrate 52 further has a source trench 90 formed in it from the surface
of the silicon substrate 52 through the source diffusion region 64 and into the source n-
well 68. The source trench 90 is an insulator, such as a trench oxide, and is located
30 between the source contact 76 and the edge of the gate 58. The source trench 90 has a
width 91, a depth 93, and is located a distance 94 from the edge of the source n-well 68
which is nearest the edge of the gate 58.

Operation:




The silicon substrate 52 further has a source trench 90 fornmed in it from
the surface of the silicon substrate 52 through the source diffusion region
64 and into the source n- well 68. The source trench 90 is HfPFHEF%t or |
such as a trench oxide, and is |ocated 30 between the source contact 76
and the edge of the gate 58. The source trench 90 has a width 91, a depth
93, and is | o&athedbpgragiontod teeeTOMDS trantister daltee U off Fi. dotheakrain-twabh 468
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contact 38 to the gate 18. This forces the current to flow fromthe drain

cont act 3¥oithy Gaiiftusian region 36 The depthaefdhe drsitotrensh 4@rtdocks dhe quisnbiow egi on
26. T | fl. h th
26 T il o 00 060U MEHED A0 R 008 TR SR thRl g L

forces threfldéwawnto thealraihen-deRi3®. n- 'Plﬁé hncB&sesTﬂlleSmfmﬁéle@éswﬂcbeyf dhd Entgton

resi stance.of the entire %aln area by formng the drain n-well resistive
regi on 48TalEpEsHbYfargingthe drafer- wellaesigive egion dg; &remghe drpia ewel &gssvEows t o

the drai Beg%ﬂ@@%h@éhrféﬁ?%év@'fbt%@dréfﬂ@xt??ﬁ&gjﬁﬁﬁé}{‘%”em elininates the need

for the conventional silicide block o e drain salicide 34 while
still retaini dgeiabeveanvangemgat dﬁmpa@s'dimt naeg ibothesq:mtreﬁtmmammmde atockhd drain
rent.l ocalization. Further, e diffusion

Fest 30 ande 45 sB0dF e RSBt i BEkR of Py crilisha abygoRagion 4

protecti ghie iifaih r@;‘f&@ﬁ)ﬁdjlﬁ@tlo@h(éuﬁu@ th Ocﬁrﬁmlb@dﬂﬁﬁttbllof e e Ih'fﬁl Qﬁ
resi stance for 0.25 gmprocess and will be proportiona for

geonet r | E¥istanse wéélw dagh- W&Hdestlme\reglpn Hésrelatwd tpﬂ?él[)epmtﬂcylon& mmami tben

times th of the S s to pre current
| ocal i za?bédtzze%ggm%%of djf%n #%Fﬁ\%@aﬁc?/\éqr §8Q qqrﬁ“?fgfggmfwgﬁ BEed f or
an ESD i ppipationahdsik smaneragecﬁ&@aemb@%en Wheldn FMBRR kifthek hawdnpiedrhblyegi on
and NMOS in the p-wel] region. There are two turn-on nechanisns for the

TDMOE’ ¢ r aFend iet tigssithe swo scometry 9Ighe device)navhashaplam dgkps Bp cukesahvauBEntt he
d
rain n- Y&)'&il%é%%%l ?ﬁﬁl‘lé LMY ?ﬁé ﬁ.xlfi nzlé%s%ﬂ 3-6?]62111@}15[% the rﬁ%ec} for g% E%.Tiﬁ implant, age

punch-t hroug e source n

at whi chmaskiand an BEStr implants umadliy MO inahe hrvegll tegicisatdEMOS iR tehewell
breakdown vol tage, punch-through voltage, turn-on voltage, device
snap- backK&8tt age, or device trigger voltage.

There are two turn-on mechanisms for the TDMOS transistor device 10. One is by

20 the avalanche breakdown of the drain n-well 30 to silicon substrate 12. The other one is

by the punch-through of the source n-well 28 to the drain n-well 30. The voltage at which

- turn-on occurs is variously referred to as the avalanche breakdown voltage, punch-through
voltage, turn-on voltage, device snap-back voltage, or device trigger voltage.

The avalanche breakdown mechanism and the related device turn-on voltage

25 occurs as the drain voltage is increased from 0 V. The reverse-biased drain n-well 30 to

silicon substrate 12 ;unctlon is in high impedance. Eventually, the electro-magnetic field

(EMF or E-field) across the drain depletion region 48 spanning the drain n-well 30 to

silicon substrate 12 junction becomes high enough to begin avalanche multiplication and

the junction goes into avalanche breakdown with the generation of electron-hole pairs. The

30  gencrated electrons are swept across the drain n-well 30 towards the drain contact 38,

giving rise to a substrate current, similar to the base current for a parasitic npn bipolar

trangistor having an n-source, p-substrate and n-drain. As the substrate current increases

(as a function of effective substrate resistance, n-well resistance and drain voltage), the
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The aval anche breakdown nechani sm and the rel ated device turn-on voltage
25 occurs as the drain voltage is increased fromO V. The reverse-bi ased
drain n-well 30 to silicon substrate 12 junction is in hi ghSPpeaate.
Eventually, the electro-magnetic field (EMF or E-field) across the drain
depl etion regi on 48 spanning the drain n-well 30 to silicon substrate 12
j unct i on PeteaBakeas thei sghrcsmowglh 28 o Blgimsudsiaitan 2 fenchion incptasesatheroby &meard: he

junction i nt. v al he..br down wi th .t.he ner.at | of .el ectron-hol e
bai rs.  TheSEl Ol R ARTRIR PR SRS alabe e SR o i oS0
towar ds tcheertrdingite Gotratic shrce PWEIINEB bédifs t0cAntABIRS ttd WG E@idnt, GEM | ar
to the base current for a parasitic npn bipolar transistor having an

n- sour ce PAFsIEiGEEn biodar xsgsinor ean be congidersd tumpdPRat e current increases (as
a fungtion of (ef I . : I - resista rain
Vol tage) -t he 1§ MEEISHE IRHRINE LAREAEBRGadNE Folagk (Bh Ve f froR R b
silicon soitsdlhag ehelR-fleldhprofitmadrossibadenin téetliyrepionwWal dFhibisasicogplidhied

junction _and.emitting electrons into the silicon substrate 12. Wen, t he
el ectron byéﬂl”ﬁ@i’ﬁ &Wéﬁﬁﬁcﬁ A fepm theedrap frmsh A0\ ez the grag ntverlictihvhichut e t o

the drai i fdhkdse e cdoBSf IRALAS S ThORVaIRARR R KhERATLR ;wﬁla&lecpe%sé: pdered

turned on. 5 In the present 1nvention, the aval anche akdown voltage can
be cont r drdietiefsh 4Gkigpositibhddnpatenéo thefeded df the dfdih e-vedr3Bs t he drain

depl erion regiqn . _This is_.acc lish by .adjustjng the distance 44

fr omq{) he drai r‘fﬁ% Lé}ﬁ% v s oéglbeegrg)n Pﬂ@?ﬂ?%i‘%dﬂg P‘FC{ B’gm\?ﬁﬁ’cw a}estr‘?ﬂgar est
the edgevalithtf10as0RLR ad $he dib@nGY 2 BREB&RISAY I9We ViRhEREGIILE! HRA-GRRE as
the drain trench 40 is positioned nearer to the edge of the drain n-well

30. 10 Arasistanchalspasiests dhcanbstrate erreittaiTinismoasis| thao-weldl rdsistencs widlchayeiamar i | y

by the tr i |l as _the .dis ce 44 an ec arily by the
trench dgggﬁqﬂﬁﬂ %gm ?\ﬁﬁgﬁ%ﬁk%%?p&%nel@%ﬁé%%ﬁ?ﬁ?@n? PIEHHOPP oA %rrent.
Thi s neaMhus, iewsH vesidtarice $asSéonfroBed\by bdjnstie @B dopink@ehcdntratidls, déaianrhe

br eakdown spee ich affects the _ aval anche breakdown vol tage. Thus,

peed, which. ! .
n-wellf ré&4i%dne drepels Widiht ol dansh peepepnsideicd gvaeredepng ghe bieent voliggon) |
the d! st %%Vél? tﬂélSea e{ If’&t&rg ed?{&aw cgfl)I? b%lre%héﬁdﬂ“gta grte@ﬂ n&'t&? rs?rgce\'\ﬁﬁ%n
reduci ng the turn-on voltage. wever,, these ree factors are can only be
reduced b3llating rdsaitance nf tetdrainmewell haistibatdghat 8 musitsd maiatedah atcbRaidlr ai n
rtain level. to avoid

n-wel |l resistive. ion 86 nust intained at a c

hot spot ervsfm‘i%%ﬁgwar TjaHOn.¢ E{gfsfg?qus @eﬁerlaeéraéﬁfofﬁ'a%%@hmeﬁm aiPht aj n
the | ovegie jawaiiaRghfcRREIAOWR R da0e. 20 The punch-through nmechani sm and
the rel ated device turn-on voltage occurs as the

20 The punch-through mechanism and the related device turn-on voltage occurs as the
drain voltage increases, the drain depletion region 48 will increase and can reach (or
punch-through to) the source depletion region (not shown) before the avalanche
breakdown occurs. In this case, ESD discharge current can flow from the drain contact 38
to source contact 32 through the punch-through depletion region with a very low discharge

25  resistance.

However, if the source n-well 28 and the drain n-well 30 are too close, at the
normal operating condition drain voltage, there will be a large leakage in the TDMOS
transistor device 10. If the source n-well 28 and the drain n-well 30 are spaced too far
apart, the punch-through voltage is too high, that means the device turn-on voltage is too

30 high. So, there is also a trade-off between them to obtain the lowest punch-through
voltage.

One additional advantage of the present invention is that the punch-through occurs

deeper in the silicon substrate 12. Since the turn-on action takes place deeper in the
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drain voltage increases, the drain depletion region 48 will increase and
can reach (or punch-through to) the source depletion region (not shown)
before the aval anche breakdown occurs. In this case, ESD di gtabegelCturrent
can flow fromthe drain contact 38 to source contact 32 through the
punch-through depletion region with a very |ow di scharge 25 resistance.
However , silicon kebssrater iQeand-the btakA@atingl istIbealded further wehy ﬁaﬁh the eilicovswafose, at

the nornal ratin ondi tion n vaoltage, there will be a large
| eakage [ ehmprEd tosetadifional nBs %ﬂr@@mmr hich filuais dbe ADSELPS CBEMNd t he
drai n n- Wedaliz3@nar eacsS PRRRTS tRRSERE de@l rlbun&ﬂ@fse?%%%ﬁﬁf 8484 tgﬁ)éet ¢l's too

hi gh, that nmeans the device turn-on voltage is too els
also a tﬂmdﬁtﬂm@erm% herm temelosbmab]n ﬁ)héESID)mﬁntpummdlhr Bugter, !mht age.

One additjQ adv nta e of the s, t.hat t.he hr ough
occuréi éfé"e"g amﬁl %ﬁqé ‘ifn Ighﬁl dFﬂlg 1P FREEh @c?‘fvglﬁht akeg
pl ace dedpefmings ﬁ;}hﬁbx%aﬁdcﬁﬂpﬁr@mg%y n?a@@él Siighi ﬁfaﬁ B REIRY fenkth and diddhcpeak

heating is localized further away fromthe silicon surface conpared to the
t radi t i oR&wesn tthe souress exiensien Jeusition viki @rtd th@f dramn@@@lstdmejumm 19f Iedhisent

| ocal i za n Vi creases 0

resi st an%%é%b]a ﬁ%P&J%@n éﬁn@ﬁ l}%llog (rjtegl Erl‘}n j[ o r?%%rl éfu fagaegsqyo YESD
current phainetidngth whe thedrain foltagh cdRbiilic thaRRabe. dR¢ Egield hethetchiafmen

| engt h oﬁ e. drain depletion region 48 (which determ nes the breakdown
vol t afe) W&Ub@qe&?ﬁém%@ﬁr@c plEcr Rurcseirain awgehrthrewgh, aesyltingca a lost vieltaget he
source e n 16). In this
case, af ?%@E%gﬁdﬂﬁgl@S#ﬁgﬁﬁgﬁggmﬂ{ ﬁ{bﬁtr&gtragiﬂ%ﬁchgglr éé??%‘hﬂr egion 48 is

cl anped by thé tlmh@nrzﬁbnloérﬂget’hDM@&h’aimﬂdf davicevill 6RIIG. Qthei drnia ttedch B80T ease.

The E-field,int C th i ncreases ch nore after source-drain
punch- thELﬂﬁB%ﬁl fg' ﬁa?ﬁ‘ae 7|‘*4r °rP %&a'éouso#%fpﬁnﬁ% BRIREL ARHP Lhe B¥e| ess
than thesgr g fsf&ﬁﬁeaéu@reﬁmlf?dwﬁsm%eakﬂ@%htaémsg%ﬁ t@{ E{S dafiBidef 4%51& TDMOS

transi stor device 50 of , the drain tren t he raln
sal i &f deimq thedrainsffagior gidnrfo (Bhefdepth afftbe draii merebrB0addacks the aurteheflgat e

58. This es t.he rent to flow fro he drain contact 7 t he
orai s et o SRR robiSp o Wt 10 e Btk B tp i b Solt Bty of
the drai thet ﬂ@mhtoame kirgig kBwehe70c UrTieN inckda@ thbNli SUGE thadstdlaion thd Ehdsi on
region 66 directly to the drain extensjon junction 56 and forces the flow

i nto t hedeyanga hyfaming the draingn-wisH resisiive regien 86 Frogh dre drasi swal cesigivet he
entire

region 86, the current flows to the drain extension junction 56.

20 The above arrangement for the TDMOS transistor device 50 operates in the same
fashion as the same arrangement for the TDMOS transistor device 10 and has the same
advantages and design considerations.

In addition, the TDMOS transistor device 50 is provided with the source trench 90
‘to reduce hot spot formation in the source salicide 72 from a charged device model (CDM)

25 ESD source. With a CDM ESD, the discharge current flows from the substrate to the
source contact 76.

Sometimes, the substrate floating effect is used to reduce positive ESD pulse
trigger-on voltage from a human body model (HBM) ESD source. The discharge path is
from the source contact 76 to the drain contact 78 so the sizing of the width 91 and the

30 distance 94 of the source trench 90 has the same parameters for establishing the turn-on

voltages as previously described for the drain trench 40.



drain area by formng the drain n-well resistive region 86. Fromthe drain
n-well resistive region 86, the current flows to the drain extension
junction 56. 20 The above arrangenment for the TDMOS transi stGPeEsyi®: 50
operates in the sanme fashion as the sane arrangenent for the TDMOS

transi stor device 10 and has the sane advantages and design

consi der at i ondhe | ADNHRS ttramsistor hdevidWO® tandn$0 shay bedefaboeatsd insa prabeidded

with the, sgurce trench, 90 .to reduce hot spot rmation.in.the sourge

oal 1ot do S SHOIPEy AR B Biol PRSI Ty ebipioteDh TRapR i el Doy PHAGE com
ESD, t hetéthhé16gy Gsdauf makihg bF ieenlt iBArkiE cRURBILALR. 10 the source contact
76. Sonetines, the substrate floating effect is used to reduce positive ESD

pul se tri ggeMlsle theinvaneor hasrhean Hesvrihedisdspnitmgton WilBN)spESHc beat megle, ithe

di scharg ' [ce.contaet. 76 to the dr.ain tact 78 so
the ob 21 0 B d Wk BRSSP e b B8O P B Bastln 00
has the sati®sqskilateihehsat af ligigtofltd Abiepaink hl%sdrigﬁan.oﬁccdtﬂinfggg @Ss fended

previ ouslggl described for the drain_trench 40. 9 3 Septenber 2004 The TDMOS
transi st &t CHetAre all syeh alipmasiyesyodiEcations, et edalionsawhigh ifel] within e sAIt ogy
based fabpy GRLhORs %Qcﬁgﬂﬁgd L S jﬁ?%{i@éf? | ¥ g&lﬁ? eﬁekéﬁ% Cor it I}S\/@Q' I cide
technol ogy used for naking of current integrated circul devices. e the
i nvent i oncdeapabeiep ddesiags dedo baintepietsichiaanllvtiativaasipea- ihiingestsenode, it

5 is1 o0 be understood that many alternatives, nodifications, and variations
wi |l "be apparent to those skilled in the art in light of the aforegoing
description. Accordingly, it is intended to enbrace all such alternatives,
nodi fications, and variations which fall within the spirit and scope of
the included clains. All matters set forth herein or shown in the
acconpanyi ng drawings are to be interpreted in an illustrative and
non-limting sense. 10 10 3 Septenber 2004 Cains 5 10 15
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1. An electrostatic discharge protection transistor conprising: a

sem conduct or substrate, the sem conductor substrate having source and
drain diffusion regions, the sem conductor substrate havi rfigertespe®®s ve
source and drain wells under the source and drain diffusion regions, the
sem conductor substrate having lightly doped regions in the source and
drain wells; a gate forned over the g@fingonduct or substrate covering
portions of the lightly doped source and drain junctions; source and drain
silicides respecti X&%'éIecfn%Eﬂaﬁéidﬁ&éf@@ﬁ)l@%ﬁ&ﬁﬁ%’f@st&y&hﬁrﬁr{ fusion regions;
source and drain contacts respectively connected to the gource and drain
silicides; andcaigmndngionr sehstrhtej thet femisenducondubtimte bawisy satree gepdra i ng

the drain silicide tween . the drai.n contact, and.the gate,.the drai
trench-ext endi ng ¢ APDUNT PREMTS TRERERRGT SiPREGIaN e (CUovtHe SAPEF A el |
2. The el ectrost at dfaiklhelHande (Y Ruektdnd Wriih ABIskiiHegdas, thabdMdorducr ai m 1
wherein: the drain well dopi n& concentration is controlled when formng a

resistive region i Aubstiple havigishly dopsdoseionsin the apuice ashdrain veglls; 20 t he

cent conduct or PSnel ECS at TR AT aRo® sPEIRCPolfe dRichs B e ML T,

bal | asting resi st adogedwoarcelayd detin fipotiodspr mation in the drain silicide is
prevented. 3. The electrostatjc discharge protection transistor _as clained
Pn ol ai m 1 280UFRARd ATaiR RUICHIES TFSPRFEHN lorEnsd aon gt Souuas: 40K dredgsion
resisyive region ipghg. drain well under the drain trench; and the drain
trench has a width I ch pernmits aval anche breakdown between the drain

wel | and the sanmtcanbdeirocontadbstespdctvellyicdoandvaad toght baurceandsddairesilieidespn f or m
30 a ballasting re%i]](gtance wher eby hot spot formation in the drain silicide
is prevented. 4. el ectrostatic discharge protection transistor as

clainmed in cl@id@ih reWdlL{nhBd semiconductor substrate separating the drain silicide between
the drain contact and the gate, the drain trench extending through the drain

15 diffusion region into the drain well.
2. The electrostatic discharge protection transistor as claimed in claim 1
wherein:

the drain well doping concentration is controlled when forming a resistive region in

the drain well under the drain trench; and
20 the drain trench permits avalanche breakdown between the drain well and the
semiconductor substrate while having the resistive region doped to form a

ballasting resistance whereby hot spot formation in the drain silicide is

prevented.
3. The electrostatic discharge protection transistor as claimed in claim 1
25 wherein:

the drain trench has a width which forms a resistive région in the drain well under
the drain trench; and
the drain trench has a width which permits avalanche breakdown between the drain
well and the semiconductor substrate while having the resistive region form
30 a ballasting resistance whereby hot spot formation in the drain silicide is
prevented.
4. The electrostatic discharge protection transistor as claimed in claim 1

wherein;

11



11 3 Septenber 2004 5 the drain trench has a width and depth which forma
resistive region in the drain well under the drain trench; and the drain
trench has a width and depth which pernit aval anche breakddferibeterd®eh t he
drain well and the sem conductor substrate while having the resistive
region forma ballasting resistance whereby hot spot formation in the drain

silicide is ptrvéabinetsnch had hevigtteald @i tihichdfosia naregietivy Riphml inOfe dFamsi st or
as clainmed in claim]l wherein; the seni conductor substrate has a drain
depl etion region eMenaderghe devn trenchgand n 10 wel |; the drain trench affects

an el ectromag tcir&inftlieﬁaghﬁrao&ridtﬁm?(ﬁ&éﬁﬁw%ﬁ% %&ﬁit@vﬁ%&’ék@%@r&ﬂdo&&%%&n? he
drain trench has a position near ergate WHICh TOr s & reststive région in
the drain well underdhinewell ahd the esmioonduntbr kobdthues dihde havingnhd rdsissiva

position near the gate ich permts punch-%hrou h between K the_ drain well
and the source wel Fe&% %f&rﬁ leqqlést&%%eﬁw@afﬂw $1shy g‘éfgi%hfqm?ﬂ@l RGOk t he
resistive region fgima iPalkl@rid. ng resistance whereby hot spot formation
in the drain silicide is prevented. 6. The el ectrostatic discharge
protection transi stfbe dectobtafieratischarge| priotacion Atneiseer edsnclainhel dr alaamsi | i ci de

wi |l have a d(@:ep.qurrent flowinto the drain diffusion region during an
el ectrostatic segharge; and the drain diffusion region has a | evel of

di f fusi on r esiit@ne@nahQbnshbs@ie HalBHrdiN e ﬁiié@r%%ﬁﬂ@a&éﬁﬁi fribR€the drain
el ectrostatic discharge protection transistor. 25 7. The electrostatic

di sch@rge protecti ®8lliransistor as clained in claim1 wherein: the drain
:E ; gﬂgihsit zr agg%ﬂéf&g%ﬁ%&? nlclr1] %gffa%‘;? %}n%he%l rhé%%xtafﬁ%i 'eI&I ip%c%'lg WJosP Jt’h(r?:tcﬁ'él:i%i &%Bletion
region;
the drain trench has a position near the gate which forms a resistive region in the
drain well under the drain trench; and
15 the drain trench has a position near the gate which permits punch-through between
the drain well and the source well through the drain depletion region while
having the resistive region form a ballasting resistance whereby hot spot
formation in the drain silicide is prevented.
6. The electrostatic discharge protection transistor as claimed in claim 1
20 wherein:
the drain silicide will have a drain current flow into the drain diffusion region
during an electrostatic discharge; and
the drain diffusion region has a level of diffusion resistance around ten times the
size geometry of the electrostatic discharge protection transistor.
25 7. The electrostatic discharge protection transistor as claimed in claim 1
wherein:
the drain trench is an insulator.
8. The electrostatic discharge protection transistor as claimed in claim 1
including:
30 a source trench in the semiconductor substrate separating the source silicide
between the source contact and the gate; and
the source trench extending through the source diffusion region into the source

well.

12



30 a source trench in the sem conductor substrate separating the source
silicide between the source contact and the gate; and the source trench
ext endi ng through the source diffusion region into the souriWptemist200412 3
Sept enber 2004 5 10 9. The el ectrostatic discharge protection transistor as
claimed in claim8 wherein: the sem conductor substrate has a source

depl etion regbon; the deurosttit réndhrgf pRedcSorNrokel rRrelghesd & tlahds
profile across.the source depletion region; the source trench has a
posi tion near MEMate which forms a resistive region in the source well

under the SOuE&eseﬁﬁ&’%gﬂétOMSﬁﬁghgﬁ%f‘fﬁ‘%‘%‘?’ﬁi@ngr ot POsition which permits

punch-t hrough between the source it well through the
sour ce depl et ilensowrgé drenehi dffectmaannglecttdeagnesic sfidld eprofilyi acrofotia aource
bal | aiti ng resi stance wher ebﬁ, hot spot formation in the source silicide is
prevehted. 10. The&'&8%G&%8t i ¢ di scharge protection transistor as clai med

in claim8 waRrwufte thhh A FE5ifiGPAGH thed zA0 WhithUoAhO) resistivd tegidilin the

el ectrostatic discharge protection transistor conprising: a sem conductor
p-substrate, the sé&pireowdllendsr the savioest trench; dmelvi ng n+ source and n+ drain

di ffusion regj t 1 conduct or .p-substrate having respective source
Cna e nrn 1S Ol o Fentf e § BOMEE RSy BRI S i AR RS rs $Pe ' e
sem conduct or p- substiraidehddviingvdll Bitddgy ©eREEHcE AghIefien kdidehileBamayr ce
and drain n-wells; a gate formed over the sem conductor p-substrate

cover? ng portions §¥ fesigtive igaionyorny ahatasting sesistanse shgraby hot spoh fprarasion ons;

source and drain Sﬁﬂfhgisgﬁ%eEiﬁ§ﬂ§?§f}r‘é§éﬁfe<{ orned on the n+ source and n+
drain diffusion regions; '

10.  The electrostatic discharge protection transistor as claimed in claim 8

wherein:

the source trench is an insulator.

15 11.  An electrostatic discharge protection transistor comprising;

a semiconductor p-substrate, the semiconductor p-substrate having n+ source and
n+ drain diffusion regions, the semiconductor p-substrate having respective
source and drain n-wells under the n+ source and nt+ drain diffusion
regions, the semiconductor p-substrate having"lightly doped regions in the

20 source and drain n-wells;

a gate formed over the semiconductor p-substrate covering portions of the lightly
doped n+ source and n+ drain junctions;

source and drain silicides respectively formed on the n+ source and n+ drain
diffusion regions;

25 nt source and n+ drain contacts respectively connected to the source and drain
silicides; and

a drain trench in the semiconductor p-substrate separating the drain silicide
between the n+ drain contact and the gate, the drain trench extending
through the n+ drain diffusion region into the drain n-well.

30 12, The electrostatic discharge protection transistor as claimed in claim 11
wherein:

the drain n-well doping concentration is controlled when forming a resistive region

in the drain n-well under the drain trench; and
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25 n+ source and n+ drain contacts respectively connected to the source and
drain silicides; and a drain trench in the sem conductor p-substrate
separating the drain silicide between the n+ drain contact3 Sapenteh®0gat e,
the drain trench extending through the n+ drain diffusion region into the
drain n-well. 30 12. The electrostatic discharge protection transistor as
claimed in cl&.m 1The wiretrestatic tdivehatpaipioctid] trackinbngs ciaed s aldanli s
controlled mhe formng a resistive region in the drain n-well under the
drai n trench; Vaf§™3 3 Septenber 2004 16. The el ectrostatic di scharge

d
protection trapyrsihliddE & hﬁ%da %hgurfhe n:f%w ng%frﬂum ddaeaifEHA réél%c' €

w Il have a drain current f ow I n rain on region ring
an el ectrostatic dilsuigamgdectamthtid disebarge; aidai n -di f f usi on region has al eveI

of diffusion eS|s et ween e ht an ve tines the size try
of the erectr DSCk FERRERRAY St b iahor SEHER oy potveRn e and -

el ectrostatic di schadlge tileatthe tsiRNgdodndS/ 8f @le é%ct?ﬂs@dﬁ@%sdﬂﬁrgé BlofBchidn
wherein: 10 the drain trench is a %rench oxi de. 18. An electrostatic

di scharge protectiBﬁﬂ%ﬂ@msistor conprising: a sem conductor p-substrate,

regions, the skni conG PR BE e P aBONRE FrBBu Y BT 4f R G ai n
n-wel I's under wheeim+ source and n+ drain diffusion 15 regions, the

sem conduct or p-substrate having Ilghtly doped regions in the source and
drai i n- melIsheéﬂﬁﬁpénﬂbﬁﬁéﬁm6@é¥lFhe sem conduct or p-substrate covering

ortions of the || aldiadoneli SONCRRANIMNE A Bt ons: source and
drain silicides respective or me AU Ce PERGEn+ drain 20
di f f usi on r ega cersjconducsary- elﬂ)saaté the sérrad:dmduc‘tat pslbstraashedid welsyurconnéct ed
to the source and dr%in o . . . .
n+ drain diffusion regions, the semiconductor p-substrate having respective
source and drain n-wells under the nt+ source and n+ drain diffusion
15 regions, the semiconductor p-substrate having lightly doped regions in the
source and drain n-wells;
a gate formed over the semiconductor p-substrate covering portions of the lightly
doped n+ source and n+ drain junctions;
source and drain silicides respectively formed on the n+ source and n+ drain
20 diffusion regions;
nt+ source and nt+ drain contacts respectively connected to the source and drain
silicides; and
a source french in the semiconductor p-substrate separating the source silicide

between the nt+ source contact and the gate, the source trench extending

25 through the n+ source diffusion region into the source n-well.
19. The electrostatic discharge protection transistor as claimed in claim 18
wherein:

the semiconductor p-substrate has a source depletion region;

the source trench affects an electromagnetic field profile across the source
30 depletion region;

the source trench has a position near the gate which forms a resistive region in the

source n-well under the source trench; and

15



silicides; and a source trench in the sem conductor p-substrate separating
the source silicide between the n+ source contact and the gate, the source
trench extending 25 through the n+ source diffusion regi ord Serieeber 08 sour ce
n-well. 30 19. The electrostatic discharge protection transistor as clained
in claim18 wherein: the sem conductor p-substrate has a source depletion
regi on; the sthardreinttrewch peahite atdamhe dredkidoenagneddnctht idedid mpwell iané ther oss
the source depletion region; the source trench has a position ne r the
gate which forms a® Wﬁ?%&‘i‘"{?épr%‘g:“’%e P‘ﬂm{eﬂ’@vn’gdjﬂ‘? EesisHygEgion depef 9 Ay our ce

trench; and 15 3 Sgpbgskak r@&%&eh@h&é@y‘ Eo‘tI $pot! %}nﬁﬁﬁmlﬁ hYR @Eﬁ@l@e is

breakdown bet ween the drain n-wel sem conduct or p-substrate whil
havi ng the resi stlm@vmégi on doped to form a ballasting resistance vvhereby

hot spot for i on icide is rev nted
el ectgraost atic d| scﬁgﬁf Sjeecﬁf’%?téccgf% Arer é(’ﬁ%tle‘étf%]rg' H”P?f?c':‘i‘ g?atwlﬂl 10
wherein: thewllg@idd trench has a width which forms a resistive region in

the drain n-well under the drain trench; and the drain trench has a wi dt h
whi ch per mi t sthevdipiaresnsh dras akwisih Waiehvdermst m sesitive rregian viathe dredn mHwell

sem conduct or p- suR& \% X@t}eﬁ haV| kg the resistive region forma
bal | asti ng resi stance wher & spot formation in the drain silicide is

prevent ed. 14the Ohsin elersH msat\ardrmwﬁicacﬁaﬁﬁg@am@m@bﬂe@m&wmwséMe dfaiel ai med
inclaiml1ll wherein: 15 the drain trench has a width and depth which form

a re¥istive regi on™"flk# e srmicandygion p-eiglpterledaying the eersiive apgion he
drain trench has agdl fhREchARRANMALRERE hoPbEhANE BE GRkPQNRaDEt veen

is prevented.
14.  The electrostatic discharge protection transistor as claimed in claim 11
wherein:
15 the drain trench has a width and depth which form a resistive region in the drain n-
well under the drain trench; and
the drain trench has a width and depth which permit avalanche breakdown between
the drain n-well and the semiconductor p-substrate while having the

resistive region form a ballasting resistance whereby hot spot formation in

20 the drain silicide is prevented.
15. The electrostatic discharge protection transistor as claimed in claim 11
wherein:

the semiconductor p-substrate has a drain depletion region extending from the
drain n-well;
25 the drain trench affects an electromagnetic field profile across the drain depletion
region;
the drain trench has a position near the gate which forms a resistive region in the
drain n-well under the drain trench; and
the drain trench has a position near the gate which permits avalanche breakdown
30 between the drain n-well and the source n-well through the drain depletion
region while having the resistive region form a ballasting resistance

whereby hot spot formation in the drain silicide is prevented.

14



the drain n-well and the sem conductor p-substrate while having the _
resistive region forma ballasting resistance whereby hot spot formation in
20 the drain silicide is prevented. 15. The el ectrostatic @iSsgnehegfd4
protection transistor as clained in claim 1l wherein: the sem conductor
p-substrate has a drain depletion region extending fromthe drain n-well;

25 the drain theesofeeafehelt has aposties fits GuhdiLthoughHetd-@nafi s cd he
drain depletion regi the drain trench has a position near the gate

n, K
which forms a resi%twéi]ea%élil%ﬁr% nwell throxigh the errce udrpdgtiop Heégwnavhile r ench;

d the drain t ; I LQE ) ] I h
br eakdown 30 betwairs e Beary el itk b BEARRE sl R A e o

drain depletion régmatiom the stavé siticitdbés pregdnsddi ve regi on form a bal |l asting
resi sf ance reby. ho ot .formation in the drain siljcide is_ preyvented.
14 3 Sept enbe 6.2004hs ﬁlﬂcggﬂﬂ% discRaren PRAFECHPTH BRNNSIon 2w laEReh i fla 18
punch-t-hr oughyhgtieen the source n-well and the drain n-well through the
source depletion region while having the resistive region forma

bal | asti ng r etesoune trenghas ebpxidet spot formation in the source silicide is
prevented. 5 20. The el ectrostatic discharge protection transistor as
claimed in claim18 wherein: the source trench is an oxide. 16
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