oVEL - ESD PROTECTI ON DEVI CE FOR STI DEEP SUBM CRON TECHNOLOGY BACE% ND OF,"
THE I.NVENTION (1) Field of the Invention The i nggt@c@gql 2t gshto RS
fjabri cation of integrated circuit devices, and re particularly, to a new

‘and -i nproved net hod of providing an Electrostatic Di scharg&m'm“
protection device for the deep sub-m cron sem conductor fabwi on” of

Shal | ow Trench Isolation (STI) regions. (2) Description of the Prior Art
The conti nugsvEle @SR TROTECTEON COEVMIICE ORISTICBEERaSUBMICRONE THAMNOLIOGY been
driven by continued efforts in the sem conductor manufacturing industry to
I nprove device performance by reduci ng device feature size, has nade

sem conduct or devices increasingly vulnerable to Electrostatic D scharge

(ESD). ESD can be trigger edBAOKERCUND @M AWEt gnvERyioR bj any unforeseen
build up of electromagnetic fields that affect current carrier distribution
and exi sting magnetic fields in the sem conductor device. To prevent this
kind of damage an ESD protection.circuit is typically. included in the

desi gn of (3)sepiepaddetite deMen®ioR Sem conductor device can for instance
al. so be danaged by a voltage surge that is introduced into the
' The invention relates to the fabrication of integrated
circuit devices, and more particularly, to a new and improved
method of providing an Electrostatic Discharge (ESD) protection

" device for the deep sub-micron semiconductor fabrication of

Shallow Trench Isolation (STI) regions.

- (2) Description of the Prior Art
| The continued decrease in semiconductor device feature
nsiée, that has been driven by continued efforts in the
semiconductor manufacturing industry to improve device
pefformance by reducing device feature size, has made
sepiconductor devices increasingly vulnerable to Electrostatic
Diécharge (ESD). ESD can be triggered in a semiconductor device
b§ any unforeseen build up of electromagnetic fields that affect
current carrier dist:ibution-and existing magnetic fields in thé
semiconductor device. To pfevent Ehis kind of damage an ESD
protectioh circuit_is typically. included in the design of a
semiéonductor device. A semiconductor device can for instance

also be damaged by a voltage surge that is introduced into the



dévice via a bond pad. This voltage surge can be induced by direct contact
Wi th surroundi ng equi prent to which the bond pad is connected or by human
contact. The essential function of the ESD protection arrangenent is. to
direct the ESD current away fromthe circuits that the ESD circuit is
designed to protect. ESD circuits are used to protect nenory circuits,

MOSFET' s and, ot her sem canducgt or. devi .applications for, the t ection of
T rput ] outSNLR G & DRAG HBH - 1D SO LAgR BHEBGrCBR RUHRa BY 1ol ot eo

to the packaging of individual die into multi- chip nodules. This latter

appl i cat | SIS CNTAF T HahRr 8UrToRNGiNg SAUAPRERbeFC ofhfRRItheond pad

i nterconnect the individual. die into a nulti-di e package. Furthernore, a
si ngl e di &5 GAPARFIRSLATBY| RiBan shactar Ther eegential | pctinn pfatde
requires the interfacing of the die with the test environnent by neans of
di e cont a&3P RARKELCERHOBs ErEBREEREN b orIL O 0d reGh| ERE FBD i FHFRRRICEYWSY of ESD
“based danmage to the device under test |leading to the use of ESD circuits

for the ptotRdhoFidicuiks $Bat bhe kb cigcut Béﬁddﬁéﬁg?%%k%éqﬁeﬁﬁch an

arrangenent can be between the input and i ]
ESD circuits are used to protect memory circuits, MOSFET’s and

6ther semiconductor device applications for the p;otéction of
input/output buffers. Anotﬁé:.typical applicafipn of ESD
circuits relates to the packaging_of-individual die into multi-
chip modules. This latter application typically requires the use
of a number of pads that interconnect the individual die into a
.multi—die package.. Furthermore, é single die can be mounted into
a test carrier for'testing, which also.requires the interfacing
of the die with the test énvironment by means of die contact
bonds. These contact bonds are subject to introduction of ESD
based damage to the device under test leading to the use of ESD
circuits for the protection of the semiconductor die; Bond pad
leakage in éﬁch an arrangement can be between the inpuf and
output pads on a die to other pads on the die such as the power
pads, ground pads and bias voltage pads. Pad leakage can also
occur from a pad to the sil;qon sﬁbstrate of a die, or tdl
another component of the die. One cause of pad léakage can be
from defective or damaged electrostatic discharge (ESD) éircﬁit§

formed on the die. Protective ESD circuits are typically located



output pads on a die to other pads on the die such as the power pads,
grqQund pads and bi as vol tage pads. Pad | eakage can al so occur froma pad to
t'he si'licon substrate of a die, or to another conponent of the die. One
*cause of pad | eakage can be from defective or danaged el ectrostatic
di scharge (ESD) circuits formed on the die. Protective ESD circuits are
typically |l ocated 2 between the input and output pads on the die and the
transi st dretymess the whpuh amd pudntapeds| est Fheadis avhifd& éganspetesp
circuits provide in this manner a path of conductance from the input/output
pads to ayajresurd padchothe cpadp@mer edechiricaldyt eepnertiad f dhe FSie. This
electrical path is designed to be triggered by a high voltage, which is
hi gher t hairdditsopeoatidaginothisgeamert hapatheot usorducanrce &£ agims ¢igr ged at
a rapid rate once an electrostatic discharge takes place through the input
or out putinpaity caftpulte pdids. td\ergrdune B8, ciorctipt 8 poeeredrdiase waltage
I noperable, the current that is applied to an input or output pad can |eak
from t hegpatindcord theudhet hehESkleotmiidalt pathhés designed to be
triggered by a high voltage, which is higherlthan_the operating
voltage, so that the current can be discharged at a rapid rate
once an electrostatic discharge takes place through the input or
output pads of the die. Where the ESD circuits are defective;or
inéperable, the current that is applied to an input or output
pad can leak from these pads through the ESD dirquit.to other

pads on the die or to the substrate.

. Arrangements of ESD proteqtion circuits are used whereby
more than one of these ESD circuits surround a bond pad.
Typically, a ESD protection circuit ﬁill consist of a circuit
configurétion that contains a resistor, a capacitor and a
inductance (or reactance). Some ESD protection circuits may
include a primary and a secondary protection circuit. Key to the
successful operatioﬁ of an ESD circuit configuration is that l
these circuits individuallflor collectively react fast enough so
that any surge in current can be interrupted or deflected in
timé'to protect the surrounding.circuits from damage. In order

to achieve thié objective ESD protection .circuits frequently use



~pads on the die or to the substrate. Arrangenents of ESD protection
circuits are used whereby nore than one of these ESD circuits surround a
bond pad. Typically, a ESD protection circuit will consist of a circuit
configuration that contains a resistor, a capacitor and a inductance (or

reactance). Sone ESD protection circuits may include a primary and a
secondary, protection circuit. Key to the successful operation of an ESD

circuit CRHRBUSANITTIVE thiP {(Recclngtanne oxifa) vEHLmS IS G te@msdsitorel v
“react fast e_nou%_r'zh so that _any surge in current can be interrupted or
def | ect edI¢FLIR niddty PWofREt 1RREARES WUiRE Fg thinchilnm gatemuidsydaver or der
to achieve this objective ESD protection .circuits frequently use 3
hi ghly sePetvwesn the 9ateorlprtrade anskitde undentydng asubsimd e owiddsi gn
that, by for instance using a thin-filmgate oxide |ayer between the gate
el ect r oderaRitAth & aftde tioy iRGrepes teRARALIMN Vol sppes yardaetlk &S pr oper
operation voltages and will as a consequence interrupt their nornal
oper at i orCHEIENEe 4otgrrupt their normal operation and serve as a
protective circuit. It is clear that by careful selection of the
‘various design parameters of such circuits, these ESD protection
circuits can be made to operate in a collective manner and in a
manner that is sensitive to the level of induced voitages. A
'primary protection circuit can for instance be electrically
isolated (by a resistive load) from the secondary protection
qircuit such that the interruptiﬁg capabilities (determined by
for instance the_thickness of the oxidé layér underlying the
gate electrode of the secondary circuit or by the size of the
drain structure of this circuit) of the gate electrode can be
optimized. These latter observations point to the conventional
design approach for the ESD protective circuit of using the
design of the drain regions of a gate electrode or the length of

the source/drain region (the channel) underlying the gate

electrode as the design parameters.

-~ In.a typical design of memory circuits, the ESD protection
circuit is located adjacent to and in close physical proximity

with the memory circuits that may include memory cell arrays and



t d

protective circuit. It is clear that by careful selection of the various
desi gn paraneters of such circuits, these ESD protection circuits can be’
Jmade to operate in a collective manner and in a manner that is sensitive to,
tthe 1 evel of induced voltages. A primary protection circuit can for
instance be electrically isolated (by a resistive load) fromthe secondary
protection circuit_such that the interrupting capabilities (determ ned by
for instapeeiRhrat ciiraddser ThRcPoxiRhe ly SLrGHdER| JRFHRER MR 0 ect r ode
of the secondary circuit or by the size of the drain structure of this
circuit) BYO$Herapsistaiset Fhgeaehivecrediant Afd thehreBor ¥t ¢LFCWHsR Ak | ons
point to the conventional design approach for the ESD protective circuit of
usi ng t heeliestyicatly Headpied PEgferming nenrackideesegbees dpetwren engt h of
the source/drain region (the channel) underlying the gate el ectrode as the
desi gn pathese egircyits itthgseanoneaciiveiraginnsy aser absesrefeprgdo as
protection circuit is |ocated adjacent to and in close physical proximty
with the fbedbdyoxide tagionsaandagan ree ubremachmsingepnyapfatReand 4 -

conventional approaches such as with the Local Oxidation of
Silicop (LOCOS) process.or by forming Shallow Trehch Iéolation
(STI) regions. After the_éurface of the subsfrate has been
defined in this manner (defining the region for the ESD circﬁit
‘and for the memory circuits whereby the active ESD and memory
circuits are electricélly separafed.by field isolation regions),
a layer of field qxide is grown over the surface of the
substrate. The'polarity of the transistois-that are to be formed

is defined by implanting n-type and p-type impurities in the

surface of the substrate thereby defining n-wells and p-wells
regions in the substrate. These impurity implants are performed
in a sequence of steps using appropriate masking and impurity
types and implant energies such that the required conductivity
of the transistors that are required (ESD protective circuit,
NMOS and PMOS transiétor, others) and their supporting regions"

(source/drain) are provided.

‘Fig. 1 shows a cross section of a Prior Art ESD protection

device that has been created on the surface of a semiconductor



peripheral circuits. The peripheral circuits include NMOS and PMOS

transi stors. The active regions of the nmenory circuits are electrically
Jsolated by form ng non-active regi ons between these circuits, these
non-active regions are also referred to as field oxide regions and can be
formed using any of the conventional approaches such as with the Local
Oxidation of Silicon (LOCOS) process or by fo[ning Shal | ow Trench |sol ation
(STI) regfBRstrake of0 Fhes FriofcPet FFRSS ARGLSRethat bectherst e Fidr this
~manner (defining the region for the ESD circuit and for the nmenory circuits
wher eby t heldctinRtasy fheddr fheeshend deyicecprdt FPRbRigs sepayred by
field isolation regions), a layer of field oxide is grown over the surface
of the suB8tfhedd FPhHeeyoRasPRFCEf regiton rkhsAnst or drahnt ragion odlhethak med i s
defined by inplanting n-type and p-type inpurities in the surface of the -
subst r at eaFfe?@IBCRY 49 Adenfheldso plaper 34regi thresholdevalitage at e.

These inpurity inplants are perfornmed in a sequence of steps using

appr opr i afeiwabmeny raedonnd@r nngeriying dihe ifiiglldnboxider fapsr skkh 4 hat the

requi red conductivity of the transistors that are required (ESD protective

circuit, NaperabR FMoster gnddst and rdhanetalamsntheis 20paod t2hgehagi ons
respectively contact the source (12) and drain (13) regions of

the ESD protection circuit.

A layer 16 of P-type dopant is typicaliy implanted in
substrate 10 under the layer 14 of field oxide. The implant is
-performgd in order to increase the field isolation of the metal
gate field threshold device. Due to this implant, the threshold

voltage of the device can be raised to in exéess of 12 volts.
Typic;l gate widths have beeﬁ reduced to the point where 0.35 um
gate width is applied. With this sharp reduction in.gate width
comes an equally sharp reduction in the thickness of the gate
oxide_layer. The gate oxide layer 18 that can be used with a

gate width of 0.35 um is between -about 60 and 80 Angstrom thick.
The breakdown #oltage of ﬁhis layer of gate oxide is about 8
volts. With the reduction iq_the ééte siie, the width of'the
source/drain depletion layer is cofrespondingly reduced énd can
_approach the channel length of the gate electrode. This feadily )

leads to punch th;ough between the source and the drain whereby



(source/drain) are provided. Fig. 1 shows a cross section of a Prior Art
ESD.protection device that has been created on the surface of a
sem conductor 5 substrate 10. The Prior Art cross section that is shomm
in Fig. 1is a netal gate field threshold device and contains a | ayer 14 of
field oxide, a source region 12 and a drain region 13 that are adjacent to
the field oxide layer 14, a threshold voltage adjustnent region 16
under | yi -nghtehéepleti;lonxla:heenaya?r the, squreg aandl&hef dgatie yrogdenantoueiv net al
contacts 20 and 22 that respectively contact the source (12) and drain (13)
regi ons ofandh&éh&Sbegnitedtdwrreanitr control byyihe Iatef eRerypeddopahveers '
typically inplanted in substrate 10 under the layer 14 of field oxide. The
i mpl ant | $heesboraedand theladrdim dscneatengdm dfiflativecl aWhemepf ot higheret al
gate field threshold device. Due to this inplant, the threshold voltage of
t he devi cothem bendai aecdeew trenshcéssueéd 1fow diltes STy miegdlongatbati ds hs have
been reduced to the point where 0.35 um

trench 14 in Fig. 1, a thick oxide layer is used for the ESD

protection circuit. The trench that is indic&ted_in Fig. 1 is
about 3500 Angétrom thiék, the layer of oxide is betwéén 100 and
400 Angstrom thick. The iﬁvention addresses £his application and
the use of a very high energy implant that is used to establish
" a deep enough junctiqn for deep STI trenches. The inventién
shows an ESD proﬁectién device that is entirely over the STI

- region and that in not over any active region of the device.

' Us 5,629,544 (Voldman et al.) shows an ESD gate at'least

partially over an STI region. See Fig. 4A; see cols. 3 and 4.
US 5,744,841 (Gilbert) shows an ESD over a FOX.

US 5,918,117 (Yum) shows an ESD device using STI 42. See

col.5, line 43 and col. 7.
US 5,489,792 (Hu et al.) teaches an ESD over a SOI.

US 5,885,875 (Hsu) shows an ESD gate .over a fox.
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gate width is applied. Wth this sharp reduction in gate wi dth cones an
equal |y sharp reduction in the thickness of the gate oxide layer. The gate
oxide layer 18 that can be used with a gate width of 0.35 umis between
about 60 and 80 Angstromthick. The breakdown voltage of this |ayer of gate
oxide is about 8 volts. Wth the reduction in the gate size, the width of
the source/drain depletion I§¥FE LS correspondquB&Treduced and can
approach the channel |ength 5 Yg%'eﬂﬁ ectrode”™his readily |eads to
‘punch t hrough between the source and the drain whereby 6 t he depl etion

| ayers of the source and the drain regions touch and the required current
control by the gate el ectrode between the source and the drain is no |onger
effective. Whet ETGIF IS CPHEFTHERPCE LhfedPversAeR 18 HRRFITHIS e STI
region, that is trench 14 in Fig. 1, a thick oxide |ayer is used for the
ESD pr ot REFRAA 9% GR3tIPge 3Py EgErP’E‘PFeﬁC‘FsPni GdreHiEdIPE dpep Submicuesut
3500 Angstromthick, the |ayer of oxide is between 100 and 400 Angstrom

t hi ck. ThEepigRrAuhPrad@bedisationi s application and

Another objective of the invention is td provide a method
of performing deep junctions for deep trenches as applied to the

formation of ESD_protection circuits.

Yet another objective of the invention is to provide a
method of creating ESD protection circuits that overly a STI
region as opposed to overlying a region Field Oxide -of Prior

Art.

In accordance with the objectives of the invention a new
method is provided'for the creation of an ESD protection device
for deep submicron semiconductor technology. An STI trench is
created and filled_with oxide. The surface of the STI region is
polished after which a ESD protection device structure is
created over the STI region._A high energy ESD implant is”
performed that is self-aligned with the created ESD protection

device structure after which the EDS device structure is



the use of a very high energy inplant that is used to establish a deep
enough junction for deep STl trenches. The invention shows an ESD
protection device that is entirely over the STI region'and that in not over
‘any - active region of the device. US 5,629,544 (Voldnan et al.) shows an ESD
gate at |least partially over an STI region. See Fig. 4A; see cols. 3 and 4.
US 5, 744,841 (G| bert) shows an ESD over a FOX. US 5,918,117 (Yun) shows an
ESD devi cecmrisipd Ry 4mplapsing| the gqureeqangndrash. regieps oL dhe7EFPS(H et
al .) teaches an ESD over a SO . US 5, 885,875 (Hsu) shows an ESD gate over a
fox. 7 PSUMERcrorRerdce N\VENTI ON A princi pl e obj ective of .the invention
is to provide a nethod of creating an ESD protection circuit for deep

subm cron sem conduct or fabrication. Another objective of the invention is

to provide a nethod of perform ng deep junctions for deep trenches as
applied to the BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a cross section of a conventional ESD device.

Figs. 2a through 2c show cross sections of the ESD device

-of the invention, as follows:

Fig. 2a shows a cross section of a semiconductor surface
into which an STI trench has been formed and over which a layer
of oxide has been deposited.

Fig. 2b shows a cross section of a semiconductor surface

after the deposited layer of oxide has been planarized.

Fig. 2c shows a cross section of a semiconductor surface

into which an ESD protection device has been created.
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formation of ESD protection circuits. Yet another objective of the
invention is to provide a nethod of creating ESD protection circuits that
overly a STl region as opposéed to overlying a region Field Oxide of Prior
Art. In accordance with the objectives of the invention a new nethod is
provi ded for.the creation of an ESD protection device for deep subm cron

sen conduct or technol CRf%}IgR'O%rf@§ﬂ§§5gﬁ?§$}%ﬂ??ﬁgﬁéﬁiéfd w th oxide.

The surface of the STl region s po protection.
~device structure is created over the STI region. A high energy ESD inpl ant
1s perfornmed that is self-aligned with the created ESD protection device

structure aft i.ch the EDS deyice structyre ig_8 canpleted b

il anti g hoaRe, ASPRPREFLETLRG 5 TiNe - 2R PRETEEt Br ddRR%. BR EF
DESCRI PTION O THE DRAWNGS Fig. 1_shows a .cross. sectipn of a conventional
ESD devi c&Fe shown cross sectiofis of the various stages in the creation

of the ESD protection device of the inventiorm.

Fig. 2a shows the creation of the Shallow Trench Isolation

region 32 in the surface of a semiconductor substrate 30.

STi.can-be made using a variety of methods. Fof instance,

one method is the Buried Oxide (BOX) isolation used for shallow
.trenches. The method involves filling the.trenches with a
chemical vapor dgposition (CVD).of silicon éxide (5i0z2) (34,
Fig. 2a) which is then etched back or mechanically/chemically
polishgd té yield a planar surface. The shallow trenches etched
for the BOX process are anisotropically plasma etched into the
silicon substrate and are typically between 0.5 and 9.8
micrometer (um.) deep. STI that are formed aroung active device

are typically formed to a depth between 4000 and 20000 Angstrom.

Another approach in forming STI’s is to deposit silicon
nitride on thermally grown oxide. After deposition of the

nitride, a shallow trench is etched into the substrate using é

10



Figs. 2a through 2c show cross sections of the ESD device of the invention,
as follows: Fig. 2a shows a cross section of a sem conductor surface into

whi ch an

been deposited. Fig. 2b shows a cross section of a sem conductor surface
after the deposited | ayer of oxide has been planarized. Fig. 2c shows a

Cross se
device h
Referrin
sections
of the i
| sol atio
be made

STl trench has been fornmed and over which a | ayer of oxide has

. BB B O LRl Ll A D Sl

i fd cal | Fi 2a.th h h d h
R N RS FgBESR 161 (LR, BRCTCTH PO AHR 6 dovi ce

of the - Shall ow Trench

vention. Fig. 2a shows the creation
nnlvg‘g]gﬂtﬁ the i%r’?vllﬁgssh’t‘f%c 9 a2 éﬁFEoﬁﬁﬁE?%rt%%b%’i‘?%ﬁ gadk STl

can

using a variety of nmethods. For instance, one nethod is the Buried
Oxi de ( BOSERS AGtTeuSeYirss- ST I¥wess deposited oxide must be

polished off and the trench planarized to prepare for the next
level of metalization. The silicon nitride is provided to the
silicon to prevent polishing of the masked silicon oxide of the

device.

The STI region of the invention is etched in the surface of
a substrate to a prefefred'depth of 0.35 um and is filled with .
_oxide. Fig. 2b shows the STI trench 32 after the process of
polishipg,(Chemical Mechanical Polishiﬂg) of the deposited layer

34'(Fig. 2a) of oxide has been completed.

Fig. 2c shows a cross sectibn of the completed ESD device
of the invention. A layer 36 of pad oxidé is first created over
the surface of the substrate 30. Pad oxide is usually formed as
a silicon dioxide material but may be a composite oxide, such as
TEOS and silicon diokide, 6r a nitride oxide layer or a like
gate dielectric. Pad oxide léyer 36 can be grown in én oxidation

steam ambient at a temperature between about 850 and 1000

degrees C. to a thickness between about 50 and 250 angstrom. The.

gate 34 typically is either polysilicon or amorphous silicon or

11



trenches. The method involves filling the trenches with a chem cal vapor
deposition (CVD) of silicon oxide (SiQ2) (34, Fig. 2a) which is then etched
back or mechanically/chenically polished to yield a planar surface. The
‘'shal | ow trenches etched for the BOX process are anisotropically plasnma
etched into the silicon substrate and are typically between 0.5 and 0.8
m cronmeter (um) deep. STl that_are formed around active devi%ﬁ6$Le

er

‘typi cal | y2 fRRIRatdor gEpPRERet TR 1AYSS BAY 290t Hrigs (dommd

approach in formng STI's is to deposit. silicon nitride on_thermally grown

oxi de. AfdeRamefsMs OF &Pt HEPIATYSH @it dARARBVWAEIRHAP B t&EchE® into the
substrate using a 10 mask. A |layer of oxide is then deposited into the
trench sccenduchivity Pashernraf Hh mreondyctinsulayer dikelanen @SR act s
"to isolate the devices in a chip and thus reduce the cross tal k between
active desamder dRpOsiteds§odéponithal apticdelegsrode pbIhBHQY Fresmuret he
trench planarized to prepare for the next |level of netalization. The
silicon ¥R tIPAVD)prtovadbbickness between about 500 and 5000 Angstrom

at a temperature between about 500 and 700 degrees C. and in

situ doped by ion implantation with POCls or using silane as a

source and with the addition of phosphine to provide the needed

dopant. The poly is patterned using conventional

photolithographic teqhniqueé to form the poly gate 34.

The regioh in the surface Qf the subst:ate where the
subsequent implants are being performed are typically
,electrically biased by forming p-well or n-well implants into
the surface of the substrate. These implants have not been shown
in art. of the invention for reasons of simplicity of

presentation.

The ESD implant is performed to create the source 38 and
drain 40 regions. This implanf is self-aligned with the STI
structure 32 and is performed usiné an energy in excess of 400
KeV with phosphorous or arsenic as an impurity having a
concentration of about Zﬁl3 atoms/cm’. This implant resuits in

ESD regions 38 and 40 that extend to about 1.3 um below the

12



silicon to prevent polishing of the masked silicon oxide of the device. The
STl. region of theinvention is etched in the surface of a substrate to a -
preferred depth of 0.35 umand is filled with oxide. Fig. 2b shows the ST
‘trench 32 after the process of polishing (Chem cal Mechanical Polishing) of
the deposited layer 34 (Fig. 2a) of oxide has been conpleted. Fig. 2c shows
a cross section of the conpleted ESD device of the invention. A |ayer 36 of
pad oxi desunfaae ©f theasulsbyake tHe ang fozgm sherekors styanss ve0.(dpaR) oxi de
is usually fornmed as a silicon dioxide material but nmay be a conposite

oxi de, sucdgimnsTEISimpyrityi corcentnatdeonsonndeni the drunfacr dfajde or a |ike
gate dielectric. Pad oxide |layer 36 can be grown in an oxidation steam

anbi ent atulssttmrheor Ther émpdanbendibng 485@rendeq@iedicty des (Geeap)d a

t hi ckness between about 50 and 250 angstrom The gate 34 typically is

ei t her pamgsidntsorthat penephate dedp amough in accordamed iwitloftheoideepThi s

| ayer nmay be in-situ doped with dopant atons or ion inplanted wth dopant
atoms to sut edrdrdvh 32.

As a final step iﬁ the creation of the ESD device of the
invention, the source 42 aﬁd_drain 44 regions.of the device are
created by n-type impurity implant. The implant for the
'source/drain can use arsenic or phosphorous as é soﬁrce, ihe
implant being performed with an implant energy of between 50 and

80 KeV and an'implant concentration of about 3E15 atoms/cm?.

' It is clear from the process described above and from the
crosslsectién of the created ESD device that is shown_in Fig. 2c
that the invention meets the objectives that have previously
been stated for the invention, that is:

- to provide an ESD protection circuit for deep submicron
semiconductor fabrication |

- to provide deep juhctions for déep trenches for ESD protection'

circuits, and

- to provide an ESD protection circuit that overlies a STI

region.

13



conductivity pattern of this conductive layer. A layer of poly can be
deposited to formthe gate electrode 34 by | ow pressure CVD (LPCVD) to a

t hi ckness between about 500 and 5000 Angstrom at a tenperature between
‘about 500 and 700 degrees C. and in situ doped by ion inplantation wth
POCl[err] or usi ng silane as a source and. with the additi on of phosphi ne to

provi de the n d The atterned us nt| Nely

phot ol i t hogr aﬂﬁf "é@ﬁqﬁ’&uég"ﬁ} n}ﬁ"h [%’I f;esgfé nﬁ? q-1 % t he
surface of /the substrate where a eln erforned
oo oo uty eferench fta) bpeat ch’yff katlvg GBbpals eﬁcswefrq} aritts. i nto
the surface of the substrate. These inplants have not been shown in art of
t he i nveniforct ointendeshdhet §Fﬁp+?Y:?’é'§/1Q3T b d4BALEEi BA. tNPRE ESD inpl ant i s
performed to create the source 38 and drain 40 regions. This inplant is

sel f-al i ghtHugkratiYR hodmentsur Bhaze ald iledpdnf Shaedrtisthll an energy in
excess of 400 KeV with phosphorous or arsenic as an inpurity having a

concent r areopgnizebehat JErdakions/ and aredifimaits onsprant be esade wwithgEsD
regions 38 and 40 that extend to about 1.3 um below the 12
departing from the spirit of the invention. It is therefore
intended to include within the invention all such variations and
modifications which fall within the scope of the appended claims

and equivalents thereof.

14



surface of the substrate 30 and formtherefore extensive (deep) regions of
impurity concentrations under the surface of the substrate. The inplants 38
.and 40 are required to be (deep) inplants that penetrate deep enough in
accordance with the deep STl trench 32. As a final step in the creation of
the ESD device of the invention, the source 42 and drain 44 regions of the

device arg created hy-n-type inpurity inplant. The inplant for the
source/drgPﬁécﬁi {iﬁ§ i‘c or phosphorous as a source, the inplant being
performed_with an i ant_ ener gy, of between 50 and_80 KeV and, an i npl ant
concent r att of %?géngp oy r&Fg\F/ﬁs?%nT ety valtage elesFreTeiAtIR process
descri bed above and fromthe cross section of the created ESD device that

i s shown fHSERYLIDPHIACUINE ARVERR SFPTRISSINGHEDELFEERPT VRE® t hat have
previously been stated for the invention, that is: - to provide an ESD
prot ect i oRTeY¢iRY F SrerH&OPINGEAT cP S W@ i®onduct.or fabrication - to

provide deep junctions for deep trenches for ESD protection
forming a Shallow Trench Isolation in the surface of said

substrate;

forming a pad oxide léyer over the surface of saia subétrate
thereby including said STI trench;

forming a gate structure on the surface of said pad oxide layér
'said gate structure to align with said STI trenCh;”

performing a p-well implant into the surface of said substrate;
performing an electro-static discharge implant into the surface
of said substrate whéreby said electro-static discharge is self-
,pligned with said gate structure; and

performing'a source and a drain implant into the surface of said
substrate whereby said source and drain implants are self-

aligned with said gate structure.

2. The method of claim 1 wherein said forming a Shallow Trench
in the surface of said substrate is forming a trench to the
depth of about 0.35 um using conventional methods of STI trench

formation.

- 15
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circuits, and - to provide an ESD protection circuit that overlies a STI

regi on. 13 Al t hough the invention has been described and illustrated
with reference to specific illustrative enbodi nents thereof, it is not
‘intended that the invention be limted to those illustrative enbodi nents.

Those skilled in the art will recognize that variations and nodifications
can be made wi thout departjng fromthe spigit_of the invention. gt s

t her ef or 4 engedhed ﬁc‘l’iﬁ’g“vai t‘“meﬁetlﬁe phd eFRTHRGRR PE cﬁxf}aFi #¥8hs and
nmodi fications which fall within the scope of the appended cl ains and

equi val erR¥%en fdeesturiage of \gaid jsubstzategipsusing silicon dioxide or a

' composite oxide, suéh as TEOS and silicon dioxide, or a nitride
oxide layer or a like gate dielectric whereby said gate oxide
layer is grown in an oxidation steam ambient at a'temperature
between about 850 and 1000 degrees C. to a thiqkness between

about 50 and 250 angstrom.

4. The method of claim l-wherein said'forming a gate structure
on the surface of said pad oxide layer is depositiﬁéla layer of
poly using low pressure CVD {LPCVD) to a thickness between about
'500 and_5000 Ahgstrom at a temperéture between about 500 and 700
degrees C. wherebylsaid layer of pély is patterned using

conventional photolithographic techniques.

5. The method of claim 4 whereby in addition said gate structure
is in situ doped by ion implantation with POCls: or using silane
as a source and with the addition of phosphine to provide the

needed dopant.

6. The method of claim 1 wherein éaid performing a p-well
implant into the surface of said substrate is implanting boron
with an energy of between about 100 and 220 keV and a dose of

between about 1lel3 and 1e14'atoms/cmF.

16
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1. A nmethod for fabricating a | ow voltage el ectro-static di scharge
protective device, conprising the steps of: providing a sem conduct or
substrate; forming a Shallow Trench Isolation in the surface of said
substrate; formng a pad oxide |ayer over the surface of said substrate
thereby including said STI trench; formng a gate structure on the surface

of saidpd ide |]a i.d.,ga tructure fto align with said STI trench:;
per f or mi n %evﬂ?+h¥§p?€ laﬁ"ﬂ‘tg Y’ﬁﬁr%’cﬁf%ﬁ?éi SeTLLy lEEub%tPa"(%l per f or mi ng
an el ectro- statlc di scharge inplant into the surface of said substrate
wher eby siFBlarkcintesthe |%1rcﬁa§ehafg§a+% shstrage; dfedmpianting dogare
structure; and performng a source and a drain inplant into the surface of

sai d substibReaRrRRREY Off PetygeBcahput f dith 40mkelnandar cdess fhetweamed
with said gate structure. 2. The nethod of claim1l wherein said formng a

Shal | ow Tekaeh 1el2 end gl atems€amd substrate is formng a trench to the
depth of about 0.35 um using conventional nethods of STI trench formation.

8. The method of claim 1 wherein said pérforming a p-well
implant into the surface of said substrate is implanting indium
with an energy between about 50 and 250 keV and a dose between

about lel2 and leld atoms/cm®.

9. The method of'claim.l whe;ein said performing an electro-
static discharge implant into the surface of said substrate is
'performing and implént that is self-aligned with.said STI
‘strﬁcture using phosphorous as an impurity ‘with .an energy in
.excess of 400 KeV and an impurity concentration of about 2E13
atoms/cm® thereby creating n-type ESD;regions_in the surface of
said substrate that extend to about 1.3 ﬁm below the surface of

said substrate.

10. The method of claim llﬁherein said performing an electro-
static discharge implant intb the surface of said substrate is
performing and implant that_ is '_s'elf—alig'rlxed with said gate
structure using aréénic'as an impurity with an energy in excess

of 400 KeV and an impurity concentration of about 2E13 atoms/cm?

\ 17
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3. The method of claim1l wherein said formng a pad oxide | ayer over the
surface of said substrate is using silicon dioxide or a conposite oxide,
.such as TECS and silicon dioxide, or a nitride oxide layer or a like gate
di el ectric whereby said gate oxide |layer is grown in an oxidation steam.
anbient at a tenperature between about 850 and 1000 degrees C. to a

t hi ckness between aboyt 50 and 250 angstrom, 4. The nethod of claiml1l

wher ei n sERYFIRY ATRFEGaPEtER? RIRRE P d s TRE 28R 13 8% 5344 oxi de-
“layer is depositing a layer of poly using | ow pressure CVD (LPCVD) to a
i CknessSWRTbRARE dhAt SS6EnEES I tATGSt MBNPALOH Fepereians: oesaieh
about 500 and 700 degrees C. whereby said |layer of poly is patterned using

convent i oFPSEHRI®I i t hographi ¢ techni ques. 5. The nethod of clai m4 whereby
in addition said gate structure is in situ doped by ion inplantation with
POCl[err] or using silane as a source and with the addition of phosphine to
provi de the needed dopant. 6. The nethod of claim 1 wherein said performng
a p-wel | 3hplThe netthed RE slrimck wifersdind sadds peaferning npl smtriaeg angr @n
drain implant into the surface of said_substiate is ;mpianting
arsenic with én implanf energy of between 50 and 80 KeV and an
implant concentration of about 3E15 atoms/cmzthereby creating n-

type source and drain regions.

12. The method of claim 1 ﬁherein said performing a source and a
drain implant into the surface Qf said substrate is implénting
phosphqrous with an“implant energy of bétween 50 and 80 KeV and
,an implant concentration 6f about 3E15 atoms/cm? thereby

creating n-type source and drain regions.

13. A method for fabricating a low voltage electro-static
discharge protecfive device, comprising the steps_of:

providing a semiconductor substrate;

fo:ming a Shallow Trench isolétioﬁ trench in the surface of said
substrate; |

forming a pad oxide layer over the surface of said substrate

thereby including said STI trench;

18
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wi th an energy of between about 100 and 220 keV and a dose of between about
1lel3 and | el4 atons/cnierr]. 16 7. The nethod of claim1 wherein said
performng a p-well inplant into the surface of said substrate is

i'mpl anting boron with an energy of between about 5 to 40 keV and a dose

bet ween about 1el2 and 5el3 atons/cnferr]. 8. The nethod of claim1l wherein
said performing a p-well inplant into the surfac% of,gard subs%rg{e S

i npl ant i NEOFRERY MR \FR 1P SFRURIEE BBt FRR SUHTARE 88 SA492BBAKRXAIn L &Y Hose

between about 1lel2 and lel4 atons/cnferr]. 9. The nethod of claim 1l wherein
sai d perf8spifingetd tharature $oapiléghi stHhrpdd FFakEePAP6 t he surface of
said substrate is performng and inplant that is self-aligned with said STI
st ruct ur epasformitmspHoTWRIS. dPdAnt nbuke tthenisuriaseefér gpifnsuRebrater 400 -
KeV and an inpurity concentration of about 2E13 atons/cnierr] thereby
creating perfpemib®D anglwatiorsthticudischarde dapdasvtbinktat thehswrfacend to
about 1.3 um bel ow the surface of:

of said substrate whereby said electro-static discharge is self-

aligned with said STI structure; and

'performing a source and a drain implant into the surface of said

substrate whereby said source and drain implénts are self-

aligned with said gate structure.

14. The method of claim 13 wherein said forming a Shallow
Trench Isolation trench in the surface of said substraté,is
'forming a trench to the depth of about 0.35 um using

.con#entional methods of STI trench formation.

15. The method of claim 13 wherein said forming ‘a pad. oxide
layer over the surface of said substrate is using silicon
dioxide or a composite oxide, such as TEOS and silicon dioxide,
or a nitride oxide layer or a like gate dielectric whereby said
gate oxide layer is grown in an oxidation steam ambient at a
temperature between ébout 850-and-1000 degrees C. to a thickness

between about 50 and 250 angstrom.

I
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‘sai d substrate. 10. The nethod of claim 1 wherein said perfornming an
el-ectro- static discharge inplant into the surface of said substrate is
_performng and inplant that is self-aligned with said gate structure using
arsenic as an inpurity with an energy in excess of 400 KeV and an inpurity
concentration of about 2E13 atons/cnierr] 17 t hereby creating n-type ESD
regions in the surface of said substrate that extend to about 1.3 um bel ow
the surfafe BResBethedRE Ghadm 13 vhngeln(3id FOXPRRENR 19%ker BFFuchiEe
- performng a source and a drain inplant.into the surface of said substrate
i s i npl aRPi hBearuEfrce ff Padd Pagl axidenkrysr dfs KePREéRing andaperkef and
an i nplant concentration of about 3E15 atons/cnierr] thereby creating n-
type souPedYandingalew iregsivre €YD THECYR: Hel aofthilckness hiRtween shout
performng a source and a drain inplant into the surface of said substrate
i s i npl aAPPngn@hdePP Angatnem latap tepperatwrepivenbebeetn580 and 800 KeV
and :
degrees C. whereby said layer of poly is patterned using

conventional photolithographic techniques.

17. The method of claim 16 whereby in additioh said gate
structure is in-situ doped by ion implantation with ?OCla or
‘using silane as a source and with the addition of phosphine to

provide the needed dopant.

18. The method of cléim 13 wherein said N~well implant uses
phosphorus.with an energy within the range of between 300 to 600
keV and a dose within the range of between lel3 to 5el4

atoms/cmz.

19. The method of claim 13 wherein said N-well implant uses
phosphorus with an energy within the range of between 50 to 300
keV and a dose within the range of between lel2 to 5el3

atoms/cm®.
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,an inplant concentration of about 3E15 atons/cnjerr] thereby creating
n-type source and drain regions. 13. A nethod for fabricating a | ow vol tage
el ectro-static discharge protective device, conprising the steps of:
pr dvi di ng a sem conductor substrate; form ng a Shallow Trench Isolation
trench in the surface of said substrate; formng a pad oxide |ayer over the
surface of said substrate thereby including said STI trench; 18 form ng
a gate strucr &henmeltbodusfackaigi Ishiwhepadnosated N-weskl sigipd agdt aiseisr uct ur e
to align with said STI trench; performng a n-well inplant into the surface
of said subsirssirdc pdthoani egergy eticittimo-thearangeli of Heeigeeem@tardo 20100 kele
surface of said substrate whereby said electro-static discharge is self-
al i gned Wi t harshizl dBEe stithHthutike weIhep &l befivagnaleDhiree Bk a tdnd/fom?..
i nplant into the surface of said substrate whereby said source and drain
I npl ants are self-
21. The method of claim 13 wherein said performing an electro-
static discharge implant into the surface of said substrate is
performing and implant that is self-aligned with said STI
- structure using boron as an impurity with an energy in excess of
400 KeV and an impurity concentrétion of about 2E13 atoms/cm?
thereby creating p-type ESD regions in the surface of said
substrate that extend to about 1.3 um below the surface of said

substrate.’

o 22. The method of claim 13 wherein said performihg an electro-
static discharge implant into the surface of said substrate is
performing and implant that is self-aligned with said STI.
structure using indium as an impurity.with an energy in excess'.
of 400 KeV and an impurity concentration of about 2E13 atoms/cm®
thereby cfeating p-type ESD regions in the surface of said
substrate that e#fend to about ;.3 um beloﬁ the surface of éaid

substrate.

23. The method of claim 13 wherein said performing a source and

a drain implant into the surface of said substrate is implantiné

\ 21
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alligned with said gate structure. 14. The nethod of claim 13 wherein said
formng a Shallow Trench Isolation trench in the surface of said substrate
is formng a trench to the depth of about 0.35 unr using conventional

met hods of STI trench formation. 15. The nethod of claim 13 wherein said
form ng a pad oxide |layer over the surface of said substrate is using
silicon dioxide or, a conposi.te, oxide, su s TE and .sjlicon di pxide, or
o tride oRplen il Y HHaR §AEELY; O detresnung; 8o L G And B8 e

| ayer is grown_in an oxidatigon steam anbient at a tenperature between about
850 and 1008MBbRleconcentFation; eknadRUY it R tABSYEms FRergbYs 6X SRELRY AT
. 16. The nethod of claim 13 wherein said formng a gate structure on the
surface of 5¥Pe PRRreskiand [drpdn reI4ePdsiting a | ayer of poly using |ow
pressure CVD (LPCVD) to a thickness between about 500 and 5000 Angstrom at

a tenperature between about 500 and 700 degrees C. whereby said | ayer of

poly is patterned using conventional photolithographic techniques.
24. The method of claim 13 wherein said performing a source and

a drain implant into the surface of said substrate is implanting
indium with an implant energy of between 50 and 80 KeV and an
2

implant concentration of about 3E15 atoms/cm” thereby creating

p-type source and drain regions.
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17. The method of claim 16 whereby in addition said gate structure is
in-situ doped by ion inplantation with POCl3 or using silane as a source
and-wi th- the addition of phosphine to provide the needed dopant. 18. The
met hod of claim 13 wherein said N-well inplant uses phosphorus with an
‘energy within the range of between 300 to 600 keV and a dose within the
range of between 1el3 to 5el4 atons/cnR2. 19. The nethod of claim 13 wherein
said N-wel|l inplant uses phosphorus w 2RSERREhergy within the range of

bet ween 50 to 300 kev and a dose within the range of between 1el2 to 5el3
atons/cnjerr]. 20OVEL ESD PRATEGTEON DEVIGE ROR:$STH DEER,\SEMICRONSTRGHNOLORZ| | | npl ant
uses arsenic with an energy within the range of between 50 to 200 keV and a
dose within the &amegre néthmt viseproeided ofdre theatcawetdnhepf]an 2AD The

met hod of claim 13 wherein said performng an electro- static discharge

i mpl ant i ntprotecsionh adevicfe Farddsepssulaiciaon semiconductor technology.

An STI trench is created and filled with oxide. The surface of
the STI region is polished after which a géte structure is
created over.the STIIregion. A high energy ESD implént is
performed that is self;aligned with the cféated gate stfucture'
after which the EDS device structﬁre is completed by implahting._
the source and drain regions of the EDS device.

(FIGURE 2 1S SUGGESTED FOR PUBLICATION)
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*performng and inplant that is self-aligned with said STI structure using
‘boron as an inpurity with an energy in excess of 400 KeV and an inpurity
concentration of about 2E13 atons/cnjerr] thereby creating p-type ESD
segions in the surface of said substrate }hat extend to about 1.3 um bel ow
t he sufface of said substrate. 22. The mbf{Bod of claim 13 wherein sai d
perkornming an electro- static discharge inplant into the surface of said

. substrate is perfornmng and inplant that is self-aligned with said STt
~structure using indiumas an inpurity with an energy in excess of 400 KeV
and an inpurity concentration of about 2E13 atons/cnierr] thereby creating
p-type ESD regions in the surface of said substrate that extend to about
1.3 umbel ow the surface of said substrate. 23. The nmethod of claim 13
wherein said performng a source and a drain inplant into the surface of
said substrate is inplanting 21 boron with an inplant energy of between
50 and 80 KeV and an : . :
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!’rrpl ant concentration of about 3E15 atons/cnR thereby creating p- type-
source and drain regions. 24. The nethod of claim 13 wherein said '

performng a source and a drain inplant into the surface of said substrate
ts . inplanting indiumw th an inplant ener of between 50 and 80 KeV and an

| Ml and&,_ concentration of about 3E15 atord/Znmerr] thereby creating p-type .
sour’ce-and drain regions. 22
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