1 SILI CON ON | NSULATOR THI CK OXI DE STRUCTURE AND PROCESS OF I\/AN&%Z%%‘?ﬁﬁé
‘FI ELD *OCF THE | NVENTI ON The present invention relates, in generaft 6@ﬁf’
silicon-on-insulator (SO) type sem conductor device-and, nore
specifically, to a body-and-gate-coupled thick oxide structure providing
el ectrostatic discharge (ESD) protectipn in a network. BACKGROUND OF THE
I NVENTI ON Protection networks are typically used in integrated circuits to

protect internal c ! r : 1.CO material,
conponents may be wz)djtﬁsgdiﬁég?%%&ﬁté%e f%%a?ﬁ%&dﬁlﬁfﬁg an ESD
.event. Common types of conpeVizrRROCE®Y OBrMESIFACTIREt i on i ncl ude net al
oxi de sem~conductor field effect transistors (MOSFETs) and thick field
oxi de (TFO punch-through devices. In each of these conponents, the

br eakdown vol tage of the conponent is determ ned by the breakdown voltage
of a p-n junction within the conponent. The area of the p-n junction is
‘usual Iy |l arge enough to be abgf% ) diss, ﬁvé Rr S cess charge during an
ESD event. Wth increased deﬁaﬁéhié%iﬁﬁgggt—sé@; peration for a

sem conductor device, integrated circuits forned on a SO substrate are

attracting attent i of, Jhe SAPONENSHISEH LOTESD PLR!SEALPIL! OfobY! K

sem conduct or, devi ces  cannot readi e used by themsefves in’S evi ces.
Mich of ' t §é 1dCOR M TS WA ENEEPDh F¥Pe oseni gerdyckobf deHkC8urNdd

more specifically, to a body-and-gate-coupled thick oxide

structure providing electrostatic discharge (ESD) protection
in a network.

BACKGROUND ' OF THE "INVENTION

Protection networks are typically used in
integrated gircuits to'protect internal components from ESD.
In bulk semiconductor material, components may be fabricated
to dissipate excess charge during an ESD event. Common
types of components used for ESD protection include metal
oxide semiconducﬁor field effect transistors (MOSFETs) and
thick field oxide (TFO) punch-through devices. In each of
these components, the breakdown voltage of the component is
determined by the breakdown voltage of a.p—n junction_within- -
the component. The area of the'p¥n'junction is usually
large énough to be able to dissipate the excess charge
during an ESD event.

_ With increased demand for higher speed-operation
for a semiconductor device, ihtegrated circuits_formed on a
SOI substrate are attracting attention. The components used
for ESD protection for bulk semiconductor devices cannot
readily be used by themselves in SOOI devices. Much of the

area of the p-n junction is lost, because of the buried
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2 oxde | aver imredi ately u.derneath the diffused regions.- Consequently, a
much smaller area is available to dissipate the excess charge fromthe ESD
event. Because the energy does not dissipate as effectively, the device my
over heat and pernmanent danmage may occur. Various SO structures have been
fabricated which are capable of providing ESD protection. One such
Structure' is dlsclosed in US PatentzNo 5,760, 444 issued ta Ckumura on

June 2, 199 descrlbgs a se arate E di d is
|ntegratedbmu?% |n%l¥ 3bT?%%?S¥% $ g%%ggéTﬁ g?% egisin

el ectri calcommmﬁbhyw ahmuhb marthr%ghstmaul@bhe regi @hssipehean
EXCEesSS FK“éHE'é%cé§sa@Q£k€Q EPo&hehQr§F5 é@QﬁQn OﬁeéﬁﬁséKEﬁiﬂénébﬁﬁd'Ode I'S

forward biased to provide a path ectric charges runnin e di ode.
As a reSano“st%%tSﬁ}S§éﬂ?E%nﬁﬁc?ngBE%V%%yhaEh% ¢%§+%?am%% perheat

el ectrost aing e eakdond. ddmegdi sagvaptage of this device is that it
requires extra process steps during fabrication; it also lacks flexibility
in how t he device nay be connected to other devices while still providing
ESD protection. AnotVerieusuB8@ilir etigctiises obaveilpeen Sfalpnieatedlowhsci73, 326

issued to Gdbesbasicabs 890498§n§0E559é?0t&E£98ﬁt e@nélsuéﬁsgfkgéﬁuﬂeSOT

structure which is partitioned o an rotecti on portion and
circui try borétortoThe E3PpPot BRERBA BBrt?oﬁ69e&6?ré%sﬁeghFEKOEEPuFéyer to
wor k. The déhi gkn&P, | 2908 . seokamute degbﬂbageatBepgﬁ&éurzsanalaad heat

e 2 85 BEE e p bR SO ARERYLI PR S0bbRirChul PEShont [Vt ure Lo

No. 5,726,Bmmrlssugdntpr6uesh onThar dhod®, 18998. el&nttrhcal connection
with the MOSFET through the drain region. When an excess
potential is applied to the drain region of the MOSFET, the
diode is forward biased to provide a path for electric
charges running in the diode. As a result, the S0OI
semiconductor device has a resistance to electrostatic
breakdown. The ‘disadvantage of this device is that it
requires extra process steps during fabrication; it also
lacks flexib;lity in how the device may be connected to
other devices while still providing ESD protéction.

Another structure is disclosed in U.S. Patent No.
5,773,326 issued to Gilbert et al. on June 30, 1998.
Gilbert et al. describes a SOI structure which is
partitioned into an ESD protection portion and a circuitry
portion. The ESD protection portion requires a thick SOI
layer to work. The thick SOI layer serves to distribute the
ESD current and heat over a large area, thereby improving
the ability of the SOI structure to withstand an ESD event.

Yet another structure is disclosed in U.S. Patent
No. 5,726,844 issued to Smith on March 10, 1998. Smith

describes a protection circuit, for an SOI device, which



. describes a protection circuit, for an SO device, which 3 uses a
body-tired MOSFET and zener diodes in the protection circuit. Because 't he
MOSFET has a thin-gate oxide, several zener diodes are required t6 protect
for over-voltage and under-voltage conditions. Still another structure is
disclosed in U S. Patent No. 5,683,918 issued to Smth et al. on Novenber
4, 1997. Smth et al. describe a body- tided MOSFET used in a prot ection

t k of t ect h I n t hin
gat o oxi de"SRS Peltryes sl BPSERY PRCbr P afodi odrea 1o e SFPEaThED
Anot her appiovachtf or Bpceuset ithg HSOSTET hewsi tr ¥ hii nemaESDoxd dequrseierdl, S.
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Sept enber 22 I's inc orated Rerein by re erence aderaghi et
al . discl o%%dﬁrSY]Pl&?ﬂ@uicf’nﬂﬁtéﬁ“lsncI udes a body- coupl ed-gat ed (BCG) di ode
forrfied froma SO MOSFET for providing ESD protection. Both NMOSFETs and

PMOSFETs nay be used.to.create,a forward-bi ased operatl on .of the diode.
Referring to FI GS. 39: (lji( RHPEHeEoPFé%‘;%H&et §SFAEgclosed in Onf -6 of
Assader aghPatengl N9> Hwib 880 #fli8g sstiiedn £ coSmiitd BEGadi.odes Nawvemthescldsed.

FIG la il r at e¢i LGUI ti.c 0 hqwn, _
NMOSFET 10%9'%erpr?@éghaegourqcehfégggg% alanb%gé,a Qﬁ%ggmﬁ ﬁgﬁﬁl % atl?a1 %0 The
drain, bod9rohRatianensityossnRdcPedOdt devdeeA. Tmeﬁsﬁo@éoﬂiqoé'—l@mater in
vol tage t hasviedenBs NVOBRREri@Qet ¥hisn @a,tet bts qRr g\ﬁudh:@qluli%spraotl%pﬁdé)n
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Another-approach for proteéting SOT circuitry from
ESD is found in U.S. Patent No. 5,811,857. Theé ‘857 patent
issuéd to Assaderaghi et al. on September 22, 1998 and is
incorporated herein by reference. Assaderaghi et al.
disclose a SOI circuit which includes a body-coupled-gated
(BCG) diode formed from a SOI MOSFET for providing ESD
protection. Both NMOSFETs and PMOSFETs may ‘be used to .
create a forward-biased operation of the diode. Referring
to FIGS. la-1d (which correspond to FIGS. 2, 3, 5 and 6 of
Assaderaghi et al.), two configurations of the BCG diodes
are disclosed. FIG. la illustrates the circuit schematic of
an NMOSFET 100. As shown, NMOSFET 100 comprises a source
108, drain 106, body 104, and gate 102. The drain, body,
and gate are connected at node A. When node A is greater in
voltage than node B, NMOSFET 100 turns on, thus providing
ESD protection. Effectively, NMOSFET 100 may be represented
by the diode symbol, as shown in FIG. 1b.

Similarly, as shown in FIGS. 1lc and 1d, a PMOSFET
110 comprises a source 108, drain 106, body 104, and gate
102. The drain, body, and gate are connected at node A.

When node B is greater in voltage than node A, PMOSFET 110



. by the diode synbol, as shown in FIG |b. Simlarly, as showm in FIGS. 1c
and 1d,” a PMOSFET 110 conprises a source 108, drain 106, body 104, and gate
102. The drain, body, and gate are connected at node A \When node B is
greater in voltage than node A, PMOSFET 110 4 turns on, thus providing
ESD Protection. Effectively, PMOSFET 11Q may be represented by the di ode
synbol, as shown in FIG 1d. It will be appreciated, however, that the
NMOSFET an [P [ Y=ASS hi et a - formed

wi.t h thin-qﬁ%gﬁzfygggﬁgﬁg,ﬁfﬁgggggge?égr§g§é§%°%ﬁﬁherg F%E?épgggh vol t age
ESD event s PMONHriebvel0 mae ROSrersesequedebyhhbet Aeodedyyrbal acest Ahogat e
and the draim.pikhi sidequirenent limts the flexibility of the MOSFETs. A
need still exists for formng a protection network for a SO device that
will allow the device to be protected from ESD potentials that may reach an
i nput/ out put pad of ahtiwikhrla¢edpprecibated|t howealrdrpethdvabhageMOSFER have
a_sem condudpreid ridEEr M0L 601 BLOY! 465,8d8AURLEN FIDL PL Ot EHL OPar RU
requires a small area for hea I'SSI pation. urd-al So° be advant ageous
if the strdfauned colith Peinagateapsdden angrothesefifreh: atoubdtbasily be
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To neet thi ot her needs, and in view of its purposes, t he present

i nvention i eI bre SRt FRpgbody contact the gate and the
drain. This requirement limits the flexibility of the
MOSFETs.

A need still exists for forming a protection
network for a SOI device that will allow the device to be
protected from ESD potentials that may reach an input/output
pad of an integrated circuit. It would be-advantageous to
have a semiconductor structure which provides adequate ESD
protection, but’ requires a small area for heat dissipation.
It would also be advantageous if the structure could be
fabricated in a process which:could easily be integrated

with existing semiconductor processes.

SUMMARY OF THE INVENTION

To meet this and other needs, and in view of its
purposes, the present invention is directed to a SOI field
effect transistor structure providing ESD protection. The
structure has a source, a drain, a body, and a gate. The
gate is formed from a thick oxide layer and a metal contact.
The gate is formed during the back-end-of-the-line (BEOL)
process. The transistor may be a p-type transfstor or an n-
type transistor. The transistor may have its drain tied to
either the gate, the body, or both the gate and body. When



effect transistor structure providing ESD protection. The structure has a
source, 'a drain, a body, and a gate. The gate is forned froma thick oxide
| ayer and a nmetal contact. The gate is forned during the
back-end-of-the-l1ine (BEOL) process. The transistor nmay be a p-type
transistor or an n- type transistor. The transistor may have its drain tied
to either the gate, the body, or both the gate and body. Wen 5 used as

a protection devise, #E#é@éﬂébT%eélgg tg.g ékg?ﬁllgagléﬁdtéhg §9g ggeis

tied to a potentlal ence for Tormn thic
field ef fe®ad rcenﬁltsl't%rSQW%db% ‘Eh%dfml%)v@fh‘ge@tb@% rﬁ%@nca Sa
structure having a sem conductor island |s formed by shallom/trench -

i solation; the sem conductor islapd i a first con uctI% ¥ iﬁ hbxt
a separate source regton PEATERS skphr ?Emﬁ?%lﬁh?eb?bﬂ A8 tiFaHd ar
f or med usimjﬁeahnnrnn$ms&m@ inskodes ﬁn@dﬂclluwiwgtgpepstheF1eaaynang

region of g 1Sl CONdUCLEYLLYS L XBE: LOLARALIE POUYLg gL OBo-ADYl Baul ati ng

| ayer i s deposi e 1rnsu atlng ayer 1s etched to form
a thick ox-shdd lpu etlf%rgcrf@)nla@baﬁ@l@ne bodysenyronduFtanl iylandt 4F Péads are

formed to coMactcdd@usOw cey Redy é‘ngeﬁl@{:gtéegbﬁﬂée ké?hént .anle
under st ood that both the forﬁ%olng genera descriptio ol | owi ng

detai | ed désFTRATIE FE2EXHPILPY, TRuEhgr LS hahd, E?rEEFWﬁg ugingnha
invention. cRigidrit DESCRIETa e cbnd HEo DBRAVE NEL Thetypegenthenremabashg

under st ood fgamm .t hee *ohd Opd P 85 AbhEP: 885" LPHEOR IS chE o) £RRSELI O
An insulating layer is deposited above the island. The
insulating layer is etched to form-a thick oxide gate region
above the body region. "Finally, metal leads are formed to
contact the source,'drain, body, and gate regions.

It is to be understood that both the foregoing
general description and the following detailed description

are exemplary, but are not restrictive, of the invention.

BRIEF DESCRIPTION OF THE DRAWING

The invention is best understood from the
following detailed description when read in connection with

the accompanying drawing. Included in the drawing are the
following figures:

FIGS. 1la and 1b are circuit schematics of an n-
channel FET (NFET) configured as a body-coupled and gate-
coﬁpled diode in accordance with FIGS. 2 and 3 of the 857
patent; )

FIGS. lc and 1d are circuit schematics of a p-
channel FET (PFET) configured as a body-coupled and gate-



t he acconpanying drawing. Included in the drawing are the foll ow ng
figures: FIGS. |la and |b are circuit schematics of an n- channel FET (NFET)
configured as a body-coupl ed and gate- coupled diode in accordance with
FIGS. 2 and 3 of the '857 patent; FIGS. Ic and Id are circuit schematics of
a p- channel FET (PFET) configured as a6body-coupl ed and gate- 6 coupl ed
diode in accordance with FIGS. 5 and 6 of the '857 patent; FIGS. 2a-2d are

cross- sectdRiplei @MSdOf i h hecsbrashde ewothar$66 . NYWOBh&Teabrvaheoug sst ages
of fabrication. in accordance with a preferred enbodi mnent of the present
_inventionPﬁEQEth is a cross-sectional view of the structure of a SO
PMOSFET i n accordance with a preferred enbodi nent of the present invention;

O 20 1S A Cross- seetsondy-Yhedgl kB8 SLEUEt Yhg1 ok 8uSh VOREET Showi ng
the relationshi p between the odg, thire oxl de, and gate regions. FIGS. 3a
~and 3b ar StEUkHTE stheta?PESNYPSERE 80 VARESRETSBRIEF PL2§abricstigsa and

4b ar93@@H&P@écéﬁdﬁﬁ@@iﬁﬁt@fatRQeE@krgﬁuaﬁﬂbﬂﬁeﬁtbezﬁhergﬁseQQ-5C are

circuit schematics of the SO FET of FIG 2d show ng various-coupling
arr angement¥SH-4¥or dance with a preferred enbodi ment of the present

FIG. 2e is a cross-sectional view of the structure
of a SOI PMOSFET in accordance with a preferred embodiment
of the present invention:

FIG. 2f is a cross—sectional-view of the structure
of a SOI MOSFET showing the relatibnship between the body,
thick oxide, and gate regions;

- FIGS. 3a and 3b are circuit schematics of the SOI
NMOSFET of FIG.  2d; - :

FIGS. 4a and 4b are:circuit schematics of the SOI
. PMOSFET of FIG. 2e; '

. FIGS. 5a-5c are'circuit schematics of the SOI
NMOSFET of FIG. 2d showing various coupling arrangements in

accordance with a preferred embodiment of the present

invention:;

FIG. 6 is a circuit schematic of the SOI PMOSFET
of FIG. 2e showing a body-coupled and gate-coupled
arrangement in accordance with a preferred embodiment of the

-

present invention; and



invention; FIG 6 is a circuit schematic of the SO PMOSFET of FIG 2e
showi ng a body-coupl ed and gat e-coupl ed arrangenent in accordance with a
preferred enbodi nent of the present invention; and FIG 7 is an
exenplary circuit schematic of an ESD protection device using the NMOSFET
of FIG 5c and the PMOSFET of FIG 6. FFGS. 8 and 9 are exenplary circuits
of an ESD protection device show ng different conbinations of _a thick oxide

device with a thin exicde7dey e@ REINiEY RESCERiRTISONWa tEkHE JANGENEIIN

Referring to FIGS. 2a-2d, a NVOSFE vice 10 is owy at various stages of
Fabr| cat T BESFRCEORBr RAESWHRN DS e SHOST B et S5t sent

i nvent i onPMASFHBpoEt #dGI.Nn 6k G 2a, NMOSFET device 10 includes a

sem conductor substrate layer 12, an insulating |layer 14, and a

sem conductor |ayer 18. Sem conductor substrate |ayer 12 is a |lightly doped
p-type silicon waf eFIGPn BhaddefbédienErenpilady siinegitayef B iESD silicon

di oxi de | g¥8tecthenCashiiral isPRwah s T GRIGHH YondHbSkidhe VY thlck
|nsulat|ng #ﬁ er. 14, and sem conductaor_ |ayer, 18 is known as the SO
struct ur e®X é B 156 Uty @ He YBy*€any conventional techni que

;or fabricating SO structures. For exanple, the SO structure may.be
substrate | ayer 12 by irheieS BESCRIPLION O SHEOEvERL SO 10 ygen (s MO0
technique. Alternatively, the SO structure may be .
Referring to FIGS. 2a-2d, a NMOSFET device 10 is
shown at various stages of fabrication in accordance with a
preferred embodiment of the present invention. As depicted
in FIG. 2a, NMOSFET device 10 includes a semiconductor’
substrate layer 12, an insulating layer 14, and a -
semiconductor layer 18. Semiconductor substrate layer'lz is
a lightly doped p-type silicon wafer. 1In this embbdiment,
insulating layer 14 is a silicon dioxide layer. The
combination of semiconductor substrate layer 12, insulating
layer 14, and semiconductor layer 18 is known as the SOI
structure. The SOI structure may be formed by any
conventional technique for fabricating SOI structures. For
example, the SOI structure may be formed by implanting a
high concentration of oxygen in semiconductor substrate -
layer 12 by a conventional separation-by-implanted-oxygen
(SIMOX) technigue. Alternatively, the SOI structure may be
formed by a conventional bond and etch back process.

Field isolation regions l6a and 16b are formed as
illustrated in FIG. 2a. Although shallow trench isolation
(STI) regions are illustrated, other field isolgtion
processes may be used. By forming STI regions in a
conventional manner, semiconductor layer 18 is separated

into several islands (one is shown in FIG. 2a). A thin



formed by a conventional bond and etch back process. Field isolation
r'egions 16a and 16b are fornmed as illustrated in FIG 2a. Although shall ow
trench isolation (STlI) regions are illustrated, other field isolation
processes may be used. By forming STI regions in a conventional nmanner,

sem conductor |ayer 18 is separated intﬁ several islands (one is shown in
FIG 2a). A thin oxi de layer (not shown for exanple silicon dioxide

Ty be O o QYelathe. %anghg{«mfg"kgondugmgie'é Piedft oThes LDl npayide

| ayer u5|gg reStst™al ues K
st hose skllg@QWnerﬁé hh@ igband afbaemedonégﬂtpnrleBﬁy hBsk ?h@ttbhomn) is

pl aced QVechﬁ@é" p&g@ﬂ%@p béy%n%édt BySHQ%SUﬁHéEMréQ&gtSQHaCﬁa%ﬁgh%n 20
and drain regiop 2 shown jn i.on |gﬁsantat|on t hrough

uncover ed r¥GGHIUEH FRRWReRK. th%ﬁe ﬁhFéx??nbn r@8hic (As) is performed

at 70 KeV with a dose of about 5 x 10[err] atons/cnferr]. As a result,
heavi |y doped n+ ty gi gn n h r I f n+
regions 20 and 22 |g§%% sglﬁug? én?ﬁé ?%% 6ngEgaSI gnég gg%ggﬂsg
lightly ddyme@dtqw@rr%gmbﬂODéuaug@ ﬂhEeBRl&atk preseqausntdy Eeplant ati on

i n body regh@Rc@4reB00N zégaﬁa aﬂam%eg%ﬁszéhesﬁew bgt peEN 9gur gg region
20 and drajn region 22 of e next step of abrlcatlon i's shown

in FIG Z&OIAnllPﬂ%%PE?Fhﬁnl E%PUQB UPEPVEXEAPFEISPRSCcOR BRExMaEk-
deposi t ed IWE#lﬁpBéﬂtiﬁQ|aflQﬁséﬁgbomﬁslGQsapdriﬁbmeSOHtCQOFKQVOleﬂ adrain

region 22 oand BRALESe! 8N 280: U8 .| AXET 20BN c2enbRLTRY B3N
n+ type regions 20 and 22 are formed. The formation of n+
‘regions 20 and 22 is not self-aligning. The-body region 24
remains a lightly doped p-type region because the BR mask
prevents ion implantation in body region 24. Bédy'region 24
thus forms the body between source region 20 and drain
region 22 of NMOSFET 10. |

The next step of fabrication is shown in FIG. 2c.
An insulating layer 26, for example silicon dioxide, is
‘deposited over field isolation fegions 16a and 16b, source
region 20, drain region 22, and body region 24. Insulating
layer 26 may be formed as an inter-level dielectric dﬁring
the .back-end-of-the-line (BEOL) fabrication process. -
Insulating layer 26 may range in thickness between about
2,000 to 3,000 A and may have a preferred thickness of
approximately 2,500 A. |

After insulating layer 26 is deposited, contact
holes or vias 19 are formed by etching down to _Ssource reg1on -
20 and drain region 22, as shown in FIG. 2c. Finally, metal
leads are deposited to form source lead 28, drain lead 32,
and gate lead 30, as shown in FIG. 2d. The formation of
vias 19 and the metal leads is accomplished in a



- the back-end-of-the-line (BEOL) fabrication process. Insulating |ayer 26
may range in thickness between about 2,000 to 3, 000 A and nay have a .
preferred thickness of approximately 2,500 A After insulating layer 26 is
deposi ted, contact holes or vias 19 are formed by etching down to source
region 20 and drain region 22, as showmm in FIG 2c. Finally, netal |eads
are deposited to formsource |ead 28, dr@in lead 32, and gate |ead 30, as

shown in F . far i,0 . VJ 1 d the netal leads is
aeconplisﬁ%%hY%gglghs$ ggﬁ%%ﬁi?%ﬁgrm%g%ﬁé%b uﬂﬁaﬁrﬁﬁgﬁﬁgﬂ_ﬁﬁﬂﬁQ%%nlon
process. AttHoREENNBPLsEHANIaSSa PpRFCESSSsisdEp hodEy ded 25 s dfameka@s a

conventiongé J-t¥RGenthvabur @-Wide &Ik LONLAG! ot hhedy JRF AL
Sinilarly,?ﬁiyshowm in,FIG 2e, a thick-oxide PMOSFET 40 is fornmed froma

SO struct ha%Ph§"a28enmi conduct or substrat e layer 12; an insul ating
| ayer 14; field isolation regions 16a and 16b; heavily doped p+ type source

i 20 and drain i QL W | v._daoped..n-type body.region 24; and a
LRk oxi do Laver aboea BataT ed R noN ™ ot SPui bal & Ty rayer s
Final |y, nmMQ@PFETadl ircfgepesi taom @ SOImssoucturecadva®yg drain | ead- 32,

gate | ead Sémiassabedyr! 8assBatEusyed ar.zchﬁs:fn%l%femgngage@il . Oxi de
SO MOSFET_ h been.described.in i Ch the %ate consists o netal” film
and t he iﬁgﬂgg?ofs?§a£ﬁ8nBE€ElPH§e SPoFEd Btk e BEAVA 1Y) dopPedTiRd itXRet or s

have al so shheroweredivhal0 and drain region 22; lightly doped n-type
body region 24; and a thick oxide layer above body region 24
to form insulating layer 26. Finally, metal leads are

deposited to form source lead 28, drain lead-32, gate lead
30, and body lead 25. '

Thus, a process for forming a thick oxide SOI
MOSFET has been described in which the gate consists of a
metal film and the insulator is the BEOL Inter-Level
Dielectric (ILD). The inventors have also discovered that
by varying the gate width “W”, shown in FIG. 2f, the failure
mechanism melting silicon and shorting the source, drain,
and body regions may be modified. The wider W can be made,
the smaller the possibility of .the failure occurring.
Furthermore, by overlapping the insulating layer 26, which
is formed above the body region 24 by a predetermined length
“L*”, as shown, ESD protection can be improved.

A polysilicon layer may be deposited over the SOI
structure, masked, and etched to define the gate region
béfore the deposition of the thick oxide insulqﬁor. Afﬁer
deposition of the thick oxide insulator, the metallization

process may be performed to define the contacts to the
various regions.



by varying the gate width "W,- shown in FIG 2f, the failure nechanism
melting silicon and shorting the source, drain, and body regions may be
nodi fied. The wider Wcan be nmade, the smaller the possibility of the
failure occurring. Furthernore, by overlapping the insulating |ayer 26,
which is formed above the body region 2fgby a predeterm ned |length "L", as
shown, ESD protection can be inproved. A polysilicon |ayer may. be deposited

over the SO structuse, . t i n - egl on before
t he deposition of thtren't tﬁ%k%ﬁ%xdl?%dn@% .oof CAkﬁde'r ezc%mgss%té}}c%ﬁr{o t%e t hi ck
oxi de i nsGLACYAL sieheFatdld iFntFIldn placests nishl Urt Halrddr iduiglo eeidee t he
contacts kpokEeTvValn Qg NSsourcd O e dd) Ce i deedMBEERLQdy FI G 2d
is shown as g i_rcuit schematic,in FIG 3a. ﬁﬁﬁkgl%ftfated’ t hi ck oxi de
NVOSFET 10586hpoi s @5 fice 18k 35, ROTES oA 2D Hoty P TIRRFaS B0d gat e
| ead 30. Sewmdemalledd 2Brdin derre@Z2did ccdeiedted ) thmimdkadl; IRodg
connect ed t gr=m.nal : I 25 e t : te, l.ead 30
o Connoct-ed%t S Gt T Vase il SRt 1538 70 1F SRR,
shown in MG BHOSEER L8r mpy bige repireis emtiede byVOBRER igder s@mbzd i sshown as
a circuit spehematy ¢idy HEe 4a. As illustrated, thick oxide PMOSFET 40
conprises source lead 28, drain |lead *32, body |ead 25, and gate |ead 30.

PMOSFET-40 may be represented by the diode synmbol, as shown in FIG 4b. The
operation of NMOSFEBiliMidly novhdetlekeok adbxide PMOSFET of FIG. 2e is

shown as a circuit schematic in FIG. 4a. As illustrated,
thick oxide PMOSFET 40 comprises source lead 28, drain lead
32, .body lead 25, and gate lead 30. PMOSFET 40 may be
represented by the diode symbol, as shown in FIG. 4b.

The operation of NMOSFET 10 will now be explained
as it turns on and profides ESD protection. A first turn-on
condition occurs when the body of NMOSFET 10 is subjected to
a voltage which exceeds the voltage at the source of NMOSFET
10. When this condition occur's, a forward-biased diode"
attribute allows a current flow from the body terminal to
the source terminal. A second turn-on condition occurs when
the voltage at the gate of NMOSFET 10 exceeds the threshold
voltage of NMOSFET 10. When this condition occurs, a
turned-on transistor attribute allows current flow from the
drain terminal to the source terminal.

In a similar manner, for the PMQSFET 40, shown in
FIGS. 4a and 4b, when a negative pulse is applied to
terminal A which is lower than the body voltage by an amount
equal to a diode forward-biased voltage, a forward-biased
diode attribute allows current flow from the body terminal
to the drain terminal of PMOSFET 40. A second turn-on

condition occurs when the voltage at the gate terminal of



~as it turns on and provides ESD protection. A first turn-on condition
occurs when the body of NMOSFET 10 is subjected to a voltage which exceeds
the voltage at the source of NMOSFET 10. Wen this condition occurs, a
forwar d- bi ased di ode attribute allows a current flow fromthe body term nal
to the source termnal. A second turn-onjondition occurs when the voltage
at the gate of NMOSFET 10 exceeds the threshold voltage of NMOSFET 10. Wen

this condigiawrmecss sisadbepeenen LhaNThobahodhl G r;,b@esaeauf%swa&em flow

fromthe dralntermnal to the source ter manner,
the PMOSFEF 40, "ReRwh 5 Té?’@%ltaanaﬁemm \Aﬁeﬁuanﬁégapu @éaﬁﬁll%qrs appl i ed
to term natthMhiicd aBldoseruthantt e bogdy ¥ebhagBeb¥oarcampurihiegualJo a

di ode for\/@.[ed &)fg\fl(fdté/%{‘}dgg? a f or war d- bi ased_ di ode att ri bute all ows
ody Ter

current flow from mnal to the drain termnal of PMOSFET 40. A
second turn-on condition occurs when the voltage at the gate term nal of

POSFET 40 I | over fied. Log_40r epbald, oLt agendl RUSCEET, 40, uen thi s

condition _occurs., a turned-on transistor te alllows currént to fl ow
fromthe SBIFHET izl d?%cfh%e@rébﬁvﬁeim ﬁaVarFPGS o53ESP i|lustrate

usi ng t he agy lokcabd stes NMDSIEJo#8afcé WesRr bhedmpbayfeht éfVEFlbebYe?,fenFcSDAs
hown i At AR Pt AT e B oy | BuaSbstcSanbescateobPaY dr i n
| ead 32 atleast rhatonnedeedi val 11AS|dramnnéeaéd320apade3maad aource | ead 28
I's connectidihaPlerid sysHabl¥aatoIpbNdaPRhentbatledt L8 BBk
connected to Vg5 (usually at ground potential) at terminal
B; the gate lead 30 is not connected. In this .ESD
application, thick oxide NMOSFET 10 is body-coupled to the
.drain terminal and provides ESD protection when the voltage
at pad 34 increases above the diode forward-biased voltage
existing between the body and the source terminals.

FIG. 5b illustrates the thick oxide NMOSFET 10 in
a gate-coupled arrangement. As shown, NMOSFET 10 has its
gaté lead 30 connected to its drain lead 32 at terminal A.
Terminal A is connected to pad 34 and source lead 28 is
connected to Vss at terminal B; body lead 25 is not
connected. In this ESD application, thick oxide NMOSFET 10
is gate-coupled to the drain terminal and provides ESD
protection when the voltage at pad 34 increases above.the
threshold voltage of NMOSFET 10. When the voltage at pad 34
exceeds the threshold voltage, current flows from the pad to
the Vg supply. |

FIG. 5c illustrates the thick oxide NMOSFET 10 in
a body-and gate-coupled arrangement. As shown, NMOSFET 10
has its gate lead 30 and body lead 25 connected to terminal
A. Terminal A is éonnected to pad 34 and source lead 28 is



B, the gate lead 30 is not connected. In this ESD application, thick oxide
NMOSFET 10 is body-coupled to the drain term nal and provi des ESD
protection when the voltage at pad 34 increases above the diode

f orwar d- bi ased vol tage exi sting between the body and the source term nals.
FIG 5b illustrates the thick oxide NMOPHET 10 in a gate-coupled
arrangenent. As shown, NNCSFET 10 has its gate |lead 30 connected to its

drain Iead 32 at ternl erm.nal A is con ect and source
lead 28 i S Célnencetcﬁ“edt?o ’\7[ 8rrIIermtmfaér ‘naft® B %SdEgP Hgggc 13

connect ed.thiirek i ESINMPPFETE al f oprovhilek B&Dd@r¢m£§¢$§n1@t|e @aretcoupled

to the dr iy f-esiaghapndonr anbdessESbhar ohertboncyhenc 1b6 vaktage at pad
34 increases abogve hreshol d voltfage of NMOSFET 10. When the vol t age

at pad 349SaEERed R RLRbYd vol tage, current flows fromthe pad to the
V[err] supply. FIG 5c |IIustrates t he thick oxide NNCSFET 10 in a body-and

gat e- coupl ed arrang NMOSF 0 ha gate d 30 and
body | ead 25 connect ﬁ@?%?ﬁﬁnlg lnT%Eh?%%Taﬁgi nﬁ%%? to pad 34
and sour cedmayaents Openate@naecfeﬂlbasV[eWh¢n atpositival vBltape tiki s

ESD appl | afiliofia 1Y oo s e MMERERT 10 B1oUhEEGeFFhppaYecthanpah o flrst

turn-on co tion and a second turn-on condltlo reV|oust
Thus, NNDQHP?%If??W%@H%Hyt%ﬂdeQYeaﬁéuﬁPéﬁcﬁrraﬁ@éﬁ%ﬁ?l%ﬁ%raﬁﬁsth§

follows. WeRly arqiOsdde VEnypL4868€, | §haPPhi€6hdDd Padl Bdge CHEI RMOSFET 10

dlscharged thro%gg thgr a@iﬁg a dynamic threshold. BAs the threshold
voltage decreases, the gate-coupling of the NMOSFET turns on.
the NMOSFET in parallel with the diode. This is a unique
aspect of the body-and-gate-coupled device as it has
parallel operations of a diode attribute and a transistor
attribute. NMOSFET 10 uses body-coupling to lower the
absolute value of the threshold voltage and gate—coubling to
turn on the transistor element prior to snapback.

The body-and-gate coéupling of NMOSFET 10 may be
conceptually treated as a bipéiar transistor with large
current gain. The drain current may be modeled as the
collector current, the body (gate) current as the base-
current, and the source current may be the emitter current. -
Even though, for ease of analysis, this device may be
treated as a bipolar device, it is indeed a NMOSFET because
the current conduction is through the surface channel and is
controlled by the gate. The “apparent” gain of the
“bipolar” device is large, because the threshold voltage of
the NMOSFET is being modulated by the applied bias to the
silicon film. This gives the appearance of large bipolar
gain at low biases.



diode formed by the body and source. In parallel, as the body voltage

i ncreases, the threshold voltage of NMOSFET 10 decreases, creating a
dynam c threshold. As the threshold voltage decreases, the gate-coupling of
the NMOSFET turns on the NMOSFET in parallel with the diode. This is a

uni que aspect of the body-and-gate-coupjed device as it has parallel
‘operations of a diode attribute and a transistor attribute. NMOSFET 10 uses

body-coupling to lowetmrégﬁeiatsoyegas oF the &nw@b@ﬁlayobgage and

gate-coupling to turn on the transistor“el ement prior to spapback. The
_body- and- GRTE EkR S n‘gl*éﬁ NveEsEETen0inay Bé EBAcepeDaety t%\eaﬁléal% a
bi 80: a(r]I trlae1$qh @i%lrllawﬁéﬂllmgea CgﬂhéEﬁér%@hﬂesﬁb@ddfralﬁagéI: resy Eﬁﬁn@@n
nodel ed as_.t he col |l.ec urr e. bo urrent.as.t
current, ani tH %%%?%% %%??% ;aﬁgstgé é E%?néér%@ﬁ%anﬁveﬁhﬁﬁough
for ease ciranaigdise ¢©msrdbvtbe thyebbolldewmbdtiags) a bhpothredbvilde, it is
I ndeed a h%gf%i i r nduction is through the surface
channel an |§§gontr ?%% gg %ﬁeEggégga'The "apparent" gain of the
"bi polar” device is |arge, because the threshold voltage of the NMOSFET is
bei ng nodul a}g ed by tRecReRgheenbi aésbelbh_@oﬁl hb6o8 Eéf@ksTEbSagﬁWi%kt—hF
appear ance_o ol,ar a|n a es vol t age
of Pt he. nefaste NSSHRER TR amnpinting RREHLPEAETON St ARPLRRARLE. ER
smal | er | eng@MOSFERNN@évhas. a Shebl ethehPHOREETR deliagemayBpechamgngegd he
threshol d-gadj ystod PPLaR B 4C0BY% 8151282k ohPhaBhE L BBLp1 ed

configuration, or a body-and-gate-coupled configuration.

FIG. 6 illustrates PMOSFET 40 configured as a body-and-gate-

coupled device. As shown, body lead 25, gate lead 30, and

‘drain lead 32 are connected at terminal A. Source lead 28

is connected to Vg at terminal B and terminal A is

connected to pad 34.

When a negative-going pulse is applied to pad 34,
the current is discharged through the n-p diode formed by
the body and the drain of the PMOSFET structure. In
‘parallel, as the body voltage decreases, the magnitude of
the threshold voltage of PMOSFET 40 decreases, again
creating a dynamic threshold. As the threshold voltage
decreases, the gate-coupling of the PMOSFET turns on the
transistor in parallel with the diode. That is, PMOSFET 40 -
uses body coupling to lower the absolute value of the
threshold voltage and gate coupling to turn on the
transistor prior to PFET snapback.

FIG. 7 illustrates NMOSFET 10 and PMdéFET 40
operating together in a first stage ESD protection device
50. NMOSTET 10 is coupled to V, at terminal B and to pad
34 at terminal A. PMOSFET 40 is coupled to Vg at terminal



are used' to control the threshold voltage), the threshold voltage may
easily be changed. Although the description above refers to a thick- oxide
NMOSFET device, a simlar description is applicable to a PMOSFET devi ce.
Thus, the PMOSFET device may be arranged in a body-coupled configuration, a
gate-coupl ed configuration, or a body-amd-gate-coupled configuration. FIG
6 illustrates PMOSFET 40 configured as a body-and-gate- coupl ed device. As
shown, lbodyaheatﬂoZ,'ZolacgamS dteak @inand dr aip iead paﬁe@éteenmml ' éﬁﬂ;l@.t |
termnal A_,Source |e I.s connect V, t,terpipal B and termnal A
s connecf'g%i%fagepasélpf .y’V\%eor{ aexnaénael\%ei'-%g{’nganpoﬁlvssé 13 %ppl led to pad 34,

t he currenrefdstéirsdm@cgddw maoligoe rupply difoee dxanmld [grawred body and t he

drain of {ReBYBFERNY UG tirrgmd s R A |ieslpi\?§3|9:lEit&F POPay 034 AgRMEEEEFases,

t he magni tude_of the threshol d voltage of T 40 decreases, again
creating aVdfFhamoes FhEsHARIE A Il 1R ool REWDI R dder e ¥ses, the

gat g- couEbbmgagfe)t e RNESEmG tmuﬁgﬁdcmkﬁé}etl tyANsd shiafal erarmbcbsril"Ew ib lthe
iode. That is, PMOSEET 40 uses oupling to JLower. t a ut e val ue
o tre | NELaER e Paby it e o Rt st 8, HOEEShhaS, FAREREES, or er
t o PFET swhpbathe BinRut7 silgnssk rizldss NMEOSHETV10 aWdePMISEEIn@Qtoperati ng
toget her LR &zhi rSh 18t 308 KPR Pr gt ect Lo ;1§591g\|gg;sg i's coupled
to V[err] Lsag taerm' ne{] B arﬁﬁt osgpa% gﬁéa?hgggmgngl OA_.t N[)S‘Eélilﬁgé i s coupl ed
to Vss at PMOSHET40 drjyes more current to the device from the Vg,

supply. In this manner, ESD protection is provided for

input signals rising above and below the predetermined high

voltage supply and low voltage supply, respectively.

As shoWn in FIG. 7, other stages, for example
second stage ESD protection device 60, may be added onto
first stage ESD protection device 50 when mixed voltage
interfacing is involved. The first stage is connected

~ between the signal pad and the subsequent stage and protects
against ESD events having voltages above Vy, and below Vss:
Second stage 60 is connected between first stagé 50 and
perhaps yet another stage (not shown) and protects against
an ESD event having voltages above Vg (for example 4.1
volts) and below Vgs. Thus, signal output 62 is clamped

. between 4.1 volts (for example) and the ground voltage of
zero volts (for example).

Although specific examples and elements are shown
in reference to the drawing, it will be understood that
other appropriate combinations of elements may be used. For
example, first stage ESD protection device 50, shown in FIG.
7, may be comprised of two NMOSFETs, two PMOSFETs, or one
NMOSFET and one PMOSFET. In addition, several stages of
various element combinations may be used. Assaderaghi et



B and to pad 34 at ternminal A VDD is a predeternined high voltage supply,
for exanple 3.4 V, and V[err], is a predeterm ned | ow vol tage supply, for
exanpl e ground voltage. When an input signal is applied at pad 34, NMOSFET
10 changes the input signal to VDD (pl ulg a threshol d vol tage) by sinking
nore current to termnal B. PMOSFET 40 ¢l anps the input signal to V[err],

- (mnus a threshold voltage) when the input signal falls below V[err] Wen
" the inputakigdabcﬂabbsvbeﬁ@wsvp@mbhnahﬁohhethES@hpk@teatu@@enmﬂmdﬁks

PMOGFET P dE es8 a%%ﬁ%en%hkget% % a%ﬁo%rogE%hgngk %Eai I'n
heD 8Pt

‘this manner, ction'is provi I'nput “signals'rising above and
i belom/theh%FEHéthnrﬁéﬁrﬁP&ﬁ voltage supply and Iom/voltage suppl vy,
respectively. As shown in FIG 7, other stages, for exanple second stage

ESD protection devi y be added onto first stage ESD protection
devi ce 50 when nixe§§§ol?aggowﬁt@Ppégﬁﬁgcpgblﬁ95ﬁ98d° TRESHSLE st dfe i s

connect edshewvngefiirbé sitggel pradeartd onhelesileee Gedis sbm@ela@m rfoteect s

agai nst ESD; gxeg%idga&y@%meenH$P§§¥pg?%%i%gg b r%] econd

stage 60 I's connected age aps yet ano Ter st age
(not showd§cand ptegecPFoigaition slevEsp é@enﬁ W@mpmgsﬁdlpég@etéb@ve VE (for

exanpl e 4o>l1ael iepserd el aWdVlethin ok pPMoBRRr @¢lPUTHE? detdrfnped

between 4.1 volts (for anple and the round voltage of zero volts (for
exanpl e) . S%"?ﬁobﬁh é’b‘é’&eﬁ fg‘r‘?p SinFT@eEMENt & éﬁglﬁ‘f‘omﬁwtroé? &%nce to

the drawing, it wll be understood that other appropriate conbinati ons of

el enrents may be use%IgéF@r ?%ﬁﬂpgﬁkgﬁ%ﬁ§t ﬁtaﬁe E%Dp%rotectl n d V|ce 50,

shown in FIG 7, ma conprise s one
NMOSFET a@aldﬁetpmne‘por 79 adwividimg F&lepaotstcddeon .of The thlck

oxide transistor 70 is connected to a first stage, the flist
stage including a thin oxide NMOSFET 66 and a thin oxide
PMOSFET 68. It will be appreciated that the body and gate
of thick oxide transistor 70 are connected to Vss {(or a
ground reference- potential and are not connected to either
the source or the drain of transistor 70. Thus, in this
embodiment the transistor is not body and gate coupled.

Although illustrated and described herein with
reference to cértain specific embodiments, the present
invention is nevertheless not intended to be limited to the
details shown. Rather, various modifications may be mede in
the details within the scope and range of equivalents of the
claims and without departing from the spirit of the

invention.



_vafi ous el enent conbinations may be used. Assaderaghi et 15 al .
di scl ose various conbi nati ons of ESD protection networks i'n the '-85%7

patent; those conbinations are incorporated herein G 8
shows anot her conbi nati on of elenents. As shown, f”mwmlmﬁ[’ﬂm&Jmtl on
device 50 is conprised of a thick oxi del§NMOSFET 10 andc a it NinCK's e
PMOSFET 40. The second stage protection device 60 is conprised of a thin.
oxi de NMOSRET 66 andimeddt n oxi de PMOSFET 68. The second stage is coupled
to the first stage by a series resistor 64. FIG 9 shows another enbodi nent
.having a thick oxide transistor 70 providing ESD protection.. The thick

oxi de transistor 701l.s cénmddimbnioonmr fnsstaradeielhefiest stage
i ncl udi NGt aahisR et 4o NVSRRT A6 And: a4 ik Q3 dor EMERD, 68. It will be

appreciated that the body and gate of thick oxide transistor 70 are

connect ed“PBPYHEME,* (or a ground reference- potential and are not
connected to either the source or the drain of transistor 70. Thus, in this
enbodi nent the transjstor is not .body and.gat.e .coupl ed. Although

il lustrated and desér isﬁeud:%eerperiorylv\ﬁ%t graef%‘?q’é tcet?’f)np Bt n specific

enbodi nents, the present invention is nevertheless not intended to. be

limted to the detaig ty i ILfications may be madein'
d %&%raﬁgﬁ%eyﬁé@&% “%Férﬁir?ﬁ y

the details within the scope equi val ents of the clainms and
wi t hout "departing fromthe spirit of the invention.
a body providing a third terminal, and

a gate formed from a thick oxide -layer and a metal
‘contact, the gate providing a fourth terminal,

wherein the gate is formed during a back-end-of-

the-line process.

2. The transistor of claim 1, wherein'the
transistor is one of a p-type transistor and an n-type
transistor.

3. The transistor of claim 2, wherein the drain
is tied to one of the gate and the body.

4. The transistor of claim 3, wherein the drain
"is tied to the gate and the body.

5. The transistor of claim 4 wherein the drain
is adapted to be tied to a signal pad and the source is

—~

adapted to be tied to a potential reference.

6. A silicon-on-insulator network receiving

signals from a signal pad, comprising



16 What is C ained: 1. A silicon-on-insulator field effect tranm X\!\Sfor
ir

el ectrostatic discharge protection cornprising: a sourc ““N“M
termnal, a drain providing a second term nal, a body “

termnal, and a gate fornmed froma thick OXIde | ayer and*a “retal cont act,

the gate providing a fourth term nal, V\:tlfl’ﬁ‘ln the gate is fornmed during a
-back-end-of - the-line process. 2. The ransi stor of claim1; wherein the

“transistor is one ohktalRakypPenle 1M ¥t UL Q'n:aﬂrél)éﬂﬁ)ﬁ rrensigg of . 3. The
tranS|stor of claim,2 mherekgﬁthe dr |n I.s tied .t e:of the ate and the

_body. 4. SOYREStranSFedsr d%lﬂ%? Whéﬂértfh@' rﬂa - Rhe gate
and t he bodyy,5and gheet raresi stogretdfercl ai m 4 wherein the draln i s adapt ed
to be tied to a signal pad and the source is adapted to be tied to a
potential reference. 6. A silicon-on-insul ator network receiving signals

froma signal pad, ofprisi ﬁ@rmlnﬁl gourdegd tondhe xR idifect transistor
havi ng a

a second terminal coupled to the source, and

the signal pad coupled to one of the first
terminal and second terminal,

wherein the transistor is responsive to the
received signals for providing electrostatic .discharge
protection from the received signals by only generating

voltages within a predetermined range of voltages.

_ 7. A process for forming a thick oxide field
effect transistor comprising the steps of:

a) providing a silicon-on-insulator structure
having a semiconductor island formed by shallow trench
isolation, wherein the semiconductor island is of a first
conductivity type;

b) forming a separate source region and a
separate drain region in the semiconductor island with a
dopant having a second conductivity type, wherein a
remaining region of the first conductivity type is a body

region;

c) forming an insulating layer above the
semiconductor island;



tied together, a first termnal coupled to the drain; a'seco nm
coupled to the source, and the signal pad coupled t Vﬂg

term nal and second term nal, wherein the transi st %L sve to t he
received signals for prOV|d|ng electrogtatic dlscha e prdtectlon fromthe
-received signals by only generating voltages within a predeterm ned range

“of voltages. 7.  Agyr OC%S:%hlelrg ft@féﬂlr}gslﬁattmr@ jede dd etabefd aatic
transi st or conpr|S|n t he st ilicon-on-insul ator

roviding
“struct ur e®Kafng2& Ss &It 3@|§9%MRP4 §ﬂ5flom1trench i sol ation

wherein the sem conductor island is of a flrst conductlvity type; b)’
form ng a separate urc a Separate

sem conductor islan i t%cg%gbggni %gvlng a g%cé%J 5%#6 |\M#JE%ybe

wher ei n adréﬁﬁuanQYbe@ﬂﬂ19ﬂtqrﬁ?qmqmﬂ conductivity type is a body region;

c) form ng an insulating | ayer above the sem conduct or i sl and; 18 d)
etching the |nsulat|ng I er to forma thick oxide gate region above the
body region; and e) 8 S @PLRASES 1¥a g AR chmhifeithe e, drain,

body, andiga&edbegbamilapplng the insulating layer beyond the gate
region for improving electrostatic discharge protection.

9. The process of claim 8 wherein step e)
includes widening the metal lead contacting the gate region
for improving electrostatic discharge protection.

10. The process of claim 9 wherein the insulating
layer is formed from silicon dioxide having a thickness
ranging between 2,000 and 3,000 Angstroms.

11. The process of claim 10 wherein the
insulating layer is formed during a back-end-of-line
fabrication process. -

12. The process of claim 11 wherein step e)
1ncludes connecting the gate, body, and drain reglons_to a
first terminal and connecting the source region to a second
terminal. :

13. The process of claim 12 wherein step e)
includes forming a pad electrically connected to one of the
first terminal ard the second terminal.

-~



8.  The process of claim?7 wherein step d) includes overl app| ng the

“insulating |ayer beyond the gate region for inprovin E\‘ u\

di scharge protection. 9. The process of claim8 vvh m“ﬂwum udes
wi dening the netal |ead contacting thelgate regi on for*lwprGV|

el ectrostatic discharge protection. The process of claim9 mhereln t he

~insulating layer is forned fron1sillcon di oxi de having a thickness ranging
“between 2,000 and 3,000 ARpgstpoasesslofThéapmotdswhetedhasrepOadherei n the

i nsul at i ng; | @ie Sf{:ﬂﬁ“ﬁgd d%hegﬁa Q@%érsﬂee%elémﬁa&a@&be%' iQRIRNOCESS.

12. The process 0 alm I ncludes connecting the-gate,
“body, and tRESCFRRi BASLES 9tFPFsPn?ePﬁ1ﬁ§? &h8SEoRREPLPAY BRE $B6r ce
regi on to secetd®ntetwimanal . 13. The process of claim 12 wherein step e)
includes formng a pad electrically connected to one of the first term nal
an-d the second term nal . 19 14. The process of claim 13 wherein.step e)
i ncludes form ng a vbbtagBheepepense bérmilaaln éhewhereahl gtepnbacted to the

other one Hcifgedi{Sh inﬁﬁﬂbﬂé‘% g“ﬂft he .SLF.EQE'SﬂtE@E”hEaE abpanfhg ¥ %eess of

claim 14 mhereln step %hlnc u on i nting of n+ inpurities as
dopant f orS&%R? e%%?félu‘é YUEYi t¥P§-type. 16. The process of claim 14
wherein step b)

16. The process bf claim 14 wherein step b)
includes ion implanting of p+ impurities as a dopant for the
second conductivity type.

17. The product made by the process of claim 7.

18. A silicon-on-insulator network receiving

signals from a signal pad, comprising

at least one silicon-on-insulator thick oxide
transistor responsive to said 51gnals for electrostatic
discharge protection.

19. The network of claim 18 wherein said thick

oxide transistor has a source, a drain, a body, and a gate,
a first terminal coupled to the drain,

a second terminal coupled to the gate and the
body, and

-~

the signal pad coupled to the source.



includes ion inplanting of p+ inpurities as a dopant for th
conductivity type. 17. The product nade by the pr oc i@WHWS A
silicon-on-insulator network receiving signals fro

conprising at |east one silicon-on-insulator thick oxi de tranS| stor
responsive to said -signals for electrdatic discharge protection. 19. The
-network of claim18 wherein said thick oxide transistor has a-source, a
“drain, a body, and &%at &hey Hetwark evfri oled ircolplvderoin At dimicla second
term nal %Q}liﬁlee(irta‘?\stﬂ@:cgﬁtlﬁa@@ ddierhody, @ngi f hey sapl padl coppled to

t he source. . The network of claim 18 wherein said thick oxide
‘tranS|sto?nﬁas a source, a drain, a body, and a gate, and wherein said body
and gate are coupled to one of said drain and source.

wherein said body and gate are coupled to one of
said drain and source. '



