;uve3e] j Z46Tj @+ FULLY SI LI Cl DED NMOS DEVI CE FOR ELECTROSTATI C DI SCHARGE
PROTECTI ON BACKGROUND OF THE INVENTION ( 1 ) Field of the Invention The
invention generally relates to the fabrication of sem conductor devices
and, nore particularly, to a nmethod of form ng an NMOS device for

el ectrostatic discharge (ESD) protection in the fabrication of integrated
circuits. (2) Description of Prior Art Integrated circuits (1Cs) are
susceptible to damage from a phenonenon call ed el ectrostatic di scharge
(ESD). ESD occurs during transportation and handling of the device when

| arge static charges collect on their external pins. If not properly

cont r ol | HALLESILAIDED KMOSBDENIGE FOReBEEECTROSTATIC piREHARGE PRAXTECTION ng
the discharge yields |arge tenperature gradients within the device
structure. One solution to the problemof ESD is to connect a silicon
controlled rectifier (SCR) on the IC near to the external pin bonding pad.
When the vol tage on the paghcraRitasND oRYEE INoNat of normal operation
due to static charge, the SCR turns on, thereby providing a | ow resi stance
path for discharge. This protects the device by shunting this current away
fromthe circuitry used in normal *cooooz* operation. Several approaches
usi ng X] St S. Patent 5,369,041 to Duvvury teaches a nethod of

bui | di aﬁnﬁ@fﬁﬁﬁvfzp@nm process for the purpose of ESD protection.

U S. Patent 5,728,612 to Wi et al. teaches a nethod of inproving the
performance of an SCR used for ESD protection. The resistance when the
device is turn on is lowered by increasing the volunme of contacts in the
SCR by naki he Imentiongepeellyjetgies o the fabrcation ofrsgmicondyetey deyviges andapre

erf or mance

g particularly, to a method of forming an NMOS device for electrostatic discharge (ESD) protection in

the fabrication of integrated circuits.
(2) Description of Prior Art

Integrated circuits (ICs) are susceptible to damage from a phenomenon called electrostatic
discharge (ESD). ESD occurs during transportation and handling of the device when large static
charges collect on their external pins. If not properly controlled, ESD will irreparably damage the IC
as power dissipated during the discharge yields large temperature gradients within the device

structure.

One solution to the problem of ESD is to connect a silicon controlled rectifier (SCR) on the
IC near to the external pin bonding pad. When the voltage on the pad reaches a level beyond that of
normal operation due to static charge, the SCR turns on, thereby providing a low resistance path for

discharge. This protects the device by shunting this current away from the circuitry used in normal

AT | NIV
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wi t hout the need for increasing the size of the SCR U S. Patent 5,843,813
to Wi et al. teaches another nethod of inproving the performance of the
ESD protection of an SCR that al so reduces device switching noise. This
devi ce al so uses deeper contacts to | ower the resistance of the SCR when it
is conducting. A second nethod of ESD protection uses a grounded gate NMOS
(GGNMOS) device to provide the | ow resistance discharge path. This is the
protection nmethod of the present invention. Refer nowto Fig. 1 showing in
cross section a typical GGNMOS device. It is to be understood that no
portion of Fig. 1 is admtted to be prior art as to the present invention.
Rat her operhiian. Hieyetialappronshésfusng SO Recaxantn UsS. Patoni 14P,041 taPwyivimyrteaches r ovi de
an i nproved understandi ng of the problenms which are overcone by the present
i nvent inethodAfpuildipg amE8CR withis absD$ atceesksFor the puposaefESDApadcdonx Ude P2@nt
overlies the p-type well or substrate 10. A polysilicon gate el ectrode 30

over | i g5728/6¢2 gAWRi €04l deacBEs a Methdd 8f iinpb¥ing tHerefofrfico 86 al 3@RaRel RZESBY e
provi ded. A drain electrode 18 nmkes el ectrical connection to the drain 14,

whil e ar3QuoReTRE RelstaRdewRE: MBHSACEls %&hfohfiéiow%%ﬁﬁzq}lér@&i%gothé begRWrce 22.
The source electrode 26 1s connected to the gate él ectrode 30, both of

R T o
R A N T e G

to provide a better. electrical contact,.in tive N devj ces uysed, on the
IC, saPf! G SRR HHE ReTPTIERES RAIHE FSD A ISRHPT AL op K Ry hALAISH THAUEHS ang
source 22 as shown in Fig. | .. Unfortunately, the salicidation reduces the
ESD pr §6wee swifching nassera hale deyicealaaperdeepersoatactie laver thesesistane of the AR

| ocalization. U S. Patent 6,100,125 to Hulfactor et al. teaches an ESD

pr ot ectwhen itetérslicting. ng a GGNMOS devi ce where drain contacts in the device
are nodified to reduce their conductivity. This is achieved by altering the
i ghtly doped drain (LDD) region and by using a nmask that prevents

A second method of ESD protection uses a grounded gate NMOS (GGNMOS) device to
provide the low resistance discharge path. This is the protection method of the present invention.
Refer now to Fig. 1 showing in cross section a typical GGNMOS device. It is to be understood that
no portion of Fig. 1 is admitted to be prior art as to the present invention. Rather, this highly
simplified diagram is provided in an effort to provide an improved understanding of the problems
which are overcome by the present invention. A p-type well or substrate 10 is provided. A gate
oxide 28 overlies the p-type well or substrate 10. A polysilicon gate electrode 30 overlies the gate
oxide 28. N+ drain and source regions (14 and 22) are provided. A drain electrode 18 makes
electrical connection to the drain 14, while a source electrode 26 makes electrical connection to the
source 22. The source electrode 26 is connected to the gate electrode 30, both of which are
connected to ground (as shown in Fig. 1) or to the most negative voltage potential used by the IC.

For this description of the device operation, we will ground the source electrode 26 and gate



salicidation of the drain region. Breakdown nechani sns provide the ESD
protection in a GGNMOS device. Still referring to Fig. 1, those mechani sns
wi |l now be described. If the voltage on the drain electrode 18 is raised
slightly above ground potential, the diode fornmed by p-type well 10 and
drain region 14 will be reverse-biased and a depletion region will be
formed between the two. A second depletion region exists between the source
region 22 and the region of the p-type substrate or well 10 under the gate
30. This barrier holds the electrons in the source region 22. Any current
that flows is due to | eakage current in the reverse-biased drain/p-well

j unct i eectrade 30heWtilehet sbown,tthepéypesvellodrtsibsiraiesl G in else gemuded. hla ogdgst@pioyide
regi on between the p-type substrate or well 10 and drain region 14 w ||

wi den, a batter agctiriicaladdoamet intaoti td MO devires egidan (RRIC, Whlariddtioa ivpdrfoaped omthiche
drain el ectrode 18 causes the drain depletion region to touch the source
depl et isper E18GicOBf thelme EgANEahd sdur&eIVwanowhen Figd . depioefuhablyl e isslivedatioch |
have a | ow resi stance. The result will be a very high current. This

phenonrQessitfe ESH hRflectiBH PEHolninsha GERAMOL Aeti8S Sd to MkchMEE Bitrent S cal | ed
"punch through current". The characteristic curves with the punch t hr ough

phenongaot,, ral 3 glst YRe thlﬁ{llﬂﬁtgr &'}?‘r’g&ﬁh&dﬁ I%Prd?écﬁ‘éﬁ ral i @g%ﬁnon

known as ode réakdown i s shown | I or to ode

br eakd e curr f are verse-hi as r.ai un ciion. doe

ont ur apLNMRRgertE A al{lﬁgma%mtﬁ? S SRS ek Bo iR ER Pl
diodels e b,|as ; fact ected.in the ideal diode

equat i ﬁr?c #b%ﬁ@&m 1gh§yldﬁge gf@ﬂﬁg W‘gbé’dﬁﬂ’@c?trp thAPEFUCRIST | om
excessive(generatlon of el ectron- hole pairs. If the electric field reaches
a cri t padigidatien, of thgdeainreging br eakdown occurs, a small increase in drain
voltage wll cause a very large increase in current. Fig. 3 shows a plot of
IDs vs VDS for different source to drain well spacings. As the spacing is
decreased, the | eakage IDs increases. This occurs because the two depl etion
regi ons desBrdakduvainecienans pnonddthe ESParotecticmanta GENMOS desed. tStillgreferring to
significant field penetration fromthe drain to the source. The potenti al
bar ri eFigall, thbs ehatiems s/ill ayve bedescribed) | If tHed olthigd dicthe deiitlelettfciet] B aratded

el ectrons by the source, giving rise to increased IDS. This is called drain
i nducedigh@yfab6¥e groMRl potéhtfaPiiRdiode formed by p-type well 10 and drain region 14 will be
reverse-biased and a depletion region will be formed between the two. A second depletion region
exists between the source region 22 and the region of the p-type substrate or well 10 under the gate

30. This barrier holds the electrons in the source region 22, Any current that flows is due to leakage

current in the reverse-biased drain/p-well junction.

If the drain electrode 18 voltage is increased, the depletion region between the p-type
substrate or well 10 and drain region 14 will widen, moving it closer to the source region 22. When
the voltage on the drain electrode 18 causes the drain depletion region to touch the source depletion
region, the connection between the two depletion regions will have a low resistance. The result will

be a very high current. This phenomenon is called “punch through” and the resulting current is



Further increase of VDS will cause the depletion regions to touch resulting
in punch through. In sonme cases, a different phenonenon called "snapback"
occurs prior to reaching punch voltage. The present invention uses snapback
to provide ESD protection. This phenonenon will be discussed in the
description of the present invention. SUMVARY OF THE | NVENTI ON A

princi pal object of the present invention is to provide a sem conductor
device that provides electrostatic discharge (ESD) protection. Another

obj ect of the present invention is to provide a sem conductor device that
provi des el ectrostatic discharge (ESD) protection w thout requiring

addi t i ewlled “prarbabrouglycurants . Therbataeterigts) aicyes ofitht the pprchdlatengh pheaamiern fosat o
provi de a sem conduct or device that provides electrostatic discharge (ESD)
pr ot ectypical NMODS dBEaradtowndnliig 2 Alsecand lphencambo kndpvwekdmip dodehreakdowh ey

obj ect of the present invention is to provide a sem conductor device that
provi dekova iﬁcﬂif.@s tRior Go diaficdiaddtseddOWh, fhe ole&it b0 rdahfdvededfustbdrainganotivg an
additional inplantation to inprove ESD characteristics. A still further

obj ect 49és o SatiafS aMMls is AUE T the BedePatio oP EIRVrEIELFe AR WREHAHE HiRHe Hha¥I G4t hat
provi des el ectrostatic discharge (ESD) protection having a trigger point

anay f%ﬁ\?\%&é :&gac?n_%\j\ﬁgxﬁﬁésh‘i%‘rfée&g ﬁ@g&@gﬁgez %n."@laﬁ%?e%k@&@ RARL SYREMYR Whe

Pprocess w t'he source an aln regrons 1n a

devi ge. -wel | d p- | i i | j | h th
AR S S LR TR B Bl L
-\\e source.

Thi s reduc t he, depl ion barri er befween the,p-well and n
TS duFahe Teve et Bird Bk davR Ohts 2APal e tage Wil GhiSE very RifEd

increase in current.

Fig. 3 shows a plot of Ipg vs. Vpg for different source to drain well spacings. As the spacing
is decreased, the leakage Ips increases. This occurs because the two depletion regions described
above are moved closer to each other, resulting in significant field penetration from the drain to the
source. The potential barrier at the source is lowered, resulting in increased injection of electrons by
the source, giving rise to increased Ips. This is called drain induced barrier lowering (DIBL).

Further increase of Vpg will cause the depletion regions to touch resulting in punch through.

In some cases, a different phenomenon called “snapback” occurs prior to reaching punch
voltage. The present invention uses snapback to provide ESD protection. This phenomenon will be

discussed in the description of the present invention.



reverse biased n-well drain and p-well will result in higher electron-hole
generation current. This injects nore holes into the p-well producing a
potential that will forward bias the p-well/n-well source junction. The
result is effectively a bipolar NPN transistor that is conducting. Low

resi stance between the drain and source quickly renoves any electrostatic
charge. The conduction occurs away fromthe silicon surface where power may
be effectively dissipated. BRI EF DESCRI PTI ON OF THE DRAWNGS I n the
acconpanyi ng drawings formng a material part of this description, there is
shown: Fig. 1 showing a cross section of a typical grounded gate NMOS
(GGNMOS) device; Fig. 2 shobUNMMARYr@pAHH INYENEKIN| DS vs. VDS
characteristics of a GGNMOS device; Fig. 3 showi ng a graph of IDS vs. VDS
for different source to drain well spacings; Fig. 4 showing a cross section
of the grounded gate NMOS (GGNMOS) device of the present invention; Fig. 5
showi ng t esA pri@siphltdbjdcobf thB Preértt $BRhtidrN @ piodide iannemitdhdgtériievie D pXvides
phenonenon; Fig. 6 showing the n-well doping profile for the present
|nventagﬂmma,ﬂgdﬁblg1 Jlﬁ%Qthﬁakﬁe p-wel | doping profile for the present

i nvention. PT%&N THE PREFERRED EMBODI MENTS The present invention
uses a nethod of ESD protection using a grounded gate NMOS ( GGNMOS) devi ce
to provide the | ow resistance discharge path. N-wells are added belom1the

source and Qrain re e.in order ilor, the d

orof i 1 es of APRBRSeiaLPEfs Broskhy FEIRNO § LGS FriPhal s it BB A

VDS i ncr eases, barrier at the source is | owered due to
Uhe D tecirre dlsoraho it arotarioe B bratiohe Mot PROERG A vl |
depletion region also occurs. This generation current dom nates and

increases with VDS. This results in a higher electric field and higher

el ectron-hol e %ene{ation current. The hole current will be _
Another object of the present invention is to provide a semiconductor device that provides

electrostatic discharge (ESD) protection that does not require the salicidation blocking step.

Another object of the present invention is to provide a semiconductor device that provides
electrostatic discharge (ESD) protection that does not require an additional implantation to improve

ESD characteristics.

A still further object of the present invention is to provide a semiconductor device that
provides electrostatic discharge (ESD) protection having a trigger point away from the

semiconductor surface.

These objects are achieved using a process where n-wells are added below the source and
drain regions in a GGNMOS device. The n-well and p-well doping profiles are tailored such that the

peaks of the well concentrations occur away from the silicon surface. This reduces the depletion



injected into the p-well, forward biasing the p-well/n-well source
junction. The DIBL effect aids this by lowering the potential barrier at
the n-well source. Once the p-well/n-well source junction is forward

bi ased, the device behaves as an NPN transistor where the drain acts as the
collector. A low resistance discharge path is created. Using prior art
advanced NMOS processes with LDD junctions, this conduction triggers near
the surface of the device where thermal conductivity is poor. This surface
heating may result in danage to the devi ce. Refer now to Fig. 4 show ng
in cross section the GGNMOS device of the present invention. A p-type

subst r hardenbetwiednl tha p-wedl and avivelbsburdg. e pdditiaR theidereased electrisrireddibgtweertibe
p-type substrate or well 10. A gate oxide 28 is patterned overlying the

p- t yperevass biasdden-osell dedih addp-avet will weshlt $n AigharedecAOn-hAlegehyraiion aorengalhis

el ectrode 30 is fornmed overlying the gate oxi de 28 between the n-wells 12
and 20injdctrbdeShotta e tich Rivall bkda@inF@@anﬁalam Wik femdrd Bias dB6-we)/nafe f or med

by light inplantation using the polysilicon gate el ectrode 30 as a nmask,

Oxi de m&ghﬁaﬂeﬁ e rekfil A Gro QLIPS bR RN AR thd1Ss RALNSHG! ¢OW FakiEnce

el ectrode 30. These oxi de spacers 16 and 17 along wth the polysilicon gate
el ectr i t . + i

Fegi onbr LG Ah bibEecR ul Bl dolf B ol o gt THBUGAFRRLOGR dhay
connec 5oqhtqhthe q%ain éA mhilg goq;c? qlgptrogg 26 makes el ectri cal
connec {TPBHE SlPHEsUiace whers powss may By sifeetively dissipakdos ' s connected to the
gate el ectrode 30, both of which are connected to ground (as shown in Fig.
4) or to the nobst negative voltage potential used by the IC. For this
description of the device operation, we will ground the source el ectrode 26
and gate el ectrode 30. VBRI HE$CEHHMQ?J@ﬁ@TﬁgPﬁﬁéV@ﬂﬁ%trate or well 10 is
al so grounded. In order to provide a better electrical contact in active
NMOS devi ces used on the IC, salicidatin is performed on the upper surface
of the n+ drain 14 and source 22 as shown in Fig.4. The n-wells 12 and 20
and p-type buthsc@tpanyingwtawiig’ fameing aimateriatiparoofthisrigsdripgion, theraks shown:
concentrations to a point between about 0.5 and 1.5 mfromthe

sem conductor surface. This peak corresponds to the m ni num drain depletion
wi dt h and the point where conduction will trigger. By avoiding triggering
at the sem gpndukdwing 8 eFds@6Rtioh BLa fﬁ&%ﬂ@bm%ﬂ%ﬁ&tNMUS’(GCﬁ\IMm Qu@ee;at this
deeper peak concentration point. The n-wells 12 and 20 are forned using
phosphorous ion inplantation with a dose of between about 9x 1 Ol2 and 5x
1013 ions/cnm2 (2x 1013 ions/cn? nom nal) and an i npl ant ati on energy of

bet ween abo ' .5 om,nal).. This i Lon.is

per f or med p?‘ltg(brﬁg?%vag gg%ga%\lk/e%ﬁ/yplgcﬁp D ﬁ’}/'a\?‘?socr%l a%ﬁg nf"itfqtsé)r%ascfﬁa:’aﬂI ]I@lgiv%a (%er efch

i sol ati on processing. The p-type substrate or well 10 is forned using two
boron ion inplantations. One has a dose of between about 7x 1 A 2~ and 4x
1013 ions/cnR x. 10 13 igns/cn2 nom pal) and an j npl antati.on energy of
bet ween abofit& éﬁ%"‘&‘ﬁ& a gerph ‘%DS(‘@OHR%{S)’I H&%‘%&F‘)W"rﬁé{‘g&‘f@ﬂcﬂf‘m@ |

i npl antation has a dose of between about 1 x 1 Ol2 and 1 x 1013 ions/cn®
(4. Sx 10 ~ Z ions/cn2 nom nal) and an inplantation energy of b etween
about 100 and 250 keV ( 15CkeV nom nal). These two inplantations are
performed aFigef showeing awedsk s¢otiph afithatgramdedgntd BIMOS (FERIMAS edayidedé therrpesests .
Fig. 5 shows test results for the present invention including the snapback
phenomimentiolds VDS i ncreases, there is only | eakage current up to
approximately 6.2 volts. Once this threshold is reached, the snapback
phenonmenon occurs and i mredi ately |owers VDS to about 4.3 volts. The
negative resi stance region observed is due to the availability of nore
charge carripfy, § shOWinB¥dst teRhikCE 1h PresdiiGnHARDR theRIdRd the shapbicki ghehsiflerdf; t hat
snapback occurs prior to punch through. Fig. 6 shows the n-well doping
profile for the present invention. A peak concentration of between about 1
x 1 Ol' and 5x 1 O18 atons/cnB (7x 1 O 1" nom nal) occurs between about 0.5
and 1.5 ~m (0. 75pmnominal) fromthe I1C surface. The n-well doping profile
is formed by inplanting phosphorous ions with a dose of 2x1013 ions/cn2 and
an energy of 50CkeV plus sone threshold (Vt) and punch-through

i npl antations. Fig. 7 shows the p-well doping profile for the present

i nvention. A peak of between about 1 x 1 O1" and 5x 1 O 18 atons/cnB (7x 1
OL' nom nal) occurs between about 0.5 and 1.5 um (0. 6mnomnal) fromthe IC
surface. The p-well doping profile is forned by i npl anti ng boron ions
with a dose of 1x103 ions/cn2 and an energy of 300keV, inplanting boron
ions with a dose of 4.Sx1012 ions/cnR2 and an energy of 150keV, plus sone
threshold (Vt) and punch through inplantations. Several key differences
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GGNMOS devi ce and uses tailored n-well and p-well doping profiles to nove

t he conduction away fromthe surface and adjust the ESD trigger voltage. In
t hese inportant respects, the two devices and their nethod of operation are
different. In summary, the present invention uses a process where n-wells
are added bel ow the source and drain regions in a GGNMOS device. The n-well
and p-well doping profiles are tailored such that the peaks of the well
concentrations occur away fromthe silicon surface. This reduces the
depletion barrier between the p-well and n-well source. In addition, as
drain voltage increases, an increased electric field forns between the
reverse bi a¥egg 6showeing thir miwellaoping prafilé for dsupredsentinventiongdrelr el ect ron- hol e
generation current. This injects nore holes into the p-well, producing a
potential that will forward bias the p-well/n-well source junction. The
result is a conducting bipolar NPN transistor with | ow resi stance between
the drain (e heabWink tROElwRAWobRig pRITIE Ed?file prédiat mO&MHIsAE | ON occurs away from
the silicon surface where power geveloped by renoving the electrostatic
charge may be effectively dissipated. 10 VWil e the invention has been
particularly shown and described with reference to the preferred

enbodi nents thereof, it wll be understood by those skilled in the art that
various changes in formand details may be nade wi thout departing fromthe

o ect rotati e di schaPyoCRIFEON Blauth paatERRER BvsOniRbiis: 5 ol reet on 11
a sem conductor substrate;
The present invention uses a method of ESD protection using a grounded gate NMOS

(GGNMOS) device to provide the low resistance discharge path. N-wells are added below the
source and drain regions of a GGNMOS device in order to tailor the doping profiles of those
regions. Snapback is used to provide ESD protection. As Vps increases, the potential barrier at the
n-well source is lowered due to the DIBL effect. Generation of electron-hole pairs in the drain well
depletion region also occurs. This generation current dominates and increases with Vps. This
results in a higher electric field and higher electron-hole generation current. The hole current will be
injected into the p-well, forward biasing the p-well/n-well source junction. The DIBL effect aids
this by lowering the potential barrier at the n-well source. Once the p-well/n-well source junction is
forward biased, the device behaves as an NPN transistor where the drain acts as the collector. A low
resistance discharge path is created. Using prior art advanced NMOS processes with LDD junctions,
this conduction triggers near the surface of the device where thermal conductivity is poor. This

surface heating may result in damage to the device.



a source n-well and drain n-well in said p-region; a gate oxide overlying
said p-region in the space between said source n-well and said drain
n-well; an n+ source region and an n+ drain region within said source
n-well and said drain n-well, respectively, wherein surfaces of said n+
source region and said n+ drain region are silicided; a lightly doped
source region and a lightly doped drain region within said source n 10 well
and said drain n-well, respectively; a gate el ectrode overlying said gate
oxide; a dielectric |layer overlying said gate el ectrode and said source and
drain regions; and conductive contacts through said dielectric |layer to

sai d silici defrmewsolite: d shewingm enask satiah the G@WYMEOS devicd ofithe presgitanveatidn.

el ectrically connecting said gate electrode to said 15 silicided n+ source
t her eb\A poynelsebstrag: dradwll ek ipeovided. dawelldEVale2 0fap¢ foiingd irpik iprgpedubstiatost at i ¢
di scharge. 2. The device according to Claim1l wherein said p-region has a

peak i RyHoIc k4Atabkidp 2814s phttdfid BvafyikehwpaiyadiBitat®oPwanto dndbn-Welld 22 and
The device according to aim 2 wherein said peak concentration in said

P-regi 9§, iASpdIGlNRE @9 rode %0 ljs(forrﬁé@lcl)v%ﬁylﬁgﬁﬁe @E@éﬁé&f@bet&ce&lﬁggn%ﬂs 8

according to al m" 3 wherein said peak conCentration In sai -region is
f or med u i t af.i i i fi. _bei out
Tt0 2 a0 aRen VBN A0p) refffrh Bfied 13 3nos LB AR o3 e RERT A AR
bet ween _about 250.and 400 ke 00keV.nomi nal ) and an er wth a dose of
bet woerts8 0k PATRTPS eaftrlesb B 40 P To Orine shae B 638 17 B o S 383 an
energy of be en about 100 and 250 keV (150keV pom nal)  and threshol d and
punch- o F‘E@Mﬁﬁﬁp aeatochnde 5 Thegonds smeeerad 6 v f?me}%w Ahenolysirangpie
said source n-well and said drain n-well have a peak in concentration at a
dept h slechedsdbiormibemagk for implamtatidonafiihe Bt sopree and draie regiansridiand 220 C aim 5
wherein said peak concentration in said source n

respectively. Drain electrode 18 makes electrical connection to the drain 14, while source electrode

26 makes electrical connection to the source 22. The source electrode 26 is connected to the gate

electrode 30, both of which are connected to ground (as shown in Fig. 4) or to the most negative

voltage potential used by the IC. For this description of the device operation, we will ground the

source electrode 26 and gate electrode 30. While not shown, the p-type substrate or well 10 is also

grounded. In order to provide a better electrical contact in active NMOS devices used on the IC,

salicidation is performed on the upper surface of the n+ drain 14 and source 22 as shown in Fig.4.

The n-wells 12 and 20 and p-type substrate or well 10 are tailored to bring their peak
concentrations to a point between about 0.5 and 1.5um from the semiconductor surface. This peak
corresponds to the minimum drain depletion width and the point where conduction will trigger. By
avoiding triggering at the semiconductor surface, the thermal conductivity is improved at this deeper
peak concentration point. The n-wells 12 and 20 are formed using phosphorous ion implantation

with a dose of between about 9x10'? and 5x10"* ions/cm? (2x10" ions/cm® nominal) and an



well and said drain n-well is between about 1x10" and 5x1018 atons/cnB. 7.
The device according to Claim6 wherein said peak concentration in said
n-well is forned by inplantation of phosphorous ions with a dose of between
about 9x1012 and 5x10 3 ions/cn? (2x10 3 ions/cn2 nomi nal) and an energy of
bet ween about 400 and 6SO keV (500keV nom nal) and threshold and

punch-t hrough i nplantations. 8. A device for dissipating electrostatic

di scharge in an integrated circuit conprising: a p-region in a

sem conduct or substrate; 13 a source n-well and drain n-well in said
p-region; a gate oxide over;%ing said g-rggion in the space between said
sour ce implastafionerergaeibebvepnapputtOfend 65Gke\r509kelY oeminalji oFhis iraplamtation idr ai n
region within said source n-well and said drain n-well, respectively,

wher ei pedainbdpeimk tactha pemdll iatplanatioh agd aflersshaliave trenchebdlatiomcpre@sssinglr dha prtypee! |
occur between about 0.5 and 1.5 Vim and wherein surfaces of said n+ source

r egi on satragadrvellH 0ds &irted @gihQ Bv@b&rof idnl igipli@ehtions) @né hah doge BPREFGOIHOGE
region and a lightly doped drain region within said source n well and said

drain mxye? bnd 6906604 M81 Mx 16 GAkRne hemidafdad 8N BhplhBGos et ot rieh d6outd
dielectric layer overlying said gate el ectrode and said source and drain
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disc haragglit 100 and 250 keV (150keV nominal). These two implantations are performed after the n-well

implantation and before the gate oxide process.

Fig. 5 shows test results for the present invention including the snapback phenomenon. As
Vps increases, there is only leakage current up to approximately 6.2 volts. Once this threshold is
reached, the snapback phenomenon occurs and immediately lowers Vpg to about 4.3 volts. The
negative resistance region observed is due to the availability of more charge carriers for

multiplication. The doping profile is tailored so that snapback occurs prior to punch through.

Fig. 6 shows the n-well doping profile for the present invention. A peak concentration of
between about 1x10'” and 5x10"® atoms/em® (7x10'” nominal) occurs between about 0.5 and 1.5 pm
(0.75um nominal) from the IC surface. The n-well doping profile is formed by implanting
phosphorous ions with a dose of 2x10"* jons/cm” and an energy of 500keV plus some threshold (Vt)
and punch-through implantations. Fig. 7 shows the p-well doping profile for the present invention.
A peak of between about 1x10'7 and 5x10"® atoms/cm® (7x10"7 nominal) occurs between about 0.5

and 1.5 pm (0.6pm nominal) from the IC surface. The p-well doping profile is formed by



9. The device according to Claim8 wherein said p-region has a peak in
concentration at a depth of between about 0.5 and 1.5 um 10. The device
according to Claim9 wherein said peak concentration in said p-region is
between about 1 x 1 Ol' and 5x 1 O g atons/cnB 14 11. The device
according to C aim 10 wherein said peak concentration in said p-region is
formed by dual inplantation of boron ions, one with a dose of between about
7x 1012 and 4x1013 ions/cn2 (1x1013 ions/cnm nom nal) and an energy of

bet ween about 250 and 400 keV (300keV nomi nal) and another with a dose of
bet ween about 1 x 1012 and 1 x 1013 ions/cn2 {4.5x 1012 ions/cn2 nom nal)
and an implenting byfromismevdth aadeseiof 1HO0" der/@50mid @ exier 5w READOkeW] imailjntiag doron

t hreshol d and punch-through inplantations. 12. The device according to

Cl ai m Sonstveltted dossaf d.5pedikicnekndand at érergyi of 158keV, ptusrsomenhrestold @tylarsbpuhch-
drain n-well is between about 1x10" and 5x101g atons/cnB. 13. The device
accor dithgugtinidlaitatiohd. Wherei n sai d peak concentration in said source n well
and said drain n-well is formed by inplantation of phosphorous ions with a
dose of between about 9x 1012 and 5x 1013 ions/cnR2 (2x 1013 ions/cn®

nom nal ) and an energy of between about 400 and 650 keV (500keV nom nal)

and t hr esholed, . uiiehied AL QM bIRAIHALLANRe prbdt AVBRIAAARS STOULH O 2

devic_efor |SS|_pa_|ng eec_ stati c discharge 1 n an !n_egra CI_I’CUIj[

ComY | SR8, N SRR Sh BR8P,

zgggep- eq%%&&eg égtcppgtg :’9?1 lgghi)]rgges%s%i}ogfogxmiag&. Qelh%rplrgsierrlltgmge%itign '31351{%9 itooz? 'n the
GGNMOS device and uses tailored n-well and p-well doping profiles to move the conduction away

from the surface and adjust the ESD trigger voltage. In these important respects, the two devices

and their method of operation are different.

In summary, the present invention uses a process where n-wells are added below the source
and drain regions in a GGNMOS device. The n-well and p-well doping profiles are tailored such
that the peaks of the well concentrations occur away from the silicon surface. This reduces the
depletion barrier between the p-well and n-well source. In addition, as drain voltage increases, an
increased electric field forms between the reverse biased n-well drain and p-well resulting in higher
electron-hole generation current. This injects more holes into the p-well, producing a potential that
will forward bias the p-well/n-well source junction. The result is a conducting bipolar NPN
transistor with low resistance between the drain (collector) and source (emitter). The conduction
occurs away from the silicon surface where power developed by removing the electrostatic charge

may be effectively dissipated.
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well and said drain n-well; form ng an n+ source region and an n+ drain
region within said source n-well and said drain n-well, respectively; 10
forming a lightly doped source region and a lightly doped drain region

Wi thin said source n-well and said drain n-well, respectively; formng a
gate el ectrode overlying said gate oxide; form ng conductive contacts to
said n+ source region and said n+ drain region; and electrically connecting
said gate el ectrode and said conductive contact to said n+ 15 source

t hereby conpl eting fabrication of said device for dissipating electrostatic
di scharge. 15. The nethod according to Caim 14 wherein said p-region has a
peak in cond¥nlerthe inyentiom has begninartisilaplyshevn anghdpseribpdavihgferensefoihel1s. The
nmet hod according to Claim 15 wherein said peak concentration in said

p- r egi orefersedpmbodimergbihieneof Mol beamnderSteod b thesoskillehiB the gt thihvarioss bhraiges
according to Caim 16 wherein said peak concentration in said p-region is

f or med ibforniusall detajié may &t nade oithirdeparting fromahespitit andacolese thd inbeaitivaen about
7x1012 and 4x 1013 ions/cn2( 1 x 1013 ions/cn?2 nomi nal) and an energy of
bet ween about 250 and 400 keV (300keV nom nal) and another with a dose of
bet ween about 1x1012 and 1x1013 16 ions/cn2 (4.5x1012 ions/cn2 nom nal)
and an energy of between about 100 and 250 keV (150keV nom nal) and

t hreshol d and punch-through inplantations. 18. The nmethod according to
Claim 14 wherein said source n-well and said drain n-well have a peak in
concentration at a depth of between about 0.5 and 1.5 pm 19. The net hod
according to Claim 18 wherein said peak concentration in said source n well

and said drain n-well is between about 1 x 10 ~ ~ and 5x 1 Ol a atons/cnB.
20. The nethod according to Claim19 wherein said peak concentration in
said source nwell and said drain n-well is fornmed by inplantation of

phosphorous ions with a dose of between about 9x 1012 and 5x 1013 ions/cnR
(2x 10" 3 ions/cn2 nom nal) and an energy of between about 400 and 650 keV
(50CkeV nom nal) and threshold and punch-through inplantations.
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a lightly doped source region and a lightly doped drain region within said source n-
10 well and said drain n-well, respectively;
a gate electrode overlying said gate oxide;
a dielectric layer overlying said gate electrode and said source and drain regions; and
conductive contacts through said dielectric layer to said silicided n+ source region
and said silicided n+ drain region and electrically connecting said gate electrode to said

15 silicided n+ source thereby completing fabrication of said device for dissipating electrostatic

discharge.

2. The device according to Claim 1 wherein said p-region has a peak in concentration at

a depth of between about 0.5 and 1.5 pm.
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109&' () - ! C'" #P¥r #HERGR £ae&ERYoto Claim 3 wherein said (})eak concentration in said p-region is
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oo )1, o 100 (O adodl (5 Rk ROsER g T rhe e B bbby g
10 10 keV (300keV nominal) and another with a dose of between about 1x10" and 1x10"

jons/cm’ (4.5)~11012 ions/cm’ nominal) and an energy of between about 100 and 250 keV

(150keV nominal) and threshold and punch-through implantations.

5. The device according to Claim 1 wherein said source n-well and said drain n-well

have a peak in concentration at a depth of between about 0.5 and 1.5 um.

6. The device according to Claim 5 wherein said peak concentration in said source n-

well and said drain n-well is between about 1x10'” and 5x10'® atoms/cm’.

7. The device according to Claim 6 wherein said peak concentration in said n-well is
formed by implantation of phosphorous ions with a dose of between about 9x10'2 and
5x10" ions/cm’ (2x10' jons/cm’ nominal) and an energy of between about 400 and 650

keV (500keV nominal) and threshold and punch-through implantations.

8. A device for dissipating electrostatic discharge in an integrated circuit comprising:

a p-region in a semiconductor substrate;

13



10y1109& () - Zy/ #10%& ()-y- %0%& ()-y+$10%& () - 7- 02222457uV4

10! f* $109%&' () - M S3%L0%& ()- S3%40%&' ()- 10 10

10! y+$109%&' () -yf$109%& ()-7/:0:1:2::: ; ;uVr

10!, " 10%& ()- S, S109&' ()- S3%40%& ()- SH109%& ()- 10 10 10! f @ $109%& ()- °;

; <{ << =d=dEuVv7 10!, ,!110%&' ()-f10%& ()-f#10%&R ()-f$10%& ()-fM 10%& ()-fy
%4.0%& () - d==">>>R??dEuV7

101, f-1109& ()-y+$109& ()-ff)$L109& ()-fL' $109& ()-f 396 109& ()-f#H#109& () - ?

@ @agagaoxmbC 10!, ~10%&' ()- 10 10 10F: 10%&' ()-y3

109& ()-y1$109& ()-f/#10%& ()- GDAAAAAAABLC 10!, 10%&' ()-s10% ()- 10 10 10

1098 () - @ 10984 fouscedt@oikand diBinBeBBBITCGIEp&gl@;, * ! 1098’ () -

5

10

15

a gate oxide overlying said p-region in the space between said source n-well and said
drain n-well,

an n+ source region and an n+ drain region within said source n-well and said drain
n-well, respectively, wherein said peak concentration of said source n-well and said drain n-
well occur between about 0.5 and 1.5 pm, and wherein surfaces of said n+ source region and
said n+ drain region are silicided;

a lightly doped source region and a lightly doped drain region within said source n-
well and said drain n-well, respectively;

a gate electrode overlying said gate oxide;

a dielectric layer overlying said gate electrode and said source and drain regions; and

conductive contacts through said dielectric layer to said silicided n+ source region
and said silicided n+ drain region and electrically connecting said gate electrode to said
silicided n+ source thereby completing fabrication of said device for dissipating electrostatic

discharge.

9. The device according to Claim 8 wherein said p-region has a peak in concentration at

a depth of between about 0.5 and 1.5 pm.

10. The device according to Claim 9 wherein said peak concentration in said p-region is

between about 1x10"7 and 5x10'® atoms/cm’.
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11. The device according to Claim 10 wherein said peak concentration in said p-region is
formed by dual implantation of boron ions, one with a dose of between about 7x10'? and
4x10" fons/cm’® (1x10" ions/cm? nominal) and an energy of between about 250 and 400
keV (300keV nominal) and another with a dose of between about 1x10'? and 1x10"
jons/cm’ (4.5x10'? jons/cm® nominal) and an energy of between about 100 and 250 keV

(150keV nominal) and threshold and punch-through implantations.

12. The device according to Claim 8 wherein said peak concentration in said source n-

well and said drain n-well is between about 1x10'7 and 5x10'® atoms/cm”.

13. The device according to Claim 12 wherein said peak concentration in said source n-

well and said drain n-well is formed by implantation of phosphorous ions with a dose of
between about 9x10'? and 5x10" jons/cm® (2x10" jons/cm” nominal) and an energy of

between about 400 and 650 keV (500keV nominal) and threshold and punch-through

implantations.

14. A method of forming a device for dissipating electrostatic discharge in an integrated
circuit comprising:
providing a semiconductor substrate;
providing a p-region in said semiconductor substrate;

5 forming a source n-well and drain n-well in said p-region;
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providing a gate oxide overlying said p-region in the space between said source n-
well and said drain n-well;

forming an n+ source region and an n+ drain region within said source n-well and
said drain n-well, respectively,

10 forming a lightly doped source region and a lightly doped drain region within said

source n-well and said drain n-well, respectively;

forming a gate electrode overlying said gate oxide;

forming conductive contacts to said n+ source region and said n+ drain region; and

electrically connecting said gate electrode and said conductive contact to said n+

15 source thereby completing fabrication of said device for dissipating electrostatic discharge.

15. The method according to Claim 14 wherein said p-region has a peak in concentration

at a depth of between about 0.5 and 1.5 pm.

16. The method according to Claim 15 wherein said peak concentration in said p-region

is between about 1x10'7 and 5x10'® atoms/cm®.

17. The method according to Claim 16 wherein said peak concentration in said p-region
is formed by dual implantation of boron ions, one with a dose of between about 7x10"
and 4x10" jons/cm® (1x10" jons/cm’ nominal) and an energy of between about 250 and

400 keV (300keV nominal) and another with a dose of between about 1x10'? and 1x10"
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(150keV nominal) and threshold and punch-through implantations.

18. The method according to Claim 14 wherein said source n-well and said drain n-well

have a peak in concentration at a depth of between about 0.5 and 1.5 pm.

19. The method according to Claim 18 wherein said peak concentration in said source n-

well and said drain n-well is between about 1x10'” and 5x10'® atoms/cm’.

20. The method according to Claim 19 wherein said peak concentration in said source n-
well and said drain n-well is formed by implantation of phosphorous ions with a dose of
between about 9x10'2 and 5x10"* jons/cm?® (2x10'? ions/cm?® nominal) and an energy of
between about 400 and 650 keV (500keV nominal) and threshold and punch-through

implantations.
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