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NOVEL ESD PROTECTION DEVICE FOR STI DEEP SUBMICRON TECHNOLOGY
BACKGROUND OF THE INVENTION

(1) Field of the Invention

The inventioﬁ relates to the fabricaﬁioﬁ of integrated
circuit devices, and ﬁﬁre particularly, to a new and improved
method of providing an Eiectrostatic Discharée (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



device via a bond pad. This voltage surge can be induced by

‘direct contact with surroundinéﬂequipment to which the bond pad

is éonnected or by ﬂuman contact. The.essential function of the
ESD protection arrangément is to direct the ESD current away
from the circuits that the ESD circuit is designed to protect.
ESD circuits are used to protect memory circuité, 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) circuits

formed on the die. Protective ESD circuits are typically located



between thé input and output pads on the die and the transistor
gates to which the ‘pads are electrically connected.'The ESD
circuits provide in this manner a path of conductance from the
ihput/output pads to a ground pad, or to a power or bias voltage
path for the die. This electrical path is designed to be
triggered by a high véltage, which is higherlthan_the operating
voltage, so that the turrent can be discharged at a rééid 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 inpﬁt ot outéut
pad can leak,froﬁ thesé 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 sgcondary protection circuit. Key to the
successful operation of an ESD circuit configuration is that l
these circuits individuallflor collectively react fast enough so
that any surge in qurrent can be interrupted or deflected in
time to protect the surrounding circuits from damage. In order

to achieve this objective ESD protection .circuits frequently use



highly sensitive thin (for instance oxide) films or a transistor
design that, by for instanée using a thin-film gate oxide layer
between the gate eiectrode and the uﬁderlying substrate, will
rapidly react to improper operation voltages and will as a
consequence interrupt their normal opération 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 bé made to opérate in a collective manner and in a
manner that is sensitive to the level of induced voitages. A
'primary protection dircuit can for instance be electrically
isolated (by a resistive load) ffom the secondary protection
.circuit such that the interruptiﬁg capabiiities (determined by
for instance the_thickness of the oxidé.layér underlying the
gate electrode of the secéndary circuit or by the size_c£ 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 phy51cal proximity

with the memory circuits that may include memory cell arrays and



. peripheral circuits. The peripheral circuits inélude NMOS and

PMOS transistors. The active regions of the memory circuits are
electrically isoiated by forming non-active ;egidns between
these circuits, these non-active regions are also referred to as
field oxide regionéland cén be formed using any of the
conventional approaches such as Qith the Locai Oxidation of
Silicon (LOCOS) process.or by forming Shallow Trench 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 separated.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



substrate 10. The Prior Art cross section that is shown in Fig.
1 is a metal gate field thféshéid device and contains a layer 14
of field oxide, a source region 12 and a drain region 13 that
are adjacent to the fieid oxide layer 14, a threshold voltage
adjustment region 16 underlying the field oxide layer 14, a
layer 18 of gate oxide and two metal contacts 20 and 22 that
respectively contact the source (12) and dréin (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
-performed 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 excess of 12 volts.
Typical 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



. the depletion layers of the source and the drain regions touch

and the required current control by the gate electrode between
the source and the drain is no longer effective.' Whexre, on the
other hand, a deep trench is used for the STI region, that is
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 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 (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.



SUMMARY OF THE INVENTION

A principle objective of the invention is to provide a
method of creating an ESD protection circuit for deep submicron

semiconductor fabrication.

Another objective of the invention is te 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



. completed by implanting the source and drain regions of the EDS

protection device.

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.



DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now specifically to Figs. 2a through 2c, there
are shown cross sections 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
polished 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
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‘mask. A layer of oxide is then deposited into the trench so that
the trench forms an area of insulate dielectric which acts to
isolate the devices in a‘éhip and fhus reduce the cross talk
between active dévices; The excess depositéd oxide must be
polished off and thé trench planarized to prepare for the next
level of metalization. The silicon nitride is p;ovided 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 bgtween about 850 and 1000
degrees C. to a thiékness between about 50 and 250 angstrom. The.

gate 34 typically is either polysilicon or amorphous silicon or
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a combination of both. This layer may be in-situ doped with
dopant atoms or ion implantéd with dopant atoms to alter the
conductivity pattern of this conducfive layer. A layer of poly
can be deposited to form the gate electrode 34 by low pressure
CVD (LPCVD) to a thickness 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 siléne 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



.Surface of fhe substrate 30 and form therefore extensive {deep)
_ regions of impurity concéntrations under the surface of the
substrate. The implénts 38 aﬁd 40 are required to be (deep)
implants that penet#até deep enough in accordance with the deep

STI trench 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 junctions for deep trenches for ESD protection'

s,

circuits, and

- to provide an ESD protection circuit that overlies a STI

region.

13



Although the invention has been described and illustrated
with reference to specific illustrative embodiments thereof, it
is not intended that the invention be limited to those
illustrative embodiments. Those skilled in the aft will
recognize that variatiqns and_modifications can be made without
departing from the spirit of the invention. It is therefore
intenaed'to include within the invention all such variations and
modifications which fall wifhin the scope of the appended claims

and equivalents thereof.

14



What is claiﬁéd is:l

i, A method for fabricating a low voltage electro-static
discharge protecfiﬁe device, compfising the steps of:

providing a semiconductor substréte; |

forming a Shalloﬁ ffench'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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3. The method of claim 1 wherein said forming a pad oxide layer
~over the surface of said substréte is using 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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7. The method of claim 1 wherein said performing a p-well
implant into the surface of said substrate is implanting boron
with an energy of between about 5 to 40 keV and a dose between

about lel2 and 5el3 atoms/cm?.

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 pf 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 éelf—aliéﬁed 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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thereby creating n-type ESD regions in the surface of said
substrate that extend to about 1.3 um below the surface of said

substrate.

11. The method of claim 1 wherein said performing a source and a
drain implant intp the surface of said_substiate i; ;mpianting
arsenic with én implanf energy of between 50 and 80 KeV and an
implant concentration of about 3E15 atoms/cméthereby 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 of said substrate is implanting

phosphorous with an.implant energy of between 50 and 80 KeV and
,an implant concentration of 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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forming a gafe strueturg on the surface of said pad oxide layer

- said gate structure to aiign with said STI trench;
performing a n-weli implant into tﬁe.surface of said substrate;
pérfofming an electr§-static.dis§harge implant into the surface
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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16. The methéd of claim l3 wherein said forming a gate structure
on the surface of said pad 6xide'layer is depositing a layer of
poly using low pressure CVD (LPCVD) td a thickness between about
500 and 5000 Angsfrom at a temperature between about 500 and 700
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/cm®.

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®.

- 20
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20. The method of claim 13 wherein said N-well implant uses
arsenic with an energy within the range of between 50 to 200 keV

and a dose within the range of between lel2 to lelé atoms/cnfh

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 és an impurity with-én energy in excess of
400 KeV and an impurity concentrétion of about 2E13 atoms/cm?
thereby creating p-type:-ESD regidns in the sﬁrfaée of said
substrate ﬁhat.exteﬁd to about 1.3 um below the surface of said

substrate.’

22. The method of claim 13 wherein said performiﬁg 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
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boron with an implant energy of between 50 and 80 KeV and an
implant concentration of about 3E15 atoms/cm® thereby creating p-

type source and drain regions.

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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