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THYRI STOR STRUCTURE FOR ESD PROTECTI ON:BACKGROU§O GANTZ082 | NVENTI ON 1.
Field of the Invention The invention relates to electrostatic discharge
(ESD) structures for sub-mcron devices, and nore particularly to a
thyristor (silicon controlled rectifier) which is gated by a Utype gate
structure of a MOS (UMOS) transistor. 2. Description of the Related Art The
Silicon Controlled Rectifier (SCR) is the nost efficient of all protection
devices in terns of ESD perfornance per unit area. Usually, the SCR trigger

| evel icsMoguase hi gh. The Low Vol t age Trigger SCR (LVTSCR) is the nost
prom sing device for ESD protection by surface channel to reduce the

drain-tap Jﬁwﬂnd\ﬁEL BXFOSIGKE GATRICONTROR G THYRISTOR STRUDRUREOW t hat
LVISCR s with shallow trench isolation (STl), especially on epi, are not

functional because the hole C‘FHF@@SEPER@[*E@T‘IUW ently forward bias the n+
cat’hode/ p-substrate junction. so, the silicidation process for

reduci ng el ectrostatic discharge (ESD) performance is still a concern and
needs to be wy evaluated for deep-quarter-mcron (1 mcron= 10-6 neters)

technol ogi es. Therefore, éA?k%Rd@{\lb Felf!-'ltli PENTYSAt a new type of

thyristor structure with a Tow controllablé trigger voltage that is
conpatible with self-aligned silicide and STI fabrication technol ogy

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 Controlied Rectifier (SCR) is the most efficient of all pfotection
devices in terms of ESD performance per unit area. Usually, the SCR trigger level is
guite high; The Low Voltage Trfgger 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, ﬁhe sj_licidation process for o

e '%{Qdu'cing electrostatic discharge (ESD) perfpfm’an’éé is still a concern ah_d needs to be

-
o gt

-
.

e'zialu'a"_t,éé for deep-qﬁérfefifhi'crar; (1 micron= 10°® metérs) technologies. Therefore, it is
very useful to invent a new type of thyristor structure with a low controliable trigger
voltage that is compatible with self-aligned silicide and STI fabrication technology

without adding any process complexity and cost.



wi t hout addi ng any process conplexity and cost. ..4 CSMP9-369 2 Below are
listed U.S. Patents which describe gate controlled SCR structures enpl oyi ng
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 .7, 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 al. describes this structure to inplenent a thyristor.

U S Patent 5,576,557 (Ker et al.) describes a |ow voltage trigger SCR for
appl i c&¥3MA93%n ESL} protection circdit. SUMARY OF THE INVENTION It is
an object of the present invention is to provide a MOS gate-controlled SCR
(UGSCR) st r slow @re listed \J.EsPatents whichadescribe gate controlled SCR straeturésit i s
conpatible with _shallow trench isolation (STI) arid self-aligned silicide
(sal i ciereployinge TrenchrGated MOSIYMOS) stnucturedtiiat will Eroyidpradicestsiggemysiiaget v
and cost. It is another object of the invention to provide a MXS

gat e- cdaprevent dagwege duringclaruESDr everdareESD protection circuit in an IC

devi ce, which can give a | ow cl anpin voltage in the order of | to 2 V for
deep- quar t eld.§i Eatant 51944.68% (Rexey et ﬂg).é}@) Ppient 5682,0¢5(Shinohara etht.),i s yet
anot her opject of the ir esent invention to provide the UGSCR with a | ow

i npedar®d WihRatapidh 324,966 (Muragka et al.)teach desesbe sheratracturecof ibedirench-ow

ower . -
P Gated MOS device. Muraoka et al. describes this structure to implement a thyristor.

U.S. Patent 5,576,557 (Ker et al.) 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-controlied SCR
{UGSCR) structure for an ESD protection circuit in an IC device that is compatible with
shallow trench isolation (STI) and self-aligned silicide (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 iow
: im_pedance state when “on”, of about 1 to 3 ohms to make the UGSCR a low power

diésipating device for ESD protection.



di ssi pating device for ESD protection. CSMP9-369 3 It is still another

obj ect of the present invention to provide a CMOS Catchup inmmune circuit
by insuring that the threshold voltage of the UMOS-like gate is |arger

than the Vvdd voltage. These and nany ot her objects have been achi eved by
creating a structure and a nethod in which a parasitic thyristor (or SCR)
has a UMOS-1i ke gate structure. The UMOS-|ike 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+

di ffusigemMebiasg i s the anode. On the oBher side of the gate and al so

adj acent to it is an n+ diffusion which is the cathode. The |atchup i mmune
circuit is pehstinenetiyr objestof i preSentiavsitionaborevide el OMOSMateHup s | i ned
with a thick gate oxide-simlar to a field oxide-under the poly gate.
These dmgnurmgiralittsy insbiieg that dralthreshold agitsgeodf thb ) MOSsIket gatevslargem wi | |
be readily apparent to one skilled in the art to which the invention

pert ai rthah tieVddpeitagel of the clains, the appended drawi ngs, and the
followi ng detail ed description of the preferred enbodinments. 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

appr eci at ed Theset arebmaskidthercbjects havabeen gshiesed by creatBm EstrastgErRAMTA0ON OF
THE DRAW NGS .
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 ir; the alternative by a p-well. The U-type gate is connected on one side to an
adjacent p+ diffuéion 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.



FIG | is a cross-sectional view of the present invention. FIGS. 2 - 4

depi ¢t 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 mcron process according to the preferred enbodi nent of
t he. present invention. DESCRI PTI ON OF THE PREFERRED EMBODI MENT I n the
i-nvention, a novel U gate MOS (UMOS)-like gate-controlled SCR structure 2
(UGSCR) is provided, see Fig. 1. The adjacent n+ (1) and p+ (2) diffusions
in the n-well "(3) are connected to the input termnal (4). A vertical

par asi t¢C8MpoBedevi ce (transistor) is 44 ormed with the p-substrate (5) as
the collector, n -well (3) as the base, and input p+ (2) diffusion as the

emtter. The n+ (6) di BRIEFIDESSRIPRION OFTHEDRAWINGS 7) located in the p-
6-substrate (5), along with a p+ pick-up (8), is connected to the ground

(9) or substrate bus and forns the emtter of the parasitic npn transistor.
The base of the parasitic npn 8 transistor is forned by the p-substrate

(5) and the FIG. Hdsaatross-sédtivnal wel of (B¢ pretdnt nveftionel | contact (1). A
UMOS-1i ke MOS gate structure (13), conprised of a layer of silicon 10

di oxi de (11) and polysilicon gate (12) is fornmed between the two n-wells (3
and 7) and its gate (12)' is connected to the input termnal (4).
CSMR9- 369 5 RAIES. AGSECRepict thet processsflaw figrdorming aWwtliketdate stelidtusd.i gned
silicide process and 2 shallow trench isolation (STI) fabrication
technol ogy, w thout adding any process conplexity and cost. FI G 2 shows a
shal l ow trench isolation (STlI) in p-substrate (5) 4 having a "U'-type gap
covered wi t 18 Sthovught 10 agaeross-sertionad viewsoxikey qrecgss steps fag 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
2 (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
4 formed with the p-substrate (5) as the collector, n-weil_ (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-
6 substrate (5), along with a p+ pick-up (8), is connected to the ground (9) or substrate
bﬁs and forms the emitter of the parasitié npn transistor. The base of the parasitic npn
8 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
10 dioxide (11) and polysilicon gate (12} is formed between the two n-wells (3 and 7) aﬁd

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

-



depicts the U type gap after an active reverse etch back. After chem cal
mechani cal 6 polishing (CW) all silicon dioxide is renoved fromthe top
surface of the p-substrate as shown in FIG 4. 8 During normal circuit
operation, CMOS | atch-up should not be a problemsince the threshold
vol.tage of the UMOS-1ike gate is larger than the Vdd supply voltage (the
10 thick gate oxide under the poly gate is sonmewhat |ike the field oxide)
and the emtter and base of the parasitic pnp transistor are at the sane
potential (Fig. 1). 12 'During an ESD stress pul se, when the gate voltage
of the d8KMOBR-3o0cr eases, there is a depletion region forned under the
UMOS-1i ke gate. There are two 14 conpetitive nechani sns for UGSCR trigger

in the pref amedGOURSiruEtlie fconimatibleewitithe self-alidrieddsilicide pfdcess aode i s
that the gate voltage will reduce the n-well (3)/ p-substrate (5) 16

breakdavalivw!ttengh isblatisro(STi} fdbriehtion taohablobiy ewithdwt @eldingaariyoprocess he trench
corner region and the breakdown will occur before the channel is forned
under tdoenplekity arsd eogt1 FIG. 28hdive asshaliow tranchdsdlstion §STihin psubsteat@i(p) be an
i nversion |ayer formed under the UMOS- |ike gate if the threshold voltage
of4 t he havitgy ai“Wetypetganp covesed with ancardermalvayer of silicon dinxisist (13).e FKP bk down
vol tage. CSMP9O-369 6 After the collector (5) to base (3) junction of the
pnp t r aepics dhe Yobypeigap@fter anaciive Feverse g korAftgr cheytcal mpchagicsl | s
formed under theMIFOl .&%e (12), there will be an el ectr%n curr§nt in the
n-Gel | RaishingHENP L2l sibeordipxidtis iwmevest Bamdbe dop sudace ai thep-subsitaiees ( 3)
whi ch can forward-bias the emtter (2) to base (3) junction of the pnp

transi s$hewn infl@. 4ol es will be injected fromthe p+ emtter (2) to the.
n-well (3). Sone -

8 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
10 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).

12 | ‘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

14 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)

16 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).

18 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-

20 substrate breakdown voltage.



6 of the.holes will reconmbine with the electrons fromthe n-channel region
or breakdown region and sone of the holes will go through the p-substrate
and will be collected by the 8 p+ pick-up (8). The later one will produce a
voltage drop in p-substrate (5) which forward-biases the emtter (7) to
base (5) junction of the npn transistor, thus turning it 10 on. The npn
transistor current fromits collector (n-well (3)) toits emtter (cathode
(9)) 12 now supplies the forward-bias of the p+ emtter (2) / n-well base
(3) for the pnp transistor. The voltage at the anode no | onger needs to
provi d€SM@9-368s for the pnp 14 transi §tor, and the voltage between the
anode and the cathode begins to decrease resulting in a negative

resi stance Aftgr the caector¢s) totliseUBPRIRCHSN o heBHiieraskisr goeslﬁmtd?'i -n di ode,

i.e., a p-i-n junction diode including an intrinsic sem onduct or | ayer,

i @ser t adaknathebreakdpwiagrath inag@ioralageris formisPaRdéranie polyldute [(§9), Berbglifeen
the 18 anode, and cat hode of the CRis now fully con uct i'vity nodul at ed,

and thbeqneleetsmbanent infthé havdIG3FRThe eld@ttn éurFéht%lefHﬂu&B'@ ptehfialdn | ow
power dissipating device- 20 ideal for ESD Protection. Usually, the tumon

o#4 t he npwelp(3)vehich saw foraaed:biasithe lepsittet (2310 bass (\’i(())f%urﬁtﬁlon dfthe pRB seconds)
and this leads to the regenerative pnpn action. ce the UGSgR I's turned

CSMVR9- Bagsistarn Thea, Helesvéll bs injected| fowm ithep p ¢ @ntitters@ te translwielig3pnsoriet 0
cathode clamping voltage is 2 of the order of I Vto 2 Vin a sub-mcron
mi cebthe-holegwiktasombine wbibe elgietrons droamthtei ehaynel eeigior ©r breakdower

d| ssipatioon and results in an inproved ESD 4 perfornance.
reglon and some of the holes will go through the p-substrate and will be collected by the
8 p+ plck-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

10 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 ariode no longer needs to provide the bias for the pnp
14  transistor, and the voltage 5etween the anode and the cathode begins to decrease
resulting in a negative resistance region. Once on, the UGSCR can be modeled as a
16 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
18 anode and cathode of the UGSCR is now full} conductivity modulated, and the on-
resistance of the UGSCR is about 1 to 3 ohms making it a low power dissipating device'

20 ideal for ESD protection.

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

22 seconds) and this leads to the regenerative pnpn action. Once the UGSCR is'tumed



The natur.e of the device operation means that it is not influenced by
salicidation 6 (self-aligned silicidation) which is a big advantage in
advanced CMOS processes. Also, the ESD inplant is not necessary for the
device and the ESD inpl ant process can be 8 skipped w thout addi ng any
process conplexity and cost. In the illustrated enbodi nents the process of
the invention is shown by way of 10 illustration and not of Iimtation, as
applied either to the structure or the nmethods disclosed. 12 Referring
once again to FIG 1, we describe in greater detail the UMOS-1i ke gate-
cont r olG3M994380i stor = UGSCR (10) for &l ectrostatic discharge (ESD)
protection. 14 In a sem conductor wafer with a p-substrate (5) there is.
deposedndhéidevice(i§ jn atuv impsdarwedstatevarid theInodedp aatticed élamglr@aﬁbtagéh@r by
a U gate MOS (UMOS)-1i ke gate 16 structure (13), where th irst and the
sé&ond ofithenetder ohind/ tdh2 VUnEsskh-kecrgat( $ nsitronct 0@ metersd phagessomisa MOS
transistor T1. The UMOS-1i ke gate structure further conprises a 18 U type
t'r ench dréameticallytreduces thequawetidissipatidnegre resulty irsapohpoved &8D | ayer (12)
di sposed on top of silicon dioxide layer (11). The UMOS-|i ke gate structure
ad s aspetfnangac@ of the 20 thyristor (UGSCR). CSMP9-369 8 A first n+
diffusion (6) is dlsposed on one side of, and adjacent to, UMOS-like 2
gate structure (13), and is located partially over first n-well (7) and
p-substrate_(5). Adjacent to first n+ diffusion S dlsgosed a first p+
di f f usi on (§§he WP@P"&*BF9%@&03?113@%'“@@0%thaérlfdswﬁérf@uﬁnﬁ%fi yi sakifidation on

(6 an fir I.ffusio 8 e cathode of thyristor (10). A first
mé% a%aqu% si @dafasayv '&a S bio adaniagedn advaneed GHIGR PRRESeRE. AHS0s
the ESD implant is not necessary for the device and the ESD implant process can be

8 skipped without adding any process complexity and cost.

In the illustrated embodiments the process of the invention is shown by way of

10 iltlustration and not of limitation, as applied either to the structure or the methods
disclosed. -
12 . Referring once again to FIG. 1, we describe in greater detail the UMOS-like gate-

controlled th'yristor = UGSCR (10) for electrostatic discharge (ESD) pi'otection.
14 In a semiconductor wafer with a p-subs’;rate (5) there is deposed a first (7) and a
second n-well (3), separé’ged from each other by a U-gate MOS (UMOS)-like gate
16 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
18 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 tﬁe
20 thyristor (UGSCR).



6 p+ diffusion to provide the contact for the cathode of the thyristor. The
cathede is typically connected to a ground potential or alternately to
substrate (5). A second p+ 8 diffusion (2) is disposed on the other side
of, and adjacent to, the UMOS-1ike gate structure (13). Adjacent to the
second p+ diffusion is a second n+ diffusion (1), where 10 second p+
diffusion (2) and second n+ diffusion (1) are di sposed over the second
n-well (3). A second netal l|ayer (14) is deposited over the second p+ and
n+ second 12 'diffusion. A conductive connection is nmade between the second
netal | 9ol36¢). and the gate of thymistor (10), which together formthe
anode (4 o? the thyristor. The anode 14 in turn is connected to an input
of the ci rc?(ﬁrs{ A+ RFFUNIG @) iedishbSea 55Cne Bide 61 hil Sidiecent &IUMOS-flker t her
conprised o a) a parasitic npn bipolar transistor 16 @@, where the

e tt eg;[até ?ﬁu&ﬁ?@(m?,%d Reosatet partullydver fiet Aagelbir) bind p-substratd (5)( 7) , p-
substrate (5), and second.n-well (3), respectively, and (b) a parasitic pnp
bi pol ar, kst Q! diffllsioMiBY ie didpRsedialfirst p+ Bfteiona@y whith actsas ape f or ned
by sec&lmég%éﬁta?ﬂ%tsnﬁodr:@? 2), secoér?c? n- wel | ?3), anga(p?isubst rate (5?,

r e pecl\:/tg'émai_py andWHvbSirdtatichitfasion (Gy awfitse p-+ iffusiore(8) faze the eathobe of ol t age of
the UMXS-1ike gate structure (13) is larger than a supply voltage vdd of a
Ci I cui tthystoe(10) oRelirsEmet0 R B5)Is depitedatner dhel fisst n+hdiffugion Bod the first
enbodi nent of the UMOS-like gate-controlled 2 thyristor_includes its

copl enentiffasioneblprovide fthe bantaatfon theneathode afithe thydstat cThe cathodeype, the
cat hode and anode, and npn and pnp transistors are interchanged a thyristor

4 resultypicatly conniecterhtoea goounshpotestial o alteenalely to pubsirate () thsaeonthBfgi ng

the function of the thyristor. .
8 diffusion (2) is dispose)é 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
10 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
12 ‘diffusion. A conductive connection is made between the second metal layel_' (14), and
the gate of thyristor (10), which together form the anode (4) of the thyﬁstor. The anode

14 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
16 Q2, where the emitter, the base, and the collector are formed by first n-WeIt (7), p-
substrate (5), and second n-well (3), respectively, a}ad (b} a parasitic pnp bipolar
18 transistor Q1, where the emitter, base, and collector are formed by second p+ diffusion

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

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

gate stfucture (13) is larg-er- than a supply voltage Vdd of a circuit to be protected.

X



6 Referring once again to FIG 1, the preferred nmethod for manufacturing
the Ppresent invention requires the followng steps: 8 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: 10 formng
between the first and the second n -well a U type trench in the formof a
shal l ow trench isolation (STlI), and depositing silicon dioxide (11), as 12
shown in FIG 2, etching back the silicon dioxide (11) in an active reverse
etch back, per FIG 3, 14 planarizing with CW until the silicon dioxide
i's regsmgefzsem t he surface of the p-s@bstrate, as in FIG 4, 16 and
referring back to FIG 1, depositing a polysilicon |ayer (12) on top of the

silicon di %b%ovb%bribé@?fsﬁeﬁré@ ehibdaiméntsr the tUMOBLIketdate-confrslieds t he
gate 18 of the thyristor (UGSCR), depositing a first n+ diffusion (6) on

e sitiaistdr, inslndes its 2oaplerhent ddVRBH, | Such tBat wheldtl miLlahd pe coadictiviey aci ng

Irst n+ diffusion (8) partially over the first n-well and the p-

subst tgies the cathepeirid atbde, bht Sipnranddprig transistotSaredidtercisarigedaa thyristorn+
di ffusion (6), where the first nt diffusion and the first p+ diffusion are

te cabdutiewhithtisipased on ahIB3ubsiE® WithGowells withputsiHangingetheifasdtionesfal | ayer
(15) over the first n+ and first p+ diffusions thus providing 2 the contact
for cahétheist®) of thyristor (10), depositing into the second n-well (3) a
second p+ diffusion (2) on the other.side of , and -
6 .Referring once again to FIG. 1, the preferred method for manufacturing the
' present invention requires the following steps:
8 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:
10 forming between the first and the second n-well a U type trench in the form of a
shallow trench isolation (ST!), and depositing silicon dioxide (11), as
i2 shown in FIG. 2,
etching back the silicon dioxide (11) in an attive reverse etch back, per FIG. 3,
14 planarizing with CMP until the silicon dioxide is removed from the surface of the
p-substrate, as in FIG. 4,
16 and refefring 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
18 of the thyristor (UGSCR),
depositing a first n+ diffusion (6) on one side of, and adjacent to, UMOS-like gate
20 structure (13), placing first n+ diffusion (8) partially over the first n-well and the p-
substrate, _ |
22 depp_siting a first p+ d'rffusibn .(8) adjacent to first n+ diffusion (6), where the first n+
diffﬁsion and the first p+ diffusion are the cathode of thyristor (10), |



4 adjacent to, the UMOS-like gate structure, depositing into the second
n-wel.l a second n+ diffusion (1) adjacent to the second p+ 6 diffusion,
depositing a second netal |ayer (14) over the second p+ and second n+

di ffusions, 8 connecting conductively the second netal |ayer (14) and the
gat-e (12) of the thyristor, all thus form ng the anode (4) of the
thyristor, 10 where the above steps further provide: a parasitic npn

bi pol ar transistor 2, where the emtter, base, and collector are 12
formed by first n-well (7), p-substrate (5), and second n-well (3),
respecOSMd9-36end 14 a parasitic pnp bifpol ar transistor QL, where the
emtter, base, and collector are formed by second -p+ diffusion (2), second

n-wel | deBbsiting @ Mstrmbedl lalafee (1$)over irlfe ﬁ@gge%ha\f@éﬂm diffusibhs ftﬁt_ﬂ#ﬂir@ﬁd‘iﬂqigd o

parts are identified by Ii ke nunerals. I'n the above described met
prooduci ng atmthcmraam@déquéﬁhwﬁorpw,rI stor the n- and p-type

structures, the cathode and anode, and the npn and pnp 20 transistors can

be i nt gepbsitige thtb eh@sechrebnavell(g) & Seeondvpi eliffisiord e the ciersidel bf tandt e
with p-wells wthout changing the function of the'thyristor. CSMB9-369 11

Key process atjaseat foothe OMOSSIkRgatostnadtur@) i n 0. 25 um process are shown in
2 FIGS. 5 to 10, and discussed next. FIG 5 shows a sem conductor wafer
(50) widepositipg sntodhe aeeorcbh-weltesecmid mediffsigion (1) adjacent to the second p+
6 diffusion, |
depositing a second metal layer (14) over the second p+ and second n+ diffusions,
- 8 ' conﬁecting conductively the second metal layer (14) and the gate (12) of the thyristor,
all thus forming the anode (4) of ﬂ;e thyristor,
10 where the above steps further prdvide:
a parasitic npn bipolar transistor Q2, where the emitter, base, and collector are
12 ' formed by first n-well (7), p-substrate (5), and second n-well (3},
respectively, and
14 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),

16 respectively.
~ In all figures like parts are identified by like numerals.

18 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
20 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.

“x



4 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
sem conductor wafer is covered by an 6 approximately 1,800 Angstrom= 1.8
KA (1 Angstrom = 1010 nmeter) thick SiN-layer (58), typically silicon
nitride S13N4. Below the SiN layer is a thin oxidized |ayer of silicon
(60). 8 Regions (56) and (54) are etched to a depth of about 3,200
Angstrom (3.2 kA). FIG 6 shows the sem conductor wafer after a high
density plasma (HDP) STI 10 gap fill of silicon dioxide (62). and a
'-patterﬁl%M -8®Rri zation ai d mask (64)1 The thickness of the silicon

di oxide (62) in the UMOS-Iike gate regi orlwg%) i S _about 6,300 12 Angstrom
(6.3 kA). FIkey progessstapsdos the UGRER prdugtiee in 825«4m precess|are ShowNdRi de
etch of _the active 14 region (52) and region (56) where the thickness of
the si| F&P AL RNGBisGeSSelNetN [ ayer (58) in the active region (52) is
reduced to 2,000 Angstrom (2 kA). 16 FIG 8 shows the sem conductor wafer
after CMP. The silicon dioxide is renoved fromthe surface of the.

S SR e el Tl il
0 SR B AR e SRS el Are SRR B Mol g
pat 1 r nEtisdke gpts S e s o B bttt Bl o
i B s " pbERRm Al LABHARSS ot S ALBR oL Anetrorh ™ 105 mERE Nk Sk SR
(76) . S%?;:earllyesﬁlf&gn rfthde %Tsh&.?@elg\p thdsiN [gfllef’lﬂstas tr‘il’?%)(idiz-gﬁeiayer of silicon (60).

8 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

10 -gap fill of silicon dioxide (62) and a patterned planarization aid mask (64). The
thickness of the silicbn dioxide (62) in the UMOS-liké gate region (56) is about 6,300

12 Angstrom (6.3 kA). '

FIG. 7 shows the semiconductor wafer after the silicon dioxide etch of the active
14 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).

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

Y



6 process finishes up with a standard poly gate (84) and the UMOS-I|i ke gate
structure (13) for the UGSCR poly gate. 8 Wiile the invention has been
particularly shown and described with reference to the preferred

enbodi ments thereof; it will be understood by those skilled in the art that
10 various changes in formand details may be nmade without departing from
the spirit and scope of the invention. 12 What is clained is: |1l |
11112120 TEBU TEET) 1l CL CSMP9 -369 13 1. A UMOS-Ii ke gate-controlled
thyristor (UGSCR) for electrostatic discharge (ESD) protection,

conpri SCHNG9B6& N conduct or wafer with1d p-substrate; a first and a second
n-well, separated fromeach other by a U shaped MOS-1i ke gate 5 structure
(UMDS), sai Fi3. 9sshowsdthe slethisaductbriwafet aftercanditride dtcbiMaddeiskrip, gateeoxide
structure together formng a MOS transistor; said UMOS-1ike gate structure
f uz t her(66hmuly depasitien (68)yamd polypatieriedomiask (f2)a sil i con dioxi de |ayer; a
polysilicon | ayer disposed on top of said silicon dioxide |ayer, said
UMOS-1i ke 10 gate structure acting as the gate of said thyristor (UGSCR);
a first n+ diffusion di sposed on one side of, and ad%gcent to, said

UMDS- | i ke gaftle. 19sheveauthe, segap@nduqt@rtwafer aftef theinaly ehapdyplightlydappdoyer

said first n-well and said p-. subst
4 drains (NLDD, 74), p-type |lghﬂy doped dralns (PLDD, not shown) in the active region

(52), spacer deposition (76), spacer etch, and n+ (78) and p+ lmplants (82). The
6 process finishes up with a standard poly gate (84) and the UMOS-like gate structure
(13) for the UGSCR poly gate.

8 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
10 various changes in form and details may be made without departing from the spirit and

scope of the invention.

12 What is claimed is:



a first p# diffusion disposed adjacent to said first n+ diffusion, said
first. p-diffusion 15 acting as a p+ pickup, where said first n+ diffusion
and said first p+ diffusion are the cathode of sal ﬁrlstorlﬁa fir

nmetal |ayer deposited over said first n+ diffusjj t pt
diffusion to provide the contact for said cathtll ;, stor;

second p+ diffusion disposed on the other side of and‘ ac’h acent to, sai d
UMOS-1i ke 20 gate structure; a second n+ diffusion disposed adjacent to
said second p+ diffusion, where said second p+ diffusion and said second
n+ di f¢SMBoB6w e di sposed over said seddnd n-well; * C~ H$ CSWMB9-369 14
a second netal |ayer deposited-over said second p+ diffusion and said
second.n+ AOMDSHiks igats-centesiRdLthimister (UBSER) fareibettanatt distisarge (ESD) p+

di ffusion, said second n+ diffusion, and said gate of said thyristor, said
second p+ cbrétfeuﬁmmrcomisthgiecond n+ diffusion, and said gate of said
thyristor formng the anode of said thyristor; said thyristor further
conpr igs@aaicoBductopaafeyiwitica pesubstratd;ar transi stor having an enmitter, a base
and a collector, said emtter, said base, and said collector forned by

sai d fg fist and aeddcond ai-elelh-sepabated ditor eaclsl other thyzeld shaped MOS-likeemtect i vel y;
and a parasitic pnp bipolar transistor having an emtter, a base and a

o®l | ect or, staicture (UMOS), said first and said second n-well, and said UMOS-like gate

structure together forming a MOS transistor;
sald UMOS-hke gate structure further comprising:
a U type trench lined with a silicon dioxide layer;
a polysilicon layer disposed on top of said silicon dioxide layer, said UMOS-like
10 gate structure acting as the gate of said thyristor (UGSCRY;

a first n+ diffusion disposed on one side of, and adj‘acent to, said UMOS-like gate
structure, said first n+ diffusion located partially over said first n-well and said p-
substrate; . _

a first p+ diffusion disposed adjacent to said first n+ diffusion, said first p-diffusion

15 acting as a p+ pickup, where said first n+ diffusion and said first p+ diffusion are
the cathode of said thyristor;

a first metal layer deposited over said first n+ diffusion and said first p+ diffusion to
provide the contact for said cathode of said thyristor;

a second p+ diffusion disposed on the other side of, and adjacent to, said UMOS-like

20 gate structure; |

a second n+ diffusion disposed adjacent to said second p+ diffusion, where said

second p+ diffusion and said second n+ diffusion are disposed over said second

n-well;



em tter, .said base, and said collector forned by said second p+ diffusion,
35 said second n-we] |, and said p-substrate, respectively. 2. The UMOS-1i ke
gate-controlled thyristor of claim1, wherein s’ai_d_d;ﬂld’s'a_iﬂ_p___
conductivity type structures, said cathode and anode : n and pnp
transistors are interchanged. 3. The UMOS-1i ke 9d ni ma]ﬂ‘a “Fuyri stor of
¢claim1, wherein the anode to cathode 40 resistBb st hyristor when
gated on ranges from1l to 3 Chns. 4. The UMOS-1i ke gate controlled
thyristor of claim1, wherein the anode to cathode clanping voltage of

sai d t IggmMee-369when gat ed on ranges fr¥m 1 to 2 Volts. 111~1111~11 [111f
4tt 1111 1flt CSMB9-369 15 5. The UMOS-1i ke gate-controlled thyristor of

cl ai m B setdontahetabkiyer depskitedover saidesticedld ipe- diffusionpahdchidsedonduit to be
protected fromESD. 45 B. The UMOS-Ii ke gate-controlled thyristor of claim
5 wher ei n siffusiorgt hode is connected to a ground potential. 7. The

UMOS-1i ke gate-controlled thyristor of claiml, wherein said cathode is

al t er nat eonductiver conrettion hedween sdist sexood denfﬁumomJlm seeendyat diftusian; ol | ed
thyristor of claim1, wherein said structure is 50 conpatible with the

sel f-ali gne@nﬁlsaldsga@ Wragic tyriser, sm@smmsip*r diffuginre saiggacenddy t hyri st or
of claim1, wherein said structure is npatible with the shallow trench

i sol ati on (sirfquwre@mos%gatel@fsam&wmmrwegyﬁ QDQ%PFQ?W@W"WH stor of

claiml1, wherein CMOS latchuyp is
said thyristor further comprising:

30 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,

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

2. The UMOS-like gate-controlled thyristor of claim 1, wherein said — and said p-
conductivity type structures, said cathode and anode, and said npn and pnp

transistors are interchanged.

3.  The UMOSHike gate-controlled thyristor of claim 1, wherein the anode to cathode

40 resistance of said thyristor when gated on ranges from 1 to 3 Ohms.

4, The UMOS-like gate-controlled thyristor of claim 1, wherein the anode to cathode

clamping voltage of said thyristor when' gated on ranges from 1 to 2 Volts.



prevent ed, because the threshold voltage of said UMOS-1ike gate structure is
55 larger than a supply voltagelvdd of a circuit to be protected. 11. The
UMOS- i ke gate-controlled thyristor of claim

10;—wherein sai d . CVOS
is further prevented because said enitter and sa Immﬁ"““mﬂ ‘ii?r aS|t|c
pnp bipolar transistor are at a sanme vol tage pou 111111
1111111113 11 IN ¢ L H CSMP9 -369 16 12. A methdd df ‘créati ng a UMOS-11i ke
gate-controlled thyristor (UGCR) for electrostatic discharge (ESD)
protection, conprising the steps of: providing a sem conductor wafer with a

p-subst canfge-g6éf using into said substr@ate a first and.a second n-wel |,
separated fromeach other; 5 creating a UMOS-like gate structure by the

steps of: deprg UMOS-Iket oﬁﬁ‘bﬂé(f ﬂh&ﬁétcﬁaﬂclﬁﬁ#\ q, wheri siiiddeds U type

trench and lining it wth a silicon dioxide |ayer; depositing a

polysilicon b@\ﬁctéd’td@rplr@ut éﬁb%lféﬂtkf&@é‘pfbt@&éd?rdn@m said UMXS-1ike
gate structure acting as the gate of said thyristor (UGCR); 10 depositing

a-first n+ diffusion on one side of, and adjacent to, said UMOS-like gate -
structure, placing said first n+ di f f usi on partially over said first n-well

agg sai @, P- THEYNMOBikedRRETohtrolledthiytistel oPciaih fif Whkesdin adidasAédd B sai d
first n+ diffusion, where said first n+ diffusi on and said first

p+ diff usyonc@ireedté@to:agmm potefitald thyristor;

7. The UMOS-like gate-controlled thyristor of claim 1, wherein said cathode is

alternately connected to said substrate.

8. The UMOS-like gate-controlled thyristor of claim 1, wherein said structure is

50 compatible with the self-aligned silicide process.

9. The UMOS-like gate-controlled thyristor of claim 1, wherein said structure is

compatible with the shallow trench isolation (ST} technology.

10.  The UMOS-like gate-controlled thyristor of claim 1, wherein CMOS latchup is
prevented because the threshold voltage of said UMOS-like gate structure is

55 larger than a supply voltage Vdd of a circuit to be protected.

11.  The UMOS-like gate-controlled thyristor of claim 10, wherein said CMOS latchup
is further prevented because said emitter and said base of said parasitic pnp

bipolar transistor are at a same voltage potential.



15 depositing a first nmetal |layer over said first n+ diffusion and said

first p+ diffusion thus rovi di he contact for said cathode of said
thyristor; depositi fmll H@li ‘ mggkd n-wel |l a second p+ diffusion on the
ot her side of, and i b UMOS-1i ke gate structure; depositing

into said second n-well a second n+ diffusion adjacent to said second p+
20 diffusion; depositing a second netal |ayer over said second p+ diffusion
and said second n+ diffusion; | i!2iUJ Ilhil 1il Ili 111111 CSMB9-369 17
connecting conductively said second p+ diffusion, said second n+ diffusion,
and saigigmeetasof said thyristor, saidi8econd p+ diffusion, said second n+
diffusion, and 25 said gate of said thyristor thus form ng the anode of
sai d t higr i Stmethd® oPSrRYENG BAIMOS ke gdteriontrofied thyristd? QUSBCR)fonpn  bi pol ar
transi stor having an emtter, a base and a collector, said emtter, said
base, and sajigctastatiediethdrge (ESDY pratectibr, icomiprisingethe steymi of. p- substrate,
and said second n-well, respectively; and 30 a parasitic pnp bipol ar

tTansi gprovidingva sgmiconauctar evaferawitta ag-sultstate;ol | ector, said enmitter, said
base, and said collector formed by said second p+ diffusion, said second
n- wel | ,diffosing ntd said siistrade a firsteanska secend/n-wedl, saparatast o esichatheénn 12,
wherein said - and said p- conductivity type structures, said cathode and
anbde, credtisgiadJMOS-bkedgatestructune byitbe stepsofi nt er changed.

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 sfructure acting as the gate of said thyristor (UGSCR),

10 depositing a first n+ diffusion on one side of, and adjacent to, said UMOS-like gate
structure, placing said first n+ diffusion partialty over: ééid 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;

15 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;

dépositing 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+
_ 20 diffusion;
depositing a second metal layer over said second p+ diffusion and said second n+

diffusion;



35 14. The method of claim 12, wherein said thyristor when gated on has an
anode to cathode -resistance ranging-from!| to 3 Chns. 15. The nethod of
claim 12, wherein sgay Bt n gated on provides an anode to

cat hode cl anpi ng voﬂl Hmalﬁmm"mrfrom 1to 2 Volts. 16. The nethod of
claim12, wherein saftdcandde®i ssconnected to an input of a circuit 40 to
be protected fromESD. ¢ CSMP9-369 18 17. The nethod of claim 12, wherein
said cathode is connected to a ground potential. 18. The nethod of claim
11, wherein said cathode is alternately connected to said substrate. 19. A
met hod GSME868% ng a UMOS-1i ke gate-conrrolled thyristor (UGSCR) for

el ectrostatic discharge (ESD) protection, conprising the steps of:

provi dicognectimcanmutticely saidesemondip+hdiffusion ussid satend deliffusioh, aptiserd
regions, shallow trench isolation (STlI) regions, and UMOS-1i ke gate 5

regi ons; degate of sajd hyrisyer saitl s8cdhdpt-aiffudiornfsald S6sbnéings iffasionhaadness on
the top surface of said sem conductor wafer; creating an oxidized | ayer
(Rfler neat h saidigatedfsaidethyrstor thusHormingahel abhbtiSof s4id thyistor egi ons to a
depth ranging from 3,000 to 3,400 Angstronmy 10 providing a high density

pl asna thepbpvestepgdgrthen prowiding: | i con di oxi de fol | owed by a

a parasitic npn bipolar transistor having an emitter, a base and a coliector, said
) emitter, said base, and said collector formed by said firét n-well, said p-
substrate, and said second n-well, respectively; and |
30 ‘ a parasitic pnp bipolar transistor having an emitter, a base and a coliector, said
. emitter, said base, and said collector formed by said second p+ diffusion,

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

13.  The method of claim 12, wherein said — and said p- conductivity type structures,

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

35 14.  The method of claim 12, wherein said thyristor when gated on has an anode to

cathode resistance ranging from 1 to 3 Ohms.

15.  The method of claim 12, wherein said thyristor when gated on provides an anode

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

16. The method of claim 12, wherein said anode is connected to an input of a circuit

40 to be protected from ESD.



patterned planarization aid nmask, where the thickness of said silicon

dioXide in said U

Angstrom et chi n
UMOS-1i ke gate r mm
in said acti'V

fil

reglons ranges from 6,000 to 6,600
Il in said active regions and said

egl-on‘s to 2 000 15 Angstrom chem cal nechani cal

polishing until said STI gap fi II I's renoved fromthe surface of said
sem conduct or wafer thereby reducing the thickness of said SIN nmateri al

-J

CSMP9- 369 19 1,300 Angstrom and the thickness of said STI gap fill

reduci ng the thickness of said STl gap

to
in

sai d UgS99-889gate regions to 2,000 Khgstrom 20 nitride etching; oxide

stripping; gate oxide formng; poI y deposition; poly masking; 25 poly
et chi ng7. cr Faktimethod tof plaimi Phwherelnzaill cathbde is(édirDlé):tétmd) Pgtoupd | i ghtly

doped drains (PLDD) in said active regions; spacer deposition; spacer
et-chi ng; angotential.

10

15

18. The method of claim 11, wherein said cathode is alternately connected to said

substrate.

19, 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 (ST!) 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 méterial;

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 diéxide 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 6,660 Angstrom;

etching said ST! 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 éaid

- semiconductor wafer thereby reducing the thickness of said SiN material to

~



10 inplanting n+ and p+ regions. 20. The nethod of claim 19, wherein said

SN mat er’i al

is silieceanitride. 21. The nmethod of claim 19, wherein said

o‘xi di zed | ayer IT\‘“‘I“\‘\!“Q“\“!\““\% | ayer. 4

CS8M99-369 19

20 nitride

1,300 Angstrom and the thickness of said STI gap fill in said UMOS-like gate
regions to 2,000 Angstrom;

etching;

oxide stripping;

gate oxide forming;

poly deposition;

poly m

asking;

25 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 |

0 implan

20.

21.

ting n+ and p+ regions.
The method of claim 19, wherein said SiN material is silicon nitride.

The method of claim 19, wherein said oxidized layer is a silicon dioxide layer.



