12 January 2005 METHOD OF FORMING PID PROTECTION DIODE FOR SOl WAFER by
BACKGROUND OF THE INVENTION Field of the Invention This invention rela s toa s nductor
integrated microelectronic circuit device having a silicon-on-insulator (SOI) str J@uﬁré’ ion 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 HEIHANOFINORVARE PENPROBICPRONDRODEFHR SO Wugtpr, 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 commorngy 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. 1 12 January 2005 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

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 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.



those caused by electrostatic discharges and the like, damaging circuit elements. One accepted way of
ameliorating the effects of such currents is to provide the input line with a protectiye diode circuit to
channel current surges away from the affected regions. Tsuruta et al. (U. S. PatentNa" %99(3968) teach
the formation of a protective diode structure that allows the passage of high currents in MOSFET circuitry

fabricated in SOl layRrsedhigyiiedah ArRa sy lgpRiodR-MUserarwnaiRimdR-{MPa SRAICORERICtOr layer
and an n-type semiconductor layer are electrically connected by a buried semiconductor layer to form a

vertically dispgeegrbsnatiopostivgliiosteua sarsaadisdbendizeinconnaciem alealricrllyalo an adjacent

MOSFET and thereby functions as an electrostatic discharge protection element. Suzuki et al. (U. S.

Patent No. S5t 04k:tencblecmainne atchretesting mOMe Adnweites cireuit dRimedkin@n SOI substrate

by use of an np-diode connected between the signal input line and ground. They teach the formation of a

second diffugieBpeyer o arcanedustivity typeflatisthechaneaashivtop fighele aantenisation than that of
the substrate, so as to circumscribe the extent of the depletion region and eliminate unwanted leakage

currents. Fukyrstetlealidib SrdiatenéiiancbcliBRfL0) teaah sherfonaatigneofa digdaiype circuit that

protects against two types of surges: a surge between the signal input terminal and a ground terminal,
and a surge Thefwaen . $gNS MRt IRGNTIH6 A0S Rawehsypphatriminalpwitilbe iadi@s surge protection

being the novel element of the invention. According to the method taught by Fukumoto et al., the power

supply to sighaldipetisirgesaraeiisaietbagainsuby @il MBEEETYc200fry fabricated in SOI
layers. They teach a particular diode structure wherein a p-type semiconductor layer and
an n-type semiconductor layer are electrically connected by a buried semiconductor layer
to form a vertically disposed pn-junction. The diode so formed is then itself connected
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



parasitic diode element formed between a resistor diffusion region and the underlying semiconductor
substrate. As can be seen from the above, the use of diode circuitry of one for anoth protect
integrated SOI microelectronic circuits is an accepted part of the present art of ﬁ%‘éqfﬁégé%h circuitry.
Such protection, however, is not only needed when the SOI circuits are in actual use, it is also needed to

protect the SiGikruiiyd ehasatmiipbeaniam dudngdsdahricatiassibn Radticelandhe mdensive use of
plasmas in such fabrication processes as plasma assisted film depositions and etching causes the

accumulatiogegfi Ghalge-depesitaon conductive surfaces. If these charge excesses were not removed,
they would produce potential differences across gate oxides which would be sufficient to cause their

breakdown and damgagersdesiayolipie SiRrse AROLRELEAUSE: Of el slshags AWNG Sk
microelectronics fabrications as well as loss of circuit reliability is excessive heat buildup due to poor heat

conduction apgrélissipatiemddhsoeaueritisiaeoafenderi Micraetepteaparcisedivprequiras dre use of
low-k (low dielectric constant) materials to serve as interlayer dielectrics and insulating layers. Low-k

materials, suabras6HoRivh, dhanuipsucachRNGYR!Isweorp, iRiacknYiasasd whantiasiored by Applied
Materials Corp., organic films from the Schumacher Corp. and various carbon-containing films, allow the

formation of glesalypackachelui, alempotadvithots pheraiiendsol inierele ment Raragiihgapacitances
that would be associated with other dielectric materials. Unfortunately, such low-k dielectric materials

also have lowtihettial cnneitetiition, thpjeatly Qa2 A 3X W ikvans.of glMaMIeusi @drivdfich allows
localized heat buildup in the fabrication. None of the methods discussed

processes as plasma assisted film depositions and etching causes the accumulation of

charge deposits on conductive surfaces. If these charge excesses were not removed, they

would produce potential differences across gate oxides which would be sufficient to

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 12 January 2005
addresses the heat dissipation problem simultaneously with the excess charge uction ﬁlem by
teaching a method of forming a PID protective diode that produces a structure %&H%r%lééf? inating or
significantly reducing both problems and does so efficiently, cost-effectively and in a manner that

smoothly intggéiatesittionmateRiinifons shieralisiigtihaheiGalinn sehamas ShiMMARIcE)n THE
INVENTION It is an object of the present invention to teach a method of forming a "plasma- induced

-damage" (PARLHiRMByREQtEGHYQ ittHETOF A SRk NTBW Hemk Bl cEsIRkiARGrilatsation, such as a

fabrication containing an arbitrary array of conductively interconnected nMOS and pMOS transistors

disposed in singleiRr BRI feveisatiintegsatinncdhis et anathesahirmiahthaar@seniinvention to
teach a method of fabricating a PID diode protective circuit for an SOI integrated microelectronics

fabrication thatieafipnees: bedissipatinn iafhaahnptiiceshcbtingifediealion psaeagsasnibis yet a further
object of the present invention to teach a PID protective diode circuit fabrication method that is

accomplishegiefficnthiraastaifeativalychpghén 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

SUMMARY OF THE INVENTION

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 12 January 2005
lowest silicon layer of the SOI substrate and, at the same time, conducts exces? heat away from said
portions of the circuitry, similarly conveying such heat to the lower silicon layer &fﬂéu%%%géstrate
wherein it can be dissipated without damage to the fabricated circuitry. This is achieved by conductively

connecting saigldiagie-th MetRlJeNRrS @NeLIIHUE RS, JOHBRENR MATIOUSRIRRESKEVRIHER ¥RHPUS levels
containing active portions of the circuitry, said layers and structures serving both as charge collectors

and heat sinksnagsl dthergbns SomeaytogiRIRifHRIYe nddiers, Svpueh tafcleyetyiggesirectly to the

lowest silicon layer of the SOI substrate. The objects of the present invention are further achieved

efficiently and ko<t @ffentivelibyamakisgise @hast dignpaent PRevinalarpeddHendb e daprication
process through which to form the diode in the lowest silicon layer of the SOI substrate. BRIEF

DESCRIPTIGN @y T ki ORAMNGS T iei@s fivi0 e dinschematadashieml dageeuafice of processes
leading to the fabrication of a typical microelectronics integrated circuit on an SOI substrate,

incorporatingtauEtiPeprateskiva dioge ibah giknivatethexeass Chatge @nthHissipates poatomidsfl shows a
schematic cross-sectional view of a lightly doped p-type SOI substrate on which a photoresist film has

been patterngd éactheypraduntien ohahalwenehisobiinas(Ehhsteginsadhaimihsapairie active
elements of the circuitry. Fig. 2 shows a schematic cross sectional view of the SOI substrate of Fig. 1
and, thereby, conveying both charge and heat, through inter-level vias, directly to the
lowest silicon layer of the SOI substrate.
The objects of the present invention are further achieved efficiently and cost-

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 12 January 2005
Fig. 3 shows a schematic cross-sectional view of the SOI substrate of Fig. 2 on e}’nch a sec

photoresist film has been deposited and patterned for the formation of an align}r%lv 8?)%@%98 Flg 4
shows a schematic cross-sectional view of the SOI substrate of Fig. 3 subsequent to the etching back of

the previously patterned ghewneniRRANIAgrdigs& bR SieweIeRRBOINassraRGIORR! vigw of the SOI
substrate of Fig. 4 on which a third photoresist film has been patterned to allow the implantation of n type

impurities intoHie NRRRIHIRIKRYRE and intoHhe Repirnf 1he pawensiicaniruksifaie espased by the

previous etching process depicted in Fig. 4, producing therein an n- well structure that will form the PID
protective dighen gk 6 5a@es 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 crigigaltonhespr esigsh itiaitioN seBdoigan Ofesh oMM S BIRu G até SRPYES 3 schematic
cross-sectional view of the SOI substrate of Fig. 6 subsequent to the deposition and patterning of a fourth

photoresist fiiipdeyabamo implaskiaiiobek vt GRPESRIY RaensdnlizabiOspaibgtures and to form an
n+ well within the already implanted n- well of the PID protective diode formed in the underlying silicon
substrate as showrFig FFghbwkigséhshaws @ssheualiniciass secikaal vidsatdhe 8@lsubstrate of Fig. 7
which a third photoresist film has been patterned to allow the implantation of n type
impurities into the upper silicon layer and into the portion of the lower silicon substrate
exposed by the previous 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 resu SOI f leg ation is then
covered with an interlayer dielectric (ILD). 6 12 January 2005 Fig. 9 shows a sc 3‘&%%30 2sectional
view of the SOI substrate showing the formation of contacts to the salicides and the PID protection diode

through the ILD. Fig's: 3QtbvR, £sanankrishQusa eeiynan Rideoyigw SHANw v siigsametop views (B

and C) of the fabrication of Fig. 9, on which has now been formed a layer of metal to act as both a heat

sink and chaigenealig@oEonfaetligs (RS Al &haw EkePYIE Pk dien b elidg goHastthat arise from a
typical transistor in the SOI substrate beneath the ILD and are separated from the metal layer that

connects to the PIDrproteotiveBliodehd R Famehondifierasly ndhe shapedithiscriaty layer, said

shapes being only two among the many that could be formed as appropriate to the nature of the

underlying GitewdnB Eig &P b ews @in viemObasligniyhdifferon sieyioeprliguraiiens wherein an
entire transistor array would be located beneath an appropriately shaped opening in the metal layer.

DESCRIPTIQMN D T EsAi3iRARR ERAEMBERIMENT:dbE Flicatrn meikpewy whicta protective PID

diode circuit is incorporated into an SOI microelectronics integrated circuit will now be described with
reference totbe alevafigtsescReriringdirsdtoigidalthensiisoshp Wi 8OLheatic seasstsectional

diagram of a three-layered SOI (silicon- on-insulator) substrate, comprising an upper
the ILD and are separated from the metal layer that connects to the PID protective diode.
Fig's 10 B and C differ only in the shape of this metal layer, said shapes being only two
among the many that could be formed as appropriate to the nature of the underlying
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 Wﬁ%gtﬁ e CS{):(%JC“()”
impurities in this particular example. The SOl substrate may be formed by waféf b8 Ear% SIMOX

method or by other methods 7 12 January 2005 known to practitioners of the art. The upper surface of the

upper silicorklayeh (4 Qristisbavrs soverad with agpst iavacobphriappeisti(kehtigthampaen patterned for

the formation of shallow trench isolation (STI) regions. Although methods of forming STI regions are

known to pragitianessceédheidrt the methed sHdlueeprasens inventioneigheeHa HRRRE silicon layer (10)
through the mask, fills the trenches so produced with silicon oxide or silicon oxynitride (18) and then

planarizes theasubiner idrmationeRaERUINGAESRID figiods therdds ghawhdae @ shiastsate of Fig. 1
subsequent to the formation of the shallow trench isolation (STI) regions (18), the removal of the first

photoresist laygsangdhe plan@rizatian et farsigation sepeduced Refairing aewnetkigs 3, there is

shown the SOI substrate of Fig. 2 with the formation thereon of a second photoresist layer (20),

patterned at2l)gecalawdsheafer mation i aniepenig throtghthrRT keyaR(d&) and thecSP1 oxide layer
(12) (eg. by a C4F8 etch) to expose the lower silicon layer (14). The PID protection diode will ultimately

be formed inotigdeweitisdicoryamyads 43, widandaygideps et ceatrindmeriniegiated microelectronics
circuitry and, therefore, allows the formation of a larger diode appropriate to the magnitude of the
discharges to be prrtgetadagiaings Fig. 2, there is shown the SOI substrate of Fig. 1 subsequent to
the formation of the shallow trench isolation (STI) regions (18), the removal of the first
photoresist layer and the planarization of the fabrication so produced.
Referring 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 SO1 (12) oxides to produce an opening (22) to the lower silicon la (&féflf?é. Té;lﬁ pening (22)
serves both as an alignment opening for mask alignment and repair and as enryéig )| %?silicon

layer (14) for the subsequent PID diode formation. The second photoresist layer ((20) in Fig. 3) has been

removed. 8 12 JanygiZR3nBeiRring nexkte fKithdwihaeerisshawn treiabriGatipmobddgishwith the
addition of a third photoresist layer (23) which has been patterned to allow the formation of an n- type

well in the sifganrsHbshaiaaistad)yershwiltRadheRiD) nietrclion diofahRefaraagnexhtnEig. 6, there is
shown the fabrication of Fig. 5 subsequent to the removal of the third photoresist layer and the n-type

doping that haseRev) RIQREGRR SR uBsPSikake ws!ARNok the Pk tinssend ihelisttype doped regions
(shown crosshatched). A succession of additional process steps (not shown) has also formed gate

stacks (30) and sidpwrRIrERAEE(E 13RO, thert RPSKSICaR Ry AR efestiPgNeXxhiRdgignt tdhake is shown
the fabrication of Fig. 6, subsequent to the patterning of a fourth photoresist layer (33) to allow the

implant of a higlekdensiktiatdphyes dons1ageasia fEm-apadoaionin thedow pledsitydiype substrate
well (34) and to form n+ source and drain regions in selected MOS structures (36) of the microelectronics

fabrication (sheywrateeaMily 8 psstRieiBiclbantdieringd@idaefRiR «inse wedvallows a low-resistance
contact to be subsequently formed on the PID diode. Referring next to Fig. 8, there is shown the
fabrication offoight¥Miéd th@& succession of additional process steps (not shown) has also formed gate

stacks (30) and sidewall spacers (32) on the upper silicon layer.

Referring next to Fig. 7, there is shown the fabrication of Fig. 6, subsequent to the
patterning of a fourth photoresist 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 cros a]tched tg tﬁg n-regions).
The entire fabrication has then been covered by an interlayer dielectric (ILD) (42); WHEH 8 be formed
of sub-atmospheric BPSG (SABPSG), high density plasma deposited USG or FSG, carbon doped films

or oxides, all depogitedha HigknEsSODbaRYEEN:ARAPAREEAAAR PSS 12.January 2005

Referring, now, to Fig. 9, there is shown the fabrication of Fig. 8 with the additional formation of contacts

(44) throughqina bkl R eeleeE dcdtmticeleme Msoand {Be InHPIDsdiaded HirigpyIaHRWiIngN e PID diode to
perform its protective role. Fig's 10, A, B, C and D, show the formation of a metal layer over the

fabrication qhE@TPdRaE eted Jayraintheemustiveh, geanesied fedletRIiDdrotective diode beneath
it. Fig. 10A is a side view of the fabrication of Fig. 9, showing the metal layer (50). The PID diode is

connected to this layrshyita cBNReh {43 291k 3R - f3HRE61L60 M thEaNtaciSA4 b dramtiRRdRxemplar circuit
element beneath the ILD are connected to metal pieces, such as tungsten pieces, that do not touch the

metal layer, bpFar@senanates fegrr vkl aslistancelihasdepeads o thewidibehtherripieces. Fig. 10B is
a schematic top view of the fabrication of Fig. 10A. The metal pieces (53) connected to the circuit

element are shauh seRRtEgAfiom dide Mekablayer{bh} fioatoteast aniamaenthXmaaidagerount
depending on the width of the metal pieces and being generally equal to or greater than the width of the
metal pieceg463) Ths RIDEX@Ai€ connected to this layer by its contact (44a) at (52). The emerging
contacts (44b) from an exemplar circuit element beneath the ILD are connected to metal
pieces, such as tungsten pieces, that do not touch the metal layer, but are separated from
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):0.190.240.36 Spacing (microns):>0.20>0.24>0.38 Additional metal layers may be
formed over additional levels of circuit integration, passing conducting leads to tj% PID protective diode
through vias formed in the appropriate ILD layers. Fig. IOC shows a metal Iaye]r iaé“bal e?gﬁgshape (54),
still serving the same purpose as the layer in Fig. 10B. In this particular shape, part of the layer has an
antenna- likefonmationahov betiatkaakdissination asdsjaiibe Rppeapsiateolie:adiowar 10 12
January 2005 fabrication steps or circuitry formed below. The spacing, X, between the layer and the
metal piecesgilligheys tigl S»R fesnfiGutdD shows a metal layer shaped to accommodate a
transistor array, SRAM or DRAM beneath it. The shapes of the layer depicted in B, C and D are by no

means exhaustive Ffis i9DNAKEIQ0E QX1 daper sarpslitieddevthmadhitherpilistsedemborimanyof the

present invention is illustrative of the present invention rather than being limiting of the present invention.

Revisions anoRAMIieRsien s MBeRAPpadss indNeibrdsiblecasses maprals sy alesas, and dimensions
through which is formed a PID protective diode for an SOI wafer, while still providing a PID protective

diode for an &@Awader 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



12 January 2005 What is claimed is: 1. A method of forming a heat-dissipating PID protective diode for an
integrated semiconductor microelectronics circuit on an SOI substrate, (:omprisigf%:gtl rovitgqﬁ an SOI

! Hy aPlrality of

substrate; forming and patterning a first photoresist layer on said SOI substrate,
shallow trench isolation (STI) regions through said photoresist layer by means of a first etch process and
STI oxide depositiogyHheR ciemmeMing said photoresist layer and planarizing the substrate; forming and
patterning a second photoresist layer on said SOI substrate; removing a portion of STl and SOI oxide

layer and exposing Ah@dewarotiliceniniayeichy Bssarnd PIENRRCess niedsaidfesaneiphotoresist
layer and then removing said photoresist layer; forming and patterning a third photoresist layer on said

SOl substraigandnifiplantiierscraiiaindeo \wdansity Hf Sopausdens, ismihesmgrosed portion of the lower
silicon layer through said third photoresist layer, forming thereby a PID protective np- diode structure and

then removing saidpbeigigsist SayefuRatesning and etching a plurality of gate electrodes and sidewall
spacers over selected portions of the upper silicon layer of the SOI substrate, forming thereby a portion

of a microelectronigsfaRficatiopaiicinend RPEFs s leed ey ariindng.and ERitgsaiag a fourth photoresist
layer on said SOI substrate and implanting a certain high density of dopant ions through said photoresist
layer into the forming a plurality of shallow trench isolation (STI) regions through said
photoresist layer by means of a first etch process and STI oxide deposition, then
removing said photoresist layer and planarizing the substrate;
forming and patterning a second photoresist layer on said SOI substrate;
removing a portion of STI and SOI oxide layer and exposing the lower silicon
layer by a second etch process through said second photoresist layer and then removing
said photoresist layer;
forming and patterning a third photoresist layer on said SOI substrate and
implanting a certain low density of dopant ions into the exposed portion of the lower
silicon layer through said third photoresist layer, forming thereby a PID protective np-
diode structure and then removing said photoresist layer;
patterning and etching a plurality of gate electrodes and sidewall spacers over
selected portions of the upper silicon layer of the SOI substrate, forming thereby a
portion of a microelectronics fabrication in the upper silicon layer;
forming and patterning a fourth photoresist layer on said SOI substrate and
implanting a certain high density of dopant ions through said photoresist layer into the
exposed low density doped region of the PID protective diode in the lower silicon layer,

forming thereby a region of higher dopant density and improved conductive contact
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exposed low density doped region of the PID protective diode in the lower silicon layer, forming thereby a
region of higher dopant density and improved conductive contact 12 12 Januar\% 05 properties within
the region of lower dopant density and also implanting said high density of dopaht 181 Yn%?(igelected
regions of the upper silicon layer to form, thereby, source and drain regions for a plurality of transistors in

the microelegepRi¢R SaRHGRNAB RSN ReER AVt S PHOIRIaFIR iRyl iMPlandiRgA e&tiain high

density of dopant ions into selected regions of the upper silicon layer of the SOI substrate to form,

thereby, silicigied jamplRntem Soieeanet S ofeBIOKSHERIS BBl By @b @S shersh{OkaIRG siligide contacts
on the source, drain and gate regions of the transistors by a salicide process; forming an interlayer

dielectric (ILBhpvestbasfakricption: fponing ordyaling eaotaetscirihiessiisidadJeairng&f selected
transistors of the microelectronics fabrication or to other selected circuit elements and to the implanted

high dopant gensitygegiapritdiesRiPapeptective diode formed in the lower silicon layer of the SOI
substrate, completing, thereby, a PID protective diode structure for the entire fabrication; forming a metal

layer over the ILD layprasiaid felahiayesibesngiin elecisicaliarniastwibibecomadritgmpperPID diode,
but not being in electrical contact with the contacts of the selected transistors or circuit elements;
silicon layer of the SOI substrate to form, thereby, silicided implanted source and drain
regions for a plurality of transistors;
forming silicide contacts on the source, drain and gate regions of the transistors by
a salicide process;
forming an interlayer dielectric (ILD) over the fabrication;
forming conducting contacts to the silicided regions of selected transistors of the
microelectronics fabrication or to other selected circuit elements and to the implanted
high dopant density region of the PID protective diode formed in the lower silicon layer
of the SOI substrate, completing, thereby, a PID protective diode structure for the entire
fabrication;
forming a metal layer 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 the selected transistors or circuit elements;
forming, if required, additional levels of microelectronic integration over the
fabrication;
forming, over each such additional level, a metal layer connected, through vias, to

the PID protective diode.
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forming, if required, additional levels of microelectronic integration over the fabrication forming, over
each such additional level, a metal layer connected, through vias, to the PID p tlve di cb% 1312
January 2005 2. The method of claim 1 wherein the SOI substrate is formed by aglllﬁ'lf?f);?o ethod or by
a method of wafer bonding. 3. The method of claim 1, wherein the upper and lower silicon layers of the

SOl substratg are dopegaibiaiRmidensideeEiR-IOS (Inwbdndiesmaihed ©f alaigvioxherein the first etch
process is an etch by a chemical etchant chosen from among the group consisting of C12, HBr and SF6.

5. The methagfealaingBa Wheatsinothe dawwisasity. of ions implanted through the third photoresist layer
are n-type ions such as As or P ions, and they are implanted to a density of between 5E13 and 1E15

ions per cubic centimeter. 6. The method of claim 5, wherein the high density ions implanted through the
fourth photoresist layer are n-type ions such as As or P ions and they are implanted to a density of

between 1E35 and fiieldoiie PECRERIG CRAENALET: dpgdanaathng ofilainmiewbetriSOe high density of
ions implanted into selected regions of the upper silicon layer to form source and drain regions are p-type

ions, such amB©@4tBh2 Wikandithelaradmprofgdipaideasity of between S5E13 and 1E15 ions per
cubic centimeter.
4. The method of claim 1, wherein the first etch process is an etch by a chemical

etchant chosen from among the group consisting of Cl,, HBr and SFs.

5. The method of claim 3, wherein the low density of ions implanted through the
third photoresist layer are n-type ions such as As or P ions, and they are implanted to a

density of between 5E13 and 1E15 ions per cubic centimeter.

6. The method of claim 5, wherein the high density ions implanted through the
fourth photoresist layer are n-type ions such as As or P ions and they are implanted to a

density of between 1E15 and 5E15 ions per cubic centimeter.

7. The method of claim 1, wherein the high density of ions implanted into selected
regions of the upper silicon layer to form source and drain regions are p-type ions, such
as B or BF; ions and they are implanted to a density of between 5E13 and 1E15 ions per

cubic centimeter.
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14 12 January 2005 8. The method of claim 1, wherein the ILD is formed of a layer of dielectric material
chosen from among the group consisting of BPSG, FSG, USG or various oxidei G\f/ith a tt%b(]:@ess of
between 6000 angstroms and 20,000 angstroms. 9. The method of claim 1, wh % iHEYC cts through
the ILD to the PID diode and silicided regions of the MOS devices are formed of tungsten. 10. The

method of clgim 1, whergimhiieomatahiayeiieevaring the ks Risnshamed sushfiiaidt@rRtimadtgollects
excess charges and dissipates heat generated by subsequent fabrication processes, such shapes

consisting ofHEAGIINARLS tRESFHSIRIRIaDSs JMBIPSGaRdGNINashartd pajestieng, Jormed so as
to maintain a certain minimum distance from any nearby conductive contacts to the circuitry below. It.

The method @fq{aé dPv¥rherindbe snaeivadatwesntbamsiddayer and any nearby conductive
contacts is at least the width of those conductive contacts. 15
9. The method of claim1, wherein the contacts through the ILD to the PID diode and

silicided regions of the MOS devices are formed of tungsten.

10.  The method 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 consisting of, but not limited to, 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.

11. The method of claim 10, wherein the spacing between the metal layer and any

nearby conductive contacts is at least the width of those conductive contacts.
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