2 9 DEC 2005 NOVEL ESD PROTECTI ON DEVI CE *166166* BACKGROUND OF THE

I NVENTI ON  *600002* (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 di sgtfhiDg€. 2005
Description of the Prior Art Designing electrostatic discharge (ESD)
protection structures for high-speed analog or radi o frequency (RF)
applications presents many chall enges. These chall enges are due to the

stringent requirements foMNqVEkL ESPuPROTBCIAONEDAVICEO t he _nﬂﬂﬁ”%ﬂ”ﬂﬁmm he
area of the input protection devices to a mninum Referringtit

1, a prior art ESD protection circuit is shown. In this traditi asade
approach, a grounded gate NMOS (GGNMOS) device 10 is used. The gate of the

device is connected to tlBacgcRoutedopi nuar TRadniBon Duri ng an ESD event on

the input pin 14, the parasitic bipolar device formed by Fhm ﬂﬂm[ ul k,
and drain (n-p-n) conducts current away fromthe input pin mm ” lmm
ground pin 18 due to reverse junction *G00002*

(1) Field of the Invention

The invention relates to an integrated circuit device and,
more particularly, to a device for protecting an integrated

circuit from electrostatic discharge.
(2) Description of the Prior Art

Designing electrostatic discharge (ESD) protection
structures for high-speed analog or radio frequency (RF)
applications presents many challenges. These challenges are due
to the stringent requirements for low input impedance and to the
need to keep the area of the input protection devices to a
minimum. Referring now to 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. During an ESD event on
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
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| 1 2 9 DEC 2005 breakdown and secondary breakdown. The traditional GGNMOS
device 10 has proven quite useful over the years. However, the device 10
nmust be made quite large to dissipate the ESD energy w thout device
failure. It is found that the GGNMOS device 10 adds too 2rili@ECh28¢sitic
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
breakdown, or snap-back, perfornmance of the GGNMOS device 10 is degraded
in statBretkden arrd GMIEPRAEh ot SRl deyin DURhe ot 1dvis: idegrladiNMes, ddve cdevi ce
10 nust_be made even larger to accommpdate the ESD energy. Again, the
capaci t ahchasf priwwedeviudé s novegaslesodrie tiet feakacr daseven, t hde didiikearea
coupled to the pin 14. Referring nowto Fig. 2, various techniques have
been ptopvsed be mapeoveitke laue- N charsdpher $hecx Y &iagyVRE thout
protection device 22. One such approach is called gate coupling. In a gate

coupl edddMite ( EENMIE) . devi ¢e Z2unkhelgat ecis AOMoS 0a8eLt£d1H0 1gHAURY
directly. Rather, the gate is coupled to a control circuit 26 and 30. In

this exanph epatdei gat ecdbadhealMS o i sheouRbed Honai1RC “%%W@Eki ORI Sing a
capacitor C 26 and a resistor R 30. During normal operation, the gaté is
di schargeglrades 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 1is 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 1is 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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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 w thout the
capacitor. This gate coupling inproves the 2 2 9 DEC 2005 turn-ON
characteristic of the device 22. However, the capacitor 2 BECad®0% esi stor
R 30 network increases the area of the device. Referring nowto Fig. 3, a
second prior art approach to inproving the performnce of the NMOS device
42 is shown. In this case, the bulk, or substrate, of the device 42 is

bi ased ‘HERRGN aC8abaFFaf £SHl @sOfeibratoniss. 2Phe Hansstarat eH¥ asapaysinermt i ng
circuit 54 also inproves the turn-ON characteristic of the NMOS device 42,
but thiS ?hpredenentsteagl rids aubstrdntinglreaareathadarasr efisese tdwerice.
capaci tance at the input node 46. Several prior art inventions relate to
PI N di ode devices and to ESD. U. S. Patent 6,259,134 Bl to Amarantunga et
al describes an MOS-control |l abl e, power sem conductor trench device. The

devi ce conprikefsraiif Nndivode i Pigar al,| ed wetbna ghyd Sief . abpPoach to
Application 2002/ 0066929 Al to Vol dman di scl oses an ESD power cl anping

circuitimpnpvisg ngha ek fnthaadel pof aitheeh@Nt gel icOn enpodisgent, a,
diode, or a series of diodes, is coupled to the gate of the FEI. The diode

n?y ﬁonphi§ec§sBLNtH@(Bkikﬁlé% ApBkLEaLt£on ,2002{ 0088978, Ay, q JTrai ngry et
al snows
using a substrate bias generator 54. The substrate bias
generating circuit 54 also improves the turn-ON characteristic

of the NMOS device 42, but this improvement requires substantial

area and increases the capacitance at the input node 46.

Several prior art inventions relate to PIN diode devices
and to ESD. U.S. Patent 6,259,134 Bl to Amarantunga et al
describes an MOS-controllable, power semiconductor trench
device. The device comprises a PIN diode in parallel with a
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, 1is
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.



an active matrix device where a pair of opposing, lateral PIN diodes is
used to provide ESD protection across the row and colum lines. 3 2 9 DEC
2005 SUMVARY OF THE I NVENTI ON A princi pal object of the present invention
is to provide an effective and very manufacturable int egfaﬂ OECc 2805ui t
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

devi ce having excellent ESD performance in a state of the art CMOS process
wi thout requiring a |large area or addi ng excessive parasitic capacitance.
A yet further object of theSpyMéesRNtOR MAMIINMENTIONO provi de a devi ce that
can be used in rmultiple configurations. A yet further object of the present
invention is to provide a nethod to formsuch a device that is very

manuf acturable and is very conpatible with a state of the art CMOS
process. |n mcpeifanpel Wobhetbe o@bj@ed Sppdsdri Sihtyeridoni sa taetdief i deo
forman integrated circuit device is achieved. The nethod 4

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

from an 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 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 very 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
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2 9 DEC 2005 conprises formng a dielectric |ayer overlying a sem conductor
substrate. An intrinsic sem conductor |ayer is forned overlying the
dielectric layer. The intrinsic sem conductor |ayer is patterned. A p+
region is formed in the intrinsic seniconductor layer. 2§ BECr 28f5on is
formed in the intrinsic sem conductor |ayer. The p+ region and the n+
region are laterally separated by an intrinsic region to thereby forma
PIN di ode device. A source region and a drain region are forned in the
sem congo®RBEse3ubSrRaRe o diRreHiriconbieée QVRDSFETYdevi genictmeiuRitdmdi ode
device is a gate electrode for the MOSFET device. Also in accordance with

t he obj @éelpstvdte hi &nj aveninehs semicandgehtedlevecuiits devined ieveadhiiened.
The device conprises a dielectric layer overlying a sem conductor
substratke AlRtNctliiode ldepsrce Aver | iesrtiheidi ebenfcondbayer . IEhe Pl Nsdi ode
device . conprises a sem conductor |ayer having a p+ region and an n+

regi on paatesied ) ahepal pgsepanat brigdand iHd NG 18l ONserft c MMBREDr
device conprises a source region and a drain region in the sem conductor

substratgyedheall Mdi edgidavice sraegati®y ehectin@de kot then MEBREEdgYi ce.
Al'so in accordance with the objects of this invention, an ESD protection

devi ce igy@ehi @M@dp+Th_'%gq%\h' %d:oﬂpé' RFS r@glghela%%t rla%ér@ﬂ.q cgleq:gryaf{é% a
sem conduct or substrate.
by an intrinsic region to thereby form a PIN diode device. A
source region and a drain region are formed in the semiconductor

substrate to thereby complete a MOSFET device. The PIN diode

device is a gate electrode for the MOSFET device.

Also in accordance with the objects of this invention, an
integrated circuit device is achieved. The device comprises a
dielectric layer overlying a semiconductor substrate. A PIN
diode device overlies the dielectric layer. The PIN diode device
comprises a semiconductor layer having a p+ region and an n+
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
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5 2 9 DEC 2005 di ode device overlies the dielectric layer. The PIN di ode
device conprises a sem conductor |ayer having a p+ region and an n+
region that are laterally separated by an intrinsic region. A MOSFET

devi ce conprises a source region and a drain region in 3 DEE280Snduct or
substrate. The PIN diode device is a gate electrode for the MOSFET devi ce.
The source region and the p+ region are connected together to forma first
termnal. The drain region and the n+ region are connected together to
form a d5e@dndeYiedi aedrlifsothe dicclmatanior Mivdr .t HheoRttdiafe tdwwsice
invention, an ESD protection device is achieved. The device conprises a

di el ectedmptbyes eoverdnyiqupdacsenmi chawkict bevsnhsta ape. rAgPbN adiddendemi ce
overlies the dielectric layer. The PIN di ode device conprises a

seni condegior kthwer shavi hgterpily egeparaned abyn-an r egt otnéhat rageohateral ly
separated by an intrinsic region. A MOSFET device conprises a source

regi on MOSFET duavhceegionpriBest he semt cONAUgiof swbBSty agieaidheelh bhdijede
device is a gate electrode for the MOSFET device. The p+ region is a first

t er m nathe ThenS@WnER L ee 0SBk de, NtheetOn &18deonieeisd ;L0get hgre The

drain region forns a second termnal. Al so in accordance with the objects

of thisSe]¥@dONEcBNthe MOSFET device. The source region and the p+
region are connected together to form a first terminal. The

drain region and the n+ region are connected together to form a

second terminal.

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
diode device overlies the dielectric layer. The PIN diode device
comprises a semiconductor layer having a p+ region and an n+
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. The p+ region is a first
terminal. The source region and the n+ region are connected

together. The drain region forms a second terminal.

Also in accordance with the objects of this invention, an

ESD protection device 1is achieved. The device comprises a
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ESD protection device is achieved. The device conprises a 6 2 9 DEC 2005
dielectric layer overlying a sem conductor substrate. A plurality of PIN
di ode devices overlies the dielectric layer. Each PIN di gde device
conprises a seniconductor layer having a p+ region and & BECr &f5on t hat
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 electrode for
the MOSKFEleksie. Thgedr aiovewgiiow and t heenpHeafducadr r ssuPstralt@de devi ce
are connected together to forma first termnal. The source region and the
n+ regipuodliatwseodnPIN Nlididedeetéekse arer ld@snetiieddtiegetheict Qafy@rmn a
second term nal. BRI EF DESCRI PTI ON OF THE DRAW NGS I n the acconpanyi ng

dr awi ngBa¢lor BINg da odet eldvdlcepatdmpdfi ddd Sa deski tPhd@ds ot hﬂ?é?efshﬁbﬁml?: aFi g.

1l illustrates a prior art grounded gate NMOS (GGNMOS) device used for ESD

protectppnrellign Andl ldisthat esgachr it@l%taréregalﬁtwfdsgi%@aﬂm)an

device using a RC chain to control the gate potential” of the ESD

protect{ofrdeyiCeredion. The PIN diode devices are in series. A MOSFET
device comprises a source region and a drain region in the
semiconductor substrate. The PIN diode device 1is 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.



2 9 DEC 2005 Fig. 3 illustrates a prior art GGNMOS ESD protection device
with a substrate bias generator. Figs. 4 through 10 illustrate a preferred
enbodi ment of the present invention showing a nethod to forma PIN diode
gated, MOSFET device and showi ng the preferred enbodi nedt3 OECt 8315 devi ce.
Fig. 11 illustrates a schematic representation of the PIN di ode gated,
MOSFET device. Fig. 12 illustrates a first preferred enbodi nent of an ESD
protection device conprising the PIN di ode gated, MOSFET device. Fig. 13
illustrates a second preferred enbodi mrent of an ESD protection device
conprising the PIN di ode gated, MOSFET device. Figs. 14 through 16

illustrate aFidirdl predetredenosh i@mntar©f cEMOEID P19t S d 1N O 66 OF

t he present invention. DESCRI PTION OF THE PREFERRED EMBODI MENTS 8 2 9 DEC
2005 Theiphn ef esuteck mrdrodiimntgenefratthe . 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 nmethods for using

this device fofs ESD G O A fistrate 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



disclosed. It should be clear to those experienced in the art that the
present invention can be applied and extended without deviating fromthe
scope of the present invention. Referring nowto Figs. 4 through 10, the
preferred enbodiment of the present invention is illust?d 8EC 3805, rore
particularly, the preferred method to forma PIN diode gated, MOSFET
device is illustrated. Several inportant features of the present invention
are shown herein and are discussed below. This enbodi ment discloses a

met hod to f oFive ap Rk e i el ergatckiche MSSIOET thdepiregent Ni RAEHE Coth a4 s @ HNMOS
device is illustrated. However, the types of the various doped regions

coul d be aldvedediriegereat ecarMB deviee wndh 2 RbMdijode %érﬁbﬁa%ewé be
clear to those skilled in the art. A semnm conductor substrate 100 is

provi dedni Any - dseficeandue afevmleri Al o5t dabhe ot LS dLOIIAIION (] OSFET

device may be used. In the preferred enbodi nent, the sem condu

subst r atgi 300, GPMREL €8 Woﬁwﬁﬁéh%ﬁlf%sﬂée%ﬂ- 252 DEEDZQQPoaTeh%nd be

substrate 100 nay further conprise buried regions, or |ayer

e Cosidsd b g A ) A R e

preferred enmbodinent, a p-type s
betmeend??@f&sgdgngtgs%%Gﬁ%nHk§ clear to those experienced in the art

that the present invention can be applied and extended without

deviating from the scope of the present invention.

Referring now to Figs. 4 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 is 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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used. Note that isolation regions 104 may be formed in the sem conductor
substrate 100 to define the active region for the device. A dielectric

| ayer 108 is formed overlying the surface of the sem conductor substrate
100 as shown. This dielectric layer 108 should be of sutStDEE @ity for
use as the gate dielectric layer for a MOSFET device. The dielectric |ayer
108 shoul d also be of suitable thickness and paranetric capability for
application to a device that is connected to an input/(_)ut put (1/0O pin of
an integhat edulkstrate dell canashatfurapelse solped¢sed buoikdr geeyodrimgesor The
dielectric layer 108 preferably conprises an oxide material such as
siliconlexede: Hewewarld behehedicdsctifcs $hodash Ngn NMEtnaiul@xiodessor)
nitrides, or oxynitrides, could be used. The dielectric |ayer 108 may be
fornmed esbagrany bf thedwelh- Knewaréeechréguesbddiidier ard ,pStigde @s1 tdhgr mal
oxi dation or chenical vapor deposition. The dielectric layer 108 may be

used i nsobberapar ts0okvithe rdsitsegratgd teithadnt HicCes asnd gatddicgl ectric
for other MOSFET devices including those used for |ogic or anal og

circuitesein Nfte4 2n9tDEGRO05 drhi se6ashs the f apgation offhe dielggiric

| ayer 108 is a "free"
semiconductor substrate 100 to define the active region for the

device.

A dielectric layer 108 is formed overlying the surface of
the semiconductor substrate 100 as shown. This dielectric layer
108 should be of suitable quality for use as the gate dielectric
layer for a MOSFET device. The dielectric layer 108 should also
be of suitable thickness and parametric capability for
application to a device that is connected to an input/output
(I/0) pin of an integrated circuit device that may be subjected
to large voltages. The dielectric layer 108 preferably
comprises an oxide material such as silicon oxide. However,
other dielectrics, including metal oxides, nitrides, or
oxynitrides, 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 vapor 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

10



process step for the present invention. In the preferred enbodinent, the
dielectric layer 108 conprises silicon oxide that is thermally grown to a
t hi ckness of between about 30 A and 100 A As an inportant feature of the
present invention, an intrinsic (t) semconductor |ayer219BHECs 280 ned
overlying the dielectric layer 108. Preferably the intrinsic sem conductor
| ayer 112 conprises silicon, however, other sem conductor materials could
be used. |f the intrinsic sem conductor layer 112 is silicon, then this

| 'ayer nByleofpFtsetipRl §RImaekin gt t&?ﬁ)rcﬂﬂﬁ){ﬁc%ﬁ#q dvey R0 lliscon) free”
Pol ysilicon or (x-silicon may be deposited by a chem cal vapor deposition
(CVD) pPbeesss |$teme fomtrilsi cozesronduntentiayer Til2 Wumprseerred
polysilicon, and that is preferred, then it is nore preferred that this
pol ysi | émloedimgmet, caheespbabietor e pdlayeirl | £08 |@ygrrirsegui sediton anqideer
section of the integrated circuit device. For exanple, the intrinsic

sem condugt ot s | ayermdllly nayowaor @ sPpotith dinddwe of iddwaldry gepaesizteed and
polysilicon layer for logic gates or for analog gates. In this case, the
formati boook.the intrinsic sem conductor layer 112 is a "free" process
step for the present invention. 11 2 9 DEC 2005

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 semiconductor
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 vapor deposition (CVD) process. If the
intrinsic semiconductor layer 112 comprises polysilicon, and
that 1is preferred, then it is more preferred that this
polysilicon layer correspond to a polysilicon layer reguired in
another section of the integrated circuit device. For example,
the intrinsic 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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It is inportant to note that the sem conductor |layer 112 is intrinsic (t).
Intrinsic is herein defined as a sem conductor wth alvery hggﬁ ﬁr fgrﬁ,
doping. More preferably, the intrinsic sem conductor |ayer shoul d have
a Pesigsti vity of between about 1 and 3 kWe/square of na@e§iDHC 2085 s high
resistivity is needed to forma p-i-n (PIN) diode in the intrinsic

sem conductor layer 112 in the subsequent processing. |If the intrinsic

sem conductor layer 112 is a polysilicon layer, then the polysilicon |ayer
shoul d be deposited as undoped polysilicon. The intrinsic sem conductor

| ayer 112 is preferably forned to a thickness of between about 1,500 A and
2,000 A. Not&C imaimppetami ckmesstofthdfe time r$ersicorsbmtmonductear l@yers 112
can be inportant since ESD current is conducted through this layer 112

and sintetsihsteder) i f Tusednsis N heré on M raved Va0 aal dem ortdie AN
di ode device that is fornmed in the layer 112. Therefore, to provide a

l'arge cyfgntcapahi | iy, W anuger%xceaggéggheat!MgfiiE%$%%%$§%g§ce§§ﬂgy to

make the intrinsic ~ sem conductor |ayer fantia n a nor nal

lysili ; i Les. ferri-ng now to Fig.. 5, the
Pt Vi sy HEELHRLE Lon200Ral E00R01 QB0 1100 EIATP AR Bare i aRig T e o

0
preferaply, el forisd, 12,2 3 DFC3200)  cquare of material. This high

resistivity 1is needed to form a p-i-n (PIN) diode in the
intrinsic semiconductor layer 112 in the subsequent processing.
If the intrinsic semiconductor layer 112 is a polysilicon layer,
then the polysilicon layer should be deposited as undoped
polysilicon. 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, it 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



usi ng a photolithography-etch sequence as is well known in the art. For
exanpl e, a photosensitive film not shown, is deposited overlying the
intrinsic sem conductor layer 112. This photosensitive filmis then
exposed to actinic |ight through a photo nask. The phot 2<BBECt 2805 filmis
then devel oped to define the desired pattern. The photosensitive filmis
then used to nask an etching process where the intrinsic sem conductor

| ayer 112 is etched _away where exposed by the photosensitive film

Fi nal | yiSi®@ pheresedsdithrgeaphynetchsepappaacaddy o vellaknetie ipattther ned
intrinsic sem conductor |ayer 112. Alternative mnethods of patterning may
be usedahhd Bee eavimebsemt iphotosensdcivagsilof, trhe prlesent disnvdepdsdrted n
the preferred enbodinment, the intrinsic sem conductor |ayer 112 conprises
pol ysi | beenlyimy i sthxat t eémred nghiici ng seheécpatitetorng Sdeer usedlz.0 deafriize
pol ysilicon gates in another section of the integrated circuit device. In
this caskotdésengpiatiwer nfhgn ot st hdehntexiptsiedt semheonduet 0 ghayehrdidhi & a
"free" process step for the present invention. Referring nowto Fig. 6, an

i mpor t aphofeahask. ofheéhphopbesaBiti ¥ eRtiANikS thkhusichalegedA tt d&dinen 122
is formed in the intrinsic sem conductor |ayer 112. Preferably, the p+

regi on tH@2 desifr@HMsh e A | ORei USSR 1148, £ Ay a3 BT &fii edsogthed,  a

maski ng |layer 114 is first defined overlying the sem conduct or
mask an etching process where the intrinsic semiconductor layer
112 is etched away where exposed by the photosensitive film.
Finally, the photosensitive film is stripped away to reveal the
patterned intrinsic semiconductor layer 112. Alternative
methods of patterning may be used and are not essential to
teachings of the present invention. In the preferred embodiment,
the intrinsic semiconductor layer 112 comprises polysilicon and
is patterned during the patterning step used to define
polysilicon gates in another section of the integrated circuit
device. In this case, the patterning of the intrinsic

semiconductor layer 112 is a “free” process step for the present

invention.

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

13



13 2 9 DEC 2005 substrate 100 and the intrinsic sem conductor |ayer 112.
This masking |ayer 114 may conprise a photosensitive filmthat is defined
as descri bed above. An opening is defined in the nmasking |ayer 114 such
that ions can be selectively inplanted 118 into the int2ihdEC 2005

sem conductor layer 112 to formthe p+ region 122 while these ions are

bl ocked frominplantation into other parts of the intrinsic sem conductor

| ayer 112 or the sem conductor substrate 100. Mst preferably, the p+

regi on dstimtforned ahd ame enttdmnsddgesaiiddiiyeaidrerngghd NL12 NSi @his

sem conductor |layer 112. Followi ng the formation of the p+ region 122, the

maski Nnadig®f 1dgeis renomed. dompRngeenhogdinebteabithiys sti@f the: is
intrinsic semconductor layer 112 is a polysilicon |ayer and the ion

i mpl ant @t b1 | e disethd P ARRR e RIS Gan daveled qtnhoctﬂéefma%% lon of

the integrated circuit device. In another enbodinent of is step, the ion

the i ntegrated ci e. odirent of thi i
B T A e T o T R s o v

7 other_Jjnportant features of the esent. i nvention a illustrated. ,An n+
regi on 152 T8 ¥ o5 S?Pl??%aq?1%ﬁ$ﬁﬁ%§%e%4%oﬁ%ug?ﬁ? %E?ep+1ffglﬁpeﬁggably,

_ ormed i
the n+ &ﬁ%ﬂénkhese ions are blocked from implantation into other parts
of the intrinsic semiconductor layer 112 or the semiconductor
substrate 100. Most preferably, the p+ region 122 is formed at
one end or edge of the patterned intrinsic semiconductor layer
112. Following the formation of the p+ region 122, the masking
layer 114 1is removed. In one embodiment of this step, the
intrinsic semiconductor layer 112 is a polysilicon layer and the
ion implantation 118 1is used to dope the polysilicon layer in
other section of the integrated circuit device. In another
embodiment of this step, the ion implantation 118 is used to
form source and drain regions in PMOS devices in other sections

of the integrated circuit device.

Referring now to 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+

14



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 112, and the p+ 14 2 9 DEC 2005 regi on 122.
The n+ region 134 may be formed before or after the p+ Pe®iDEC 2085 the
order is not inportant to the teachings of the present invention. The
maski ng | ayer 126 nmay conprise a photosensitive filmthat is defined as
descri bed above. An opening is defined in the nmasking |layer 126 such that
i ons cahegbensélect el p+i mphanhed313dayntoe thveniedt Mafsire emi afredu ather

| ayer 112 to formthe n+ region 134 while these ions are blocked from

i mpl ant gti aregiono I@hertipar bsdef tike nout rimsérctarsentcondectmaadhayes 2 and
the p+ region 122. Mst preferably, the n+ region 134 is forned at the end
or edgetbé threspatt eimeshtidi.ri nghe seadleongluchoer! aps rddy epppsike fa om
the p+ region 122. Followng the formation of the n+ region 134, the

maski Ngphbeyeend26ives remmyvednakn ose @sbodidrents ohekbBir$nabiePabdPe, an
intrinsic sem conductor layer 112 is a polysilicon |ayer and the ion

i npl ant 8b6Rnd 39si geugadat andapfe thesPHyS1dy&eon b8y ehchn tﬁfattheiron§ecct Ion_of
the integrated circuit device. In another enbodinent of this step, the ion

tpl ant gLi Qi1 k30 5ive 14 el fand Y MEBUMGE ANEndr AL J60; QNS5 4y NV sy ces

in other sections
layer 112 to form the n+ region 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 semiconductor layer 112 opposite from the p+ region
122. Following the formation of the n+ region 134, the masking
layer 126 1is 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 polysilicon 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 device. 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, ions 130 are implanted into the

semiconductor substrate 100 and adjacent to the patterned

semiconductor layer 112 to form the source region 138 and the
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of the integrated circuit device. In the preferred embodi ment shown, the
masking |ayer 126 exposes the sem conductor substrate 100 in areas where
source and drain regions for the FET device are planned. Therefore, ions
130 are inplanted into the seniconductor substrate 100 ZriDkd) 380t to the
patterned sem conductor layer 112 to formthe source region 138 and the 15
2 9 DEC 2005 drain region 142 of the FET device. The nmasking |ayer 126 is
renmoved after this inplanting step. At this point, the novel device of the
pr esent df aventrieghonne heofiesbri FRE Jéeidevi Thecomykiises 1dpedi ebectird ¢

| ayer 108 overlying the sem conductor substrate 100. A PIN di ode device
122, 1lPemeved 187t overtiiesntlentdiegeetepc | ayer 108. The PIN di ode device
conprises a sem conductor layer having a p+ region 122 and an n+ region
134 that are laterally separated by an intrinsic region 112. A MOSFET
device conprises a source region 138 and a drain region 142 in the

sem conduct okt suhstr YA nk00. thd hoPEN dieQdecdayd CEhézé’creye%’t alqgfel]r?t oinS t he

gate el ectrode for the MOSFET device. The operation thi's nove evi ce

s exphayned Bebowiplyer thieqbingl delhdilhsea e Aralerted mehod ) f

manuf acture are discussed. Referring now to Fig. 8, the formation of

silicideydfOy S the semiconductor substrate 100. A PIN diode device
122, 112, and 134 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
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on the device are disclosed. To facilitate the formation of self-aligned,
metal silicide (salicide) regions, two additional layers are forned on the
devi ce. For exanple, spacers 148 are forned on the sidewalls of the PIN

di ode device 122, 112, and 134. The spacers 148 may be ?8 BEC 0052

wel | -known nethod. First, a dielectric film148, such as oxide or nitride,
i's deposited overlying the wafer. Next, this dielectric film148 16 2 9
DEC 2005 is anisotropically etched to renove the film 148 from al

hori zontal surfacemiddfllyheeetbhdi stst opaesbavhashe heiheri 2ot afrogurfiaces
have cl eared, then part of the film148 will remain on the vertical

sur f acesonhdont£at sut hecspacer stAd8eshaWEs Netbped WIRSKINR | ayer, 6 i s
formed overlying the remaining intrinsic region 112 of the PIN di ode

devi ce. sUhiscomsking tayeFedA6LRBY p&PAPHESEhE RHOLOSARSILiIMe JaYal, Sy
descri bed above, or may conprise a dielectric layer. In either case, the

maski ngthayeerc 1481 | sy Palder nady Sch ddatnd NeJdtid ngiee fedlon g of e
PIN diode device is conpletely covered. A netal layer i'S nex

[ i i fl . | I, 150 i
he. sert Contibt or ) Siber ¢ 106 Che LharE s ofaR T3 OLAE dPtTiAag on

t he sem conductor "substrate 1 e sour

142, the.spaces oo 188 e iy ralon 422 cLhenps feglon 134, and the

maski ng T yer %. he retal |ayer 1
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 preferred 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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conprises a netal that will readily react with the sem conductor substrate
100 and the intrinsic sem conductor |ayer 112 material. In the preferred
enbodi ment, the sem conductor substrate 100 conprises silicon and the
intrinsic semconductor layer 112 conprises polysilicon? 3 DEh280%case, the
netal |ayer 150 preferably conprises titaniumor cobalt. Referring now to
Fig. 9, with the metal layer 150 in place, a thernal anneal operation is
performed. The thermal anneal increases the reaction rate between the
netal 1semaeehdietdy ®atg kG 2005 qerdcondutt aheratetsalal Ash £ oot ,Wd h
the netal. As a result, a significant |ayer of netal silicide 154 is

formed signi§icwnt heaysouscemeegionild8idéhesdr aisn feaiedn A1 iRG Rbe
region 122, and the n+ region 134. The silicide |layer 154 doe$S not form

where sberoet abglayer3ds0ths ksghat @QEfLE)Hmlﬁb,e shbi ¢an Ay the 12‘%i,e'a‘?z§:$ ric
| ayer 104, the spacers 148, or the masking |ayer 146. As a result, the

silicidendayer rk%4 ofoessnot vhor By oyer hiyi Ag.khe 1940t +é‘§' ﬁoEeftiOQE. e the
PIN di ode or on the sidewalls of the PIN 5lode. Fol I owi ng t he thernal

anneal , tfbe puweacted det alsg | gyer i%é?aitgd.r engrﬁd!t}?‘stéirﬁ_eic?PanSklb@g It Ler
146 is renoved. The “resulting netal silicide region 1 re uceahthe )
) ) i i re the
resist a@f@lect%ip@ciﬂéﬁ/ lt(ﬂ?, G agl, IS5 Sltllaéin,cedr chhet r}neasrk(:‘ig}ulgorlsayere 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 is 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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silicide is forned. Referring nowto Fig. 10, the final formof the novel,
PIN diode gate, MOSFET device is illustrated. A passivation layer 160 is
deposi ted overlying the device. This passivation layer 160 conprises a
dielectric material, such as silicon nitride, as is welf kP&E6n2005 the art.
Qpenings are forned in the passivation |ayer 160 to expose the source
region 138, the drain region 142, the p+ region 122, and the n+ region
134. A netal layer 164 is deposited overlying the passivation |ayer 160
and filfory theercomert bpees ngthe Thatercahnéalyelinésd, 16dchras uskdnitoum
copper, or alloys of alumnumor copper, is then patterned to 18 2 9 DEC
2005 f ocomnedtter thancetrminaés. (fbercat edecaimnecteH,i nes) 164 ahe dsedcko as
connect the term nals (source, drain, p+, n+) of the device as needed for
Ci r cui tnepésdt fan.ciRefary iopg raewonQ Fig. 11, the resulting device 200 is
illustrated in schematic form The device 200 can be viewed as a NMOS
devi ce 220 where the gate el ectrode conprises a diode 210. A five termna
device is formed with the diode p+ termnal 224 and n+ term nal 228, and

the MOS dr aifﬂef@fﬂr{'t_ﬁ' nd%2, tSOUFLL.  tarm pab 23Gy1and Pubkyt 8EM 516d 21%0

More particularly, di ode 210 part of the device Z00 conprises a PIN

di ode devig€ rated 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 of the device 200 comprises a PIN diode device
210. In a PIN diode device, the p+ and n+ regions are separated
by a region of intrinsic semiconductor. Referring again to Fig.
10, the present invention forms a lateral, PIN diode device 122,
112, and 134. This PIN diode device also serves as the gate

electrode for the MOS device having source region 138, drain

region 142, and bulk region 100.

A PIN dicde has different electrical properties than a
typical diode. PIN diode 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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210. In a PIN di ode device, the p+ and n+ regions are separated by a
region of intrinsic semconductor. Referring again to Fig. 10, the present
invention forms a lateral, PIN diode device 122, 112, and 134. This PIN

di ode device also serves as the gate electrode for the MEDEEV2805 havi ng
source region 138, drain region 142, and bulk region 100. A PIN di ode has
different electrical properties than a typical diode. PIN diode
performance is analyzed in the standard reference by S M Sze, Physics of
Seni contiiRR ofNPeitcesed it ohel PE@seoHe Wl &y oReSonxltka®l, than 6F6- §7#7. Of
particular inportance to the present invention is the performance of the
PI N di odegdeni ngheev@idie Biadecomas t ionsiniBoringeleverse bfasld Errds$ DEC
2005 when the n+ region is biased to a higher voltage than the p+ region,

t he Pl Nimfiodes hasregiom furderel bot,r i teferdad aoross: d¢driditising .r egirahainder

| ow, reverse current conditions. Further, the avalanche region ideally

cor r espoins atralhhehé ulde gwiodt hi dfaltyhecoptssmsids r egi ahe When t heqeppldred
reverse voltage is just |arge enough to cause aval anche breakdown, the

rever setigalr L 88k ink sc SHabkonTh@nspacere hag e &f f este £80 be1pegh egted,ysand
the electric field is essentially uniformacross the depletion |ayer. As

the curignfei BRHEGRCS o NAWRME avADL 18] 6LEQRSOW € the reverse current
is small. The space-charge effect can be neglected, and the
electric field is essentially wuniform across the depletion
layer. 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 a 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 IL; 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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generated near the p-t boundary, and nore holes are generated near the n-t
boundary by inpact 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 § BEC 2805 nsic
region is reduced. This reduction results in a negative incremental 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
conductivi 1§9hwdul ¥ ed rhyadsHrtriicer, s thier denphe iLnjetttiing sitdel gt regiion 122)
and wi Il exhibit low resistance during high current injection. The |ength
Li of the2 whlliesSiect egi®nsddéhdarycarmfaddownsetaeie@ sifchnchatin i bits
the desired series resistance between the p+ region 122 and the A 20 2 9

DEC 2008ewitcd egeon 184, hndaddution, ikhedugagdithali tofe thednd HsiiGdw@di on
112 wi |l | -effect the secondary breakdown voltage of the PIN di ode device

122, 1191 @ik 13%.tHd H1% fawad bhatohbessgsopde bI@@%ﬂ?V‘E'I i¥ohtape ofyt he

PI N di ode decreases as the length LI is decreased y construcfing a PIN
di ode device 122, 112, and 134, such that it is also the gate of the
MOSFET device, a unique device 1is created. It is possible to control the

channel regi@n PEIWEANting 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.

Referring now to Fig. 12, a first preferred embodiment of
an 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 together 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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t he source region 138 and the drain region 142 of the MOSFET by biasing
the PIN di ode. Likew se, 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. Referring nowto Fig. 12,2 DECs200 ef erred
enbodi nent 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 transistor 286 has a gate
conpri streferdily diodeh@84coMectsaiir ce anednpntofpimheoNMES 2886 and tthe n+
region of the PIN diode 284 are connected together to forma first

term nadi2890it The drain region of the NMOS 286 and the p+ region of the
PIN di ode 284 are connected together to forma second term nal 288. The
first termnal 290 is preferably further connected to the ground pin or
pad 292 of the circuit, and the second termnal 288 is 21 2 9 DEC 2005

preferably fuftRaLsCUUIEGIRA QAN | It PBNN Pod2d2896 1of the gl In
this configuration, the PIN diode 284 is the primary protection deviCe.

The NV Slevd Ceo 2 884 Sc & OMH JUnesk | Be &t SBADS6 §E%Bﬁ?ﬁilggrédgﬁﬂugd%%a%te

NMOS. The NMOS device 286 is the secondary protection~device. Essentially,

the Plh%f&f¥g%~d%¥ig§ grounded gate NMOS. The NMOS device 286 is 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 1is
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 into 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 1is 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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284 is 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 term nal 296. The PIN di ode
284 turns ON at the gate. As the potential drop across Zkgal}ﬁtogm&%%
i.ncreases, at sone point the transistor 286, which is initially F, goes
i nto aval anche breakdown and the parasitic bipolar turns ONto shunt all
the current. Thus, this device conbines a secondary device, the PIN diode

284, antefnpidIrapy2deeifeee tdree NMOS HhaRsi $Mear w&find NtON@ona@RRACtTH @yout .
Therefore, the PIN diode 284 perforns two functions: shunting ESD current

and provigi®g angatii@Ssional edueget hey RAASIthive 10 P-fb t YhRrONs¥oltage of
t he GGANMOS 286. Thli spmi S 21 ?nm%-staggeprot ection ldeviyce wher e 'E: esPI Iﬁ %lgode

25 e 0 SNEE SRarar e garall et checkLgn o, M 3t e I
ot SR AN e SRR, 12 B B.BRC, 0% el PR bolong.dfe 710
A e na el Yol gl DosBIC Lty AU SEgal e ng, sevecal PLN g1 gdes my
shown  yher e, 5eVEldlls FLAL 9L0988 A 0L T 1n8e S ce " RS T LA he
gate comprises two PIN diodes 155 and 157. The first PIN diode
155 comprises a p+ 122a, an n+ 134a, and an intrinsic region
112a. The second PIN diode 157 comprises a p+ 122b, an n+ 134b,
and an intrinsic region 112b. Referring now to Fig. 15, the
multiple PIN diode device 201 is shown in schematic form. 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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Fig. 14 shows the cross section of the device. Note that the gate
conprises two PIN diodes 155 and 157. The first PIN diode 155 conprises a
p+ 122a, an n+ 134a, and an intrinsic region 112a. The second PI N di ode
157 conprises a p+ 122b, an n+ 134b, and an intrinsic rpd QECL 2. _
Referring now to Fig. 15, the nultiple PIN diode device 201 is shown in
schematic form In this case, two PIN di odes 210a and 210b formthe gate
for the MOSFET 220. Referring nowto Fig. 16, the device 281 is applied
for ESI2Pp4otectdi Oirbet veamitde 26putThEs d2Pmh arhide oF el NMOs 292.ceThe
series PIN di odes 284a and 284b cause the turn ON voltage of the resulting

ESD proteetand deyi ae 28fiba bg thecradsedodds @viesuldss the ddailcwy the
i nput pad 296 can swing to a larger voltage with respect to the ground pad

292 witbgethdei B o anpedic TReqeoneent R Reueasi IxxBdendedihe NMyee or

nore PIN.diodes in the gate. Referring nowto Fig. 13, a second preferred

embodi ngebi &f 288 ESELPT 9t sekbal @%\f’&n&ﬁa%%vqf. tthe ﬁ%gffgggeﬁh(grnvp%f&%f'a; o

illustrated. In this case, the p+ region of the Pl evice a

DEC 200 4.4 first m_nal 6,. . T rai.n.regi on of .t he NMOS ice

258 andé?%g ﬁbérgéfgﬁ(ﬁéﬁﬁ%§%¥bf§$oag §3$8§k§g4%%?éﬂg%nﬁ%%?gdpln %ﬁ%
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 (Vyp;) 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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together at a middle node 262. The source region of the NMOS device 258
forms a second termnal 274. It is further preferred that the first

term nal 266 be connected to the input pin 270 and that the second
ternminal 274 be connected to an grounded pin 278. In thPsy §BLo@P0ENt, the
PRI N di ode device 254 and the parasitic bipolar (n-p-n) device of the
GGNMOS 258 are connected in series between the two terni nal s 266 and 274.
During an ESD event, the gate potential of the GGNMOS 258 is increased due
to the voltage drop across the PIN di ode 254, and the aval anche br eakdown
vol tage (VT1) of the parasitic bipolar device (n-p-n) of the GGNMXS is
decreased byThéi sbgatedpetenbeal .9 BSPipukser i shapptied t anhhesddyuy
termnal 270 while the ground termnal 278 is grounded. The PIN di ode 254

i s in sembesiméhits t peoNMISFEkcederhee r25H. fﬁt%&qtﬁﬁtf@% dp Qtag ass dde
PIN di ode 254 helps to turn ON the MOSFET 256 channel slightly“to cause

the parastégfardd pel fsunf ddes MBFELLQ tadyy QY easifrge | 1:%4 txhe w18 17 St

or second enbodi nments, a negative voltage potentl al on t

term nakgumdihgCa Qofm ubsty ode 19 4ur Th novel E D devi ces
of the present i n%/l%ntl on %re us @# 9,; positi ve ShiKesS A SeC
2005

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 version 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 illustrates this two PIN device used as an ESD

protection structure between pads 296 and 292.

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

circuit device 1is provided. The integrated circuit device 1is
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The above-descri bed ESD devices of the first and second enbodi nments
provi de excellent ESD protection for input pins of integrated circuit
devi ces. These devi ces provide larger current shunting capability w thout
i ncreasing the parasitic capacitance or the area requi rgn?zrggg 7Mi%e PIN
di ode gate is achieved without adding to the process conplexity.
Addi ti onal enbodi nents of the present invention are illustrated in Figs.
14 through 16. Fig. 14 illustrates a PIN gated device of the present
i nvent i Baefhkr €on podtept enPlah thomdespiar ef foun ned. ESM ddrst Cages dedidest
PIN diode 155 is fornmed by the p+ region 122a, the intrinsic region 112a,
and t hepnevidegi encd3dant AESEC qrak fRIMMadicedeid 57 ist aft@r e byet Betp-oM®gi on
122b, the intrinsic region 112b, and the n+ region 134b. Referring nowto
Fig. 15pracsshenaitimouer segnieingheat woa RN dicadedevigeirQl d.ashowe The
device conprises sequential PIN diodes 210a and 210b fornmed in the gate of
a MOS deyigei@Rf. cdpdhitdhdd.l ustiat gsvtibibs tup PLN devisge i&?eq?@%]igﬂeESD
0

protection structure between pads 296 and 292. The advant ages

present cbRAYE fé%ﬁ&@y.QQ“&Q@ho&uﬂgagbfﬁdsuéﬂ gftﬁgﬁg§ei%ﬂgm:§%%ed The

manuf acturabl e integrated circuit device i's provi € Integrate
circui tndeNb§e: 5Svery2ndnEScf9201e ana 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 various
changes in form and details may be made without departing from

the spirit and scope of the invention.

What 1s claimed is:
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useful for protecting an input pin froman ESD event. The device provides
excel l ent ESD performance in a state of the art CMOS process w thout
requiring a large area or addi ng excessive parasitic capacitance. The
device can be used in nmultiple configurations. A nethod%t&lﬁﬁ}ﬂﬂ&hch a
device is achieved. The nethod is very nmanufacturable and is conpatible
wth a state of the art CMOS process. As shown in the preferred

enbodi ments, the novel device and nethod of the present invention provides
an effectiveland?® namifrext ur bl e falrmer rert | véntegtheegri airantit Wuddvwe dehe

i nvention has been particularly shown and described with reference to the
preferred enbodbienirsyt hereof, it will be understood by those skilled in
the art that various changes in formand details nay be made w t hout

departing from thermipigith anéiseepecofldher i Bvepliong Whadenscil@idme i s:
26 2 9 DEC 2005 1. A nethod to forman integrated circuit device
conprising: éewstrgca; dielectric |ayer overlying a sem conductor
substrate; 5 formng an intrinsic sem conductor |ayer overlying

5 forming an intrinsic semiconductor layer overlying

sald dielectric layer;

patterning said intrinsic semiconductor layer;

forming a p+ region in said intrinsic semiconductor
layer:;

10 forming an n+ region in said intrinsic semiconductor
layer wherein said p+ 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 layer comprises polysilicon.
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said dielectric layer; patterning said intrinsic sem conductor |ayer;
formng a pt+ region in said intrinsic sem conductor |ayer; 10 form ng an
N+ region in said intrinsic sem conductor |ayer wherein said p+ region and
said n+ region are laterally separated by an intrinsic %qgi 9805t her eby
f.orm a PIN di ode device; and form ng a source region and a drain region in
said 15 sem conductor substrate to thereby conplete a MOSFET devi ce

wherein said PIN diode device is a gate electrode for said MOSFET devi ce.
2. The met hotl- acGbedi metlodd appcbrdhegei rtsai dldiml eclt ri ehkagen cowgid ses
an oxide. 3. The nethod according to Claim1l wherein said sem conductor

| ayer conprisasiquoidgitidcdrayet 26mprisBECan00phdus Thel hedhod according to
Claim 1 wherein said sem conductor |ayer conprises anorphous silicon. 5.
The met hod according to Caim1 wherein step of formng said p+ region
conprises inplanting ions and wherein a

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

implanted.

6. The method according to Claim 1 wherein said step of
forming said n+ region 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+ region, said n+ region, said source

region, and said drain region;
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masking | ayer is used to control where said ions are inplanted. 6. The
nmet hod according to Caim1l wherein said step of formng said n+ region
conprises inplanting ions and wherein a masking layer is used to control
where said ions are inplanted. 7. The nethod according Qo3 QEQ 2086 wher ei n
said step of formng said source and drain regions conprises inplanting
ions and wherein said step is sinmultaneous with said step of formng said
n+ region. 8. The nethod according to aim1l further conprising: formng
spacers on the sidenediting sanetdl Naeadeovatel ioey fairdn swmcarasdyg ingh,| ayer
covering said intrinsic region 5 while exposing said p+ region, said n+
regi on, sai ddsaimceregbonon,saidl sat d th@ich,r ey 38 2 SdFens2005%aid
depositing a netal |ayer overlying said source region, drain region, said
N+ region, sspakcers)egidnnidaladkispacaker;and sai d masking |ayer; 10
annealing said netal layer to formnetal silicide regions overlying said
source 1egi on, saikhddBidy r €3liAN, metal layer to form metal silicide
regions overlying said source region, said drain region,
said n+ region, and said p+ region; and

removing unreacted said metal layer.

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 9 wherein said first
terminal is connected to a signal pad and said second

terminal is connected to a ground pad.

11. The method according to 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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said n+ region, and said p+ region; and renoving unreacted said netal

| ayer. 9. The nmethod according to Caim1l wherein said drain region and
said p+ region are connected together to forma first term nal and wherein
sai d source region and said n+ region are connected togRthdECQ §0f%rm a
second termnal. 10. The nethod according to Claim9 wherein said first
termnal is connected to a signal pad and said second termnal is
connected to a ground pad. 11. The method according to Claim1 wherein said
p+ region i%2a flhestmétgrod nakconbiénegi ncsattatmaill regonirandasdi dirst

regi on are connected together, and wherein said source region fornms a
second term patmiROl 2 i DEEnR666ed2.tdha netgndl agent diang t 8a (Gl aigedbhd
wherein said first termnal is connected to a signal pad and said second
termnal is conmeededd conm@crwad tpad. gk3unAnphat egrated circuit device
conprising: a dielectric |ayer overlying a sem conductor substrate; a PIN
di ode device overlying said dielectric layer 5 wherein said PIN di ode

devi ce conprises a sem conduct or

13. An integrated circuit device comprising:

a dielectric layer overlying a semiconductor
substrate;

a PIN diode device overlying said dielectric layer

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.

14. The device according to 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 according to Claim 13 further comprising:

spacers on the sidewalls of said PIN diode device; and
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| 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 region in said sem conductor substrate wherein said PIN 10 diode
device is a gate electrode for said MOSFET device. 14. TRe§ PBO @80%ccor di ng
to Caim13 wherein said dielectric |ayer conprises an oxide. 15. The

devi ce according to Caim 13 wherein said sem conductor |ayer conprises
polysilicon. 16. The device according to Claim 13 further conprising:
spacers on the simevadl | sidfcsdédrRghlodisoderedawiicg; satd 3602 r8e DEGRNAG
metal silicide regions overlying said source region, said drain region,
said n+ regi®inid adrhigaikdibr,e@ia@d. ni7 refhenfeyh@esacsosdi rgytsn O ai m 13
wherein said drain region and said p+ region are connected together to
forma first terminal and wherein said source region and said n+ region
are connected together to forma second termnal. 18. The device according

to Gaim 17 yhereha saddhdd rgbcotgiAgnaly i §1£0RNqat %épe Sggﬁa' Qad and

said second termnal is connected to a ground pad. 109. evi ce

according to.Llalm 13 Wagi gl B+S2kgiBE 588! Mnnected together to form a

first terminal and wherein said source region and said n+

region 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 to 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 said source

region forms a second terminal.

20. The device according to Claim 19 wherein said first
terminal i1s connected to a signal pad and said second

terminal is connected to a ground pad.

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

substrate;
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is afirst termnal, wherein said drain region and said n+ region are
connected together, and wherein said source region fornms a second .
termnal. 20. The device according to Caim19 wherein said first term na
is connected to a signal pad and said second terninal is2chpiectpghto a
ground pad. 21. An ESD protection device conprising: a dielectric |ayer
overlying a sem conduct or substrate; 31 2 9 DEC 2005 a PIN di ode device
overlying said dielectric layer 5 wherein said PIN di ode device conprises a

sem conductor | ayePIthavicup algrideegiverlgndgasand aegioscthatiafer
| aterally separated by an intrinsic region; and a MOSFET devi ce conpri sing

a source regiRerend aadidai PINT efidie | Re§REE SESHSONAICT gr §é$¥ﬁéﬁﬁ&%tor
wherein said PIN 10 di ode device is a gate el ectrode for said MOSFE

devi ce, WwhergydrsaiskHai n r i onc@ndnsabdaptaheghon ALL: GONNGELe d

together to forma first termnal, and wherein said source region and sai d

n+ region ar ?a@@f‘ eéjeﬁac}%ect&lerbyt Al QL3 ns§ECRRY: LR Mgl - 22. The device

according to Ca 1 whereln sa

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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dielectric layer conprises an oxide. 23. The device according to Caim 21
wherein said senm conductor |ayer conprises polysilicon. 24. The device .
according to Gaim2l further conprising: spacers on the sidewalls of said
PIN di ode device; and nmetal silicide regions overlying ga@cDEgaqnmp region,
said drain region, said n+ region, and said p+ region. 32 2 9 DEC 2005 25.
The device according to Claim24 wherein said first termnal is connected
to a signal pad and said second termnal is connected to a ground pad. 26.
An ESD prot egbi oTrgevieei conprccsicdghga i eCegsini @4 ayesrover Isyiag @i rst

sem conductor substrate; a PIN di ode device overlying said dielectric

layer 5 whereemmswad RIN doadecdedi Ceo canpeigRsl1a S&MN GHHAUCLOE V&g
having a p+ region and an n+ region that are laterally separated by an

intrinsic regepfinandi & MBREkAeWLa ¢RRLhGSHAY.a source region and a
drain region in said sem conductor substrate, wherein said PIN 10 di ode
device is a gate electrode for said MOSFET device, wherein said p+ region

forms a first termnal, wherein said
26. An ESD protection device comprising:

a dielectric layer overlying a semiconductor
substrate;
a PIN diode device overlying said dielectric layer
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 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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drain region and said nt+ region are connected together, and wherein said
source regions forns a second termnal. 27. The device according to Caim
26 wherein said dielectric |ayer conprises an oxide. 28. The device
according to Claim 26 wherein said sem conductor |ayer c@n$DECe8005
polysilicon. 33 2 9 DEC 2005 29. The device according to Caim 26 further
conprising: spacers on the sidewalls of said PIN di ode device; and netal
silicide .regions overlying said source region, said drain region, said n+
region, and 23i dllp> degiam.a@®rding devicdeimce6br Ginghén Ghmpid Eagvher ein
said first termnal is connected a signal pad and said second termnal is
connected to a grepackpachn 3he AidesBlpsobéckand HENI € Eod® v Sddlg:aril
dielectric layer overlying a sem conductor substrate; a plurality of PIN
di ode devices ovendtyangssaidife direlg@ohsi covaylfinhesgia eaghkcsai by, di ode
device . conprises a sem conductor |ayer having a p+ region and an n+

regi on that gsedl@teraldeyisenarsatied ndy ragibhl r kAl §aid 69 ORe@ish Wherein
said PIN di ode devices are in series;
30. The device according to Claim 26 wherein said first
terminal is connected a signal pad and said second terminal

is connected to 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 diode 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 1is 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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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 diode device are connected together to2f®mECa2(09 st 34 2
9- DEC 2005 15 termnal, and wherein said source region and said n+ region
of a. second said PIN diode device are connected together to forma second
termnal. 32. The device according to Claim31 further conprising: spacers
on the $bhdewatrBindl sadmd PVN xR DuesaliaVi seyremdregueiralarsd | saidlen+ e guinsn
overlying said source region, said drain region, said n+ region, and said
p+ region. 38f TheedendceaadcPINi djode dtalde 3draheseidctsal dedddigter to
termnal is connected to a signal pad and said second termnal is

connect ed tofarmraussktqrad]. te¥minal.

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

terminal 1is connected to a signal pad and said second

terminal is connected to a ground pad.
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