METHOD OF FORMING PID PROTECTION DIODE FOR SOI WAFER by
BACKGROUND OF THE INVENTION Field of the Invention This invention
relates to a semiconductor integrated microelectronic circuit device having a
silicon-on-insulator (SOI) structure. Description of the Related Art SOI
(silicon-on-insulator) technology is the fabrication of integrated
semiconductor microelectronics circuitry on a three-layer substrate consisting
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usually an oxide of silicon, and an underlying layer of monocrystalline silicon.
Although there are several methodgyfor forming the SOI structure, wafer
bonding or the SIMOX (separation by implanted oxygen) technique, which
forms a buried oxide layer by driving oxygen ions into the silicon substrate, is
commonly used. The circuitry is then primarily fabricated in the upper silicon
layer, wherein it is substantially electrically isolated from the underlying
silicon layer. SOI technology has become important precisely because it has

the virtue of providpy CGKHROUNESOF T3 PN VENERDNIrcuit elements. 1
The very isolation of the thin upper silicon layer from the more substantial

lower layer presents the possibility of unwanted surge currents in signal input
lines, such as those caused by electrostatic discharges and the like,

Fidaroagisgmieauisielements. One
This invention relates to a semiconductor integrated microelectronic circuit device

having a silicon-on-insulator (SOI) structure.

Description of the Related Art

SOI (silicon-on-insulator) technology is the fabrication of integrated
semiconductor microelectronics circuitry on a three-layer substrate consisting of an upper
layer of monocrystalline silicon, a layer of insulating material, usually an oxide of silicon,
and an underlying layer of monocrystalline silicon. Although there are several methods
for forming the SOI structure, wafer bonding or the SIMOX (separation by implanted
oxygen) technique, which forms a buried oxide layer by driving oxygen ions into the
silicon substrate, is commonly used. The circuitry is then primarily fabricated in the
upper silicon layer, wherein it is substantially electrically isolated from the underlying
silicon layer. SOI technology has become important precisely because it has the virtue of

providing such degrees of isolation between circuit elements.



accepted way of ameliorating the effects of such currents is to provide the
input line with a protective diode circuit to channel current surges away from
the affected regions. Tsuruta et al. (U. S. Patent No. 5,567,968) teach the
formation of a protective diode structure that allows the passage of high

currents N QehEdnccuinnfalppateditdb Sy claxens b ieaehs@ntial lower

particular diode structure wherein a p-type semiconductor layer and an

layeRyResspiae pauGiariiayeare.alegicat cRBRRGIEH 4B MMIi8Fhes, such as
semiconductor layer to form a vertically disposed pn-junction. The diode so
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thereby functions as an electrostatic discharge protection element. Suzuki et

acabptell way atemidNorfhiddhe4kkteashsadnethesefisnfesiing theEMEIBline with

inverter circuit formed in an SOI substrate by use of an np-diode connected

a hetaepr thedsignahinpiétinmanageatneedhey i¢aaihiieformationcefds.
second diffusion layer of a conductivity type that is the same as but of a
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extent of the depletion region and eliminate unwanted leakage currents.

stinokuendie gl @hs(the pafRaterdfih 2088 i6)NEISHH TR fRimAlianatadiots Ol
type circuit that protects against two types of surges: a surge between the
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input terminal and a power supply terminal, with the latter surge protection
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Fukumoto et al., the power supply to signal input surges are protected

todgainstvbptidal pargsitiedpadaiesentiodnrr betoeasias aristiosediffosieted
region and the underlying
electrically to an adjacent MOSFET and thereby functions as an electrostatic discharge
protection element. Suzuki et al. (U. S. Patent No. 5,751,041) teach a method of
protecting a CMOS inverter circuit formed in an SOI substrate by use of an np-diode
connected between the signal input line and ground. They teach the formation of a
second diffusion layer of a conductivity type that is the same as but of a higher
concentration than that of the substrate, so as to circumscribe the extent of the depletion
region and eliminate unwanted leakage currents. Fukumoto et al. (U. S. Patent No.
5,786,616) teach the formation of a diode type circuit that protects against two types of
surges: a surge between the signal input terminal and a ground terminal, and a surge
between a signal input terminal and a power supply terminal, with the latter surge

protection being the novel element of the invention. According to the method taught by

Fukumoto et al., the power supply to signal input surges are protected against by a



semiconductor substrate. As can be seen from the above, the use of diode
circuitry of one form or another to protect integrated SOI microelectronic
circuits is an accepted part of the present art of fabricating such circuitry.
Such protection, however, is not only needed when the SOI circuits are in
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arise during its fabrication. In particular, the extensive use of plasmas in such
sefaldaation: RiBseages as plasma assisted film depositions and etching
causes the accumulation of charge deposits on conductive surfaces. If these

charges @xaasseeNeHINGE HHRYeH: (e aide aregiisedpeie iR or another
differences across gate oxides which would be sufficient to cause their

to pieakd onvEcaneddRDIagR e REFHAY: FROSIGIN SnABEIPRH GRAHSE! hEFEdtnt art of
damage during SOI microelectronics fabrications as well as loss of circuit

fabelialifysikRxaeasive Heal praleiinaUsiocpenideat siandidstion aneh the SOI

dissipation. The reduced size of modern microelectronic circuitry requires the

cites@Pirdawdelansieleadrit s drstRAYI PRI NS BENVIRAR N IROAYRIZards that
dielectrics and insulating layers. Low-k materials, such as CORAL,

arivedutiactitsed Hase Nve s pafiEul 48| dek e iR 0o dsanapidactiy ad oy Aaptieation
Materials Corp., organic films from the Schumacher Corp. and various

préaebep-aoptainingstises allawdpesfasmadiancafialoselyifeackeddeiiguitation of
elements without the attendant inter-element parasitic capacitances that
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dielectric materials also have low thermal conductivities, typically 0.24-0.37

wOMIK prodeicd powikiandiaretifdes aehich allowsilkealizri healdbidduffididheo
fabrication. None of the methods discussed
cause their breakdown and damage or destroy transistors.

Another cause of circuit damage during SOI microelectronics fabrications as well
as loss of circuit reliability is excessive heat buildup due to poor heat conduction and
dissipation. The reduced size of modern microelectronic circuitry requires the use of
low-k (low dielectric constant) materials to serve as interlayer dielectrics and insulating
layers. Low-k materials, such as CORAL, manufactured by Novellus Corp., Black
Diamond, manufactured by Applied Materials Corp., organic films from the Schumacher
Corp. and various carbon-containing films, allow the formation of closely packed circuit
elements without the attendant inter-element parasitic capacitances that would be
associated with other dielectric materials. Unfortunately, such low-k dielectric materials
also have low thermal conductivities, typically 0.24-0.37 W/k.m vs. 1.2 W/k.m for SiO,,

which allows localized heat buildup in the fabrication. None of the methods discussed

above address the problem of heat buildup or its reduction. The present invention



above address the problem of heat buildup or its reduction. The present
invention 3 addresses the heat dissipation problem simultaneously with the
excess charge reduction problem by teaching a method of forming a PID
protective diode that produces a structure capable of eliminating or
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and in a manner that smoothly integrates its formation into the overall circuit

pridiiaasioR RHEMENSHMINARN A LIPEDIIMENIVONJds @R pligetaiihe

present invention to teach a method of forming a "plasma- induced -damage"

stitRiedigeid Rrefettivm sirc b forzamiSatintegnatied BHIEHRIBIGKRNIAd does so

fabrication, such as a fabrication containing an arbitrary array of conductively
effiiRIROIROGIRABMQAPyamd RMAR MR SHEOIM SHRIYSAEE Hr383gle rmHdtRlmo

levels of integration. It is yet another object of the present invention to teach

the snethodiiuiafisating @ sdhidndiode protective circuit for an SOI integrated
microelectronics fabrication that enhances the dissipation of heat produced

during fabrication processes. It is yet a further object of the present invention
to teach a PID protective diode circuit fabrication method that is
accomplished efficiently, cost-effectively and in a manner that smoothly
integrates the diode formation into the overall fabrication scheme. The
objects of the presentJUWMIAR ¥ © BEChigFaNWENTOON PID protective diode

structure that conducts excess charge away from active portions of circuitry
formed in the
It is an object of the present invention to teach a method of forming a "plasma-
induced -damage" (PID) diode protective circuit for an SOI integrated microelectronic
fabrication, such as a fabrication containing an arbitrary array of conductively
interconnected nMOS and pMOS transistors disposed in single or multiple levels of
integration.
It is yet another object of the present invention to teach a method of fabricating a
PID diode protective circuit for an SOI integrated microelectronics fabrication that
enhances the dissipation of heat produced during fabrication processes.
It is yet a further object of the present invention to teach a PID protective diode
circuit fabrication method that is accomplished efficiently, cost-effectively and in a
manner that smoothly integrates the diode formation into the overall fabrication scheme.
The objects of the present invention are achieved by a novel PID protective diode

structure that conducts excess charge away from active portions of circuitry formed in the

upper silicon layer of the SOI substrate, through a low resistance diode circuit, to the



upper silicon layer of the SOI substrate, through a low resistance diode
circuit, to the 4 lowest silicon layer of the SOI substrate and, at the same
time, conducts excess heat away from said portions of the circuitry, similarly
conveying such heat to the lower silicon layer of the SOI substrate wherein it
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by conductively connecting said diode to metal layers and structures, formed

frdf\APPSEDAPBS Y ItheMaANaHEdaYRISHKeNiaINinehatie POIRRRPEi 6N
circuitry, said layers and structures serving both as charge collectors and

lafgajrsiks cardbihare MhcOnve Vi R sehatdeaid emimtpouoihdrayiexel

vias, directly to the lowest silicon layer of the SOI substrate. The objects of
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making use of an alignment opening formed during the fabrication process

stiivQuE!) fhieh 1 fafrdthsripdeoit kel OWRsiSIHCOR tayieli Mt ecB( portions of
substrate. BRIEF DESCRIPTION OF THE DRAWINGS Figures 1-10 show, in

thechematicdaghisrrasaquenas GfLronasses leadingéa bR cfakricatigmnosiaks
typical microelectronics integrated circuit on an SOI substrate, incorporating

and, RhBx ¢y ptectiveyiligds thah gl es £ xeesathatgeiand diasipatesieathe
Fig. 1 shows a schematic cross-sectional view of a lightly doped p-type SOI

losubstinte v ydhichtreBoIc@sisidlm has been patterned for the production of
shallow trench isolation (STI) regions that will separate active elements of

the cimhdtopjda@.of shawssensihamadic aofshectionalvieyiafithe 5@l cost-
substrate of Fig. 1
effectively by making use of an alignment opening formed during the fabrication process

through which to form the diode in the lowest silicon layer of the SOI substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1-10 show, in schematic fashion, a sequence of processes leading to the
fabrication of a typical microelectronics integrated circuit on an SOI substrate,
incorporating a PID protective diode that eliminates excess charge and dissipates heat.

Fig. 1 shows a schematic cross-sectional view of a lightly doped p-type SOI
substrate on which a photoresist film has been patterned for the production of shallow
trench isolation (STI) regions that will separate active elements of the circuitry.

Fig. 2 shows a schematic cross sectional view of the SOI substrate of Fig. 1

subsequent to the formation of the STI regions and the removal of the photoresist film.



subsequent to the formation of the STI regions and the removal of the
photoresist film. 5 Fig. 3 shows a schematic cross-sectional view of the SOI
substrate of Fig. 2 on which a second photoresist film has been deposited
and patterned for the formation of an alignment opening. Fig. 4 shows a

schematis gress-gecHonaliviensafshieisal wehshiate: Fdiguiktaubsequent ta
the etching back of the previously patterned alignment opening. Fig. 5 shows

win@rherata pressreeatiomahvicvsaf dagosilasitsiiaterldier thOorwhiebhaf an
third photoresist film has been patterned to allow the implantation of n type

aliphpwitiepdRtaghe upper silicon layer and into the portion of the lower silicon
substrate exposed by the previous etching process depicted in Fig. 4,

produging tnekein ashemyel cetidcieredatwell formdisol tabrinieive gdigde.
Fig. 6 shows a schematic cross-sectional view of the SOI substrate of Fig. 5

subbRfirRak entie dhaiter matioss efopte rRiegyqriesasd Anlisiiapopspacers. The

detailed structure of the electrodes is not critical to the present invention and
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SOl substrate of Fig. 6 subsequent to the deposition and patterning of a
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pMOS structures and to form an n+ well within the already implanted n- well
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shown in Fig. 5. Fig. 8 shows a schematic cross-sectional view of the SOI
expabsdraietef frigvidus etching process depicted in Fig. 4, producing therein an n- well
structure that will form the PID protective diode.

Fig. 6 shows a schematic cross-sectional view of the SOI substrate of Fig. 5
subsequent to the formation of gate electrodes and polysilicon spacers. The detailed
structure of the electrodes is not critical to the present invention and is not shown herein.

Fig. 7 shows a schematic cross-sectional view of the SOI substrate of Fig. 6
subsequent to the deposition and patterning of a fourth photoresist film to allow
implantation of n+ source/drain regions in the pMOS structures and to form an n+ well
within the already implanted n- well of the PID protective diode formed in the underlying
silicon substrate as shown in Fig. 5.

Fig. 8 shows a schematic cross-sectional view of the SOI substrate of Fig. 7
subsequent to the implantation of a high density of p-type impurities to form p+

source/drain regions for the nMOS structures and to selectively form salicide contact

regions. The resulting SOI fabrication is then covered with an interlayer dielectric (ILD).



subsequent to the implantation of a high density of p-type impurities to form
p+ source/drain regions for the nMOS structures and to selectively form
salicide contact regions. The resulting SOI fabrication is then covered with
an interlayer dielectric (ILD). 6 Fig. 9 shows a schematic cross-sectional view

of therg Q) subistrate ishauineNe-Jdesmatiphiof canRADIGResAlcKlssi AN the
the PID protection diode through the ILD. Fig's. 10 A, B, C and D show a

fofARTBR BidprvieVtd HAaoriswanditierenbtprytvigws (B anthieon o the ILD.
fabrication of Fig. 9, on which has now been formed a layer of metal to act
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the conducting contacts that arise from a typical transistor in the SOI
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connects to the PID protective diode. Fig's 10 B and C differ only in the
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could be formed as appropriate to the nature of the underlying circuitry. Fig.
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entire transistor array would be located beneath an appropriately shaped

thePEDIagdAths:pagialdaysn BESESRIRTIOMNOfohtctPBERERR B tective diode.
EMBODIMENT The fabrication method by which a protective PID diode

Figi§ W {BSatitCOr pii¥ateahl yrikothe shepervitiiae eted mgsriniggraieskciveiil will y16mo
be described with reference to the above figures. Referring first to Fig. 1,
antbaperis showhatschedtait aiessasaphanaiatiagemafiacdbraielayacedibo!

(silicon- on-insulator) substrate, comprising an upper
circuitry. Fig. 10 D Shows a top view of a slightly different circuit configuration,

wherein an entire transistor array would be located beneath an appropriately shaped

opening in the metal layer.

DESCRIPTION OF THE PREFERRED EMBODIMENT

The fabrication method by which a protective PID diode circuit is incorporated
into an SOI microelectronics integrated circuit will now be described with reference to
the above figures. Referring first to Fig. 1, there is shown a schematic cross-sectional
diagram of a three-layered SOI (silicon- on-insulator) substrate, comprising an upper
monocrystalline silicon layer (10), an insulating layer (12), which can be a layer of
silicon oxide, and a lower silicon layer (14). The upper and lower silicon layers are
lightly doped with p-type conduction impurities in this particular example. The SOI

substrate may be formed by wafer bonding, the SIMOX method or by other methods



monocrystalline silicon layer (10), an insulating layer (12), which can be a
layer of silicon oxide, and a lower silicon layer (14). The upper and lower
silicon layers are lightly doped with p-type conduction impurities in this
particular example. The SOI substrate may be formed by wafer bonding, the

knoMQapmgthrshas by ahak Metbegper kingxve &9 praeppanare o thealo)he

upper surface of the upper silicon layer (10) is shown covered with a first

shiaygrcatabateiasistitiGhikabhasderuinatiesnest ik the fprmatien i shallow

trench isolation (STI) regions. Although methods of forming STI regions are
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the upper silicon layer (10) through the mask, fills the trenches so produced
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formation. Referring next to Fig. 2, there is shown the SOI substrate of Fig. 1

th&uppeauabbidatee foomatiarpiibensbirlliens fienebnigalatio p{KIlbetegi@msilicon
(18), the removal of the first photoresist layer and the planarization of the

oxriprigalincLa®RyaHtaed! Helarine pexidaicighd rikerens shawione SOI
substrate of Fig. 2 with the formation thereon of a second photoresist layer
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oxide (18) and the SOI oxide layer (12) (eg. by a C4Fs etch) to expose the

théoyeh silisosf et b tha il Rpsatecton diodowilll )timatelydsalformediint
the lower silicon layer (14), which layer does not contain the integrated

ph¥israsietiveniasi clie pitiyad:ithese taseapliowthe fprsaatien of a larger

diode appropriate to the magnitude of the discharges to be protected

agairiéferring next to Fig. 3, there is shown the SOI substrate of Fig. 2 with the
formation thereon of a second photoresist layer (20), patterned at (21) to allow the
formation of an opening through the STI oxide (18) and the SOI oxide layer (12) (eg. by
a C4Fs etch) to expose the lower silicon layer (14). The PID protection diode will
ultimately be formed in the lower silicon layer (14), which layer does not contain the
integrated microelectronics circuitry and, therefore, allows the formation of a larger diode
appropriate to the magnitude of the discharges to be protected against.

Referring next to Fig. 4, there is shown the SOI substrate of Fig. 3 subsequent to

the etching back of the STI (18) and SOI (12) oxides to produce an opening (22) to the
lower silicon layer (14). The opening (22) serves both as an alignment opening for mask

alignment and repair and as entry to the lower silicon layer (14) for the subsequent PID

diode formation. The second photoresist layer ((20) in Fig. 3) has been removed.



Referring next to Fig. 4, there is shown the SOI substrate of Fig. 3
subsequent to the etching back of the STI (18) and SOI (12) oxides to
produce an opening (22) to the lower silicon layer (14). The opening (22)
serves both as an alignment opening for mask alignment and repair and as

entrygerthedowexishi¢en Rpaeld A dasvhairubseruenh BiPidiedea dorralionon

The second photoresist layer ((20) in Fig. 3) has been removed. 8 Referring
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third photoresist layer (23) which has been patterned to allow the formation of
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diode. Referring next to Fig. 6, there is shown the fabrication of Fig. 5
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doping that has now produced the substrate well (28) of the PID diode and
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process steps (not shown) has also formed gate stacks (30) and sidewall

subpagers ¢8 22 9noihéd P dsiicamdpyder Ralgisingpeext lonigsKothere is

shown the fabrication of Fig. 6, subsequent to the patterning of a fourth
croatecasHnt layare3slito alloudiienmpartaf adpighirn densiy nfs RRyPeriass gate

so as to form an n+ region in the low density n-type substrate well (34) and to

stk (B0) spdsesandl dpateregionsihsalpptediMOSiatictures (36) of the
microelectronics fabrication (shown heavily crosshatched). The n+ doping of

the PRofelicide neall @liPws7 theve-resisfanaiccobiaaidonas Filsegubsiftent to the

formed on the PID diode. Referring next to Fig. 8, there is shown the
pafedinationaablith phoitiddis layer (33) to allow the implant of a higher density of
n-type ions so as to form an n+ region in the low density n-type substrate well (34) and to
form n+ source and drain regions in selected MOS structures (36) of the microelectronics
fabrication (shown heavily crosshatched). The n+ doping of the PID diode well allows a
low-resistance contact to be subsequently formed on the PID diode.

Referring next to Fig. 8, there is shown the fabrication of Fig. 7 with the
additional formation of silicided p+ implanted source/drain regions that have been
formed, either on all S/D regions or selectively, by the salicide process (40) (shown
oppositely crosshatched to the n-regions). The entire fabrication has then been covered
by an interlayer dielectric (ILD) (42), which can be formed of sub-atmospheric BPSG

(SABPSG), high density plasma deposited USG or FSG, carbon doped films or oxides,

all deposited to a thickness of between 6,000 and 20,000 angstroms.



additional formation of silicided p+ implanted source/drain regions that have
been formed, either on all S/D regions or selectively, by the salicide process
(40) (shown oppositely crosshatched to the n-regions). The entire fabrication
has then been covered by an interlayer dielectric (ILD) (42), which can be

formeg RfsHB- ARORPPRIIO BRSGis (HOBR 8 Xabighslensityiplasmardaposited

USG or FSG, carbon doped films or oxides, all deposited to a thickness of
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shown the fabrication of Fig. 8 with the additional formation of contacts (44)

théPaugiolie dhdpe 89 SedeaGiedird oulb alementsanshitittha JdRidioggs thereby
allowing the PID diode to perform its protective role. Fig's 10, A, B, C and D,

showrilke formatprcofl metablayae evekdiienfabr¢atianlQbiiged safdbneiabn
layer being conductively connected to the PID protective diode beneath it.
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(50). The PID diode is connected to this layer by its contact (44a) at (52). The
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are connected to metal pieces, such as tungsten pieces, that do not touch
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width of those pieces. Fig. IOB is a schematic top view of the fabrication of
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separated from the metal layer (50) by at least an amount "X," said amount
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greater than the width of the metal pieces (53). As an example:

it by a distance that depends on the width of those pieces.

Fig. 10B is a schematic top view of the fabrication of Fig. I0A. The metal pieces
(53) connected to the circuit element are shown separated from the metal layer (50) by at
least an amount "X," said amount depending on the width of the metal pieces and being
generally equal to or greater than the width of the metal pieces (53). As an example:
Metal Width (microns): 0.19 0.24 0.36
Spacing (microns): >0.20 >0.24 >0.38
Additional metal layers may be formed over additional levels of circuit integration,
passing conducting leads to the PID protective diode through vias formed in the
appropriate ILD layers.

Fig. 10C shows a metal layer of a different shape (54), still serving the same

purpose as the layer in Fig. 10B. In this particular shape, part of the layer has an antenna-

like formation, allow better heat dissipation as might be appropriate to the particular

10



Metal Width (microns): 0.19 0.24 0.36 Spacing (microns): >0.20 >0.24 >0.38
Additional metal layers may be formed over additional levels of circuit
integration, passing conducting leads to the PID protective diode through
vias formed in the appropriate ILD layers. Fig. 10C shows a metal layer of a

faBiftQIRMN SBAP6: Efouist ;eendadbinssanme spHERASKasdieelayiimitifakdhe

In this particular shape, part of the layer has an antenna- like formation, allow

méaitplebealHissipaliait agneiglthe appropriate to the particular 10 fabrication
steps or circuitry formed below. The spacing, X, between the layer and the

metafpieced stlwHE Ysethrl s ehEpes td-ide DR SNAWS Rameiarapay SSRA or

to accommodate a transistor array, SRAM or DRAM beneath it. The shapes
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understood by a person skilled in the art, the preferred embodiment of the
exBERSERNE invention is illustrative of the present invention rather than being

limiting of the present invention. Revisions and modifications may be made
to methods, processes, materials, structures, and dimensions through which
is formed a PID protective diode for an SOI wafer, while still providing a PID
protective diode for an SOI wafer formed in accord with the present invention
as defined by the appended claims. 11

As is understood by a person skilled in the art, the preferred embodiment of the

present invention is illustrative of the present invention rather than being limiting of the
present invention. Revisions and modifications may be made to methods, processes,
materials, structures, and dimensions through which is formed a PID protective diode for
an SOI wafer, while still providing a PID protective diode for an SOI wafer formed in

accord with the present invention as defined by the appended claims.

11



What is claimed is: 1. An integrated semiconductor microelectronics circuit
formed on an SOI substrate and protected by a heat-dissipating PID diode,
comprising: an SOI substrate; said substrate comprising upper and lower
layers of silicon, with an insulating layer formed therebetween; a plurality of
NMO$and PMERtyRe transistor devices with silicided source/drain and gate
electrode contacts, formed in the upper silicon layer of said SOI substrate; a
PID protective diode formed as a junction in the lower silicon layer of said
SOl substrate; an ILD formed over said circuit, through which pass

1.condugtingespitacisniactiRubidp sistesdemicascand RiProrateriy et R0 s@strate
heat and charge dissipating metal layer formed over the ILD layer, said metal

an@yesteairpby elreirienbipaniachibitie, conipeifiem the PID diode, but not
being in electrical contact with the contacts of said transistors. 2. The circuit

of claimsbmbBsaiidhe.RQLBuBsE I RE ReapHerMed1by Ehe M Psilicon,

method or by a method of wafer bonding. 3. The circuit of claim 1, wherein

withea b pRei and kwerrsiigen dayersidie SOl substrate are doped with a low
density of p-type ions. 12 4. The circuit of claim 3, wherein the PID diode is

an up pliRediode Maiskad PV AsngHy @initypedonsdinpianiaitifetheol@w@irain
p-type silicon layer of the SOI substrate ,
and gate electrode contacts, formed in the upper silicon layer of said SOI substrate;
a PID protective diode formed as a junction in the lower silicon layer of said SOI
substrate;
an ILD formed over said circuit, through which pass conducting contacts to the
transistor devices and PID protective diode.
a heat and charge dissipating metal layer formed over the ILD layer, said metal

layer being in electrical contact with the contact from the PID diode, but not being in

electrical contact with the contacts of said transistors.

2. The circuit of claim 1, wherein the SOI substrate has been formed by the SIMOX

method or by a method of wafer bonding.

3. The circuit of claim 1, wherein the upper and lower silicon layers of the SOI

substrate are doped with a low density of p-type ions.

12



said ions being implanted to a density of between 5E13 and 1E15 ions per
cubic centimeter. 5. The circuit of claim 1, wherein the contacts through the
ILD to the PID diode and silicided regions of the MOS devices are formed of
tungsten. 6. The circuit of claim 1, wherein the metal layer covering the ILD is

4.shapgdsuahbuthafritaptinalinselieais PRORRSHRIALRPNPiBsRAes heatiow
generated by subsequent fabrication processes, such shapes being chosen

defiom) 41 gupeRcERNEiStias el iReRmeies: piggRs:ifibaeIsRPSEAESOANER |

projections, formed so as to maintain a certain minimum distance from any

saRERiybeandietive eantasteiRithe ChawtonBHowadd Thexiteuibef aldin 1,
wherein the spacing between the metal layer and any nearby conductive

ceffifiaets Is at least the width of those conductive contacts. 8. The circuit of
claim 1 further including plurality of levels of microelectronic circuitry, said
levels being covered by conducting layers which are connected, through
vias, to said PID protective diode. 13

5. The circuit of claim 1, wherein the contacts through the ILD to the PID diode and

silicided regions of the MOS devices are formed of tungsten.

6. The circuit of claim 1, wherein the metal layer covering the ILD is shaped such
that it optimally collects excess charges and dissipates heat generated by subsequent
fabrication processes, such shapes being chosen from the group consisting of, perimeter
pieces, fingers and antenna shaped projections, formed so as to maintain a certain

minimum distance from any nearby conductive contacts to the circuitry below.

7. The circuit of claim 1, wherein the spacing between the metal layer and any

nearby conductive contacts is at least the width of those conductive contacts.
8. The circuit of claim 1 further including plurality of levels of microelectronic

circuitry, said levels being covered by conducting layers which are connected, through

vias, to said PID protective diode.
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