1 UMOS-LIKE GATE-CONTROLLED 14 September 2005 THYRISTOR STRUCTURE FOR ESD
PROTECTION BACKGROUND OF THE INVENTION 1. Field of the Invention The invention relates to
electrostatic discharge (ESD) structures for sub-micron devices, and more particularly to a thyristor
(silicon controlled rectifier) which is gated by a U-type gate structure of a MOS (UMOS) transistor. 2.
Description of the Related Art The Silicon Controlled Rectifier (SCR) is the most efficient of all protection
devices in terms of ESD performance per unit area. Usually, the SCR trigger level ig4@géfechigb: Idus Low
Voltage Trigger SCR (LVTSCR) is the most promising device for ESD protection by surface channel to
reduce the drain-tap junction avalanche breakdown. Recently, reports have shown that LVTSCR's with

shallow trench isolation (STI), especially on epi, are not functional because the hole current cannot
efficiently forward bias the n+ cathode%@@l%{rﬁfgj%TighQQI@&Ffpé-Eﬁadation process for reducing

electrostatic discharge (ESD) paveisIar 5Tl e TOREPGRESE RO PECIVaNated for
deep-quarter-micron (1 micron= 10-6 meters) technologies. Therefore, it is very useful to invent a new

type of thyristor structure with a low controllable trigger voltage that is compatible with self-aligned silicide
and STI fabrication technology without adding any process complexity and cost.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to electrostatic discharge (ESD) structures for sub-micron
devices, and more particularly to a thyristor (silicon controlled rectifier) which is gated by
a U-type gate structure of a MOS (UMOS) transistor.

2. Description of the Related Art

The Silicon Controlled Rectifier (SCR) is the most efficient of all protection
devices in terms of ESD performance per unit area. Usually, the SCR trigger level is
quite high. The Low Voltage Trigger SCR (LVTSCR) is the most promising device for
ESD protection by surface channel to reduce the drain-tap junction avalanche
breakdown. Recently, reports have shown that LVTSCR’s with shallow trench isolation
(STI), especially on epi, are not functional because the hole current cannot efficiently
forward bias the n+ cathode/p-substrate junction. Also, the silicidation process for
reducing electrostatic discharge (ESD) performance is still a concern and needs to be
evaluated for deep-quarter-micron (1 micron= 10 meters) technologies. Therefore, it is
very useful to invent a new type of thyristor structure with a low controllable trigger
voltage that is compatible with self-aligned silicide and STI fabrication technology

without adding any process complexity and cost.



14 September 2005 2 Below are listed U.S. Patents which describe gate controlled SCR structures
employing a Trench-Gated MOS (UMOS) structure that will provide a low trigger voltage to prevent
damage during an ESD event are: U.S. Patent 5,940,689 (Rexer et al.), U.S. Patent 5,682,048
(Shinohara et al.), and U.S. Patent 5,324,966 (Muraoka et al.) each describe the structure of the Trench-
Gated MOS device. Muraoka et ai. describes this structure to implement a thyristor. U.S. Patent
5,576,557 (Ker et ai.) describes a low voltage trigger SCR for application to an ESDfpsefretiderciimst.
SUMMARY OF THE INVENTION It is an object of the present invention is to provide a MOS
gate-controlled SCR_(UGSCR) structure for an ESD protection circuit in an IC device that is compatible

with shallow trench %@I%Woﬁf%éfﬂ?%él Seffalpite qvbictigie ssaia i tpprHBdadhRofigictWiesout
adding any process. com ec oft e invention rovide a MOS
qate-conto B R L et AR o L R e v WL B tees Volioe
clamping v %m% @Hﬁﬁﬂ%%fg%ggeqﬂaﬂgr micron (1 micron= 10-6 meters) process

application. It is yet anot ero Ject of'the present invention to provide the UGSCR with a low impedance
state when "on", of ab@ItAdliedt 19a9 [eg9dReKee 61GHL R 3 IMarewse cdBonat{Shideviaeier EISD

protection.
and U.S. Patent 5,324,966 (Muraoka et al.) each describe the structure of the Trench-
Gated MOS device. Muraoka et ai. describes this structure to implement a thyristor.
U.S. Patent 5,576,557 (Ker et ai.) describes a low voltage trigger SCR for

application to an ESD protection circuit.

SUMMARY OF THE INVENTION

It is an object of the present invention is to provide a MOS gate-controlled SCR
(UGSCR) structure for an ESD protection circuit in an IC device that is compatible with
shallow trench isolation (STI) and self-aligned suicide (salicide) fabrication technology

without adding any process complexity and cost.

It is another object of the invention to provide a MOS gate-controlled SCR
structure for an ESD protection circuit in an IC device, which can give a low clamping
voltage in the order of 1 to 2 V for deep-quarter-micron (1 micron= 10 meters) process

application.

It is yet another object of the present invention to provide the UGSCR with a low
impedance state when “on”, of about 1 to 3 ohms to make the UGSCR a low power

dissipating device for ESD protection.



3 14 September 2005 It is still another object of the present invention to provide a CMOS latch up
immune circuit by insuring that the threshold voltage of the UMOS-like gate is larger than the Vdd
voltage. These and many other objects have been achieved by creating a structure and a method in
which a parasitic thyristor (or SCR) has a UMOS-like gate structure. The UMOS-like gate structure
consists of a U-type gate flanked on either side by an n-well or in the alternative by a p-well. The U-type
gate is connected on one side to an adjacent p+ diffusion which is the anode. On theixfsiesisle obze
gate and also adjacent to it is an n+ diffusion which is the cathode. The latchup immune circuit is
achieved by creating a U-shaped gate structure which is lined with a thick gate oxide-similar to a field

oxide-under the poly gate. These and many other objects and advantages of theéfresent invention will be
readily apparent to ohé<Hilleanpiige aligstohitie ReerrrtinYaPtainPIRMEE p& AP Mgl Whims, the

Roures herellTITAES S Gl GAT AP G RO ALC UESIELG AR U LSS R AR RIS Ghto andior

out of the page}inR r\paawtgag(eciated by those skilled in the art. 4 14 September 2005

These and many other objects have been achieved by creating a structure and
a method in which a parasitic thyristor (or SCR) has a UMOS-like gate structure. The
UMOS-like gate structure consists of a U-type gate flanked on either side by an n-well
or in the alternative by a p-well. The U-type gate is connected on one side to an
adjacent p+ diffusion which is the anode. On the other side of the gate and also
adjacent to it is an n+ diffusion which is the cathode. The latchup immune circuit is
achieved by creating a U-shaped gate structure which is lined with a thick gate

oxide—similar to a field oxide—under the poly gate.

These and many other objects and advantages of the present invention will be
readily apparent to one skilled in the art to which the invention pertains from a perusal
of the claims, the appended drawings, and the following detailed description of the

preferred embodiments.

Note that the figures herein illustrate vertical cross sections of devices and that
the devices extend laterally (into and/or out of the page) in a manner appreciated by

those skilled in the art.



BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a cross-sectional view of the present invention.
FIGS. 2 - 4 depict the process flow for forming a U-like gate structure. FIGS. 5 through 10 are
cross-sectional views of key process steps for the UGSCR structure in a 0.25 micron process according
to the preferred embodiment of the present invention. DESCRIPTION OF THE PREFERRED
EMBODIMENT In the invention, a novel U-gate MOS (UMOS)-like gate-controlled SCR structure
(UGSCR) is provided, see Fig. 1. The adjacent n+ (1) and p+ (2) diffusions in the n-wedkd@hd&@ 2005
connected to the input terminal (4). A vertical parasitic ppp device (transistor) is formed with the
p-substrate (5) as the collector, n-well (3) as the base, and input p+ (2) diffusion as the emitter. The n+

(6) diffusion partially on the n-well BR|PEaEEC P PIGNIGHFAE SDRIMNINGS a p+ pick-up (8), is
connected to the ground (9) or substrate bus and forms the emitter of the parasitic npn transistor. The

base of the parasitic npn transistor is formed by the p-substrate (5) and the collector is the n-well (3) and

the n- well contact (FIGh It QSrike MiédBamrte v etird baasepmipiieatsi.a layer of silicon dioxide (11)

and polysilicon gate (12) is formed between the two n-wells (3 and 7) and its gate (12) is connected to
the input terminal (4). 14 September 2005 5 The UGSCR structure is compatible with the self-aligned

silicide process and sie#ow trenripisptabqir§Sdds fabwoliabriamyal ek ijaes saddingsany process

FIGS. 5 through 10 are cross-sectional views of key process steps for the
UGSCR structure in a 0.25 micron process according to the preferred embodiment of

the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

In the invention, a novel U-gate MOS (UMOS)-like gate-controlled SCR structure
(UGSCR) is provided, see Fig. 1. The adjacent n+ (1) and p+ (2) diffusions in the n-well
(3) are connected to the input terminal (4). A vertical parasitic pnp device (transistor) is
formed with the p-substrate (5) as the collector, n-well (3) as the base, and input p+ (2)
diffusion as the emitter. The n+ (6) diffusion partially on the n-well (7) located in the p-
substrate (5), along with a p+ pick-up (8), is connected to the ground (9) or substrate
bus and forms the emitter of the parasitic npn transistor. The base of the parasitic npn
transistor is formed by the p-substrate (5) and the collector is the n-well (3) and the n-
well contact (1). A UMOS-like MOS gate structure (13), comprised of a layer of silicon
dioxide (11) and polysilicon gate (12) is formed between the two n-wells (3 and 7) and

its gate (12) is connected to the input terminal (4).



complexity and cost. FIG. 2 shows a shallow trench isolation (STI) in p-substrate (5) having a "U"-type
gap covered with a conformal layer of silicon dioxide (11). FIG. 3 depicts the U-type gap after an active
reverse etch back. After chemical mechanical polishing (CMP) all silicon dioxide is removed from the top
surface of the p-substrate as shown in FIG. 4. During normal circuit operation, CMOS latch-up should not
be a problem since the threshold voltage of the LIMOS-like gate is larger than the Vdd supply voltage
(the thick gate oxide under the poly gate is somewhat like the field oxide) and the emigigstcanskpaggsof
the parasitic pnp transistor are at the same potential (Fig. 1). During an ESD stress pulse, when the gate
voltage of the UGSCR increases, there is a depletion region formed under the LIMOS-like gate. There

are two competitivd heefpishhstroetuesse romggiibla withoikecsrdidadignrdiplisideriosere s
i ion. The fi is that th | il -well,(3)/. p-syb 5) breakd
voltage due RTIEY SEERH RIS b A PR JERaPOL e WAL S Gha b SR GB R will occur
before the chapnskig{PHRALYSHRdoRgb et KRN RIPRY IR PS I isdhalieLra#) e an
Fﬁj@me ud8 If t %} f?;iLMOS-hk ggtg

inversion layer nder the UMOS- like gate e threshold voltage of t e is less

than the n-wedving stihstratedonepkeoverawliagea eddiGemie mper a0oihodieaditiedeo|eLioFI8) B base (3)

junction of the pnp transistor goes into avalanche breakdown or an inversion layer is formed under the

poly gate (12epiciethgllU-type gap after an active reverse etch back. After chemical mechanical
polishing (CMP) all silicon dioxide is removed from the top surface of the p-substrate as

shown in FIG. 4.

During normal circuit operation, CMOS latch-up should not be a problem since
the threshold voltage of the UMOS-like gate is larger than the Vdd supply voltage (the
thick gate oxide under the poly gate is somewhat like the field oxide) and the emitter

and base of the parasitic pnp transistor are at the same potential (Fig. 1).

During an ESD stress pulse, when the gate voltage of the UGSCR increases,
there is a depletion region formed under the UMOS-like gate. There are two
competitive mechanisms for UGSCR trigger in the preferred embodiment of the present
invention. The first one is that the gate voltage will reduce the n-well (3)/ p-substrate (5)
breakdown voltage due to local electrical field localization in the trench corner region
and the breakdown will occur before the channel is formed under the poly gate (12).
The second mechanism is that there will be an inversion layer formed under the UMOS-
like gate if the threshold voltage of the UMOS-like gate is less than the n-well / p-

substrate breakdown voltage.



be an electron current in the n-well (3). The electron current will produce a potential in n-well (3) which
can forward-bias the emitter (2) to base (3) junction of the pnp transistor. Then, holes will be injected
from the p+ emitter (2) to the n-well (3). Some of the holes will recombine with the electrons from the
n-channel region or breakdown region and some of the holes will go through the p-substrate and will be
collected by the p+ pick-up (8). The later one will produce a voltage drop in p-substrate (5) which
forward-biases the emitter (7) to base (5) junction of the npn transistor, thus turningii 88pERHEPTV05
transistor current from its collector (n-well (3)) to its emitger (cathode (9)) 12 now supplies the
forward-bias of the p+ emitter (2) / n-well base (3) for the pnp transistor. The voltage at the anode no
longer needs to provide the bias for the pnp transistor, and the voltage between the anode and the
cathode begins to dédteatiee msdigititay (b)anbastveSjesisttioneofdympnPtremsisiahgtsS BAR can be

petweon & paTAF Ly e S B e e g

UGSCRis nbwanl|gleohydo_cnmgmhtmmatgdqvalhcd&héf ba-e@mceroemavw(mmme abmiential 3ohms
ransistor ool e s T e s R e ST A o acton.
Once the UGi@CGRSturiiny HoleSapik b érjecies from the p+ emitter (2) to the n-well (3). Some
of the holes will recombine with the electrons from the n-channel region or breakdown
region and some of the holes will go through the p-substrate and will be collected by the
p+ pick-up (8). The later one will produce a voltage drop in p-substrate (5) which
forward-biases the emitter (7) to base (5) junction of the npn transistor, thus turning it

on.

The npn transistor current from its collector (n-well (3)) to its emitter (cathode (9))
12 now supplies the forward-bias of the p+ emitter (2) / n-well base (3) for the pnp
transistor. The voltage at the anode no longer needs to provide the bias for the pnp
transistor, and the voltage between the anode and the cathode begins to decrease
resulting in a negative resistance region. Once on, the UGSCR can be modeled as a
p-i-n diode, i.e., a p-i-n junction diode including an intrinsic semiconductor layer,
inserted between a p-doped layer and an n-doped layer. The region between the
anode and cathode of the UGSCR is now fully conductivity modulated, and the on-
resistance of the UGSCR is about 1 to 3 ohms making it a low power dissipating device

ideal for ESD protection.

Usually, the turn-on of the pnp transistor occurs in less than 1 ns (1 ns = 10

seconds) and this leads to the regenerative pnpn action. Once the UGSCR is turned



on the device is in a low impedance state and the anode to cathode clamping voltage is of the order of 1
V to 2 V in a sub-micron (1 micron = 10-6 meters) process. This dramatically reduces the power
dissipation and results in an improved ESD performance. The nature of the device operation means that
it is not influenced by salicidation (self-aligned silicidation) which is a big advantage in advanced CMOS
processes. Also, the ESD implant is not necessary for the device and the ESD implant process can be
skipped without adding any process complexity and cost. In the illustrated embodiments shenpcens of
the invention is shown by way of illustration and not of limitation, as applied either to the structure or the
methods disclosed. Referring once again to FIG. 1, we describe in greater detail the LIMOS-like gate-
controlled thyristor = UGSCR (10) for electrostatic discharge (ESD) protection. In a semiconductor wafer
with a p-substrate (5) there is deposed a first (7) and a second n-well (3), separated from each other by a

U- MOSU lik h d th dn || d th MQOS-lik
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layer (11). The LIMOS-like gate structure acts as the gate of the thyristor (UGSCR). 8 14 September
2005 dramatically reduces the power dissipation and results in an improved ESD

performance.

The nature of the device operation means that it is not influenced by salicidation
(self-aligned silicidation) which is a big advantage in advanced CMOS processes. Also,
the ESD implant is not necessary for the device and the ESD implant process can be

skipped without adding any process complexity and cost.

In the illustrated embodiments the process of the invention is shown by way of
illustration and not of limitation, as applied either to the structure or the methods

disclosed.

Referring once again to FIG. 1, we describe in greater detail the UMOS-like gate-
controlled thyristor = UGSCR (10) for electrostatic discharge (ESD) protection.
In a semiconductor wafer with a p-substrate (5) there is deposed a first (7) and a
second n-well (3), separated from each other by a U-gate MOS (UMOS)-like gate
structure (13), where the first and the second n-well, and the UMOS-like gate structure
together form a MOS transistor T1. The UMOS-like gate structure further comprises a
U type trench lined with a silicon dioxide layer (11) a polysilicon layer (12) disposed on
top of silicon dioxide layer (11). The UMOS-like gate structure acts as the gate of the

thyristor (UGSCR).



A first n+ diffusion (6) is disposed on one side of, and adjacent to, UMOS-like gate structure (13), and is
located partially over first n-well (7) and p-substrate (5). Adjacent to first n+ diffusion (6) is disposed a first
p+ diffusion (8), which acts as a p+ pickup, and where first n+ diffusion (6) and first p+ diffusion (8) are
the cathode of thyristor (10). A first metal layer (15) is deposited over the first n+ diffusion and the first

p+ diffusion to provide the contact for the cathode of the thyristor. The cathode is typically connected to a
ground potential or alternately to substrate (5). A second p+ diffusion (2) is dispose G shenptiensisie of,
and adjacent to, the UMOS-like gate structure (13). Adjgcent to the second p+ diffusion is a second n+
diffusion (1), where second p+ diffusion (2) and second n+ diffusion (1) are disposed over the second
n-well (3). A second metal layer (14) is deposited over the second p+ and n+ second diffusion. A

ducti jon i de b h d | | 14), : f ' 10), which
(ogether form the AhalE Cly SISy LS IRBSHRGHE TGS ConAUBIBEIE5 SR ot HEAve et t be

protected fr t@%'i?u3{@‘?&'@(@2}%%5%"1ﬁgé‘ﬂé’é‘aﬁ%ﬁﬁwr&fé‘? ﬂfé?ﬁ-@v@ﬁ@%%&@éﬂiBQiPégg‘i‘BfStor Q2,

where the emitter, the base, and the collector are formed by first n-well (7), p- substrate (5), and second
n-well (3), reApReidie!Yo dinst () aiffasisHigapn® digpiaedransitpi Qkfushiegharieiiectbageaand

collector are formed by second p+ diffusion (2), second n-well (3), and p-substrate (5), respectively.

CMOS latchpjsks!prévishvdoetie dhiska-ifthsizmof) aorkistad taiftusios(flargdtesaibade ¢13) is larger

A Dy S0 R'ist matal layer | 7o) 15 deposieR over ihé first n+ diffusion and the first
p+ diffusion to provide the contact for the cathode of the thyristor. The cathode is
typically connected to a ground potential or alternately to substrate (5). A second p+
diffusion (2) is disposed on the other side of, and adjacent to, the UMOS-like gate
structure (13). Adjacent to the second p+ diffusion is a second n+ diffusion (1), where
second p+ diffusion (2) and second n+ diffusion (1) are disposed over the second n-well
(3). A second metal layer (14) is deposited over the second p+ and n+ second
diffusion. A conductive connection is made between the second metal layer (14), and
the gate of thyristor (10), which together form the anode (4) of the thyristor. The anode

in turn is connected to an input of the circuit to be protected from ESD.

The thyristor itself is further comprised of (a) a parasitic npn bipolar transistor
Q2, where the emitter, the base, and the collector are formed by first n-well (7), p-
substrate (5), and second n-well (3), respectively, and (b) a parasitic pnp bipolar
transistor Q1, where the emitter, base, and collector are formed by second p+ diffusion

(2), second n-well (3), and p-substrate (5), respectively.

CMOS latchup is prevented because the threshold voltage of the UMOS-like

gate structure (13) is larger than a supply voltage Vdd of a circuit to be protected.



9 The above described preferred embodiment of the LIMOS-like gate-controlled thyristor includes its
complement as well, such that when the n- and p- conductivity type, the cathode and anode, and npn
and pnp transistors are interchanged a thyristor results which is based on an n-substrate with p-wells
without changing the function of the thyristor. Referring once again to FIG. 1, the preferred method for
manufacturing the present invention requires the following steps: diffusing into p-substrate (5) a first and
a second n-well (7) and (3), respectively, creating a LIMOS-like gate structure (13) fygbsisties 205
forming between the first and the second n-well a U typetrench in the form of a shallow trench isolation
(STI), and depositing silicon dioxide (11), as shown in FIG. 2, etching back the silicon dioxide %ggnin an
active reverse etch gat&,ap@wm@@zﬂb%aﬁﬁgaﬂimmm PletRaisdQidtike eateraeotalies the

surface of the p-substrate, as.in FIG. 4, and referring bac FIG,. 1, depositing, a polysilicon.layer (12)
o 0 of the SEUH BIGHEE T E T e BT RO R T e BEABGRM tryristor
(UGSCR), depgsiti st e diffusion (6 i ' , i ture
(13), placing Tirst E}EQ dﬁ?&ﬁ%’;& (%?)#gléé?t{i%ﬁé ’o%/@gﬁ eﬁi%ﬁ%ﬂ%ﬁ%%@%ﬁggﬂré%%@g%@d%%yﬁgﬂﬁ
results which is based on an n-substrate with p-wells without changing the function of

the thyristor.

Referring once again to FIG. 1, the preferred method for manufacturing the
present invention requires the following steps:
diffusing into p-substrate (5) a first and a second n-well (7) and (3), respectively,
creating a UMOS-like gate structure (13) by the steps of:
forming between the first and the second n-well a U type trench in the form of a
shallow trench isolation (STI), and depositing silicon dioxide (11), as
shown in FIG. 2,
etching back the silicon dioxide (11) in an active reverse etch back, per FIG. 3,
planarizing with CMP until the silicon dioxide is removed from the surface of the
p-substrate, as in FIG. 4,
and referring back to FIG. 1, depositing a polysilicon layer (12) on top of the
silicon dioxide layer, where the UMOS-like gate structure acts as the gate
of the thyristor (UGSCR),
depositing a first n+ diffusion (6) on one side of, and adjacent to, UMOS-like gate
structure (13), placing first p+ diffusion (8) partially over the first n-well and the p-
Substrate,
depositing a first p+ diffusion (8) adjacent to first n+ diffusion (6), where the first n+

diffusion and the first p+ diffusion are the cathode (9) of thyristor (10),



depositing a first p+ diffusion (8) adjacent to first n+ diffusion (6), where the first n+ diffusion and the first
p+ diffusion are the cathode (9) of thyristor (10), 14 September 2005 10 depositing a first metal layer (15)
over the first n+ and first p+ diffusions thus providing the contact for cathode (9) of thyristor (10),
depositing into the second n-well (3) a second p+ diffusion (2) on the other side of, and adjacent to, the
LIMOS-like gate structure, depositing into the second n-well a second n+ diffusion (1) adjacent to the
second p+ diffusion, depositing a second metal layer (14) over the second p+ and secpeRib&iffogmons,
connecting conductively the second metal layer (14) and¢he gate (12) of the thyristor, all thus forming the
anode (4) of the thyristor, where the above steps further provide: a parasitic npn bipolar transistor Q2,

where the efiRRASIHASE difst coRERt b YRE (ToRvE bR drslweang, slubstritbisnnathuse sspddngell
3), tively, it il istor O1, the emitter, base, and collect
formedt by ascond p GG SRR 1y s Mletrate o). recpectialy. I all figures ke
parts are idegdifgditidikRdtHBesatoin Mahqes detdrsneiintion Rydirine dHM QRdks, and

gate-controlled
adjacent to, the UMOS-like gate structure,

depositing into the second n-well a second n+ diffusion (1) adjacent to the second p+
diffusion,
depositing a second metal layer (14) over the second p+ and second n+ diffusions,
connecting conductively the second metal layer (14) and the gate (12) of the thyristor,
all thus forming the anode (4) of the thyristor,
where the above steps further provide:
a parasitic npn bipolar transistor Q2, where the emitter, base, and collector are
formed by first n-well (7), p-substrate (5), and second n-well (3),
respectively, and
a parasitic pnp bipolar transistor Q1, where the emitter, base, and collector are
formed by second p+ diffusion (2), second n-well (3), and p-substrate (5),

respectively.

In all figures like parts are identified by like numerals.

In the above described method for producing a UMOS-like gate-controlled
thyristor the n- and p-type structures, the cathode and anode, and the npn and pnp
transistors can be interchanged to produce a thyristor which is based on an n-substrate

with p-wells without changing the function of the thyristor.



thyristor the n- and p-type structures, the cathode and anode, and the npn and pnp transistors can be
interchanged to produce a thyristor which is based on an n-substrate with p-wells without changing the
function of the thyristor. 14 September 2005 11 Key process steps for the UGSCR production in 0.25 um
process are shown in FiGS. 5 to 10, and discussed next. FIG. 5 shows a semiconductor wafer (50) with a
p-substrate (5) after active (52) and STI (54) regions have been defined. Another STI region (56)
identifies the site of a LIMOS-like gate structure. The top surface of the semicondugiog Msefgibis cogsred
by an approximately 1,800 Angstrom = 1.8 kA (1 Angstygm = 10-10 meter) thick SiN-layer (58), typically
silicon nitride Si3N4, Below the SiN layer is a thin oxidized layer of silicon (60). Regions (56) and (54) are
etched to a depth JfBBRIOSSSSHIARGStP6 it e3GRG FEREOGSHEN It Re2SeH BIRRRIS rARRRIAMRIM high
density plas g P%E | ga éﬁi” of silicon dioxide (62) and a patterned planarization aid mask (64). The
thickness of%’% il%é %;dflqgég) E?‘r‘r?%ﬁgo Eﬁ\ﬁbs-like gate region (56) is about 6,300 Angstrom (6.3 kA).
FIG. 7 shows the semiconductor wafer after the silicon dioxide etch of the active region (52) and region
(56) where the thickness of the silicon dioxide above the SiN layer (58) in the active region (52) is
reduced to 2,000 ARYStrersHaWwe . sdmiddabiovis theasentBongithtarpvsiiestties G)VIEftdriectiliegb2]ioxide

is removed from the surface of the semiconductor wafer and as a result the thickness of
and STI (54) regions have been defined. Another STI region (56) identifies the site of a
UMOS-like gate structure. The top surface of the semiconductor wafer is covered by an
approximately 1,800 Angstrom = 1.8 kA (1 Angstrom = 10™'° meter) thick SiN-layer (58),
typically silicon nitride SisN4. Below the SiN layer is a thin oxidized layer of silicon (60).

Regions (56) and (54) are etched to a depth of about 3,200 Angstrom (3.2 kA).

FIG. 6 shows the semiconductor wafer after a high density plasma (HDP) STI
gap fill of silicon dioxide (62) and a patterned planarization aid mask (64). The
thickness of the silicon dioxide (62) in the UMOS-like gate region (56) is about 6,300
Angstrom (6.3 kA).

FIG. 7 shows the semiconductor wafer after the silicon dioxide etch of the active
region (52) and region (56) where the thickness of the silicon dioxide above the SiN

layer (58) in the active region (52) is reduced to 2,000 Angstrom (2 kA).

FIG. 8 shows the semiconductor wafer after CMP. The silicon dioxide is
removed from the surface of the semiconductor wafer and as a result the thickness of
the SiN layer (58) is reduced to 1,300 Angstrom (1.3 kA). The thickness of the silicon
dioxide (62) in UMOS-like gate region (56) is now about 2,000 Angstrom (2 kA).



the SiN layer (58) is reduced to 1,300 Angstrom (1.3 kA). The thickness of the silicon dioxide (62) in
LIMOS-like gate region (56) is now about 2,000 Angstrom (2 kA). 14 September 2005 12 FIG. 9 shows
the semiconductor wafer after a nitride etch, oxide strip, gate oxide (66), poly deposition (68), and poly
patterned mask (72). FIG. 10 shows the semiconductor wafer after the poly etch, n-type lightly doped
drains (NLDD, 74), p-type lightly doped drains (PLDD, not shown) in the active region (52), spacer
deposition (76), spacer etch, and n+ (78) and p+ implants (82). The process finishgs @epéthRstaodard
poly gate (84) and the LIMOS-like gate structure (13) fqnthe UGSCR poly gate. While the invention has
been particularly shown and described with reference to the preferred embodiments thereof, it will be

understood by thoseF4fal8cstrome mmloaﬂsu@@ﬁwég tesrenatigle sigins m@qaoétm&@tﬁnhout
departing from rit and scope oft invention. What is claimed is September 2005 13 1. A
method of cr%)é{d??g ié)@ ﬁi?eo e 251@84&%8 @g géitrostatic discharge (ESD)
protection, comprising the steps of: providing a semiconductor Wafer with a p-substrate; diffusing into
said substrate a first and a second n-well, separated from each other;

FIG. 10 shows the semiconductor wafer after the poly etch, n-type lightly doped
drains (NLDD, 74), p-type lightly doped drains (PLDD, not shown) in the active region
(52), spacer deposition (76), spacer etch, and n+ (78) and p+ implants (82). The
process finishes up with a standard poly gate (84) and the UMOS-like gate structure
(13) for the UGSCR poly gate.

While the invention has been particularly shown and described with reference to
the preferred embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made without departing from the spirit and

scope of the invention.

What is claimed is:



creating a UMOS-like gate structure by the steps of: depositing between said first and said second n-well
a U type trench and lining it with a silicon dioxide layer; depositing a polysilicon layer on top of said
silicon dioxide layer, said UMOS-like gate structure acting as the gate of said thyristor (UGSCR);
depositing a first n+ diffusion on one side of, and adjacent to, said UMOS-like gate structure, placing said
first n+ diffusion partially over said first n-well and said p- substrate; depositing a first p+ diffusion adjacent
to said first n+ diffusion, where said first n+ diffusion and said first p+ diffusion are theseptapwe afgaid
thyristor; depositing a first metal layer over said first n+idiffusion and said first p+ diffusion thus providing

the contact for said cathode of said thyristor; depositing into said second n-well a second p+ diffusion on
the other sidé of, andAdaﬁtB@ﬁt%pé@adlmM@@dﬂﬁ@ gaiecaneiraked sty intd Y8 SEIdRE n-well a

second n+ diffusion adjacent tqQ.sajd second pt+, diffusion;.depositing a segond metal layer over said
cecond p+ difusion HELLCRRIGUGHE i GRS, P G R RS DA Bari ROl conductvely sai
second p+ dHFB%iafh ,Q'Q%W%tgﬁ%@?V\ﬁﬁpasﬁ'glgﬁéﬁé’[fe?a'd thyristor, said second p+ diffusion,

said second 'n+ ditfuSion, an
diffusing into said substrate a first and a second n-well, separated from each other;

creating a UMOS-like gate structure by the steps of:
depositing between said first and said second n-well a U type trench and lining it
with a silicon dioxide layer;
depositing a polysilicon layer on top of said silicon dioxide layer, said UMOS-like
gate structure acting as the gate of said thyristor (UGSCR);
depositing a first n+ diffusion on one side of, and adjacent to, said UMOS-like gate
structure, placing said first n+ diffusion partially over said first n-well and said p-
substrate;
depositing a first p+ diffusion adjacent to said first n+ diffusion, where said first n+
diffusion and said first p+ diffusion are the cathode of said thyristor;
depositing a first metal layer over said first n+ diffusion and said first p+ diffusion thus
providing the contact for said cathode of said thyristor;
depositing into said second n-well a second p+ diffusion on the other side of, and
adjacent to, said UMOS-like gate structure;
depositing into said second n-well a second n+ diffusion adjacent to said second p+
diffusion;
depositing a second metal layer over said second p+ diffusion and said second n+

diffusion;



said gate of said thyristor thus forming the anode of said thyristor; the above steps further providing: a
parasitic npn bipolar transistor having an emitter, a base and a collector, said emitter, said base, and said
collector formed by said first n-well, said p- substrate, and said second n-well, respectively; and a
parasitic pnp bipolar transistor having an emitter, a base and a collector, said emitter, said base, and said
collector formed by said second p+ diffusion, said second n-well, and said p-substrate, respectively. 2.
The method of claim 1, wherein said n- and said p- conductivity type structures said; caiieg®ananode,
and said npn and pnp transistors are interchanged. 3. The method of claim 1 , wherein said thyristor when
gated on has an anode to cathode resistance ranging from 1 to 3 Ohms. 4. The method of claim 1,
wherein saicCHYREINAREAYREEHN SHEVFRSS B8R BhslibusiPBagRidSerRANPiAg diftegebiaaddialfrom 1 to
2 Volts. 5. The method, of

lai herei id de i d ' f circpi b d
from ESD. 14 Sopto e SO gV e SHS6H O R L U A e SO SEe0 LOIORb L to
ground potential. 7. g gaadoFahe igRidtorREREIBrRAILARI SR S Biesarithy Aofrected to said

substrate.
the above steps further providing:

a parasitic npn bipolar transistor having an emitter, a base and a collector, said
emitter, said base, and said collector formed by said first n-well, said p-
substrate, and said second n-well, respectively; and

a parasitic pnp bipolar transistor having an emitter, a base and a collector, said
emitter, said base, and said collector formed by said second p+ diffusion,

said second n-well, and said p-substrate, respectively.

2. The method of claim 1, wherein said n- and said p- conductivity type structures

said cathode and anode, and said npn and pnp transistors are interchanged.

3. The method of claim 1, wherein said thyristor when gated on has an anode to

cathode resistance ranging from 1 to 3 Ohms.

4. The method of claim 1 , wherein said thyristor when gated on provides an anode

to cathode clamping voltage of ranging from 1 to 2 Volts.

5. The method of claim 1, wherein said anode is connected to an input of circuit to

be protected from ESD.



8. A method of creating a UMOS-like gate-controlled thyristor (UGSCR) for electrostatic discharge (ESD)
protection, comprising the steps of: providing a semiconductor wafer with a p-substrate; defining active
regions, shallow trench isolation (STI) regions, and UMOS-like gate regions; depositing a layer of SiN
material of 1,800 Angstrom thickness on the top surface of said semiconductor wafer; creating an
oxidized layer underneath said SiN material; etching said UMOS-like gate regions to a depth ranging from
3,000 to 3,400 Angstrom; providing a high density plasma (HDP) STI gap fill of silicansdisisigsciotioysed by
a patterned planarization aid mask, where the thicknesgsf said silicon dioxide in said UMOS-like gate
regions ranges from 6,000 to 6,600 Angstrom; etching said STI gap fill in said active regions and said
UMOS-like daite regibie nieshesl ot stritin tM eiRikned @ﬁ&ém?@ﬁ SRINMFIAS HP@iRNEEgions to 2,000
Angstrom; chemical m ctha ical polishing until said STI gap fill is removed from the surface of said
semiconductor wafep?ﬁ%? él/ reducing the thickness of said SiN material to 1,300 Angstrom and the
thickness of said STI gap fill in said UMOS-like gate 16 14 September 2005 regions to 2,000 Angstrom;
nitride etching;

7. The method of claim 1, wherein said cathode is alternately connected to said

substrate.

8. A method of creating a UMOS-like gate-controlled thyristor (UGSCR) for
electrostatic discharge (ESD) protection, comprising the steps of:

providing a semiconductor wafer with a p-substrate;

defining active regions, shallow trench isolation (STI) regions, and UMOS-like gate
regions;

depositing a layer of SiN material of 1,800 Angstrom thickness on the top surface of
said semiconductor wafer;

creating an oxidized layer underneath said SiN material;

etching said UMOS-like gate regions to a depth ranging from 3,000 to 3,400 Angstrom:;

providing a high density plasma (HDP) STI gap fill of silicon dioxide followed by a
patterned planarization aid mask, where the thickness of said silicon dioxide in
said UMOS-like gate regions ranges from 6,000 to 6,600 Angstrom;

etching said STI gap fill in said active regions and said UMOS-like gate regions, thereby
reducing the thickness of said STI gap fill in said active regions to 2,000
Angstrom;

chemical mechanical polishing until said STI gap fill is removed from the surface of said
semiconductor wafer thereby reducing the thickness of said SiN material to

1,300 Angstrom and the thickness of said STI gap fill in said UMOS-like gate



oxide stripping; gate oxide forming; poly deposition; poly masking; poly etching; creating n-type lightly
doped drains (NLDD) and p-type lightly doped drains (PLDD) in said active regions; spacer deposition;
spacer etching; and implanting n+ and p+ regions. 9. The method of claim 8 , wherein said SiN material
is silicon nitride. 10. The method of claim 8, wherein said oxidized layer is a silicon dioxide layer.

14 September 2005
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regions to 2,000 Angstrom;

nitride etching;

oxide stripping;

gate oxide forming;

poly deposition;

poly masking;

poly etching;

creating n-type lightly doped drains (NLDD) and p-type lightly doped drains (PLDD) in
said active regions;

spacer deposition;

spacer etching; and

implanting n+ and p+ regions.

9. The method of claim 8 , wherein said SiN material is silicon nitride.

10. The method of claim 8 , wherein said oxidized layer is a silicon dioxide layer.



