;e3e(~(xxy4{@r~}6} T~u =NOVEL ESD PROTECTI ON DEVI CE BACKGROUND CF THE
| NVENTION (1) Field of the Invention The invention relates to an integrated
circuit device and, nore particularly, to a device for protecting an
integrated circuit fromelectrostatic discharge. (2) Description of the
Prior Art Designing electrostatic discharge (ESD) protection structures for
hi gh- speed anal og or radi o frequency (RF) applications presents many
chal | enges. These chal l enges are due to the stringent requirenments for | ow
i nput inpedance and to theoReedess BREPeEPEoR SR Ur t he i nput protection
devices to a mninmum Referring nowto Fig. 1, a prior art ESD protection
circuit is shown. In this traditional approach, a grounded gate NMOS
(GGNMOS) device 10 is used. The gate of the device is connected to the

grounded pin or pad 18. I SD._e t he 1 nput pin 14, the
parasitic bipolar deviceDE%F%§58E§§t§% i%@r%ﬁghﬁEHQ§ and drain (n-p-n)
conducts current away fromthe input pin 14 to the ground pin 18 due to
reverse junction 1 breakdown and secondary breakdown. The traditi onal
GGN\MOS %@vi%eeao h%; roven quite useful over the years. However, the

devi ce migt®fe Grad€®qdi Y& F4PYe to di ssipate the ESD energy without
device failure. It is found that the GGMOS device 10 adds too nuch
parasitic capacitance to the input pin 14. This, in turn, degrades the
anal og performance of the pin 14. In addition, it is found that the
secondary bri&skda¥Rntépnshapabaskto per f éntrapceted tdie cBENMEEwies cendp i S
degraded in state of the art CMOS technol ogies. Due to this degradation,
the deVi¥é€ 1banbiseuberhade teven |deygere t dcaccpmobdat endg hexrESPheage g¥ed
Agai n, the capacitance of the device increases due to the increase in the
drai n @&iegudsupirend edetheoptatid.dReflerrdgang now to Fig. 2, various

t echni ques have been proposed to inprove the turn-ON characteristics of the
NMOS protection device 22. One such approach is called gate coupling. In a
gate coupl ed NMOS (GCNMOS) device 22, the gate is not connected to ground
directl(®) RatBetipthengateths eoupt egd-t0 a control circuit 26 and 30. In
this exanple, the gate of the NMOS is coupled to a RC network conprising a
capacitor C 26 and a resistor R 30. During normal operation, the gate is
di scharged to the ground pin 38 through R 30. During the ESD event, the

capaci tor Cp26igQuRhes) a-1AL9el+ Mol d; 0 gate_than woul d occur
wi t hout the caégcit%r. Thi's gaﬂéugéﬁb g enﬁ%%@éspfﬁgeﬁgloFurn-CN

char actsgh|,st| f devi ce . However, the capacitor_C 26 and resistor R
30 net&gfké%Hgfgasgg§th§& %eggéthhgnﬁ vidce.?Ref 4%9m)$ﬁﬁ$%%P¢¥g.(%ﬁ)a
second i [ PRI h 1o _inproyvi t he performance of the NMOS device
42 io chBumcalRonirBERREds PRt Bendialt rREE ofia hiens e zue
biasedtgsiﬂg a substrgte bi as ﬁenerator 54. The substrate bias generating
ci rcui tO55"51 §5TTRBFBY e SCERET PP HE DN Chat Ak t BRPEE | ErREdaTRe NNIDS Wevilee 42,
but this inprovenment requires substantial area and increases the

capaci P§fde & Fﬁ@pi Ntk RS8E 4860 &bGerHIPWE i Broaectinnentdwiney etata to
PI' N di ode devices and to ESD. U. S. Patent 6,259,134 Bl to Amarantunga et al
descr i BEE81ER" MOBEESAEABEI ditve, tpowdid -sehi conducitar &rendsdevicescthhm
device conprises a PIN diode in parallel with a thyristor. U S. Application
2002/ 0668929t A1St §hyphdmdn dinssl dseslian oBsD pewerachampi ng@iddd tyate
conprising a FET and a bi polar elenent. In one enbodi nent, a diode, or a
seri esNMPS di (GERBR10S)s doupted 100 1he walide ofhéheyaffel. ofherli odeviBY GQPri se
a PIN diode. US. Application 2002/0088978 Al to Trainor et al shows an

act i vecomtededlevd cehahgreundpai pinf ceppasi ng. patengl sB Msdh qdes d s used
to provide ESD protection across the row and

the input pin 14, the parasitic bipolar device formed by the

source, bulk, and drain (n-p-n) conducts current away from the

input pin 14 to the ground pin 18 due to reverse junction

1



colum lines. 3 SUMVARY OF THE | NVENTI ON A princi pal object of the
present invention is to provide an effective and very manufacturable
integrated circuit device. A further object of the present invention is to
provide an integrated circuit device useful for protecting an input pin
froman ESD event. A yet further object of the present invention is to
provide a device having excellent ESD performance in a state of the art
CMOS process without requiring a |l arge area or addi ng excessive parasitic

capaci tsreekddvey eind Wdhela k) eate Hadihie Wh%seﬂtacii'%‘ii%%fféfeﬁfap%g dRigyde a

device that can be used in miltiple configurations. er object of
the pref@nﬁaénﬁ?@@éﬁ”ﬁ%&tgouﬂk&%ﬁd%é%ﬂn¥ﬂgmyégréPrHEgg%Qr? gﬁgl%%vgg%t 'S

very manufacturable a
10 must be made quite large to dissipate the ESD energy without
device failure. It is found that the GGNMOS device 10 adds too
much parasitic capacitance to the input pin 14. This, in turn,
degrades the analog performance of the pin 14. In addition, it
is found that the secondary breakdown, or snap-back, performance
.of the GGNMOS device 10 is degraded in state of the art CMOS
technologies. Due to this degradation, the device 10 must be
made even larger to accommodate the ESD energy. Again, the

capacitance of the device increases due to the increase in the

drain area coupled to the pin 14.

Referring now to Fig. 2, various techniques have been
proposed to improve the turn-ON characteristics of the NMOS
protection device 22. One such approach is called gate coupling.
In a gate coupled NMOS (GCNMOS) device 22, the gate is not
connected to ground directly. Rather, the gate is coupled to a
control circuit 26 and 30. In this example, the gate of the NMOS
is coupled to a RC network comprising a capacitor C 26 and a
resistor R 30. During normal operation, the gate is discharged
to the ground pin 38 through R 30. During the ESD event, the
capacitor C 26 couples a larger voltage onto the gate than would

occur without the capacitor. This gate coupling improves the
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is very conpatible with a state of the art CMOS process. In accordance with
the objects of this invention, a nethod to forman integrated circuit
device is achieved. The nethod 4 conprises formng a dielectric |ayer
overlying a sem conductor substrate. An intrinsic sem conductor |ayer is
formed overlying the dielectric layer. The intrinsic sem conductor |ayer is
patterned. A p+ region is fornmed in the intrinsic sem conductor |ayer. An
n+ region is formed in the intrinsic sem conductor |ayer. The p+ region and
the n+ f@oi-wN akatai@ialdot Separaledyby; 80 bt uBgbGeF0iAR tc%p%la?tli:ggy.
forma PIN di ode device. A source region and a drain region are forned in
the semc LI at gt b MAREET ice. PI' N
di ode dev%%%%&??re?\eggr gg%‘n?%g tyrﬁ(glp%{%%%ew cea!E O&dg%lel (rgllegg(gzgr'dance
with the objects of this invention, an integrated circuit device is
achi eved. The device conprises a dielectric |layer overlying a sem conductor
substrate. i_ode vice overlLes the dielectric |ayer. The PI N _diode
devi ce conp'r%}es%ees’}lrgn erﬁl%gné(éct%rg'l a%ér haVT R D B PEgidT afRPERT* F&gi on
t hat arﬁnL§§EJallghse ar%ted by an intrinsjic region. A MOSFET device
conpri se® 2 SOF c&"F e§PGACARANE S dri ntreg RS (FTHE S efff cdmduhi - In
substrﬁge. The PIN di ode device is a gate el ectrode for the MOSFET devi ce.
Al so i " Hctor#dfce thft RUlKe Y] edWRstofaty sof nbAt i ioen 435Dl pr biaseron
device is, achieved. The device conprises a dielectric |layer overlying a
seni coltfiidt%r HubStPaEEAtA PPAES  gEmeERt@evi 28- ovEREi esubRérdrel ebiabc
| ayer. The PIN di ode device conprises a sem conductor |ayer having a p+
regi on ERFTHT 1AL reidnit hat &leol aimazdves separ ated-By aharattiemsstic
regi on. A MOSFET device conprises a source region and a drain region in the
sem corrfucthsy N{fiistdatioce Bie PN dilode idevicoementa mgatd relsectibedantaalt he
MOSFET device. The source region and the p+ region are connected together
to formeed iarst inerwiasak. thhecdpathtaege ot artte tigutt e @as.are connect ed
together to forma second termnal. Also in accordance with the objects of
this invention, an ESD protection device is achieved. The device conprises
a dielectric layer overlying a sem conductor substrate. A PIN di ode device
overlies theedicalaactyitod ayet. {HhenkhilNndi ode favi 66 GAMP! & SESe Adevices
sem conductor |ayer having a p+ region and an n+ region that are laterally
separ atgf bycargdmtri ngi€. r egi MO exkc o] I oyr.ce_region
and a drain region inn%ﬁi sggFggﬁdﬁ%tor'?E%gtggt2¥§T%ggkﬁﬁﬁgﬁgge%!ev?%e is
a gate hQde f t Lee. T + regj is.afirst termnal.
The sodg%ﬁﬁ%égan ﬁ%d ?ﬁguﬁ§ﬁggagg§bg§é cgﬁﬁggiedg%%g% %ﬁgtﬁ$e BFSPgh
region NB, a o] .erm pal ._Also iLn ordance with the objects of this
A B R R e O NP 6" OB RRET A Bor AL Bl e

i nvention, an prot éction device i S a s?a 6
thyristor. U.S. Application 2002/0066929 Al to Voldman discloses
an ESD power clamping circuit comprising a FET and a bipolar
element. In one embodiment, a diode, or a series of diodes, is
coupled to the gate of the FET. The diode may comprise a PIN
diode. U.S. Application 2002/0088978 Al to Trainor et al shows
an active matrix device where a pair of opposing, lateral PIN

diodes 1is used to provide ESD protection across the row and

column lines.
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dielectric layer overlying a sem conductor substrate. A plurality of PIN
di ode devices overlies the dielectric |layer. Each PIN di ode device
conprises a sen conductor |ayer having a p+ region and an n+ region that
~are laterally separated by an intrinsic region. The PIN di ode devices are
in series. A MOSFET device conprises a source region and a drain region in
the sem conductor substrate. The PIN di ode device is a gate el ectrode for
t he MOSFET device. The drain region and the p+ of a first PIN di ode device
are connected together to forma first termnal. The source region and the
n+ region of a second PIN di ode device are connected together to forma
second termnal . BRI EF DESGRWRIAKN §&F rHEE RAWLNGR | n the acconpanyi ng
drawings formng a material part of this &éscriptlon, there is shown: Fig.
1l illustrates a prior art grounded gate NMOS (GGNMOS) devi ce used for ESD
protection. Fig. 2 illustrates a prior art gate coupled NMOS ( GCNMOS)

devi ce usin i .control .the gate potential, of the ESD prqtection
device. 7 q%?%ﬁﬁ?ﬁﬁ%ﬂs%ﬁ%?%g 89pF% ré%%s%ﬁ%Wng P ot ectPoR*@ETAEe
with a §9Q§ ate bi as gener at or. Figs. 9 through 10 jllustrate a preferred
embodi nEht® o THE HrESeNE T nT8ALF BRTL RO Rgl At FRHES (- F0h &ePiRedi ode
gat ed, MOSFET devi ce and showi ng the preferred enbodi nent of that device.

Fig. 11 illustrates a schematic representation of the PIN di ode gat ed,
MOSFET device. _Fig. 12 illustrates a first preferred enbodi ment of an ESD
protection devieer %%y Phet® NoHe deet ghreent MISFET Hevibsevifiganll

illTustrates a second preferred enbodi ment of an ESD protection device
conpr i sSYREIUE 99 Ncilredet gatedd ceMOSFENU Hefioge. protecting an input pin

from an ESD ewvent.

A yet further object of the present invention is to provide
a device having excellent ESD performance in a state of the art
CMOS process without requiring a large area or adding excessive

parasitic capacitance.

A yet further object of the present invention is to provide

a device that can be used in multiple configurations.

A yet further object of the present invention is to provide
a method to form such a device that is wvery manufacturable and

is very compatible with a state of the art CMOS process.

In accordance with the objects of this invention, a method

to form an integrated circuit device is achieved. The method

4



Figs. 14 through 16 illustrate a third preferred enbodi nent of the ESD
protection device of the present invention. DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS 8 The preferred enbodi ments of the present invention disclose
a novel integrated circuit device and a nethod to manufacture this a
device. The device is called a PIN di ode gated, MOSFET. This new device is
particularly useful as an ESD protection device. Two nethods for using this
device for ESD protection are disclosed. It should be clear to those

experi eng@skiged heoaning hat dika guresent daventop1 g0y be appliicedq@rdor
extended wi t hout deviating fromthe scope of the present invention.

Ref errinigo om0 FAQSi ndriNs 08108 Dcot et £f eh486 erbedi-peRt erferElgrngd

present invention is illustrated, and, nore particularly, the pre

met hod 0 f ofim 13 RIN i qde.gat edy  MOSEET; devi Cesé.rﬁioé;,é’]rl R et eq'aggg\r/gﬁgl

i nportant features of the present invention are s ref'n an
discusg&g: This, e i 1 I S t, tao.forma PIN diode
gated, MOS évicé§+lgpgg%$?gélgb?ﬁgﬁ ﬁﬁtgh ed?%%lﬁgﬁﬁl%%:¥§?'89tor

However types ,of the var.ious doped.regi.ons.could be altered to create
2 o lTice BT RS BREaT ode gRTETRL i 16 AFERFREEE: RSTH “GRAPREE™ n
the art._ A sem,conductor .substrate 100 is provided. Any sem conductor
nateﬂzﬁa%ﬁﬁtg%?% PE £REPBr ARG i % h ERT 866 dtRaYLBE FSBArarRSt he
preferred enbadi nent, the sem conductor substrate 100 conprises

monocr y&¥ aPPi A& EiSd6n. T LONTNEC s iBSERRYe TRIM ndy PAYr tHetdc oRpY12%: béri ed
regions, or |layers, as would be the case if a silicon on insulator (SO)
subst r a¥REEE Yo rithe pHetiar it ismb adieneimzneg gt yibe signicondsghbetr at e
100 with resistivity between about 6 and 9 ohmcmis used. Note that

i sol at i BPFEFRIGNst 204 herpbive ¢empetd nat MEOSRER cdadiice or ThigbsPTat €206 to
define the active region for the device. A dielectric layer 108 is forned
over | yidryidre isurf ged ok lekéredni €onduioe OMOSEREtdatie=el00 as shown. This
dielectric layer 108 should be of suitable quality for use as the gate
dielectric |ayer for a MOSFET device. The dielectric |ayer 108 should al so
be of suitable thickness and paranetric capability for application to a
devi ce that Alsconmeatedrionad whpht kowt P ddvsOo i tn 0§ anviAt egr at ad
circuit device that may be subjected to | arge voltages. The dielectric
layer 108 qfeftesabtyr 6@1Pr 1eescan oxi den & | arhsuche A% ST LbkoH Sxd dg.
However, other dielectrics, including netal oxides, nitrides, or

oxyni {14 de%c1GaY d18geus evehe; flh elLC LG oAYEE: 108 fiys O, fOr M0 ysiing
any of the well-knowh techniques in the art, such as thermal oxidation or
chem C%iy@%eﬁ%o%Jéﬁ&esT%ed' | 8GLLHLG o %%igarlo%hgmﬁfﬁe dli?%g L. ether

parts of the Integrated circuit device as a gate 'dielectric ot’her

MOSFET dalaesd ng! Wi ohiaseorsad 3" 9916, 0L anal 9g ghredits. 1n 10
region that are laterally separated by an intrinsic region. A
MOSFET device comprises a source region and a drain region in

the semiconductor substrate. The PIN diode device is a gate

electrode for the MOSFET device.

Also in accordance with the objects of this invention, an
ESD protection device 1is achieved. The device comprises a

dielectric layer overlying a semiconductor substrate. A PIN

5



this case, the formation of the dielectric layer 108 is a "free" process
step for the present invention. In the preferred enbodinent, the dielectric
| ayer 108 conprises silicon oxide that is thernmally grown to a thickness of
bet ween about 30 A and 100 A. As an inportant feature of the present
invention, an intrinsic (t) sem conductor |ayer 112 is fornmed overlying the
dielectric layer 108. Preferably the intrinsic sem conductor |ayer 112
conprises silicon, however, other sem conductor materials could be used. If
the intdidie WSAMLRAUALQE kdpeldikh2desisi 1hagar. Thenphki sibayehedYe
conprise polysilicon or anorphous silicon (a-silicon). Polysilicon or
a-sili comgmsdie depesitedalytar cherjesal n Yapy gewlg%gﬂozﬁ%% PLpcRss. If
the intrinsic sem conductor |ayer 1I"2 conprises polysilicon, and that is
preferr : if i r fierr j | ySiid iz . correspond
T oot ager enstradd Fbbified kR PR SRR e 8

to a p?Iysi!icon ayer reqwreh n_dnot h _ t I el

ci rcui e, For e i ntrinsic senmconductor |ayer na

cor r espon Tg ?%‘Zl%eni ?lg]g?%gs%éepgsist%eu Dol V7 ?%o%n‘gaferéﬁaoﬁxylﬁﬁgjcmbafés or
for anal.og gates. Iln this ¢ . the formt]| f the jntrinsic

seni co?ltd"uegt g?mﬁé%guiﬁ‘i{isssu}%%frr%s“ pf}b%esgs&gt‘gbo Or 46WéLclﬁr Zléﬁnta i AGERt i on.

11 It is iqport nt to note that the sem conductor layer 112 is intrinsic
(L). | MrSHicds stWer 61 YEPTREd SRV iSsentRondber6r WelHOR 1Y sy, Por
zero, doping. Mre preferably, the intrinsic sem conductor |ayer 112 shoul d
have a 7%t | ¢FEy A REentaBdtRed did Sok™/ shudiesst wrteimadl - Thes
high resistivity is needed to forma p-i-n (PIN) diode in the intrinsic
seni corfifcittorraEy@dY and the thkt sedbeluent pposestehgtogethee fat fFonsi e

sem conductor layer 112 is a polysilicon |ayer, then the polysilicon |ayer
shoul d dscadshdsirmédiads undoped pol ysilicon. The intrinsic sem conductor

|l ayer 112 is preferably forned to a thickness of between about 1,500 A and
2,000 A. Note that the thickness of the intrinsic sem conductor |ayer 112
can be inportant since ESD current is conducted through this layer 112 and
since silicirdeo ifn usedordsnaot whehf eneedoweitlsyicry edds of nteet PbN diade
device that is fornmed in the layer 112. Therefore, to provide a | arge

curr entggmapaliddeldt iwnt hautriexcessi vechearddld, THe Me-HeNECReSRiKe0 FBKE
the intrinsic sem conductor |ayer substantially thicker than a norma

pol ysi IdiGon gatie | $a§6Re SEEANRI I &S sBREGOHHAGLEPW &t thte, Bhepry
intrinsic sem conductor layer 112 is patterned. This patterning step Is

pr ef er Al g PSP Dbz 1 5 S 1he Aiplekeblithagraphy <L hpeaignce @y ks wel|
known in the art. For exanple, a ﬁhotosen5|t| e fil'm not shown, Ts

deposi t erlying > | .nsi.c 1.C ctor _layer_ |12, Thi
photoséﬁ%%%*%%ﬁ¥i?nﬁ%@gfﬁgﬁﬁggé%sé'%%%7g@'g%ﬁi Fi dht f%?%%%hag pﬁ%fonﬁask
The photosensitive filmis th devel oped to _define the desired pattern.
The pholfecqsleoﬁlsiﬁl%% fafcﬁmliagcetrﬁé yusse%Pan‘%%ékb%n a8t cHi g 1S e5S9 Wher et he
intrinzhgvﬁﬁﬂigonductor | ayer 112 is etched away where exposed by the

phot os “ET1 BPRBFETSSt Re IRt S e 1T Ve PRl A idr &t | FpetPawad) t o
reveal the patterned intrinsic sem conductor |ayer 112. Alternative nethods
of pat t'€¥hi AEPARGPBRCHRBJ SaRF taPd enot TS s &t afllede t sleotiasysiaf a heapresent
invention. In the preferred enbodi ment, the intrinsic sem conductor |ayer

11 2 corfprde®dsol for| i Eom APHES pdevérfed The i g t Kegpant ekni vy §ieptused
to define polysilicon gates in another section of the integrated circuit
devi ce.tdmmitzils cEBe, sdwerqsat reghpng aofd t hbei m+ i meigd osemoonduatertkdyer
112 is a "free" process step for the present invention. Referring nowto

Fi g. 6,taetihmor tThrt dredhuregbdbnt herps esesdcomyv erdrndmais il lustrated. A p+
region 122 is formed in the intrinsic sem conductor |ayer 112. Preferably,
the p+ region 122 is forned by an ion inplantation 118. As a preferred

met hod, a masking layer 114 is first defined overlying the sem conductor 13

Alsco in accordance with the objects of this invention, an

ESD protection device 1s achieved. The device comprises a

6



substrate 100 and the intrinsic sem conductor layer |12. This masking | ayer
114 may conprise a photosensitive filmthat is defined as descri bed above.
An opening is defined in the masking | ayer 114 such that ions can be
selectively inplanted 118 into the intrinsic sem conductor |ayer 112 to
formthe p+ region 112 while these ions are blocked frominplantation into
other parts of the intrinsic sem conductor |ayer 112 or the sem conduct or
substrate 100. Most preferably, the p+ region 122 is forned at one end or

edge ofgidieatiter nedybpt rifie:a 388 copductqn Jawek+d12. Saldawing thg
formation of the p+ region 122, "thé masking |layer 114 is renoved. In one

CoPoa) PiLreRls | SeokaR: dfifid NhELISLE BOMLIANAUGLY APLatlfo | Tader.

pol ysilicon |l ayer and the 1on inplantation i s use

| ysi |4 Ny : (3 .of _the ] ' it device. |
Bt her Sborion Br CPRrE<E Epnades A7 sl AR Y B porm

source and_drain reqgions in PMOS deyjces in ather ctions of the
i nt egr at ed” ¢PT el Eodedicd’” REFETFY néhﬁﬁwaﬁ? %ia(}er Sl t et d Y an

features_ of, the present iqyention are illustrated. An n+ region 134 is
formed FHXinsic ‘region. The PIN diode devices are in serie3. A MOSFET

device comprises a source region and a drain region in the
semiconductor substrate. The PIN diode device is a gate
electrode for the MOSFET device. The drain region and the p+ of
a first PIN diode device are connected together to form a first
terminal. The source region and the n+ region of a second PIN

diode device are connected together to form a second terminal.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a material part of

this description, there is shown:

Fig. 1 illustrates a prior art grounded gate NMOS (GGNMOS)

device used for ESD protection.

Fig. 2 illustrates a prior art gate coupled NMOS (GCNMOS)
device using a RC chain to control the gate potential of the ESD

protection device.



the intrinsic sem conductor |ayer 112. Preferably, the n+ region 134 is
formed by an ion inplantation 130. As a preferred nethod, a masking | ayer
126 is first defined overlying the sem conductor substrate 100, the
intrinsic sem conductor |ayer |12, and the p+ 14 region 122. The n+
region | 34 may be forned before or after the p+ region 122, the order is
not inportant to the teachings of the present invention. The masking | ayer
126 may conprise a photosensitive filmthat is defined as descri bed above.
An opening is defined in the masking | ayer 126 such that ions can be
selectively inplanted 130 into the intrinsic sem conductor layer |12 to

formthe nt 220l o) 20N hese Lans, ar e tpcksd ol ant aon o

ot her parts of  the intrinsic sem™con 0 ayer

Most prgfgr abl Nemt region 134 is formed at the end or edge of the
patternedinﬂr%ﬁ%ﬁc g%h%%%%d%% 8?3F8§ér 112 opposite fromthe p+ region

122. Following the formation of the n+ region 134, the nmasking |layer 126 is
renoved. In one enbodi nent of this step, the intrinsic sem conductor |ayer

112 is a polysilicon |ayer d the
P ﬁﬁgs. 4I%hr ugh %% illustrate a preferred embodiment of the
present invention showing a method to form a PIN diode gated,

MOSFET device and showing the preferred embodiment of that

device.

Fig. 11 illustrates a schematic representation of the PIN

diode gated, MOSFET device.

Fig. 12 illustrates a first preferred embodiment of an ESD

protection device comprising the PIN diode gated, MOSFET device.

Fig. 13 illustrates a second preferred embodiment of an ESD

protection device comprising the PIN diode gated, MOSFET device.

Figs. 14 through 16 illustrate a third preferred embodiment

of the ESD protection device of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS



ion inplantation 130 is used to dope the polysilicon [ayer in other section
of the integrated circuit device. In another enbodi nent of this step, the
ion inplantation 130 is used to formsource and drain regions in NMOS
devices in other sections of the integrated circuit device. In the
preferred enbodi nent shown, the masking |ayer |26 exposes the sem conduct or
substrate 100 in areas where source and drain regions for the FET device
are planned. Therefore, ions 130 are inplanted into the sem conductor

substrate 1 ' n : titerned sem conductor, layer, 112 to form
the source ?gS?gﬂxﬁggégﬁhgﬁhgd%Esnegré?ngﬁ%gﬁﬁﬁﬁﬁﬁ5 %ﬁvﬁqﬁ§9§éfl& P&, The
maski ng, | 126 .i S I ved after this inplanting step. At this point, the
novel d%v?égééf gﬁg%ﬁFgggnfﬁﬁﬁﬁﬁ1i%ﬁyh%?ngggdék ?@Eﬂ? e M@&Viteeture
conprises. the dielectric |ayer. 108 overlying the sem conductor substrate
100. A PIN df o SvﬁggrcggTZ%FViFﬁ,léndxﬁgﬁx%v%rPF%SdﬂﬂgedBéFéétrN@SFE?er

108. The PI N di ode device conprises a sem conductor |ayer having a p+

regi on aRG"an® T Fegitdn AU HRt2 Bk REEERAI 135 s@parBild tptantion
intrinsic region 1l 2. A MOSFET device conprises a source region |38 and a
drai n regiiEf 19219 Metfedsefictontficiorthdigh stevitce ToT. Efe pRioeditade dewi ce
122, 112, and 139 is the gate el ectrode for the MOSFET device. The

oper at i ¥ DfosHl s Hovehodédi be islenml ap nétiobel ewpafrtiencede ifri nehe dekai | s
of the preferred nethod of manufacture are discussed. Referring nowto Fig.
8, the fathmthenpotsenti dndentéghomsnorbe heppleMdd eand e et saliogedi thout
facilitate the formation of self-aligned, netal silicide (salicide)

r egi onsdeties iaddiftriconahel agepe afethorpedsomn: therdmigg. For exanpl e,
spacers 148 are fornmed on the sidewalls of the PIN di ode device 122, 112,
and | 34. The spacers 148 may be fornmed by a well-known nethod. First, a
dielectric film 148, such as oxide or nitride, is deposited overlying the

waf er. Next Rdfirgidigel e i ccd i 1mdd8 16 through 10, the preferred
embodiment of the present invention is illustrated, and, more
particularly, the preferred method to form a PIN diode gated,
MOSFET device 1is illustrated. Several important features of the
present invention are shown herein and are discussed below. This
embodiment discloses a method to form a PIN diode gated, MOSFET
device. In particular, an NMOS device is illustrated. However,
the types of the various doped regions could be altered to
create a PMOS device with a PIN diode gate as will be clear to

those skilled in the art.

A semiconductor substrate 100 is provided. Any
semiconductor material suitable to the formation of a MOSFET
device may be used. In the preferred embodiment, the

semiconductor substrate 100 comprises monocrystalline silicon.
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surfaces. If the etch is stopped when the horizontal surfaces have cl eared,
then part of the film198 will remain on the vertical surfaces and create
“the spacers |48 shown. Next, a masking |layer 146 is formed overlying the
remaining intrinsic region 112 of the PIN di ode device. This masking |ayer
146 may conprise a photosensitive |ayer, as described above, or my
conprise a dielectric layer. In either case, the nasking |layer 146 is

pat t er nesk suafbddhat e he giont FaRSi gureaben dbgoPfsd gy BN i %l%i%%‘éiﬁﬁo&:s

conpletely covered. A netal layer |50 is next deposited overlying the

vafer. SpRoid) cakl woutle St gl ager 160 garhienel N, SEALAODANCT Qbor)

substrate 100, the source regi on e drain region ace

148, theph j O %ﬁﬁz t i nd t.he masking .l ayer .146. The
netal |ayer agt%l g%rrprl sde's%; %e;&%%&%ﬁ Ie%}bé)éit&ﬂ%ytfegctpg\ﬁypﬁ tsﬁtjellcon
sem con su ate 100 and. the_intrinsic sem conductor |ayer |12
nat er i a%%tﬁrra{%eeblrsjéréef WFRdTSRboET MehY Etheggmag’é?ngrcktdoarn ubsPHPBTED| 66
conprises_silicon d the intrinsic sem conductor |ayer 112 conprises
pol ysi |1 €6 :Nﬁ%f*h?%nh%tasel,so RE1fBt af STt |1§6 pIF%Ye%/Dr?OI Y OEBRPr i dbs the
titaniumor copalt. Referring nowto Fig. 9, with the netal layer 50 in
pl ace, AR TSNP TFEE i ‘AP i° e Fbrareblne TRetiBer kaPiannéar the
increases the reaction rate between the netal 150 and the 17
seni corftRittSt material in contact with the metal. As a result, a
significant layer of netal silicide 154 is fornmed overlying the source
region 138, the drain region 192, the p+ region 122, and the n+ regi on 134.
The silicide |ayer 154 does not formwhere the netal layer 150 is isol ated
fromthe sild cdhelyctie dieyect iD8 liayerorh@®4] d¢her spiacershd 98urbsacsé her
maski ng | ayer 146. As a result, the silicide |ayer |54 does not form
over | yitite tdenicdrdunsicr reghonratk? ofo the Phdlvdi odrier daeltherstdewgkls of
the PIN di ode. Follow ng the thermal anneal, the unreacted netal |ayer 150
is renmovesl, sl d he res kduig drayerquaAa tiys foemied asTheer eatlet idng 1aekak o
silicide region 154 reduces the resistance, especially the contact
resi st anggr ofod he megronsquhece. theeshhitcbderis 1948Rd oRekBELIATAQY tO
Fig. 10, the final formof the novel, PIN diode gate, MOSFET device Is
i I Tustnad edorA RASIHYAL ONclh AYELeJ60 Lggqdeposited rlyi evice.
Thi s passivation Ia;%r 160 conpr?ses a gieIectrlc]%%ferggﬁgbéggﬂpaskg?licon
nitride,as d-5 9l [+ &N in. the : eni formed i.n th

p_p'ﬂi at i\ ltclJ( %deéiplégl E:ﬂlért icg) @bﬂggc{%gl:&?’ ?%e 1erl|pgit20}1$8}18n

passi vati'on |ayer |60 to expose € source regron

192, th + reqlion:. 122, . th + region 1.34. A petal layer 164.is
deposit@ﬂRQvé%%§ﬁ%5 %%el%gg f%g @oﬁl §§%$ F%ﬁl%%dg$?€|ﬁﬂ§ gﬁeSBBHFSE?d
openings. The netal Jayer 164, such as _al um num _copper, or alloys of
aluninaﬁ%or %%%%er?oigggﬁﬁﬂﬁ patf@?negl?gefgrlcfo}ﬁygﬁtepggnngéﬁfFFﬁE%Y The
i nterconnect, lines 164 are used to_connect the termnals (source, drain,
p+, n+)CTPLUTE Sdebl c P HL5eBFEGTLEL PV RopElatFen. Retdd i HEWABRLE o
Fig. 11, the resulting device 200 is illustrated in schematic form The
devi ce FB®candbelefehbdSas 4nMRdigevi cee @b weaideshe galterialesot r ode

conprises a diode 210. Afive termnal device is formed with the diode p+
term nd@¥y24rides, could be used. The dielectric layer 108 may be

formed using any of the well-known techniques in the art, such
as thermal oxidation or chemical wvapor deposition. The
dielectric layer 108 may be wused in other parts of the
integrated circuit device as a gate dielectric for other MOSFET

devices including those used for logic or analog circuits. In
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and n+ termnal 228, and the MOS drain term nal 232, source term nal 236,
and bul k term nal 240. Modre particularly, the diode 210 part of the device
200 conprises a PIN diode device 210. In a PIN di ode device, the p+ and n+
regions are separated by a region of intrinsic sem conductor. Referring
again to Fig. 10, the present invention forns a |lateral, PIN di ode device
122, 112, and 134. This PIN di ode device al so serves as the gate el ectrode
for the MOS device having source region 138, drain region 142, and bul k

regi on 0% d%é@|Vﬂ$é“¥%ﬂ%§%1%hfk%r%%% eliedbbical @59Q§rﬁb§51§h§”“§ré¥p'Ca'
dlode PIN dlode performance is analyzed in the standard reference by S. M

Sze, §ﬁ£9CQQQUC%%E Dﬁ@é@@%t S Q%ﬁtggn JOQH M&h@y ﬁr§%Q§ﬁeé981

pp. 57 577 CI particular 1 nportance to t present |nvent|o st

per { or e glerkie ELN daloeqeecdc%cgglgg%srsleoém 33800dLLI ons,, 1 g, rigver se

bi as en the n+t région is to a hi rvoltage e pt

regi on, e .Pl i_ode -has _a uniformel.e trlc field, ,across,in gi on
under IEﬁé}'Hébg?ggfcﬁﬁﬁéﬁt con&ltloﬁg GF?ﬁePf % §w§$3I§H8H£ b@ghoﬁng
i deal |y ¢§ Jesponds to the full width of the intrinsic region. Wen the
applie&' ver se voltage is just |arge enough to cause aval anche breakdown,

the reverse current is small. The space-charge effect can be negl ected, and
the electric field is essentially uniformacross the depletion

As an important feature of the present invention, an
intrinsic (1) semiconductor layer 112 is formed overlying the
dielectric layer 108. Preferably the intrinsic semiconductor
layer 112 comprises silicon, however, other semiconducter
materials could be used. If the intrinsic semiconductor layer
112 is silicon, then this layer may comprise polysilicon or
amorphous silicon (a-silicon). Polysilicon or a-silicon may be
deposited by a chemical wvapor deposition (CVD) process. If the
intrinsic semiconductor layer 112 comprises polysilicon, and
that 1is preferred, then it is more preferred that this
peclysilicon layer correspond to a polysilicon layer required in
another section of the integrated circuit device. For example,
the dintrinsic semiconductor layer 112 may correspond to the
initially deposited polysilicon layer for logic gates or for
analog gates. In this case, the formation of the intrinsic
semiconductor layer 112 is a “free” process step for the present

invention.
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| ayer. As the current increases, however, nore el ectrons are generated near
the p-t boundary, and nore hol es are generated near the n-t boundary by

i npact ionization as the electric field is doubl e-peaked. These space
charges will cause a reduction of the field in the center of the intrinsic
region. Thus, the voltage in the center of the intrinsic region is reduced.
This reduction results in a negative increnmental DC resistance for the PIN
diode in the high current node. Referring again to Fig. 9, in the present
invention, the intrinsic region 112 will be conductivity nodul ated by
carriers fromthe injecting side (p+ region 122) and will exhibit | ow

resi stance i5ng {h g IJYe€Gh1eN . Eh F.0f i i nsi C
region 112 9gf8§?§?EﬁP§%§glggié%ﬁghgﬁaﬁhgﬁgi%eggﬁggpﬁgtggeléggfrg 5sgg’ies
resi stance .between .the_p+ region.122 and th 0 n+ region 134. In

addi t i glnr}tlilh“é"ﬁcené‘t’ﬁ LLREFLOREC | iy R eé?ghnﬂza\m SFPdcengRetor
secondary breakdown voltage of the PIN_di ode device 122, 112, and 134. |t

i s fouttithat® t F8IdecdRY - br BAKdBRR v ol FRRENDF t hdleN drsderabdreastbeas
the length L= is decreased. By constructing a PIN diode device 122, |12,
and 1340EidHithatenicondugiay thaveat e19f shheINOSREE devieeishivhiyuef
device is created. It is possible to control the channel regi on between the
sour ce begicem 13band the alidi n3 r eghgeghdzeof ofhemMOSFEI1DY bhasi ngigyhe PIN
di ode. Likewi se, the PIN diode itself is an active device. The
charactesdisddiGs t§f tbBi Snuphage €evigamre bgst-ptilpzed wienAaPRk edhto the
probl em of ESD protection.

intrinsic semiconductor layer 112 in the subsequent processing.

If the intrinsic semiconducitor layer 112 is a polysilicon layer,
then the polysilicon layer should be deposited as undoped
poelysilicon. The intfinsic semiconductor layer 112 is preferably
formed to a thickness of between about 1,500 A and 2,000 A. Note
that the thickness of the intrinsic semiconductor layer 112 can
be important since ESD current is conducted through this layer
112 and since silicide, if used, is not be formed overlying all
of the PIN diode device that is formed in the layer 112.
Therefore, to provide a large current <capability without
excessive heating, 1t may be necessary to make the intrinsic
semiconductor layer substantially thicker than a normal

polysilicon gate is some technologies.

Referring now to Fig. 5, the intrinsic semiconductor layer

112 is patterned. This patterning step is preferably performed

12



Referring nowto Fig. 12, a first preferred enbodi mrent of an ESD protection
device 300 of the present invention is illustrated. This device 300
conprises the PIN di ode gate, MOSFET devi ce 280 descri bed above. In
particular, an NMOS transi stor 286 has a gate conprising a PIN di ode 284.
The source region of the NMOS 286 and the n+ region of the PIN di ode 284
are connected together to forma first termnal 290. The drain region of
the NMOS 286 and the p+ region of the PIN di ode 284 are connected together
to formsispcongdnbebli 88bg288ny Thecd | sebubeedn Bal 129Q,d1S PEGLGL ably chur t her
connected to the ground pin or pad 292 of the circuit, and the second
term nal,288:4;s g)g-ampjfg,ef&?r;ﬁ’%ﬁ/oécéf{éi%'ﬁec%ﬂﬁnc,t %l%l‘\c]t %.h%n o, n@%t Rk pad
the i 0de 2

296 of the circuit. In this configuration, is'the primry

Jof the cireul T ¥ 1t hi s”conf T gurati'on,"tAé PN di e “Bri m
B o1 ountotk QA NMSE™ Tha oL bvi oo Bbaof i Cochehhal, erect 1BHC

devi ce. iall. t Pl N dipde device 284 is electrically . in paralle
with tﬁgﬁgi%%%ggahé% eaﬁkkf%%eGBSB 556°550r i g;%ﬁF%ﬁi?e%% t EhFan% a
vol t age |se is applied to the jnput pip 296. Wien an ESD pul se is applied
to the ?@é&?é?%ﬁ%al R6PRThRS PR '%ﬂepﬁgﬁ fﬁrﬁge@NdSFeﬁﬂgegaFQ.dﬁ§lpﬁe
potential drop.across the diode 289 increases, at sonme point the transistor
286, whi'th F&Strfti AahFedEr, HorsPrRtesanatahvte Hridakdowrhend e3rd to
parasitic bipolar turns ONto shunt all the current. Thus, this device
conbi ne82F s@eoRBERYNAeRTEEESSE hENPFRN dh6denEg4nsaRd sempcordiytasyilegert he
NMOS transi stor 286, in one conpact |ayout. Therefore, the PIN di ode 284
per f or ikt 4 wé sf (rfcthiashsawakuntherg BEStresed eby arte prbeidsagsat et e fhilas to
reduce the parasitic n-p-n turn-ON voltage of the GGNMOS 286. This is a
t wo- st alffendk lot e ctiionpievd sen sieire t fielnPl Ns ds bdip8d andyt he GEbEE 286 are
paral l el protection devices. Note that the PIN diode 284 is arranged such
t hat t hemitgputed erminadnL86 caembmdnydiswiory abopr a tidde abawve etrhatgkeund
22 term nal 292 before the PIN di ode 284 begins to conduct. This limts
t he i npuétisddmabfr apgece A ies nakiyveby, dsed Nehease-d haoknpads&iwnal sw ng,
several PIN diodes may be used in series. Referring nowto Figs. 14 through
16, an &SRidewLead scredowe e 6 rsavariain PIiN dirgdes- a8 f0r B Ja meaki es.
In particular, Fig. 14 shows the cross section of 'the device. Note that the
gate c i £ Nl 0des, a 7944 I I i
conprigggga§§§r%%%gs g%H%Q 1342553n39%%§i%%?i%S?EE?§§?0§°%§§231%QQ gggond
PI'N di o 1 L se : 1 : + , an | i nsi.c regi.on

de éztegmat 8u?iRg 15%%@ %Jrﬁ?u%%ﬁglgpl 20 h0Ld | NELE heelad

112b. Referring now to Fig. , the irode dévice 2 i'S Shown

in sch tig f.0 i$_ca two Pl N.di ode 10a.and 210b .formthe gate
for t h%&ﬁ@% é%é%‘%r ?Pnﬁ%ﬁg\?vefo Sﬁcd:.lof&théh%le\}ingsgﬁgefis Céﬁﬁflilgd f or
ESD protection between.the input pipn 296 and the ground pjn 292. The  series
PI N dié%??‘f%ﬂa gﬁd %§&ﬁ catl e%hekpﬁrngﬁﬁt$5pﬂﬁge d?Pthgk?es&PFFﬁﬁsEgD
protection.Qgﬁice 281 to be increased. As a result, the signal on the input
pad 296°THFRFIT To ‘@Y g V6! tPagd WAS h eSSt St6Pt Kergrden®rsagnso2

wi t hout . bei ng cl anped. The concept can be easily extended to three or nore
PI N di obE&h i 3"he gate. Referring nowto Fig. 13, a second preferred
enbodi nent of an ESD protection device 245 of the present invention is
illustrated. In this case, the p+ region of the PIN di ode device 23
Referring now to Fig. 6, an important feature of the
present invention is illustrated. A p+ region 122 is formed in
the intrinsic semiconductor layer 112. Preferably, the p+ region

122 is formed by an ion implantation 118. As a preferred method,

a masking layer 114 is first defined overlying the semiconductor
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254 is a first termnal 266. The drain region of the NMOS device 258 and
the n+ region of the PIN di ode device 254 are connected together at a

m ddl e node 262. The source region of the NMOS device 258 forns a second
termnal 274. It is further preferred that the first termnal 266 be
connected to the input pin 270 and that the second term nal 274 be
connected to an grounded pin 278. In this enbodinent, the PIN di ode device
254 and the parasitic bipolar (n-p-n) device of the GGNMOS 258 are

connectfthdil-900 i 850 behyeeRet hatkua stier rgé?ralc@n&@@t%d 1244y Durd ng an; ESD
event, the gate potential of the GANMOS 258 is increased due to the voltage

drop acass dde) BN diade 254, ceagrage aavabﬁeeasel%f@%&i@wl&fa' tagaec (%@1) of
p-n d

the parasitic bipolar device (n- GGNMOS | s decrease

O ount 1o R TS G uheT e T y %?’ﬁ*%n%“‘?Sz@%*ﬁél%?%%??ﬁsiz‘%%ﬁh%e e

NMOSFET. deV|c 56. Th entlal acl pss th PI' N di ode 254

turn C)}% he NEE%E%uQ%G anﬁg Ssll 3&? %%B% %el %%F?% 1%? BgP of

t he FET to turn ON easier, In elther t firsg or second enbodl nts, a
negatt Ve ol i it T Y it ﬁf%nm% §o | EAE aRSe SPROCBUDIET At o
diode to turn ON. The novel ESD devices of the present inventjon are useful
for posfhtite ESFSpiaRs. 252 bl%%e%bgi?@mdé%ll%gﬂt% HBYPcOSNBF PRELF st
and second enbodi ments provi de excellent ESD protection for input pins of

i nt egr dfedtBer At 16w Co SN FRINBICHAA cE3YPF ovilde Iar §BE ECEIVERNASREALI ng
capability without increasing the parasitic capacitance or the area

requi r efiErftsatEhel ) N Mesdepgateralluchiibeedtwindsopn alddfl ngs t 6orhedprbcess
conplexity. Additional enbodi ments of the present invention are illustrated
in Fi gsonddendir ougledt®. ¢ gthd4pattestedt éestaiRPsNcgaeedcdediiceoof lher
present invention wherein nmultiple PIN diodes are forned. In this case, a
first AN di oBel 1&bing floe nEdrhytide pf tkgi pa I23apnt he2i nthiensiackiagi on
112a, and the n+ region 134a. A second PIN diode 157 is forned by the p+
regi on 122y tihe i nkrifshievd®gi an 1426, amsbdhernt begi oRid34dreRRef €nki ng
now to Fig. 15, a schematic version of the two PIN diode device 201 is

shown. ilher ideMi € & GOMINERT o¥equeRt ali2PiN di gdas s21020anda940b fharmed in
the gate of a MOS device 220. Fig. 16 illustrates this two PIN device used

as an ESD) prabecht 00 Si ' Yeburig helaeep, pads 296, 31111-&% adygot aggs of

the present invention may now be sunmari zed. An ef ive and very

manuf a%ﬁ{@ﬂo' %é&&%ﬁr aped 1'1 CUi fe LEMIGR | %J.EBEBY‘cdeQeVlTQ@ | nEegLy %Eg r
circuit device is use for otectlng an i nput prn from an B
event . Vi ce ovi des exceII ESD perf i n st.at e of the art
CMCS pr ocesqgl%nvmr{cch % \r]ég%% ri n ar geloélr ed 0 n%ag:ln%n e%g%sélsveusp%? as’tic

t Th i f A_net hod t
For m SURHIS S0 E T8 Sgﬁﬁ‘ﬁ%ﬁeé‘?%%s@P”%%F%gﬁ%%% Rerdrasee AR s

co atlble with a state of
P the integrated c1rcu1t device.

Referring now %o Fig. 7, other important features of the
present invention are illustrated. An n+ region 134 is formed in
the intrinsic semiconductor layer 112. Preferably, the n+ region
134 is formed by an ion implantation 130. As a preferred method,
a masking layer 126 is first defined overlying the semiconductor

substrate 100, the intrinsic semiconductor layer 112, and the p+
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the art CMOS process. As shown in the preferred enbodi nents, the novel
devi ce and nethod of the present invention provides an effective and

manuf acturabl e alternative to the prior art. While the invention has been
particularly shown and described with reference to the preferred

enbodi nents thereof, it wll be understood by those skilled in the art that
various changes in formand details my be nmade w thout departing fromthe
spirit and scope of the invention. What is clained is: 26 1. Anethod to

form an.dgtggraied @id cfwt ViiC e $ONPLY SEATEoLQER BErardi glegkile Layer
over | ying a sem conduct or strate; ¥OI‘ mng an | ntrinsic sem conduct or

ECH A e Ly T SRR
the present invention. The masking layer 126 may comprise a
photosensitive f£ilm that is defined as described above. An
opening is defined in the masking layer 126 such that ions can
be selectively implanted 130 into the intrinsic semiconductor
layer 112 to form the n+ regilon 134 while these ions are blocked
from implantation into other parts of the intrinsic
semiconductor layer 112 and the p+ region 122. Most preferably,
the n+ region 134 is formed at the end or edge of the patterned
intrinsic semiconducter layer 112 opposite from the p+ region
122. Following the formation of the n+ region 134, the masking
layer 126 is removed. In one embodiment of this step, the
intrinsic semiconductor layer 112 is a polysilicon layer and the
ion implantation 130 is used to dope the peolysilicon layer in
other section of the integrated circuit device. In another
embodiment of this step, the ion implantation 130 is used to
form source and drain regions in NMOS devices in other sections
of the integrated circuit dewvice. In the preferred embodiment
shown, the masking layer 126 exposes the semiconductor substrate
100 in areas where source and drain regions for the FET device
are planned. Therefore, 1ons 130 are implanted into the

semiconductor substrate 100 and adjacent to the patterned

semiconductor layer 112 to form the source region 138 and the

15



| ayer; 10 formng an n+ region in said intrinsic sem conductor |ayer
wherein said p+ region and said n+ region are laterally separated by an
intrinsic region to thereby forma PIN di ode device; and form ng a source
region and a drain region in said 15 sem conductor substrate to thereby
conpl ete a MOSFET device wherein said PIN di ode device is a gate el ectrode
for said MOSFET device. 2. The nethod according to Caim1 wherein said
dielectric layer conprises an oxide. 3. The method according to Claim1

wher ei ' } condyet I r npr.i.ses. po ilicon. 27 4. The et hod
accordﬁﬁgﬁ?g %?g}ﬁglqazegginéﬁgié%geﬁ%%%ﬁ§UCt%¥glg?gglggm&%%%% %%%rﬁﬁous
siIiconreﬁ%végu%ﬂgggu%%.accorggggito aim1 wherein step of formng said p+

regi on conprises |nplaﬁﬁi68plons dRd°wWherein a maski ng layer is used to

control where said ions are inplanted. 6. The nethod according to Claiml
wherein said step of form ng said n+ region conprises inplanting ions and
wherein a skiqg_la&e[ is used to control where said ions are inplanted.
7. The met hdth ato? dPRG e ARG Me hefleVacsaicd st Breferki Agveatdosour ce
and drain regions conprises inplanting ions and wherein said step is
si mul t dHEOURS vl PeEER e st Bpe ofle Y b AgMBAL Ben+thegléalestr fhelapehod0s
according to daim1l further conprising: form ng spacers on the sidewalls
of sai PN Wirsdetlevisedicpsarrhgr a swsiiragel ay&t. cavaithgdsade detticasi c
region 5 while exposing said p+ region, said n+ region, said source region,
and saiEaralhZregingn; 1 P8 overlies the dielectric layer 108. The PIN

diode device comprises a semiconductor layer having a p+ region

122 and an n+ region 134 that are laterally separated by an

intrinsic region 112. A MOSFET device comprises a source region

138 and a drain region 142 in the semiconductor substrate 100.

The PIN diode device 122, 112, and 134 is the gate electrode for

the MOSFET device. The operation of this novel device 1is

explained below after the final details of the preferred method

of manufacture are discussed.

Referring now to Fig. 8, the formation of silicide regions
on the device are disclosed. To facilitate the formation of
self-aligned, metal silicide (salicide) regions, two additional
layers are formed on the device. For example, spacers 148 are
formed on the sidewalls of the PIN diode device 122, 112, and
134. The spacers 148 may be formed by a well~known method.
First, a dielectric film 148, such as oxide or nitride, 1is

deposited overlying the wafer. Next, this dielectric film 148

16



depositing a netal |ayer overlying said source region, drain region, said

n+ region, said p+ regions, said spacers, and said nasking |ayer; 10

anneal ing said metal layer to formnetal silicide regions overlying said
source region, said drain region, said n+ region, and said p+ region; and
ing unreacted said netal layer. 9. The nethod according to Claim1l

r enovi

wherein said drain region and said p+ region are connected together to form
a first termnal and wherein said source region and said n+ region are

comected Loaskhertakerm giseeand et 19, Thegehod ascording o

C aim
second
Cl aim
region
region

9 wherei n sai t termnal '1s connec

ASLOARLT S SHURK edd 0l I oUNg, R o B e a2 ohnsng

ereln sald p¥ region i's a

nd.said.n+ region are ggnnected tPgether, and wherein said source

orfnasceés' sheac%en SHIR alrf 8y part o the film 148 will remain on
the vertical surfaces and create the spacers 148 shown. Next, a
masking layer 146 is formed overlying the remaining intrinsic
region 112 of the PIN diode device. This masking layer 146 may
comprise a photosensitive layer, as described above, or may
comprise a dielectric layer. In either case, the masking layer
146 is patterned such that the intrinsic region 112 of the PIN
diode device is completely covered. A metal layer 150 is next
deposited overlying the wafer. Specifically, the metal layer 150
overlies the semiconductor substrate 100, the source region 138,
the drain region 142, the spacers 148, the p+ region 122, the n+
region 134, and the masking layer 146. The metal layer 150
comprises a metal that will readily react with the semiconductor
substrate 100 and the intrinsic semiconductor layer 112
material. In the pfeferred embodiment, the semiconductor
substrate 100 comprises silicon and the intrinsic semiconductor
layer 112 comprises polysilicon. In this case, the metal layer

150 preferably comprises titanium or cobalt.

Referring now to Fig. 9, with the metal layer 150 in place,
a thermal anneal operation is performed. The thermal anneal

increases the reaction rate between the metal 150 and the
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12. The method according to Caim11l wherein said first termnal is
connected to a signal pad and said second termnal is connected to a ground
pad. 13. An-integrated circuit device conprising: a dielectric |ayer
overlying a sem conductor substrate; a PIN diode device overlying said
dielectric layer 5 wherein said PIN diode device conprises a sem conduct or

| ayer having a p+ region and an n+ region that are laterally separated by
an intrinsic region; and a MOSFET device conprising a source region and a

drain reghanddSd e, 5aRdygt %ﬁ%&@@ﬁgr ﬁ%i@;ﬁg' N 19,.qi ode

device is a gate electrode tor sai Vi ce. evice atcordi ng

Lo, L aidnd shell 0 Jf Shechy 1] YRt CORPTL o3 AR L 08,: IR0 THEe

devi ce actor gto erein said sem conducto

ol ysil] . 16, .The ice according to Clajm1l13 further conprisin

gpa)éer sé on ﬁepesqld)enwa 4 o?enesa PN ode ﬁ%& csl?e ahd 58910%933' sg_PFici de
regi ons_.over|ying.said.source regjon, sajid drain region, said n+ region,
ang sai %+n%e59§ﬁ9n1§34Th v?ggl Or ?%@rt&Sélé%ﬁﬁlgnﬁheF%F% ¥hrgedr ai n

regi on gnd said _p+_region_are connected together to forma first term nal
and wher'dt n Wediad s&&ﬂgé régPoniandisalyted from the silicon by the

dielectric layer 104, the spacers 148, or the masking layer 146.
As a result, the silicide layer 154 does not form overlying the
intrinsic region 112 of the PIN diode or on the sidewalls of the
PIN diode. Following the thermal anneal, the unreacted metal
layer 150 is removed, and the masking layer 146 is removed. The
resulting metal silicide region 154 reduces the resistance,
especially the contact resistance, of the regions where the

silicide is formed.

Referring now to Fig. 10, the final form of the novel, PIN
diode gate, MOSFET device 1is i}lustrated. A passivation layer
160 is deposited overlying the device. This passivation layer
160 comprises a dielectric material, such as silicon nitride, as
is well known in the art. Openings are formed in the passivation
layer 160 to expose the source region 138, the drain region 142,
the p+ region 122, and the n+ region 134. A metal layer 164 is
deposited overlying the passivation layer 160 and filliﬁg the
contact openings. The metal layer 164, such as aluminum,

copper, or alloys of aluminum or copper, is then patterned to
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region are connected together to forma second termnal. 18. The device
according to Claim1l7 wherein said first termnal is connected to a signa
pad and said second termnal is connected to a ground pad. 19. The device
according to Claim13 wherein said p+ regionis a first termnal, wherein
said drain region and said n+ region are connected together, and wherein
said source region forns a second termnal. 20. The device according to
Claim 19 wherein said first termnal is connected to a signal pad and said

second {1 Al eJ RIS 0 Fhdl Bk Rlthetl 1 A ESRLProLechion devi ce

conprising: a dielectric |ayer overlying a sem conductor substrate; 3 a

e 0L cllutlen] cooVeLLYlnm Sal dodhel echbhent axer g yharel nysaid, FLI duode

devi ce conprises a sem conductor Tayer havi hg gi'on and an n+ region

t hat anggggggﬂfgr!%i§%gggagggrgxigg,intrinsic regi on; and

Referring now to Fig. 11, the resulting device 200 is
iliustrated in schematic form. The device 200 can be viewed as a
NMOS device 220 where the gate electrode comprises a diode 210.
A five terminal device is formed with the diode p+ terminal 224
and n+ terminal 228, and the MOS drain terminal 232, source
terminal 236, and bulk terminal 240. More particularly, the
diode 210 part o©f the device 200 comprises a PIN diode device
210. In a PIN diode device, the p+ and nt+ regions are separated
by a region of intrinsic semiconductor. Referring again to Fig.

'10, the present invention forms a lateral, PIN dicde device 122,
112, and 134. This PIN diocde device also serves as the gate
electrode for the MOS device having source region 138, drain

region 142, and bulk region 100.

A PIN diode has different electrical properties than a
typical diode. PIN dicde performance is analyzed in the standard

reference by S.M. Sze, Physics of Semiconductor Devices, Second

Ed, John Wiley & Sons, 1981, pp. 570-577. Of particular
importance to the present invention is the performance of the

PIN diode during reverse bias conditions. During reverse bias,
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a MOSFET device conprising a source region and a drain region in said
sem conduct or substrate, wherein said PIN 10 di ode device is a gate

el ectrode for said MOSFET device, wherein said drain region and said p+
region are connected together to forma first termnal, and wherein said
source region and said n+ region are connected together to forma second
termnal. 22. The device according to Claim21 wherein said dielectric

| ayer conprises an oxide. 23. The device according to Caim 21 wherein said

Sem condual ofnd axer GO oes Bobyshl ikeon, Rigndhedevige ascarding. pe

Claim 21 further conprising: spacers on the srdewalls o

devi ce; met si Ligi de. i s over|.yi sai d, source reqi.on, said drain
regi on,r@% ’n+%lpggi %!r[lﬁ a&;ﬁi&g%i g&ps+ raeglu}éﬁ.%gﬁlﬁ elz%c.trl']hce el\%’ll%e aEc8rai ng

to Claiirplt2r4 vglecrerienisaid first termnal_ is connected tdo a signal Egd and
sai d second Yermia s Wifeddd 678 “GFoivd (5% 89141 rED %PE &ft on
devi ce conprising:. a dielectric |layer overlying a sem conductor_ substrate;
a PIN cﬁﬁbedea}ﬁ%%?%@%vﬁ?gwﬂg léjé?ia(ﬁgi éT%’%erqp@qd%ye?o 5 Rerdild sat 4Pl REdi ode
devi ce conprises a sem conductor |ayer having a p+ region and an n+ region
that ar'd§ atetat15iSepagitd Byean that ARRLiES g BrEsSantP B aasFET device
conprising a source region and a drain region in said sem conduct or

subst r at¥E IR shP d CRURe1 G Vi ledehde s idpwn gatlee ekeEeroele chsreshi d
MOSFET devi ce, wherein said p+ region forns a first termnal, wherein said
drai n rigpyi 6padhd sHigl aParcegrbaraee affiawdct ednt dyet hegleahddwhearal nthai d
source regions forns a second termnal. 27. The device according to Claim
26 wheraiartsaiad diielléct isc kayenttahpyi sesiformoxiaeo28. thke depileeion
according to Claim 26 wherein said sem conductor |ayer conprises

pol ysiliay@mx. As the current increases, however, more electrons are

generated near the p-1 boundary, and more holes are generated

near the n-1 boundary by impact ionization as the electric field
is double-peaked. These space charges will cause a reduction of
the field in the center of the intrinsic region. Thus, the
voltage in the center of the intrinsic region is reduced. This
reduction results in & negative incremental DC resistance for

the PIN diode in the high current mode.

Referring again to Fig. 9, in the present invention, the
intrinsic region 112 will be conductivity modulated by carriers
from the injecting side (p+ region 122) and will exhibit low
resistance during high current injection. The length L; of the
intrinsic region 112 is carefully selected such that it exhibits

the desired series resistance between the p+ region 122 and the
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33 29. The device according to Claim26 further conprising: spacers on
the sidewalls of said PIN di ode devices and netal silicide .regions
overlying said source region, said drain region, said n+ region, and said

p+ region.

30. The device according to Caim26 wherein said first term nal

I's connected a signal pad and said second termnal is connected to a ground
pad. 31. An ESD protection device conprising: a dielectric substrate; |ayer
overlying a sem conductor a plurality of PIN di ode devices overlying said 5

di el ectyi o dAver 1‘@’@“%“ 288GR 1381 de RLN di ofg ﬂevdfceth%o% 535812 region
reg th Fg%erally

sem conduct or ayer ‘having a p+ fegion an

an n+ Ion that are

separ ated By AN d NG TRUNa3G9 HHS banS%'o?tage deodgdgyhegsogie N

seri es:

device 122, 112, and 134. It is found that the second breakdown

voltage of the PIN diode decreases as the length L; is decreased.

By constructing a PIN diode device 122, 112, and 134, such

that it is also the gate of the MOSFET device, a unique device

is created. It is possible to control the channel region between

the source region 138 and the drain region 142 of the MOSFET by

biasing the PIN diode. Likewise, the PIN diode itself is an

active device. The characteristics of this unique device are

best utilized when applied to the problem of ESD protection.

an

Referring now to Fig. 12, a first preferred embodiment of

ESD protection device 300 of the present invention is

illustrated. This device 300 comprises the PIN diode gate,

MOSFET device 280 described above. 1In particular, an NMOS

transistor 286 has a gate comprising a PIN diode 284. The source

region of the NMOS 286 and the n+ region of the PIN diode 284

are connected tecgether to form a first terminal 290. The drain

region of the NMOS 286 and the p+ region of the PIN diode 284

are connected together to form a second terminal 288. The first

terminal 290 is preferably further connected to the ground pin

or pad 292 of the circuit, and the second terminal 288 is
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and 10 a MOSFET device conprising a source region and a drain region in

sai d sem conductor substrate, wherein said PIN diode device is a gate
el ectrode for said MOSFET device, wherein said drain region and said p+ of

a first said PIN di ode device are connected together to forma first 34

- 15 termnal, and wherein said source region and said n+ region of a second

said PIN di ode device are connected together to forma second termnal. 32.
The device according to Caim31 further conprising: spacers on the

si dewald,s Qfy ;$31d £, Ml Og?onqu%"dt%% and, %&Rué' biglde T agJ 6, OYET LyLNg
sai d source reglon sal g regi on, Fai gion, sald p realon

33. The deV|%§ according to Cla|n131 mhereln sai d flrst termnal is
connect®d 1o & signal pad and said second

In this configuration, the PIN diode 284 1is the primary
protection device. The NMOS device 286 is configured in a means
similar to a grounded gate NMOS. The NMOS device 286 1is the
secondary protection device. Essentially, the PIN diode device
284 1is electrically in parallel with the grounded gate NMOS
device 286. During an ESD event, a large voltage pulse is
applied to the input pin 296. When an ESD pulse is applied to
the top terminal 296. The PIN diode 284 turns ON at the gate. As
the potential drop across the diode 284 increases, at some point
the transistor 286, which is initially OFF, goes intc avalanche
breakdown and the parasitic bipolar turns ON to shunt all the
current. Thus, this device combines a secondary device, the PIN
diode 284, and a primary device, the NMOS transistor 286, in one
compact layout. Therefore, the PIN diode 284 performs two
functions: shunting ESD current and providing a gate bias to
reduce the parasitic n=-p-n turn-ON voltage of the GGNMOS 286.
This is a two-stage protection device where the PIN diode 284

and the GGNMOS 286 are parallel protection devices.

Note that the PIN diode 284 is arranged such that the input

terminal 296 can only swing about a diode above the ground
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termnal is connected to a ground pad. 35 . A Up. Af 8SE. ABSE. A8v

E. A6b. AB6b. ABSE. Af 8Y ). Af 8p) . ASE. ABSE. A8Y

b. AGE. ASb. ApE. A8p) . Af S. A8S) . ASE. A8p) . A8p) . A8p) . A8. A. A8

. A8p) . A8p) . Ap) . A8p) . A) . AS) . A8. Ap) . ApE. ASEBSej +9>W \ / kUzupkf a\ W ca] ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
caU caU] calU ca! 5@! "y" ##H#i ###$&$ $| $SUWARE ?*n*} xsni d_Z] c] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

XZILZ;]BS%%%% +}2%£n)|egg§%g?cg;?ica] ﬁTl OO§%>%%G 08) & ca7RATeh) e8] ca) ¢
o oo ol seleal sl caladion gl cel o) ol sal sl o ecbiTOcr e g e b
sl ooyl ol i il
it dan. RS 580 oo oo PRl gl oA ) SRS £ Shoenoeo””
eAeFf gj j j mLlooo_gNsct uuvwXz”z{| ~(}xsni d_Z]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca]"tlbﬁr@a] sayend taféll] cHjodgsc A xa) Eareaf capcajealan] caf capealicalere” b. |
Rhl } xsriids Z] 1# cahonpcdlitn] cnpsa] sabtapvalada] tlag cdpvakea] dajtea] cdicakba] ca) ¢
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! F&M

| +c| Tt }oesr® dedidicedcafea] Eaf cdliodpsalléd] aaldcad]scia] cejeaftajcabrn] dapaal cal c
aJca] ca] ca]ca] calca] ca] ca]ca]ca] ca]ca]ca!t2_jpb>D/cV2nS} xsni d_Z]]] ca] ca] ca]

ca] ca] celjTatcaprchjesn] eajrer] ta2ea] ea] as caca] cahaalaa) cateahsad cakgabsal cal
ca] caJ ca]ca]ca!;

t! $YWnSxsnink Addan] caliwalnaleal sa] sapsal sal cal sa] eadeal sa] aal ¢ahsa] caj c
a)J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca8SdB!, ! #10%& (3 109& () -! #1098/ (

) - - 10%&a 3 - hAOUR {)irpiQVBr-£ 4+ 8NITHSH: 1f:fe rring now 8 the
1095100& () - | f 65#100& () - SH100& ()~ 10 10 101 1%165%% ()i +9" <=r&r=="%0}

ig} iijef;@%&iiﬁfg?/jpﬂ&d%d%ﬁ&%ﬁl}é (301 &.% %%Dﬁ rg/; 1A ( )%%%%%% Sogm. In
this case, two PIN diodes 210a and 210b form the gate for the
MOSFET 220. Referring now to Fig. 16, the device 281 is applied
for ESD protection between the input pin 296 and the ground pin
292. The series PIN diodes 284a and 284b cause the turn ON
voltage of the resulting ESD protection device 281 to be
increased. As a result, the signal on the input pad 296 can
swing to a larger voltage with respect to the ground pad 292

without being clamped. The concept can be easily extended to

three or more PIN diodes in the gate.

Referring now to Fig. 13, a second preferred embodiment of
an ESD protection device 245 of the present invention 1is

illustrated. In this case, the p+ region of the PIN diode device
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254 is a first terminal 266. The drain region of the NMOS device
258 and the n+ region of the PIN diode device 254 are connected
together at a middle node 262. The source region of the NMOS
device 258 forms a second terminal 274. It is further preferred
that the first terminal 266 be connected to the input pin 270
and that the second terminal 274 be connected to an grounded pin

278.

In this embodiment, the PIN diode device 254 and the
parasitic bipolar (n-p-n) device of the GGNMOS 258 are connected
in series between the two terminals 266 and 274. During an ESD
event, the gate potential of the GGNMOS 258 is increased due to
the voltage drop across the PIN diode 254, and the avalanche
breakdown voltage (V:;) of the parasitic bipolar device (n-p-n)
of the GGNMOS is decreased by this gate potential. An ESD pulse
is applied to the input terminal 270 while the ground terminal
278 is grounded. The PIN diode 254 is in series with the NMOSFET
device 256. The potential drop across the PIN diode 254 helps to
turn ON the MOSFET 256 channel slightly to cause the parasitic
bipolar of the MOSFET to turn ON easier. In either the first or
second embodiments, a negative voltage potential on the input
terminals will cause the substrate diode to turn ON. The novel
ESD devices of the present invention are useful for positive ESD
spikes.
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The above-described ESD devices of the first and second
embodiments provide excellent ESD protection for input pins of
integrated circuit devices. These devices provide larger current
shunting capability without increasing the parasitic capacitance
or the area requirements. The PIN diode gate is achieved without

adding to the process complexity.

Additional embodiments of the present invention are
illustrated in Figs. 14 through 16. Fig. 14 illustrates a PIN
gated device of the present invention wherein multiple PIN
diodes are formed. In this case, a first PIN diode 155 is formed
by the p+ region 122a, the intrinsic region 112a, and the n+
region 134a. A second PIN diode 157 is formed by the p+ region
122b, the intrinsic region 112b, and the n+ region 134b.
Referring now to Fig. 15, a schematic wversion of the two PIN
diode device 201 is shown. The device comprises sequential PIN
diodes 210a and 210b formed in the gate of a MOS device 220.
Fig. 16 1illustrates this two PIN device used as an ESD

protection structure between pads 296 and 292.

The advantages of the present invention may now be
summarized. An effective and very manufacturable integrated

circuit device is provided. The integrated circuit device is
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FDDdEr%ﬁQ&%l for protecting an input pin from an ESD event. The device
provides excellent ESD performance in a state of the art CMOS
process without requiring a large area or adding excessive
parasitic capacitance. The device can be wused in multiple
configurations. A method to form such a device is achieved. The
method is wvery manufacturable and is compatible with a state of

the art CMOS process.

As shown in the preferred embodiments, the novel device and
method of the present invention provides an effective and

manufacturable alternative to the prior art.

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 wvarious
changes in form and details may be made without departing from

the spirit and sceope of the invention.

What is claimed is:
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#103p#10% & () - 1#10% & () -/ #10% & () - p-

10% & ()-f)10% & ()-C #10% & () - DDEE EEEOEEbCQFY #1v #109% & () - p#10% & () -
10° 10" 10, 910% & () - 7#10% & () - 5#10% & () - EFFFF6GvGIEbCQFY

#1#10% & () - p#10% & () - #10% & () - #10% & () - #10% & () - #10% & () - vGG HnHHHSI d

EbCQFY
#1f ) #10% & () -
111" JZJIdEbCQFY

' #109% & () - YO#10% & () - 6##10% & ()- 0! #10% & ()-#10% & ()-$!d
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10 To100% & Quyg085:(), CCocon rtntolbly o1 10 1

forming a dielectric layer overlying a semiconductor

substrate;

forming an intrinsic semiconductor layer overlying
dielectric layer;
patterning said intrinsic semiconductor layer:

forming a p+ region in said intrinsic semiconductor

5
said
layer;
10

forming an n+ region in said intrinsic semiconductor

layer wherein salid pt+ region and said n+ region are

laterally separated by an intrinsic region to thereby form

a PIN diode device; and

forming a source region and a drain region in said

15 semiconductor substrate to thereby complete a MOSFET device

wherein said PIN diode device is a gate electrode for said

MOSFET device.

2. The method according to Claim 1 wherein said dielectric

layer comprises an oxide.

3.

The method according to Claim 1 wherein said

semiconductor laver comprises polysilicon.
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9#10% & 0% 1 . :
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10° 910(V & () SG#10% & () - PA#10% & () -1 2#10% & () - 80#10% & () -

5. The method according to Claim 1 wherein step of forming
said p+ reglon comprises implanting ions and wherein a
masking layer is used to control where said ions are

implanted.

6. The method according to Claim 1 wherein said step of
forming said nt+ reglon comprises implanting ions and
wherein a masking layer is used to control where said ions

are implanted.

7. The method according to Claim 6 wherein said step of
forming said source and drain regions comprises implanting
ions and wherein said step is simultaneous with said step

of forming said n+ region.

8. The method according to Claim 1 further comprising:
forming spacers on the sidewalls of said PIN diode
device;
forming a masking layer covering said intrinsic region
5 while exposing said p+ regilon, said a+ region, said source

region, and said drain region:
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depositing a metal layer overlying said source region,
drain region, said n+ region, said p+ regions, said
spacers, and said masking layer:;
10 annealing said metal layer to form metal silicide
regions overlying said source region, said drain region,

said n+ region, and said pt+ region; and

removing unreacted said metal lavyer.

9. The method according to Claim 1 wherein said drain
region and said p+ region are connected together to form a
first terminal and wherein said source region and said n+

region are connected together to form a second terminal.

10. The method according to Claim ¢ wherein said first
terminal 1is connected to a signal pad and said second

terminal is connected tc a ground pad.

11. The method according tc Claim 1 wherein said p+ region
is a first terminal, wherein said drain region and said n+
region are connected together, and wherein said source

region forms a second terminal.
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12. The method according to Claim 11 wherein said first
terminal 1is connected to a signal pad and said second

terminal i1s connected to a ground pad.

13. An integrated circuit device comprising:

a dielectric layer overlying a semiconductor
substrate;

a PIN diode device overlying said dielectric layer

5 wherein salid PIN diode device comprises a semiconductor

layer having a pt region and an n+ region that are
laterally separated by an intrinsic region; and

a MOSFET device comprising a source region and a drain
region in said semiconductor substrate wherein said PIN

10 diode device is a gate electrode for said MOSFET device.

14. The device according te¢ Claim 13 wherein said

dielectric layer comprises an oxide.

15. The device according to Claim 13 wherein said

semiconductor layer comprises polysilicon.

16. The device accerding to Claim 13 further comprising:

spacers on the sidewalls of said PIN diode device; and
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said drain region, said n+ region, and said p+ region.

17. The device accerding to Claim 13 wherein said drain
region and said p+ region are connected together to form a
first terminal and wherein said source region and said n+

reglon are connected together to form a second terminal.

18. The device according to Claim 17 wherein said first
terminal 1is connected to a signal pad and said second

terminal is connected te a ground pad.

19. The device according to Claim 13 wherein said p+ region
is a first terminal, wherein said drain region and said n+
region are connected together, and wherein saild scurce

region forms a second terminal.

20. The device according to Claim 19 wherein said first
terminal is connected to a signal pad and said second

terminal is connected te a ground pad.

21. An ESD protection device comprising:
a dielectric layer overlying a semiconductor

substrate;
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5 wherein said PIN diode device comprises a semiconductor
layer having a p+ region and an n+ region that are
laterally separated by an intrinsic region; and

a MOSFET device comprising a source region and a drain
region in said semiconductor substrate, wherein said PIN

10 diode device is a gate electrode for said MOSFET device,
wherein said drain region and said p+ region are connected
together to form a first terminal, and wherein said source
region and said n+ region are connected together to form a

second terminal.

22. The device according to Claim 21 wherein said

dielectric layer comprises an oxide.

23. The device according to Claim 21 wherein said

semiconductor layer comprises polysilicon.,

24. The device according to Claim 21 further comprising:
spacers on the sidewalls of said PIN diode device; and
metal silicide regions overlying said source region,

said drain region, said n+ region, and said p+ region.
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25. The device according to Claim 24 wherein said first
terminal is connected to a signal pad and said second

terminal is connected to a ground pad.

26. An ESD protection device comprising:

a dielectric layer oeverlying a semiconductor
substrate;

a PIN diode device overlying said dielectric layer
wherein said PIN diode device comprises a semiconductor
layer having a p+ region and an n+ region that are
laterally separated by an intrinsic region; and

a MOSFET device comprising a source region and a drain
region in said semiconductor substrate, wherein said PIN
diode device is a gate electrode for said MOSFET device,
wherein said p+ region forms a first terminal, wherein said
drain region and said n+ region are connected together, and

wherein said source regions forms a second terminal.

27. The device according to Claim 26 wherein said

dielectric layer comprises an oxide.

28. The device according to Claim 26 wherein said

semiconductor layer comprises polysilicon.
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30. The device according to Claim 26 wherein said first
terminal is connected a signal pad and said second terminal

is connected te a ground pad.

31. An ESD protection device comprising:
a dielectric layer overlying a semiconductor
substrate;
a plurality of PIN diode devices overlying said
5 dielectric layer wherein each said PIN dicde device
comprises a semiconductor layer having a p+ region and an
n+ region that are laterally separated by an intrinsic
region and wherein said PIN diode devices are in series;
and
10 a MOSFET device comprising a source region and a drain
region in said semiconductor substrate, wherein said PIN
diode device is a gate electrode for said MOSFET device,
wherein said drain region and said p+ of a first said PIN

diode device are connected together to form a first
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terminal, and wherein said source region and said n+ region
of a second said PIN diode device are connected together to

form a second terminal.

32. The device according to Claim 31 further comprising:
spacers on the sidewalls of said PIN diode device; and
metal silicide regions overlying said source region,

said drain region, said nt+ region, and said p+ region.
33. The device according to Claim 31 wherein said first

terminal is connected to a signal pad and said second

terminal 1s connected to a ground pad.
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